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BACKGROUND OF THE INVENTION 

	

10 	The invention provides a novel class of compounds, pharmaceutical compositions 

comprising such compounds and methods of using such compounds to treat or prevent diseases or 

disorders associated with abnormal or deregulated kinase activity, particularly diseases or 

disorders that involve abnormal activation of the Jakl, Jak2, Jak3, Tyk2, KDR, Flt-3, CDK2, 

CDK4, TANK, Trk, FAK, Abl, Bcr-Abl, cMet, b-RAF, FGFR3, c-kit, PDGF-R, Syk, PKC 

	

15 	kinases or Aurora kinases. 

The protein kinases represent a large family of proteins that play a central role in the 

regulation of a wide variety of cellular processes and maintenance of cellular function. A partial, 

non-limiting, list of these kinases include: non-receptor tyrosine kinases such as the Janus kinase 

family (Jakl, Jak2, Jak3 and Tyk2); the fusion kinases, such as BCR-Abl, focal adhesion kinase 

	

20 	(FAK), Fes, Lck and Syk; receptor tyrosine kinases such as platelet-derived growth factor 

receptor kinase (PDGF-R), the receptor kinase for stem cell factor, c-kit, the hepatocyte growth 

factor receptor, c-Met, and the fibroblast growth factor receptor, FGFR3; and serine/threonine 

kinases such as b-RAF, mitogen-activated protein kinases (e.g., MKK6) and SAPK2f3. Aberrant 

kinase activity has been observed in many disease states including benign and malignant 

	

25 	proliferative disorders as well as diseases resulting from inappropriate activation of the immune 

and nervous systems. The novel compounds of this invention inhibit the activity of one or more 

protein kinases and are, therefore, expected to be useful in the treatment of kinase-mediated 

diseases. 
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SUMMARY OF THE INVENTION 

In one aspect, the present invention provides a compound of formula (I) 

R1  

Formula (I) 

5 

pharmaceutically acceptable salts thereof wherein 

T is N, U is N, X is CR3  and Y is N; or 

T is CR6, U is N, X is CR3  and Y is N; or 

T is N, U is CR4, X is CR3  and Y is N; or 

10 	T is CR6, U is CR4, X is CR3  and Y is N; 

R1  and R2  are each independently hydrogen, deuterium, -N(Ra)(Rb), halogen, -01e, -SRa, 

-S(0)Ra, -S(0)2Ra, -NO2, -C(0)0Ra, -CN, -C(0)N(Ra)(Rb), -N(Ra)C(0)(Rb), -C(0)Ra, - 

C(OH)RaRb, -N(Ra)S(0)2-Rb, -S(0)2N(Ra)(Rb), -CF3, -OCF3, optionally substituted (C1-C6)alkyl, 

optionally substituted (C2-C6)alkenyl, optionally substituted (C2-C6)alkynyl, optionally 

15 	substituted (C3-Cio)cycloalkyl, optionally substituted (C1-Cio)heteroaryl, optionally substituted 

(C1-C10) heterocyclyl, or optionally substituted (C6-Cio)aryl; 

R5  is hydrogen, deuterium, -N (Ra)(Rb), halogen, -SRa, -S(0)Ra, -S(0)2Ra, -NO2, - 

C(0)0Ra, -CN, -C(0)N(Ra)(Rb), -N(Ra)C(0)(Rb), -C(0)Ra, -C(OH)RaRb, -N(Ra)S(0)2-Rb, - 

S(0)2N(Ra)(Rb), -CF3, -OCF3, optionally substituted (C1-C6)alkyl, optionally substituted (C2- 

20 	C6)alkenyl, optionally substituted (C2-C6)alkynyl, optionally substituted (C3-C1o)cycloalkyl, 

optionally substituted (C1-Cio)heteroaryl, optionally substituted (C1-C10) heterocyclyl, or 

optionally substituted (C6-Cio)aryl; 

la 



wherein in a moiety containing -N(le)(Rb), the nitrogen, le and Rb  may form a ring such 

that -N(ta)(Rb) represents an optionally substituted (C2-Cio)heterocyclyl or optionally substituted 

(Ci-Cio)heteroaryl linked through a nitrogen; 

R3  is optionally substituted cyclopropyl, optionally substituted cyclobutyl, optionally 

	

5 	substituted cyclopentyl, optionally substituted cyclohexyl, optionally substituted phenyl, 

optionally substituted adamantanyl, optionally substituted azetidinyl, optionally substituted 

bicyclo[2.1.1]hexyl, optionally substituted bicyclo[2.2.1]heptyl, optionally substituted 

bicyclo[2.2.2]octyl, optionally substituted bicyclo[3.2.1]octyl, optionally substituted 

bicyclo[3.1.1]heptyl, optionally substituted azabicyclo[3.2.1]octanyl, optionally substituted 

	

10 	azabicyclo[2.2.1]heptany1, optionally substituted 2-azabicyclo[3.2.1]octanyl, optionally 

substituted azabicyclo[3.2.2]nonanyl, optionally substituted bicyclo[2.2.1]hept-2-enyl, 

optionally substituted piperidinyl, optionally substituted pyrrolidinyl or optionally substituted 

tetrahydrofuranyl; or 

R3  is -A-D-E-G, wherein: 

	

15 	A is a bond or (Ci-C6)alkylene; 

D is an optionally substituted azetidinyl, optionally substituted bicyclo[2.2.2]octanylene, 

optionally substituted bicyclo[2.2.1]heptylene, optionally substituted bicyclo[2.1.1]hexylene, 

optionally substituted cyclobutylene, optionally substituted cyclopentylene, optionally 

substituted cyclohexylene, optionally substituted bicyclo[2.2.1]hept-2-enylene, optionally 

	

20 	substituted piperidinyl, or optionally substituted pyrrolidinyl; 

E is a bond, -Re-, -1e-C(0)-Re-, -Re-C(0)C(0)-Re-., -Re-C(0)0-1e-, -Re-C(0)C(0)N(e)- 

-Re-N(Ra)-C(0)C(0)-Re-, -Re-O-Re-, -Re-S(0)2-Re-, -Re-S(0)-Re-, 	-Re-N(Ra)-Re-, 

-Re-N(Ra)C(0)-Re-, -ReC(0)N(Ra)Re-, -Re-OC(0)N(Ra)-Re-, -Re-N(Ra)C(0)0Re-, -Re-OC(0)-

Re, -Re-N(Ra)C(0)N(Rb)-Re-, -Re-N(Ra)S(0)2-Re-, or -Re-S(0)2N(Ra)-Re-; or 

0 

Re— 
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where in all cases, E is linked to either a carbon or a nitrogen atom in D; 

G is hydrogen, deuterium, -N(Ra)(Rb), halogen, -0Ra, -SRa, -S(0)Ra, -S(0)2Ra, -NO2, - 

C(0)0Ra, -CN, -C(0)N(R a)(Rb), -N(Ra)C(0)Rb, - N(Ra)C(0)0Rb, -0C(0)N(Ra), - 

N(Ra)C(0)N(Rb)2, -C(0-Ra)(Rb)2, -C(0)Ra, -CF3, -OCF3, -N(Ra)S(0)2Rb, -S(0)2N(Ra)(Rb),  - 

	

5 	S(0)2N(Ra)C(0)Rb, an optionally substituted -(Ci-C6)alkyl, an optionally substituted -(C2- 

C6)alkenyl, an optionally substituted -(C2-C6)alkynyl, an optionally substituted -(C3-

Cio)cycloalkyl, an optionally substituted -(C1-Cio)heteroaryl, an optionally substituted -(Ci-Cio) 

heterocyclyl, an optionally substituted -(C6-C1o)aryl, an optionally substituted -(C1-C6)alkyl-(C3-

Cio)cycloalkyl, an optionally substituted -(C1-C6)alkyl-(C6-C10)aryl, an optionally substituted - 

	

10 	(CI -C6)alkyl-(Ci-Cio)heteroaryl, or an optionally substituted -(C1-C6)alkyl-(C1-C10)heterocycly1; 

wherein in a moiety containing -N(Ra)(Rb), the nitrogen, Ra  and Rb  may form a ring 

such that -N(Ra)(Rb) represents an optionally substituted (C2-Cio)heterocyclyl or an 

optionally substituted (C1-C10) heteroaryl linked through a nitrogen; 

R4  and R6  are each independently a hydrogen, halogen, deuterium, an optionally 

	

15 	substituted bridged (C5-C12)cycloalkyl group, optionally substituted bridged (C2-C 10)heterocyclyl 

group, optionally substituted (C1-C8)alkyl, optionally substituted (C3-Cio)cycloalkyl, optionally 

substituted (C3-C8)cycloalkenyl, optionally substituted (C6-Cio)aryl, optionally substituted (C1-

Cio)heteroaryl, optionally substituted (C2-Cio)heterocyclyl or -J-L-M-Q; 

wherein: 

	

20 	J is a bond, -C(0)-, optionally substituted (Ci-C6)alkylene, optionally substituted (C2- 

C6)alkenylene, optionally substituted (C2-C6)alkynylene, optionally substituted (C3-

C12)cycloalkylene, optionally substituted (C2-C6)heterocyclylene, -C(0)N(Ra)-Re-, -N(Ra)C(0)-

Re-, -0-Re-, -N(Ra)-Re-, -S-Re-, -S(0)2-Re-, -S(0)Re-, -C(0-Ra)(Rb)-Re-, -S(0)2N(Ra)-Re-, - 

N(Ra)S(0)2-Re- or -N(Ra)C(0)N(Rb)-Re-; 

	

25 	L is a bond, an optionally substituted (CI-C8)alkylene, optionally substituted bridged (C5- 

C12)cycloalkylene, optionally substituted (C3-Cio)cycloalkylene, optionally substituted bridged 

(C5-Cio)cycloalkenylene, optionally substituted (C3-Cio)cycloalkenylene, optionally substituted 

(C6-Cio)arylene, optionally substituted (C1-Cio)heteroarylene, optionally substituted bridged (C2-

C 10)heterocyclylene or an optionally substituted (C2-C10)heterocyclylene; 

lc 



I 
5 	M is 
	 Re- 

M is a bond, -Re-, -Re-C(0)-Re-, -Re-C(0)C(0)-Re-, -Re-C(0)0-Re-, -Re-OC(0)-Re, -Re-

C(0)C(0)N(Ra)-Re-, -Re-N(Ra)-C(0)C(0)-Re-, -Re-O-Re-, -Re-S(0)2-Re-, -Re-S(0)-Re-, -Re-S-

Re-, -Re-N(Ra)-Re-, -Re-N(Ra)C(0)-Re-, -Re-C(0)N(Ra)Re-, -Re-OC(0)N(Ra)-Re-, -Re-

N(Ra)C(0)0Re-, -Re-N(Ra)C(0)N(Rb)-Re-, -Re-N(Ra)S(0)2-Re-, or -Re-S(0)2N(Ra)-Re-; or 

0 	.0 

where in all cases, M is linked to either a carbon or a nitrogen atom in L; 

Q is hydrogen, deuterium, -N(Ra)(Rb), halogen, -01e, -SRa, -S(0)Ra, -S(0)2Ra, -NO2, - 

C(0)0Ra, -CN, -C(0)N(Ra)(Rb), -N(Ra)C(0)Rb, -N(Ra)C(0)0Rb, -N(Ra)C(0)N(Rb)2, -C(O-

Ra)(Rb)2, -C(0)Ra, -CF3, -OCF3, -N(Ra)S(0)2Rb, -S(0)2N(Ra)(Rb), -S(0)2N(Ra)C(0)Rb, an 

10 	optionally substituted (Ci-C6)alkyl, an optionally substituted (C2-C6)alkenyl, an optionally 

substituted (C2-C6)alkynyl, an optionally substituted (C3-Ci0)cycloalkyl, an optionally substituted 

(C1-Ci0)heteroaryl, an optionally substituted (C1-C10) heterocyclyl, an optionally substituted (C6-

Ci0)aryl, an optionally substituted -(C1-C6)alkyl-(C3-Cio)cycloalkyl, an optionally substituted - 

(Ci-C6)alkyl-(C6-C10)aryl, an optionally substituted -(CI-C6)alkyl-(C1-C10)heteroaryl, or an 

15 	optionally substituted -(C1-C6)alkyl-(C1-C10)heterocycly1; 

wherein in a moiety containing -N(Ra)(Rb), the nitrogen, Ra  and Rb  may form a ring 

such that -N(Ra)(Rb) represents an optionally substituted (C2-C10)heterocycly1 or an 

optionally substituted (C1-C10) heteroaryl linked through a nitrogen; 

Ra  and Rb  are each independently hydrogen, deuterium, an optionally substituted (C1- 

20 	Ci0)alkyl, an optionally substituted (C2-Ci0)alkenyl, an optionally substituted (C2-Cio)alkynyl, an 

optionally substituted (C1-C10)alkyl-0-(C1-Cio)alkyl, an optionally substituted (C3-

Ci0)cycloalkyl, an optionally substituted (C6-Ci0)aryl, an optionally substituted (Ci-

C10)heteroaryl, an optionally substituted (C1-C10)heterocyclyl, an optionally substituted -(C1-

C6)alkylene-(C3-Ci0)cycloalkyl, an optionally substituted -(C1-C6)alkylene-(C6-C10)aryl, an 

id 



optionally substituted -(C1-C6)alkylene-(Ci-Cio)heteroaryl, or an optionally substituted 4C1-

C6)alkylene-(Ci-Cio)heterocycly1; and 

Re  for each occurrence is independently a bond, an optionally substituted (C1-

C1o)alkylene, an optionally substituted (C2-Cio)alkenylene, an optionally substituted (C2- 

	

5 	Cio)alkynylene, an optionally substituted -(Ci-Cio)alkylene-0-(Ci-C1o)alkylene group, an 

optionally substituted (C3-Cio)cycloalkylene, an optionally substituted (C6-Cio)arylene, an 

optionally substituted (Ci-Cio)heteroarylene, or an optionally substituted (C1-

Cio)heterocyclylene; and 

wherein the optional substituents are independently selected from (C1-C8)alkyl groups, 

	

10 	(C2-C8)alkenyl groups, (C2-C8)alkynyl groups, (C3-Cio)cycloalkyl groups, halogen, halogenated 

(Ci-C8)alkyl groups, -O-(Ci-C8)alkyl groups, -OH, -S-(Ci-C8)alkyl groups, -SH, -NH(C1-

C8)alkyl groups, -N((C1-C8)alky1)2  groups, -NH2, -C(0)NH2, -C(0)NH(C1-C8)alkyl groups, - 

C(0)N((Ci-C8)alky1)2, -NHC(0)H, -NHC(0) (Ci-C8)alkyl groups, -NHC(0) (C3-C8)cycloalkyl 

groups, -N((C1-C8)alkyl)C(0)H, -N((Ci-C8)alkyl)C(0)(Ci-C8)alkyl groups, -NHC(0)NH2, - 

	

15 	NHC(0)NH(Ci-C8)alkyl groups, -N((CI-C8)alkyl)C(0)NH2  groups, -NHC(0)N((Ci-C8)alky1)2  

groups, -N((C1-C8)alkyl)C(0)N((Ci-C8)alkyl)2  groups, -N((Ci-C8)alkyl)C(0)NH((Ci-C8)alkyl), -

C(0)H, -C(0)(Ci-C8)alkyl groups, -CN, -NO2, -S(0)(Ci-C8)alkyl groups, -S(0)2(Ci-C8)alkyl 

groups, -S(0)2N((Ci-C8)alkyl)2  groups, -S(0)2NH(Ci-C8)alkyl groups, -S(0)2NH(C3-

C8)cycloalkyl groups, -S(0)2NH2  groups, -NHS(0)2(Ci-C8)alkyl groups, -N((C1- 

	

20 	C8)alkyl)S(0)2(Ci-C8)alkyl groups, -(Ci-C8)alky1-0-(Ci-C8)alkyl groups, -0-(C1-C8)alky1-0- 

(C1-C8)alkyl groups, -C(0)OH, -C(0)O(Ci-C8)alkyl groups, NHOH, NHO(Ci-C8)alkyl groups, - 

0-halogenated (Ci-C8)alkyl groups, -S(0)2-halogenated (Ci-C8)alkyl groups, -S-halogenated 

(Ci-C8)alkyl groups, -(C1-C6) heterocycle, -(C1-C6) heteroaryl, -phenyl, -NHC(0)O-(Ci-C6)alkyl 

groups, -N((Ci-C6)alkyl)C(0)0-(Ci-C6)alkyl groups, -C(=NH)-(C1-C6)alkyl groups, -C(=NOH)- 

	

25 	(Ci-C6)alkyl groups, or -C(=N-O-(Ci-C6)alkyl)-(Ci-C6)alkyl groups. 

In another aspect, the present invention provides a pharmaceutical composition comprising a 

compound of Formula (I) as defined herein 

le 



U-x 
/1  TOY,  

R5  

Formula (I) 

a pharmaceutically acceptable carrier and excipient and a second therapeutic agent selected from 

the group consisting of cytokine suppressive anti-inflammatory drugs, antibodies to or 

antagonists of other human cytokines or growth factors, IL-1, IL-2, IL-3, IL-4, IL-5, IL-6, IL-7, 

	

5 	IL-8, IL-12, IL-15, IL-16, IL-21, IL-23, interferons, EMAP-II, GM-CSF, FGF, PDGF, CTLA or 

their ligands including CD154, adalimumab golimumab, certolizumab pegol (CDP870), 

tocilizumab, CDP 571, soluble p55 or p75 TNF receptors, Lenercept, TNFa converting enzyme 

inhibitors, IL-1 inhibitors, Interleukin 11, IL-18 antagonists, IL-12 antagonists, IL-12 antibodies, 

soluble IL-12 receptors, IL-12 binding proteins, non-depleting anti-CD4 inhibitors FK506, 

	

10 	rapamycin, mycophenolate mofetil, leflunomide, NSAIDs, ibuprofen, corticosteroids, 

phosphodiesterase inhibitors, adensosine agonists, antithrombotic agents, complement inhibitors, 

adrenergic agents, IL-1P converting enzyme inhibitors, T-cell signalling kinase inhibitors, 

metalloproteinase inhibitors, sulfasalazine, 6-mercaptopurines, derivatives p75TNFRIgG, sIL-

1RI, sIL-1RII, sIL-6R, celecoxib, hydroxychloroquine sulfate, rofecoxib, infliximab, naproxen, 

	

15 	valdecoxib, meloxicam, acetate, gold sodium thiomalate, aspirin, triamcinolone acetonide, 

propoxyphene napsylate/apap, folate, nabumetone, diclofenac, piroxicam, etodolac, diclofenac 

sodium, oxaprozin, oxycodone HC1, hydrocodone bitartrate/apap, diclofenac 

sodium/misoprostol, fentanyl, anakinra, tramadol HC1, salsalate, sulindac, 

cyanocobalamin/fa/pyridoxine, acetaminophen, alendronate sodium, morphine sulfate, lidocaine 

	

20 	hydrochloride, indomethacin, glucosamine sulf/chondroitin, amitriptyline HC1, sulfadiazine, 

oxycodone HC1/acetaminophen, olopatadine HC1 misoprostol, naproxen sodium, omeprazole, 

cyclophosphamide, rituximab, IL-1 TRAP, MRA, CTLA4-IG, IL-18 BP, anti-IL-12, anti-IL15, 

VX-740, Roflumilast, IC-485, CDC-801, S1P1 agonists, FTY720, PKC family inhibitors, 

R1  

if 



Ruboxistaurin, AEB-071, Mesopram, methotrexate, budenoside, dexamethasone, 5- 

aminosalicylic acid, olsalazine, 	T cell signaling inhibitors, tyrosine kinase inhibitors, IL-

11, mesalamine, prednisone, azathioprine, mercaptopurine, methylprednisolone sodium 

succinate, diphenoxylate/atrop sulfate, loperamide hydrochloride, ciprofloxacin/dextrose-water, 

	

5 	tetracycline hydrochloride, fluocinonide, metronidazole, thimerosal/boric acid, 

cholestyramine/sucrose, ciprofloxacin hydrochloride, hyoscyamine sulfate, meperidine 

hydrochloride, midazolam hydrochloride, promethazine hydrochloride, sodium phosphate, 

sulfamethoxazole/trimethoprim, polycarbophil, propoxyphene napsylate, hydrocortisone, 

multivitamins, balsalazide disodium, codeine phosphate/apap, colesevelam HC1, 

	

10 	cyanocobalamin, folic acid, levofloxacin, natalizumab, interferon-gamma, methylprednisolone, 

cyclosporine, 4-aminopyridine, tizanidine, interferon-131a, interferon-13lb, interferon a-n3, 

interferon-a, interferon f31A-IF, Peginterferon a 2b, hyperbaric oxygen, intravenous 

immunoglobulin, cladribine, FK506, prednisolone, antiinflammatory cytokines, interferon-0, 

caspase inhibitors, inhibitors of caspase-1, antibodies to CD40 ligand and CD80, alemtuzumab, 

	

15 	dronabinol, daclizumab, mitoxantrone, xaliproden hydrochloride, fampridine, glatiramer acetate, 

sinnabidol, a-immunokine NNSO3, ABR-215062, AnergiX.MS, chemokine receptor 

antagonists, BBR-2778, calagualine, CPI-1189, liposome encapsulated mitoxantrone, THC.CBD, 

cannabinoid agonists, MBP-8298, MNA-715, anti-IL-6 receptor antibody, neurovax, pirfenidone 

allotrap 1258 (RDP-1258), sTNF-R1, talampanel, teriflunomide, TGF-beta2, tiplimotide, VLA-4 

	

20 	antagonists, interferon gamma antagonists, IL-4 agonists, misoprostol, minocyclin, etanercept, 

betamethasone diprop augmented, dimethylsulfoxide, ketoprofen, tolmetin sodium, calcipotriene, 

glucosamine sulfate, risedronate sodium, thioguanine, alefacept, efalizumab, COX2 inhibitors, 

hydroxychloroquine, steroids, cytotoxics, inhibitors of PDE4, purine synthesis inhibitor, CTLA-

4-IgG, anti-B7 family antibodies, anti-PD-1 family antibodies, anti-cytokine antibodies, 

	

25 	fonotolizumab, anti-IFNg antibody, anti-receptor receptor antibodies, antibodies to B-cell surface 

molecules, UP 394, anti-CD20 antibody and lymphostat. 

1g 



LIST OF EMBODIMENTS 

In a first embodiment the invention provides a compound of Formula (I) 

R1  

Formula (I) 

pharmaceutically acceptable salts, pro-drugs, biologically active metabolites, stereoisomers and 

isomers thereof wherein 

T is N, U is N, X is CR3  and Y is N; or 

10 	T is CR6, U is N, X is CR3  and Y is N; or 

T is N, U is CR4, X is CR3  and Y is N; or 

T is CR6, U is CR4, X is CR3  and Y is N; or 

T is CR6, U is N, X is NR3  and Y is C; or 

T is 0, U is N, X is CR3  and Y is C; or 

15 	T is NR6, U is N, X is CR3  and Y is C; or 

T is CR6, U is CR4, X is NR3  and Y is C; or 

T is S, U is N, X is CR3  and Y is C; 

RI, R2  and R5  are each independently hydrogen, deuterium, N(Ra)(Rb), halogen, -OR% 

-S(0)Ra, -S(0)21e, -NO2, -C(0)01e, -CN, -C(0)N(le)(Rb), -N(R)C(0)(Rb), -C(0)Ra, - 

20 	C(OH)RaRb, -N(Ra)S(0)2-Rb, -S(0)2N(Ra)(R1), -CF3, -0CF3, optionally substituted (C1-C6)alkyl, 

optionally substituted (C2-C6)alkenyl, optionally substituted (C2-C6)alkynyl, optionally substituted 

(C3-C10)cycloalkyl,optionally substituted (C1-C1o)heteroaryl, optionally substituted (C1-C10) 

heterocyclyl, or optionally substituted (C6-C1o)aryl; 

wherein in a moiety containing N(Ra)(Rb), the nitrogen, le and le may form a ring 

25 	 such that -N(le)(Rb) represents an optionally substituted (C2-C10)heterocycly1 or 

optionally substituted (C1-C10)heteroaryl linked through a nitrogen; 

R3  is hydrogen, an optionally substituted bridged (C5-C12)cycloalkyl, optionally 

substituted bridged (C2-C1o)heterocyclyl, optionally substituted (C1-C8)alkyl, optionally 

substituted (C3-C10)cycloallcyl,: optionally substituted (C3-C8)cycloalkenyl, optionally substituted 

30 	(C6-C1o)aryl, optionally substituted (C1-C1o)heteroaryl, optionally substituted (C2- 

Cio)hetero cyclyl; or 

R3  is -A-D-E-G, wherein A is attached to X and: 

A is a bond, -C(0)-, optionally substituted (C1-C6)alkylene, optionally substituted (C2- 

C6)alkenylene, optionally substituted (C2-C6)alkynylene, optionally substituted (C3- 

5 

2 



C12)cycloalkylene, optionally substituted (C2-C6)heterocyclylene, -C(0)N(Ra)-Re-, -N(Ra)C(0)- 

Re-, -0-Re-, -N(Ra)-Re-, -S-Re-, -S(0)2-Re-, -S(0)Re-, -C(0-Ra)(Rb)-Re-, -S(0)2N(Ra)-Re-, - 

N(Ra)S(0)2-Re- or -N(Ra)C(0)N(Rb)-Re-; 

D is an optionally substituted (C1-Cg)alkylene, optionally substituted bridged (C5- 

	

5 	C12)cycloalkylene, optionally substituted (C3-Cio)cycloalkylene, optionally substituted bridged 

(C5-Cio)cycloalkenylene, optionally substituted (C3-Cio)cycloalkenylene, optionally substituted 

(C6-Cio)arylene, optionally substituted (Ci-Cio)heteroarylene, optionally substituted bridged (C2-

C to)heterocyclylene or an optionally substituted (C2-Cio)heterocyclylene; 

E is a bond, -Re-, -Re-C(0)-Re-, -Re-C(0)C(0)-Re-, -Re-C(0)0-Re-, -Re-C(0)C(0)N(Ra)- 

	

10 	-Re-N(Ra)-C(0)C(0)-Re-, 	-Re-S(0)2-Re-, -Re-S(0)-Re-, 	-Re-N(Ra)-Re-, - 

Re-N(Ra)C(0)-Re-, -ReC(0)N(Ra)Re-, -Re-OC(0)N(Ra)-Re-, -Re-N(Ra)C(0)01e-, -Re-OC(0)-Re, 

-Re-N(Ra)C(0)N(Rb)-Re-, -Re-N(Ra)S(0)2-Re-, or -Re-S(0)2N(Ra)-Re-; or 

Ra  
I 

E is 
	

Re- 

where in all cases, E is linked to either a carbon or a nitrogen atom in D; 

15 

	

	G is hydrogen, deuterium, -1\T(Ra)(Rb), halogen, -0Ra, -SRa, -S(0)Ra, -S(0)2Ra, -NO2, - 

C(0)0Ra, -CN, -C(0)N(Ra)(Rb), -N(Ra)C(0)Rb, -N(Ra)C(0)0Rb, -0C(0)N(Ra), - 

N(Ra)C(0)N(RN, -C(0-Ra)(Rb)2, -C(0)Ra, -CF3, -OCF3, -N(Ra)S(0)2Rb, -S(0)2N(Ra)(Rb), - 

S(0)2N(Ra)C(0)Rb, an optionally substituted -(C1-C6)alkyl, an optionally substituted -(C2-

C6)alkenyl, an optionally substituted -(C2-C6)alkynyl, an optionally substituted -(C3- 

20 

	

	C1o)cycloalkyl, an optionally substituted -(C1-C1o)heteroaryl, an optionally substituted -(C1-C10) 

heterocyclyl, an optionally substituted -(C6-Cio)aryl, an optionally substituted -(Ci-C6)alkyl-(C3-

Cio)cycloalkyl, an optionally substituted -(C1-C6)alkyl-(C6-C10)aryl, an optionally substituted - 

(C1-C6)alkyl-(C1-C1o)heteroaryl, or an optionally substituted -(C1-C6)alkyl-(C1-Cio)heterocycly1; 

wherein in a moiety containing -N(Ra)(Rb), the nitrogen, Ra  and R1' may form a ring 

25 	 such that -N(Ra)(Rb) represents an optionally substituted (C2-Cio)heterocyclyl or an 

optionally substituted (C1-C10) heteroaryl linked through a nitrogen; 

R4  and R6  are each independently a hydrogen, halogen, deuterium, an optionally 

substituted bridged (C5-C12)cycloalkyl group, optionally substituted bridged (C2-Cio)heterocyclyl 

group, optionally substituted (Ci-C8)alkyl, optionally substituted (C3-Cio)cycloalkyl, optionally 

30 	substituted (C3-C8)cycloalkenyl, optionally substituted (C6-Cio)aryl, optionally substituted (C1- 

C1o)heteroaryl, optionally substituted (C2-C10)heterocycly1 or -J-L-M-Q; 

wherein: 
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N'Ra  
I 

 

Re- 15 	M is 

J is a bond, -C(0)-, optionally substituted (Ci-C6)alkylene, optionally substituted (C2-

C6)alkenylene, optionally substituted (C2-C6)alkynylene, optionally substituted (C3-

Ci2)cycloalkylene, optionally substituted (C2-C6)heterocyclylene, -C(0)N(Ra)-Re-, -N(Ra)C(0)- 

Re-, -0-Re-, -N(Ra)-Re-, 	-S(0)2-Re-, -S(0)1r-, -C(0-Ra)(Rb)-Re-, -S(0)2N(Ra)-Re-, - 

	

5 	N(Ra)S(0)2-Re- or -N(Ra)C(0)N(Rb)-Re-; 

L is a bond, an optionally substituted (Ci-C8)alkylene, optionally substituted bridged (C5-

Ci2)cycloalkylene, optionally substituted (C3-C 10)cycloalkylene, optionally substituted bridged 

(C5-C10)cycloalkenylene, optionally substituted (C3-Cio)cycloalkenylene, optionally substituted 

(C6-Cio)arylene, optionally substituted (Ci-Cio)heteroarylene, optionally substituted bridged (C2- 

	

10 	C10)heterocyclylene or an optionally substituted (C2-C1o)heterocyclylene; 

M is a bond, -Re-, -Re-C(0)-Re-, -Re-C(0)C(0)-Re-, -Re-C(0)0-1r-, -Re-OC(0)-Re, 

C(0)C(0)N(Ir)-Re-, -Re-N(Ra)-C(0)C(0)-Re-, 	-Re-S(0)2-Re-, -Re-S(0)-Re-, 

-Re-N(Ra)-Re-, -Re-N(Ra)C(0)-Re-, -Re-C(0)N(Ra)Re-, -Re-OC(0)N(Ra)-Re-, -Re-N(Ra)C(0)0Re-, 

-Re-N(Ra)C(0)N(Rb)-Re-, -Re-N(Ra)S(0)2-Re-, or -Re-S(0)2N(Ra)-Re-; or 

O_ 	O 

where in all cases, M is linked to either a carbon or a nitrogen atom in L; 

Q is hydrogen, deuterium, -N(1r)(Rb), halogen, -0Ra, -SRa, -S(0)Ra, -S(0)21r, -NO2, - 

C(0)0Ra, -CN, -C(0)N(1r)(Rb), -N(Ra)C(0)Rb, -N(Ra)C(0)0Rb, -N(Ra)C(0)N(Rb)2, -C(0-

Ra)(Rb)2, -C(0)Ra, -CF3, -OCF3, -N(Ra)S(0)2Rb, -S(0)2N(Ra)(Rb), -S(0)2N(Ra)C(0)Rb, an 

20 	optionally substituted (Ci-C6)alkyl, an optionally substituted (C2-C6)alkenyl, an optionally 

substituted (C2-C6)alkynyl, an optionally substituted (C3-Ci0)cycloalkyl, an optionally substituted 

(Ci-Cio)heteroaryl, an optionally substituted (C1-C10) heterocyclyl, an optionally substituted (C6-

C10)aryl, an optionally substituted -(Ci-C6)alkylene-(C3-C10)cycloalkyl, an optionally substituted - 

(Ci-C6)alkyl-(C6-C10)aryl, an optionally substituted -(C,-C6)alkylene-(C1-C10)heteroaryl, or an 

25 	optionally substituted -(C1-C6)alkyl-(C1-C10)heterocycly1; 

wherein in a moiety containing -N(Ra)(Rb), the nitrogen, Ra  and Rb  may form a ring 

such that -N(Ra)(Rb) represents an optionally substituted (C2-C10)heterocycly1 or an 

optionally substituted (C1-C10) heteroaryl linked through a nitrogen; 

Ra and Rb  are each independently hydrogen, deuterium, an optionally substituted (C1- 

30 	Ci0)alkyl, an optionally substituted (C2-Cio)alkenyl, an optionally substituted (C2-Cio)alkynyl, an 

optionally substituted (Ci-Cio)alkyl-O-(C1-C10)alkyl, an optionally substituted (C3-Cio)cycloalkyl, 

an optionally substituted (C6-Cio)aryl, an optionally substituted (Ci-Cio)heteroaryl, an optionally 

substituted (Ci-C10)heterocyclyl, an optionally substituted -(Ci-C6)alkylene-(C3-C10)cycloalkyl, an 
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optionally substituted -(CI-C6)alkylene-(C6-Cio)aryl, an optionally substituted -(Ci-C6)alkylene- 

(C1-C1o)heteroaryl, or an optionally substituted -(Ci-C6)alkylene-(Ci-C1o)heterocycly1; and 

RC for each occurrence is independently a bond, an optionally substituted (C1-

Cio)alkylene, an optionally substituted (C2-Cio)alkenylene, an optionally substituted (C2- 

5 	Cio)alkynylene, an optionally substituted -(Ci-Cio)alkylene-0-(C1-C10)alkylene group, an 

optionally substituted (C3-Cio)cycloalkylene, an optionally substituted (C6-Cio)arylene, an 

optionally substituted (C1-Cio)heteroarylene, or an optionally substituted (Ci-Cio)heterocyclylene; 

provided that when the compound is 

R3 

N—N  

H 

10 	R3  is defined as above and R6  is not linked to the pyrazole ring by a nitrogen or oxygen 

atom; and 

provided that when the compound is 
R4  

R3  
N 

N 	Al  "
H 

when R3  is H, CH3  or —C(0)OH then R4  is not H, -C(0)OCH2CH3, -C(0)NH-optionally 

15 	substituted phenyl-NHC(0)-optionally substituted phenyl or —S(0)2-phenyl. 

In a second embodiment the invention provides a compound of Formula (II) 

U—X 
	R2  

R5  

R1  

Formula (II) 
pharmaceutically acceptable salts, pro-drugs, biologically active metabolites, stereoisomers and 

20 	isomers thereof wherein 

when T is NR6, U is N, X is CR3  and there is a double bond between U and X; 

when T is 0, U is N, X is CR3  and there is a double bond between U and X; 

when T is CR6, U is N, X is NR3  and there is a double bond between T and U; 

when T is CR6, U is CR4, X is NR3  and there is a double bond between T and U; 

25 	R1, R2 and R5  are independently hydrogen, deuterium, -N(Ra)(Rb), halogen, -0Ra, -SRa, - 

S(0)Ra, -S(0)2Ra, -NO2, -C(0)0Ra, -CN, -C(0)N(Ra)(Rb), -N(Ra)C(0)(Rb), -C(0)Ra, - 

N(Ra)S(0)2-, -S(0)2N(Ra)-, -CF3, -OCF3, optionally substituted (Ci-C6)alkyl, optionally 
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N__Ra 

I 
Re- 25 	E is 

substituted (C2-C6)alkenyl, optionally substituted (C2-C6)alkynyl, optionally substituted (C3-

Cio)cycloalkyl, optionally substituted (Ci-C10)heteroaryl, optionally substituted (C1-C10) 

heterocyclyl, or optionally substituted (C6-C10)aryl; 

wherein in a moiety comprising -N(Ra)(Rb), the nitrogen, Ra and Rb  may form a ring such 

	

5 	that -N(Ra)(Rb) represents an optionally substituted (C2-Cm)heterocycly1 linked through a 

nitrogen; 

R3  is an optionally substituted bridged (C5-C12)cycloalkyl group, optionally substituted 

bridged (C2-C1o)heterocycly1 group, optionally substituted adamantyl, optionally substituted (C1-

C8)alkyl, optionally substituted (C3-Ci8)cycloalkyl, optionally substituted (C3-C8)cycloalkenyl, 

	

10 	optionally substituted (C6-Cio)aryl, optionally substituted (C1-C10)heteroaryl, optionally 

substituted (C2-C1o)heterocycly1 or -A-D-E-G; 

wherein: 

A is a bond, -C(0)-, optionally substituted (C1-C6)alkylene, optionally substituted (C2- 

C6)alkenylene, optionally substituted (C2-C6)alkynylene, optionally substituted (C3- 

	

15 	C12)cycloalkylene, optionally substituted (C2-C6)heterocyclylene, -C(0)N(Ra)-Re-, -N(Ra)C(0)- 

- N(Ra)-Re-, -S-Re-, -C(0-12a)(Rb)-Re-, -S(0)2N(Ra)-Re-, -N(Ra)S(0)2-Re- or - 

N(Ra)C(0)N(Rb)-Re-; 

D is an optionally substituted (C1-C8)alkylene, optionally substituted bridged (C5- 

C12)cycloalkylene, optionally substituted (C3-C1o)cycloalkylene, optionally substituted (C6- 

	

20 	Cw)arylene, optionally substituted (C1-C18)heteroarylene, optionally substituted bridged (C2- 

C1o)heterocyclylene or optionally substituted (C2-Cio)heterocyclylene; 

E is a bond, -Re-, -C(0)-Re-, -C(0)C(0)-Re-, -C(0)0-Re-, -C(0)C(0)N(Ra)-Re-, -0-Re-, - 

S(0)2-Re-, -S(0)-Re-, 	-N(Ra)-Re-, -N(Ra)C(0)-Re-, -C(0)N(Ra)-Re-, -0C(0)N(Ra)-Re-, - 

OC(0)-Re-, -N(Ra)C(0)N(Rb)-Re-, -N(Ra)S(0)2-Re- or -S(0)2N(Ra)-Re-; or 

0 	0 

where in all cases, E is linked to either a carbon or a nitrogen atom in D; 

G is hydrogen, deuterium, -N(Ra)(Rb), halogen, -0Ra, -SRa, -S(0)Ra, -S(0)2Ra, -NO2, - 

C(0)0Ra, -CN, -C(0)N(Ra)(Rb), -N(Ra)C(0)Rb, -N(Ra)C(0)0Rb, -N(Ra)C(0)N(Rb)2, -C(0- 

Ra)(Rb)2, -C(0)Ra, -CF3, -OCF3, -N(Ra)S(0)2Rb, -S(0)2N(Ra)(Rb), -S(0)2N(Ra)C(0)Rb, an 

30 	optionally substituted (Ci-C6)alkyl, optionally substituted (C2-C6)alkenyl, optionally substituted 

(C2-C6)alkynyl, optionally substituted (C3-C10)cycloalkyl, optionally substituted (C1-

C1o)heteroaryl, optionally substituted (C1-C10)heterocyclyl, optionally substituted (C6-Cio)aryl, 

optionally substituted -(C1-C6)alkylene-(C3-C18)cycloalkyl, optionally substituted -(Ci-C6)alkyl- 
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(C6-Cio)aryl, optionally substituted -(Ci-C6)alkylene-(Ci-C10)heteroaryl or optionally substituted - 

(C1-C6)alkylene-(C1-Cio)heterocycly1; 

wherein in a moiety comprising -N(Ra)(Rb), the nitrogen, Ra and Rb  may form a ring 

such that -N(Ra)(Rb) represents an optionally substituted (C2-C10)heterocycly1 linked 

	

5 	 through a nitrogen; 

R6  is a hydrogen, deuterium, an optionally substituted bridged (C3-C12)cycloalkyl group, 

optionally substituted bridged (C2-C1o)heterocycly1 group, optionally substituted adamantyl, 

optionally substituted (C1-C8)alkyl, optionally substituted (C3-Cio)cycloalkyl, optionally 

substituted (C3-C8)cycloalkenyl, optionally substituted (C6-C10)aryl, optionally substituted (C1- 

	

10 	Cio)heteroaryl or optionally substituted (C2-Cio)heterocycly1; or R6  is -J-L-M-Q, wherein: 

J is a bond, -C(0)-, optionally substituted (C1-C6)alkylene, optionally substituted (C2-

C6)alkenylene, optionally substituted (C2-C6)alkynylene, optionally substituted (C3-

C12)cycloalkylene, optionally substituted (C2-C6)heterocyclylene, -C(0)N(Ra)-Re-, -C(0-Ra)(Rb)-

Re-, or -S(0)2N(Ra)Re-; 

	

15 	L is a bond, an optionally substituted (Ci-C8)alkylene, optionally substituted bridged (C8- 

C12)cycloalkylene, optionally substituted (C3-Cio)cycloalkylene, optionally substituted (C6-

Cio)arylene, optionally substituted (C1-Cio)heteroarylene, optionally substituted bridged (C2-

Cio)heterocyclylene or an optionally substituted (C2-C1o)heterocyclylene; or 

N Ra  

	

20 	Lis 	Re- 	• 

M is a bond, -Re-, -C(0)-Re-, -C(0)C(0)-Re-, -C(0)0-Re-, -C(0)C(0)N(Ra)-Re-, -0-Re-, - 

S (0)2-Re-, -S(0)-11,-, 	-N(Ra)-Re-, -N(Ra)C(0)-Re-, -C(0)N(Ra)-Re-, -0C(0)N(Ra)-Re-, - 

OC(0)-Re-, -N(Ra)C(0)N(Rb)-Re-, -N(Ra)S(0)2-1r- or -S(0)2N(Ra)-Re-; 

Q is hydrogen, deuterium, -N(Ra)(Rb), halogen, -0Ra, -SRa, -S(0)Ra, -S(0)21V, -NO2, - 

	

25 	C(0)01e, -CN, -C(0)N(Ra)(Rb), -N(Ra)C(0)Rb, -N(Ra)C(0)0Rb, -N(Ra)C(0)N(Rb)2, -C(0- 

Ra)(Rb)2, -C(0)Ra, -CF3, -OCF3, -N(Ra)S(0)2Rb, -S(0)2N(Ra)(Rb), -S(0)2N(Ra)C(0)Rb, optionally  

substituted (Ci-C6)alkyl, optionally substituted (C2-C6)alkenyl, optionally substituted (C2-

C6)alkynyl, optionally substituted (C3-Cio)cycloalkyl, optionally substituted (C1-C10)heteroaryl, 

optionally substituted (C1-C10)heterocyclyl, optionally substituted (C6-Cio)aryl, optionally 

	

30 	substituted -(CI-C6)alkylene-(C3-Cio)cycloalkyl, optionally substituted -(C1-C6)alkylene-(C6- 

Cio)aryl, optionally substituted -(C1-C6)alkyl-(C1-C )heteroaryl or optionally substituted -(C1-

C6)alkylene-(Ci-Cio)heterocycly1; 
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wherein in a moiety comprising -N(Ra)(Rb), the nitrogen, Re and Rb  may form a ring 

such that -N(Ra)(Rb) represents an optionally substituted (C2-Cio)heterocyclyl linked 

through a nitrogen; 

R4  is hydrogen, deuterium, optionally substituted bridged (C3-C12) cycloalkyl group, 

	

5 	optionally substituted bridged (C2-Cio)heterocyclyl group, optionally substituted adamantyl, 

optionally substituted (C1-C8)alkyl, optionally substituted (C3-Cio)cycloalkyl, optionally 

substituted (C3-C8)cycloalkenyl, optionally substituted (C6-Cio)aryl, optionally substituted (Cr 

Cio)heteroaryl or optionally substituted (C2-C10)heterocycly1; or 

R4  is -V-W-Y-Z wherein: 

	

10 	V is a bond, -C(0)-, optionally substituted (Ci-C6)alkyl, optionally substituted (C2- 

C6)alkenyl, optionally substituted (C2-C6)alkynyl, optionally substituted (C3-C12)cycloalkyl, 

optionally substituted (C2-C6)heterocyclyl, -C(0)N(Ra)-Re-, -C(0-1e)(Rb)-Re-, or -S(0)2N(Ra)Re-; 

W is a bond, an optionally substituted (Ci-C8)alkyl, optionally substituted bridged (C5- 

C12)cycloalkyl, optionally substituted (C3-Cio)cycloalkyl, optionally substituted (C6-Cio)aryl, 

	

15 	optionally substituted (CI-Cio)heteroaryl, optionally substituted bridged (C2-C10)heterocycly1 or 

an optionally substituted (C2-Cio)heterocyclyl; or 

0 

N' Ra  

W is 	Re- 	; 

Y is a bond, -Re-, -C(0)-Re-, -C(0)C(0)-Re-, -C(0)0-Re-, -C(0)C(0)N(Ra)-Re-, 	- 

S(0)2-Re-, -S(0)-Re-, 	-N(Re)-Re-, -N(Ra)C(0)-Re-, -C(0)N(Ra)-Re-, -0C(0)N(Re)-Re-, - 

20 	OC(0)-Re-, -N(Ra)C(0)N(Rb)-Re-, -N(Ra)S(0)2-Re- or -S(0)2N(Ra)-Re-; 

Z is hydrogen, deuterium, -N(Ra)(Rb), halogen, -0Ra, -SR% -S(0)Ra, -S(0)211% -NO2, - 

C(0)0Rb, -CN, -C(0)N(Re)(R), _N(Ra)C(0)Rb
, 
 _-(- )C(0)0Rb, -N(Ra)C(0)N(Rb)2, 

Ra)(Rb)
2, 
 _c(o)Rb

, 
 -OCF3, -N(Ra)S(0)2Rb, -S(0)2N(Ra)(Rb), -S(0)2N(Ra)C(0)Rb, an 

optionally substituted (C1-C6)alkyl, an optionally substituted (C2-C6)alkenyl, an optionally 

25 	substituted (C2-C6)alkynyl, an optionally substituted (C3-C10)cycloalkyl, an optionally substituted 

(Ci-Cio)heteroaryl, an optionally substituted (C1-C10)heterocyclyl, an optionally substituted (C6-

Cio)aryl, an optionally substituted -(CI-C6)alkylene-(C3-C10)cycloalkyl, an optionally substituted - 

(CI-C6)alkyl-(C6-Cio)aryl, an optionally substituted -(Ci-C6)alkylene-(C1-C1o)heteroaryl or an 

optionally substituted -(CI-C6)alkylene-(C1-C10)heterocycly1; 

30 

	

	wherein in a moiety comprising -N(Ra)(Rb), the nitrogen, Re and Rb  may form a ring such 

that -1\1(Ra)(Rb) represents an optionally substituted (C2-Cio)heterocyclyl linked through a 

nitrogen; 

Ra  and Rb  are independently hydrogen, deuterium, optionally substituted (Ci-Cio)alkyl, 

optionally substituted (C2-Cio)alkenyl, optionally substituted (C2-C10)alkynyl, optionally 
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R3  
N 

R4  

H 

substituted -(CI-Cio)alkylene-0-(C1-Cio)alkyl, optionally substituted (C3-Ci0)cycloalkyl, 

optionally substituted (C6-Ci0)aryl, optionally substituted (Ci-Cio)heteroaryl, optionally 

substituted (C1-Cio)heterocyclyl, optionally substituted -(C1-C6)alkylene-(C3-C10)cycloalkyl, 

optionally substituted -(Ci-C6)alkylene-(C6-Cio)aryl, optionally substituted -(C1-C6)alkylene-(C1- 

	

5 	or optionally substituted -(Ci-C6)alkylene-(C1-Cio)heterocycly1; and 

Re is a bond or is independently selected from optionally substituted (Ci-Cio)alkylene, 

optionally substituted (C2-C1o)alkenylene, optionally substituted (C2-C10)alkynylene, optionally 

substituted -(Ci-Cio)alkylene-0-(Ci-Cio)alkylene- group, optionally substituted (C3-

Ci0)cycloalkylene, optionally substituted (C6-Cio)arylene, optionally substituted (Cr 

	

10 	Cio)heteroarylene, or optionally substituted (Ci-Cio)heterocyclylene; 

provided that when the compound is 

15 

H 

R6  is not linked to the pyrazole ring by a nitrogen or oxygen atom; and 

provided the compound is not 

wherein when R3  is H, CH3  or —C(0)OH and R4  is not H, -C(0)OCH2CH3, -C(0)NH- 

optionally substituted phenyl-NHC(0)-optionally substituted phenyl or —S(0)2-phenyl. 

In a third embodiment the invention provides a compound of formula (Ig) 

R1  

Formula (Ig) 

pharmaceutically acceptable salts, pro-drugs, biologically active metabolites, stereoisomers and 

isomers thereof wherein 

R1, R2  and R5  are each independently hydrogen, deuterium, -N(Ra)(Rb), halogen, -0Ra, - 

25 	SRa, -S(0)1e, -S(0)2Ra, -NO2, -C(0)0Ra, -CN, -C(0)N(Ra)(Rb), -N(Ra)C(0)(Rb), -C(0)Ra, - 

N(Ra)S(0)2-, -S(0)2N(Ra)-, -CF3, -OCF3, optionally substituted -(Cl-C6)alkyl, optionally 

substituted (C2-C6)alkenyl, optionally substituted -(C2-C6)alkynyl, optionally substituted -(C3-

C10)cycloalkyl, optionally substituted -(C1-Cio)heteroaryl, optionally substituted -(C1-C1o) 

heterocyclyl, or optionally substituted -(C6-C10)aryl; 

20 
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wherein in a moiety containing -N(Ra)(Rb), the nitrogen, Ra and Rb  may form a ring 

such that -N(Ra)(Rb) represents an optionally substituted (C2-C10)heterocycly1 linked 

through a nitrogen; 

R3  is an optionally substituted bridged (C5-C12) cycloalkyl group, optionally substituted 

	

5 	bridged (C2-C10) heterocyclyl group, optionally substituted adamantyl, optionally substituted (C1- 

C8) alkyl, optionally substituted (C3-C10)cycloalkyl, optionally substituted (C3-C8)cycloalkenyl, 

optionally substituted (C6-C10)aryl, optionally substituted (C1-Cio)heteroaryl or optionally 

substituted (C2-C1o)heterocycly1; or R3  is -A-D-E-G, wherein: 

A is a bond, -C(0)-, optionally substituted (C1-C6)alkylene, optionally substituted (C2- 

	

10 	C6)alkenylene, optionally substituted (C2-C6)alkynylene, optionally substituted (C3- 

C12)cycloalkylene, optionally substituted (C2-C6)heterocyclylene, -C(0)N(Ra)-Re-, -N(Ra)C(0)- 

Re-, 	- N(Ra)-Re-, 	-C(0-11a)(Rb)-Re-, -S(0)2N(Ra)-Re-, -N(Ra)S(0)2-Re- or - 

N(Ra)C(0)N(Rb)-Re-; 

D is an optionally substituted (Ci-C8)alkylene, optionally substituted bridged (C5- 

	

15 	C12)cycloalkylene, optionally substituted (C3-C10)cycloalkylene, optionally substituted (C6- 

Ci0)arylene, optionally substituted (C1-C10)heteroarylene, optionally substituted bridged (C2-

Ci0)heterocyclylene or an optionally substituted (C2-C1o)heterocyclylene; 

E is a bond, -Re-, -C(0)-Re-, -C(0)C(0)-Re-, -C(0)0-Re-, -C(0)C(0)N(Ra)-Re-, 	- 

S(0)2-Re-, -S(0)-Re-, -S-Re-, -N(Ra)-Re-, -N(Ra)C(0)-Re-, -C(0)N(Ra)-Re-, -0C(0)N(Ra)-Re-, - 

	

20 	OC(0)-Re-, -N(Ra)C(0)N(Rb)-Re-, -N(Ra)S(0)2-Re- or -S(0)2N(Ra)-Re-, 

0 	0 

a 

or E is 
	Re- 

where in all cases, E is linked to either a carbon or a nitrogen atom in D; 

G is hydrogen, deuterium, -N(Ra )(Rb), halogen, -0Ra, -SRa, -S(0)Ra, -S(0)2Ra, -NO2, - 

C(0)0Ra, -CN, -C(0)N(Ra)(Rb), -N(Ra)C(0)Rb, -N(Ra)C(0)0Rb, -N(Ra)C(0)N(Rb)2, -C(0- 

25 	Ra)(Rb)2, -C(0)Ra, -CF3, -OCF3, -N(Ra)S(0)2Rb, -S(0)2N(Ra)(Rb), -S(0)2N(Ra)C(0)Rb, an 

optionally substituted (C1-C6)alkyl, an optionally substituted (C2-C6)alkenyl, an optionally 

substituted (C2-C6)alkynyl, an optionally substituted (C3-C10)cycloalkyl, an optionally substituted 

(CI-C10)heteroaryl, an optionally substituted (C1-C10) heterocyclyl, an optionally substituted (C6-

Cio)aiyl, an optionally substituted -(C1-C6)alkylene-(C3-Cio)cycloalkyl, an optionally substituted - 

30 	(C1-C6)alkylene-(C6-Cio)aryl, an optionally substituted -(C1-C6)alkylene-(C1-C1o)heteroaryl or an 

optionally substituted -(C1-C6)alkylene-(C1-C10)heterocyclyl; 

wherein in a moiety containing -N(Ra)(Rb), the nitrogen, Ra and Rb  may form a ring such that 

-1\1(Ra)(Rb) represents an optionally substituted (C2-C1o)heterocycly1 linked through a 

nitrogen; 
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R4  is a hydrogen, deuterium, an optionally substituted bridged (C3-C12) cycloalkyl group, 

optionally substituted bridged (C2-Cio)heterocyclyl group, optionally substituted adamantyl, 

optionally substituted (C1-C8) alkyl, optionally substituted (C3-C10)cycloalkyl, optionally 

substituted (C3-C8)cycloalkenyl, optionally substituted (C6-Cio)arY1,  optionally substituted (C1- 

	

5 	Ci0)heteroaryl or optionally substituted (C2-Cio)heterocyclyl; or 

R4  is -J-L-M-Q, wherein: 

J is a bond, -C(0)-, optionally substituted (Ci-C6)alkylene, optionally substituted (C2- 

C6)alkenylene, optionally substituted (C2-C6)alkynylene, optionally substituted (C3- 

C12)cycloalkylene, optionally substituted (C2-C6)heterocyclylene, -C(0)N(Ra)-Re-, -C(0-1e)(Rb)- 

	

10 	Re-, or -S(0)2N(Ra)Re-; 

L is a bond or an optionally substituted (C1-C8) alkylene, optionally substituted bridged 

(Cs-C12)cycloalkylene, optionally substituted (C3-Cm)cycloalkylene, optionally substituted (C6-

Ci0)arylene, optionally substituted (Ci-Cio)heteroarylene, optionally substituted bridged (C2-

C10)heterocyclylene or an optionally substituted (C2-Cio)heterocyclylene; 

V I a 
15 	or L is 	Re- 

M is a bond, -Re-, -C(0)-Re-, -C(0)C(0)-Re-, -C(0)0-1r-, -C(0)C(0)N(Ra)-Re-, -0-Re-, - 

S(0)2-Re-, -S(0)-Re-, -S-Re-, -N(Ra)-Re-, -N(Ra)C(0)-Re-, -C(0)N(Ra)-1r-, -0C(0)N(Ra)-Re-, -

0C(0)-Re-, -N(Ra)C(0)N(Rb)-Re-, -N(Ra)S(0)2-Re- or -S(0)2N(Ra)-Re-; 

Q is hydrogen, deuterium, -N(Ra)(Rb), halogen, -0Ra, -SR", -S(0)Ra, -S(0)2Ra, -NO2, - 

20 	C(0)ORa, -CN, -C(0)N(Ra)(Rb), -N(Ra)C(0)Rb, -N(Ra)C(0)0Rb, -N(Ra)C(0)N(Rb)2, -C(O-

Ra)(Rb)2, -C(0)Ra, -CF3, -OCF3, -N(Ra)S(0)2Rb, -S(0)2N(R a)(Rb)
, 
 s (0)

2N
(Ra)c (0)Rb, an  

optionally substituted (Ci-C6)alkyl, an optionally substituted (C2-C6)alkenyl, an optionally 

substituted (C2-C6)alkynyl, an optionally substituted (C3-Cio)cycloalkyl, an optionally substituted 

(C1-C10)heteroaryl, an optionally substituted (C1-C10)heterocyclyl, an optionally substituted (C6- 

25 	Cio)aryl, an optionally substituted -(CI-C6)alkylene-(C3-Cio)cycloalkyl, an optionally substituted - 

(Ci-C6)alkylene-(C6-C10)aryl, an optionally substituted -(Ci-C6)alkylene-(C1-C10)heteroaryl or an 

optionally substituted -(C1-C6)alkylene-(C1-C1o)heterocycly1; 

wherein in a moiety containing -N(Ra)(Rb), the nitrogen, Ra and Rb  may form a ring 

such that -N(Ra)(Rb  ) represents an optionally substituted (C2-Cio)heterocyclyl linked 

30 	 through a nitrogen; 

Ra and Rb  are independently hydrogen, deuterium, an optionally substituted (Ci-Cio)alkyl, 

an optionally substituted (C2-C10)alkenyl, an optionally substituted (C2-Cio)alkynyl, an optionally 

substituted -(CI-Cio)alkylene-0-(C1-C10)alkyl, an optionally substituted (C3-Cio)cycloalkyl, an 

optionally substituted (C6-Cio)aryl, an optionally substituted (CI-Cio)heteroaryl, an optionally 

11 



substituted (Ci-Cio)heterocyclyl, an optionally substituted -(C1-C6)alkylene-(C3-Cio)cycloalkyl, an 

optionally substituted -(Ci-C6)alkylene-(C6-Cio)aryl, an optionally substituted -(C1-C6)alkylene-

(CI-Cio)heteroaryl or an optionally substituted -(C1-C6)alkylene-(Ci-Cio)heterocycly1; and 

Re is a bond, an optionally substituted (C1-C10)alkylene, an optionally substituted (C2- 

5 	Cio)alkenylene, an optionally substituted (C2-Cio)alkynylene, an optionally substituted -(C1-

Cio)alkylene-O-(C1-Cio)alkylene- group, an optionally substituted (C3-Cio)cycloalkylene, an 

optionally substituted (C6-Cio)arylene, an optionally substituted (Ci-C )heteroarylene, or an 

optionally substituted (Ci-Cio)heterocyclylene. 

In a fourth embodiment the invention provides a compound of Formula (III) 

10 
R3  

R2  

H 

Formula (III) 

pharmaceutically acceptable salts, pro-drugs, biologically active metabolites, stereoisomers and 

isomers thereof wherein 

15 	X is CR6  or N; Y is CR4  or N; 

RI, R2  and R5  are each independently hydrogen, deuterium, -N(Ra)(Rb), halogen, -0Ra, - 

SRa, -S(0)Ra, -S(0)21V, -NO2, -C(0)0Ra, -CN, -C(0)N(Ra)(Rb
),  _

N(Ra)c(o)(Rb
), 

 _c(o)Ra, - 

C(OH)Ra Rb, -N(Ra)S(0)2_Rb_,  _
s(0)2N(Ra)(Rb)  , -CF3, -OCF3, optionally substituted -(C1-C6)alkyl, 

optionally substituted (C2-C6)alkenyl, optionally substituted (C2-C6)alkynyl, optionally substituted 

20 	(C3-C1o)cycloalkyl, optionally substituted (CI-Cio)heteroaryl, optionally substituted (C1-C1o) 

heterocyclyl, or optionally substituted (C6-C1o)aryl; 

wherein in a moiety containing -1\1(Ra)(Rb), the nitrogen, R.' and Rb  may form a ring 

such that -N(Ra)(Rb) represents an optionally substituted (C2-C1o)heterocycly1 or 

optionally substituted (C1-C1o)heteroaryl linked through a nitrogen; 

25 	R3  is an optionally substituted bridged (C5-C12)cycloalkyl group, optionally substituted 

bridged (C2-C10)heterocycly1 group, optionally substituted (C1-C8)alkyl, optionally substituted 

(C3-Cio)cycloalkyl, optionally substituted (C3-C8)cycloalkenyl, optionally substituted (C6-Cio)aryl, 

optionally substituted (Ci-Cio)heteroaryl or optionally substituted (C2-Cio)heterocyclyl; or R3  is - 

A-D-E-G, wherein: 

30 	A is a bond, -C(0)-, optionally substituted (C1-C6)alkylene, optionally substituted (C2-

C6)alkenylene, optionally substituted (C2-C6)alkynylene, optionally substituted (C3-

C12)cycloalkylene, optionally substituted (C2-C6)heterocyclylene, -C(0)N(Ra)-Re-, -N(Ra)C(0)- 

Ra-, 	-N(Ra)-Re-, 	 -S(0)Re-, -C(0-Ra)(Rb)-Re-, -S(0)2N(Ra)-Re-, - 

N(Ra)S(0)2-Re- or -N(Ra)C(0)N(Rb)-Re-; 

12 



N 

Re- 

a 

D is an optionally substituted (C1-C8) alkylene, optionally substituted bridged (C5-

C12)cycloalkylene, optionally substituted (C3-Cio)cycloalkylene, optionally substituted bridged 

(C5-C1o)cycloalkenylene, optionally substituted (C3-Cio)cycloalkenylene, optionally substituted 

(C6-C10)arylene, optionally substituted (Ci-C10)heteroarylene, optionally substituted bridged (C2-

C18)heterocyclylene or an optionally substituted (C2-C1o)heterocyclylene; 

E is a bond, -Re-, -1r-C(0)-11,-, -11,-C(0)C(0)-Re-, -Re-C(0)0-Re-, -11,-C(0)C(0)N(Ra)- 

-Re-N(Ra)-C(0)C(0)-Re-, 	-Re-S (0)2-Re- , -Re-S(0)-Re-, 	-Re-N(Ra)-Re-, - 

Re-N(Ra)C(0)-Re-, -11,C(0)N(Ra)Re-, -11e-OC(0)N(Ra)-Re-, -11,-N(Ra)C(0)0Re-, 

N(Ra)C(0)01e-, -Re-C(0)0Re-, -Re-N(Ra)C(0)N(Rb)-11e-, -11e-N(Ra)S(0)2-Re-, or -11'- 

10 	S(0)2N(Ra)-11e-; or 

0 

E is 

where in all cases, E is linked to either a carbon or a nitrogen atom in D; 

G is hydrogen, deuterium, -N(Ra)(Rb), halogen, -0Ra, -SRa, -S(0)Ra, -S(0)2Ra, -NO2, - 

C(0)0Ra, -CN, -C(0)N(11a)(Rb), -N(Ra)C(0)Rb, -N(Ra)C(0)0Rb, -N(Ra)C(0)N(Rb)2, -C(O- 

15 	Ra)(Rb)2,  -C(0)Ra, 	-OCF3, -N(Ra)S(0)2R13, -S(0)2N(Ra)(Rb),  -S(0)2N(Ra)C(0)Rb, an 

optionally substituted (C1-C6)alkyl, an optionally substituted (C2-C6)alkenyl, an optionally 

substituted (C2-C6)alkynyl, an optionally substituted (C3-Cio)cycloalkyl, an optionally substituted 

(C1-Cio)heteroaryl, an optionally substituted (C1-C10) heterocyclyl, an optionally substituted (C6-

C1o)aryl, an optionally substituted -(C1-C6)alkylene-(C3-Cio)cycloalkyl, an optionally substituted - 

20 	(Ci-C6)alkylene-(C6-Cio)aryl, an optionally substituted -(C1-C6)alkYlene-(Ci-C10)heteroaryl, or an 

optionally substituted -(C1-C6)alkylene-(C1-C10)heterocycly1; 

wherein in a moiety containing -N(Ra)(Rb), the nitrogen, Ra and Rb  may form a ring such that 

-N(Ra)(Rb) represents an optionally substituted (C2-C1o)heterocycly1 or an optionally 

substituted (C1-C10) heteroaryl linked through a nitrogen; 

25 	R6  is a hydrogen, deuterium, an optionally substituted bridged (C5-C12)cycloallcyl group, 

optionally substituted bridged (C2-C1o)heterocycly1 group, optionally substituted (C1-C8)alkyl, 

optionally substituted (C3-C1o)cycloalkyl, optionally substituted (C3-C8)cycloalkenyl, optionally 

substituted (C6-Cio)aiyl, optionally substituted (C1-C1o)heteroaryl or optionally substituted (C2-

C1o)heterocycly1; or R6  is -J-L-M-Q, wherein: 

30 	J is a bond, -C(0)-, optionally substituted (C1-C6)alkylene, optionally substituted (C2-

C6)alkenylene, optionally substituted (C2-C6)alkynylene, optionally substituted (C3-

C12)cycloalkylene, optionally substituted (C2-C6)heterocyclylene, -C(0)N(Ra)-Re-, -N(Ra)C(0)- 

Re-, -0-Re-, -N(Ra)-Re-, 	-S(0)2-Re-, -S(0)11,-, -C(0-Ra)(Rb)-Re-, -S(0)2N(Ra)-12,-, - 

N(Ra)S(0)2-11,- or -N(Ra)C(0)N(Rb)-11,-; 

13 



M is 

O 

N 

Re- 

a 

L is an optionally substituted (Ci-C8)alkylene, optionally substituted bridged (C5-

C12)cycloalkylene, optionally substituted (C3-C io)cycloalkylene, optionally substituted bridged 

(C5-C io)cycloalkenylene, optionally substituted (C3-C10)cycloalkenylene, optionally substituted 

(C6-C10)arylene, optionally substituted (C1-C10)heteroarylene, optionally substituted bridged (C2- 

	

5 	C10)heterocyclylene or an optionally substituted (C2-Ci0)heterocyclylene; 

M is a bond, -Re-, -Re-C(0)-Re-, -Re-C(0)C(0)-Re-, -Re-C(0)0-Re-, -Re-C(0)C(0)N(Ra)-

-Re-N(Ra)-C(0)C(0)-Re-, -Re-O-Re-, -Re-S(0)2-Re-, -Re-S(0)-Re-, -Re-S-Re-, -12a-N(Ra)-Re-, - 

Re-N(Ra)C(0)-Re-, -ReC(0)N(Ra)Re-, -Re-OC(0)N(Ra)-Re-, -Re-N(Ra)C(0)0Re-, 

N(Ra)C(0)0Re-, -Re-C(0)0W-, -Re-N(Ra)C(0)N(Rb)-Re-, -Re-N(Ra)S(0)2-Re-, or -Re- 

	

10 	S(0)2N(Ra)-Re-; or 

where in all cases, M is linked to either a carbon or a nitrogen atom in L; 

Q is hydrogen, deuterium, -N(1e)(Rb), halogen, -0Ra, -SRa, -S(0)Ra, -S(0)2Ra, -NO2, - 

C(0)0Ra, -CN, -C(0)1\1(Ra)(Rb), -N(InC(0)Rb, -N(Ra)C(0)0Rb, - N(Ra)C(0)N(Rb)2, -C(0- 

15 	Ra)(Rb)2, -C(0)Ra, -CF3, -OCF3, -N(Ra)S(0)2R1', -S(0)2N(Ra)(Rb),  -S(0)2N(Ra)C(0)Rb, an 

optionally substituted (Ci-C6)alkyl, an optionally substituted (C2-C6)alkenyl, an optionally 

substituted (C2-C6)alkynyl, an optionally substituted (C3-Ci0)cycloalkyl, an optionally substituted 

-(Ci-Cio)heteroaryl, an optionally substituted -(C1-C10) heterocyclyl, an optionally substituted (C6-

C10)aryl, an optionally substituted -(C1-C6)alkylene-(C3-C10)cycloalkyl, an optionally substituted - 

20 	(C -C6)alicylene-(C6-C o)aryl, an optionally substituted -(C1-C6)alkylene-(C1-C10)heteroaryl, or an 

optionally substituted -(C1-C6)alkylene-(C1-C10)heterocycly1; 

wherein in a moiety containing -1\1(Ra)(Rb), the nitrogen, Ra and Rb  may form a ring such that 

-N(Ra)(Rb) represents an optionally substituted (C2-C10)heterocyclyl or an optionally 

substituted (C1-C10) heteroaryl linked through a nitrogen; 

25 	R4  is a hydrogen, deuterium, an optionally substituted bridged (C5-C12)cycloalkyl group, 

optionally substituted bridged (C2-C10)heterocycly1 group, optionally substituted (C1-C8)alkyl, 

optionally substituted (C3-Ci0)cycloalkyl, optionally substituted (C3-C8)cycloalkenyl, optionally 

substituted (C6-Ci0)aryl, optionally substituted (C1-C10)heteroaryl or optionally substituted (C2-

Ci0)heterocycly1; or R4  is -U-V-W-Z wherein: 

30 	U is a bond, -C(0)-, optionally substituted (C1-C6)alkylene, optionally substituted (C2-

C6)alkenylene, optionally substituted (C2-C6)alkynylene, optionally substituted (C3-

C12)cycloalkylene, optionally substituted (C2-C6)heterocyclylene, -C(0)N(Ra)-Re-, -N(Ra)C(0)- 

14 



Re-, -0-Re-, -N(Ra)-Re-, 	-S(0)2-Re-, -S(0)Re-, -C(0-Ra)(Rb)-Re-, -S(0)2N(Ra)-Re-, - 

N(Ra)S(0)2-Re- or -N(Ra)C(0)N(Rb)-Re-; 

V is an optionally substituted (C1-C8) alkylene, optionally substituted bridged (C5-

C12)cycloalkylene, optionally substituted (C3-Cio)cycloalkylene, optionally substituted bridged 

	

5 	(C5-Cio)cycloalkenylene, optionally substituted (C3-C10)cycloalkenylene, optionally substituted 

(C6-Cio)arylene, optionally substituted (Ci-Cio)heteroarylene, optionally substituted bridged (C2-

Cio)heterocyclylene or an optionally substituted (C2-Cio)heterocyclylene; 

W is a bond, -Re-, -Re-C(0)-Re-, -Re-C(0)C(0)-Re-, -Re-C(0)0-Re-, -Re-C(0)C(0)N(Ra)- 

-Re-N(Ra)-C(0)C(0)-Re-, 	-Re-S(0)2-Re-, -Re-S(0)-Re-, 	-Re-N(Ra)-Re-, - 

	

10 	Re-N(Ra)C(0)-Re-, -ReC(0)N(Ra)Re-, -Re-OC(0)N(Ra)-Re-, -Re-N(Ra)C(0)0Re-, 

N(Ra)C(0)0Re-, -Re-C(0)0Ra-, -Re-N(Ra)C(0)N(Rb)-Re-, -Re-N(Ra)S(0)2-Re-, or -Re-

S(0)2N(Ra)-Re-; or 

0 

11, N 

Re- W is 

a 

where in all cases, W is linked to either a carbon or a nitrogen atom in V; 

15 	Z is independently hydrogen, deuterium, -N(Ra)(Rb), halogen, -0Ra, -SRa, -S(0)Ra, - 

S(0)2Ra, -NO2, -C(0)0Ra, -CN, -C(0)N(Ra)(Rb), -N(Ra)C(0)Rb, -N(Ra)C(0)0Rb, - 

N(Ra)C(0)N(Rb)2, -C(0-Ra)(Rb)2, -C(0)Ra, -CF3, -OCF3, -N(Ra)S(0)2Rb, -S(0)2N(Ra)(Rb), - 

S(0)2N(Ra)C(0)Rb, an optionally substituted -(C1-C6)alkyl, an optionally substituted -(C2-

C6)alkenyl, an optionally substituted -(C2-C6)alkynyl, an optionally substituted -(C3- 

20 	Cio)cycloalkyl, an optionally substituted -(C1-Cio)heteroaryl, an optionally substituted -(C1-C10) 

heterocyclyl, an optionally substituted (C6-C1o)aryl, an optionally substituted -(Ci-C6)alkylene-

(C3-Cio)cycloalkyl, an optionally substituted -(Ci-C6)alkylene-(C6-C10)aryl, an optionally 

substituted -(Ci-C6)alkylene-(C1-C1o)heteroaryl, or an optionally substituted -(Ci-C6)alkylene-(C1-

Cio)heterocycly1; 

25 	wherein in a moiety containing -N(Ra)(Rb), the nitrogen, Ra and Rb  may form a ring such that 

-N(Ra)(Rb) represents an optionally substituted (C2-Cio)heterocyclyl or an optionally 

substituted (C1-C10) heteroaryl linked through a nitrogen; 

Ra and Rb  are each independently hydrogen, deuterium, an optionally substituted -(C1-

Cio)alkyl, an optionally substituted -(C2-Cio)alkenyl, an optionally substituted -(C2-Cio)alkynyl, 

30 	an optionally substituted -(Ci-Cio)alkylene-0-(Ci-Cio)alkyl, an optionally substituted -(C3-

Cio)cycloalkyl, an optionally substituted -(C6-Cio)aryl, an optionally substituted -(C1-

Cio)heteroaryl, an optionally substituted -(C1-Cio)heterocyclyl, an optionally substituted -(C1-

C6)alkylene-(C3-C10)cycloalkyl, an optionally substituted -(C1-C6)alkylene-(C6-Cio)aryl, an 

15 



optionally substituted -(CI-C6)alkylene-(C1-Cio)heteroaryl, or an optionally substituted -(C1-

C6)alkylene-(C1-Cio)heterocycly1; and 

Re is each independently a bond, an optionally substituted (Ci-Cio)alkylene, an optionally 

substituted (C2-Cio)alkenylene, an optionally substituted (C2-Cio)alkynylene, an optionally 

5 	substituted (CI-Cio)alkylene-0-(C1-Cio)alkylene group, an optionally substituted (C3-

Cio)cycloalkylene, an optionally substituted (C6-Cio)arylene, an optionally substituted (CI-

Cio)heteroarylene, or an optionally substituted (C1-C io)heterocyclylene. 

In a fifth embodiment the invention provides a compound of Formula (Ia) 

R1  

Formula (Ia) 

pharmaceutically acceptable salts, pro-drugs, biologically active metabolites, stereoisomers and 

isomers thereof wherein 

RI, R2  and R5  are each independently hydrogen, deuterium, -N(Ra)(Rb), halogen, -0Ra, - 

15 	SRa, -S(0)1ta, -S(0)2Ra, -NO2, -C(0)0Ra, -CN, -C(0)N(Ra)(Rb), -N(Ra)C(0)(Rb), -C(0)Ra, - 

N(Ra)S(0)2-, -S(0)2N(Ra)-, -CF3, -OCF3, optionally substituted -(C1-C6)alkyl, optionally 

substituted -(C2-C6)alkenyl, optionally substituted -(C2-C6)alkynyl, optionally substituted -(C3-

Cio)cycloalkyl, optionally substituted -(Ci-Cio)heteroaryl, optionally substituted -(C1-C1o) 

heterocyclyl, or optionally substituted -(C6-Cio)aryl; 

20 	wherein in a moiety containing -N(Ra )(Rb), the nitrogen, Ra and Rb  may form a ring such that 

-N(Ra)(Rb) represents an optionally substituted (C2-Cio)heterocycly1 linked through a 

nitrogen; 

R3  is an optionally substituted bridged (C5-C12)cycloalkyl group, optionally substituted 

bridged (C2-Cio)heterocycly1 group, optionally substituted adamantyl, optionally substituted (CI- 

25 	C8)alkyl, optionally substituted (C3-Cio)cycloalicyl, optionally substituted (C3-C8)cycloalkenyl, 

optionally substituted (C6-Cio)aryl, optionally substituted (Ci-Cio)heteroaryl or optionally 

substituted (C2-Cio)heterocycly1; or R3  is -A-D-E-G, wherein: 

A is a bond, -C(0)-, optionally substituted (CI-C6)alkylene, optionally substituted (C2-

C6)alkenylene, optionally substituted (C2-C6)alkynylene, optionally substituted (C3- 

30 	C12)cycloalkylene, optionally substituted (C2-C6)heterocyclylene, -C(0)N(Ra)-Re-, -N(Ra)C(0)- 

Re-, -0-Re-, -N(Ra)-Re-, 	-C(0-Ra)(Rb)-Re-, -S(0)2N(Ra)-Re-, -N(Ra)S(0)2-Re- or - 

N(Ra)C(0)N(Rb)-12e-; 

10 
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D is an optionally substituted (C1-C8)alkylene, optionally substituted bridged (C5-

C12)cycloalkylene, optionally substituted (C3-C10)cycloalkylene, optionally substituted (C6-

C10)arylene, optionally substituted (Ci-C10)heteroarylene, optionally substituted bridged (C2-

Ci0)heterocyclylene or an optionally substituted (C2-Ci0)heterocyclylene; 

5 	E is a bond, -Re-, -C(0)-Re-,-C(0)C(0)-Re-, -C(0)0-Re-, -C(0)C(0)N(Ra)-Re-, 	- 

S(0)2-Re-, -S(0)-Re-, -S-Re-, -N(Ra)-Re-, -N(Ra)C(0)-Re-, -C(0)N(Ra)-Re-, -0C(0)N(Ra)-Re-, - 

OC(0)-Re-, -N(Ra)C(0)N(Rb)-Re-, -N(Ra)S(0)2-Re- or -S(0)2N(Ra)- Re-; or 

0 	0 

117 
E is 

Ra  

Re- 

where in all cases, E is linked to either a carbon or a nitrogen atom in D; 

10 	G is independently hydrogen, deuterium, -N(Ra)(Rb), halogen, -0Ra, -SRa, -S(0)Ra, - 

S(0)2Ra, -NO2, -C(0)0Ra, -CN, -C(0)N(Ra)(Rb),  -N(Ra)C(0)Rb, -N(Ra)C(0)0Rb, - 

N(Ra)C(0)N(Rb)2, -C(0-Ra)(RN, -C(0)Ra, -CF3, -OCF3, -N(Ra)S(0)2Rb, -S(0)2N(Ra)(Rb), - 

S(0)2N(Ra)C(0)Rb, an optionally substituted (Ci-C6)alkyl, an optionally substituted (C2-

C6)alkenyl, an optionally substituted (C2-C6)alkynyl, an optionally substituted (C3-C10)cycloalkyl, 

15 

	

	an optionally substituted (Ci-C1o)heteroaryl, an optionally substituted (C1-C10) heterocyclyl, an 

optionally substituted (C6-C10)aryl, an optionally substituted -(C1-C6)alkylene-(C3-C10)cycloalkyl, 

an optionally substituted -(C1-C6)alkylene-(C6-C10)aryl, an optionally substituted -(C1-

C6)alkylene-(C1-C10)heteroaryl, or an optionally substituted -(Ci-C6)alkylene-(Ci-

Ci0)heterocycly1; 

20 	wherein in a moiety containing -1\1(Ra)(Rb), the nitrogen, Ra and Rb  may form a ring such that 

-N(Ra)(Rb) represents an optionally substituted (C2-Cio)heterocyclyl linked through a 

nitrogen; 

Ra and Rb  are independently hydrogen, deuterium, an optionally substituted (C1-C10)alkyl, 

an optionally substituted (C2-Ci0)alkenyl, an optionally substituted (C2-Ci0)alkynyl, an optionally 

25 

	

	substituted -(C1-C10)allcylene-0-(C1-C10)alkyl, an optionally substituted (C3-C10)cycloalkyl, an 

optionally substituted (C6-Cio)aryl, an optionally substituted (Ci-C10)heteroaryl, an optionally 

substituted (Ci-Cio)heterocyclyl, an optionally substituted -(C1-C6)alkyl-(C3-C10)cycloalkyl, an 

optionally substituted -(Ci-C6)alkylene-(C6-C10)aryl, an optionally substituted -(Ci-C6)alkylene-

(Ci-C10)heteroaryl, or an optionally substituted -(C1-C6)alkylene-(C1-C10)heterocyclyl; and 

30 

	

	Re is each independently a bond, optionally substituted (C1-C10)alkylene, an optionally 

substituted (C2-Cio)alkenylene, an optionally substituted (C2-C10)alkynylene, an optionally 

substituted -(Ci-Cio)alkylene-0-(Ci-C10)alkyl- group, an optionally substituted (C3-

C10)cycloalkylene, an optionally substituted (C6-C10)arylene, an optionally substituted (Ct-

Cio)heteroarylene, or an optionally substituted (C1-C10)heterocyclylene. 
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R6  

R5  

R3  
123  

N \ N 

R3  
R2  

H 

Formula (Id) 

R4  

R6  

R5  

20 

In a sixth embodiment the invention provides a compound according to the first 

embodiment wherein R', R2  and R5  are each independently hydrogen, deuterium, halogen, -0Ra, 

CN, -C(0)N(Ra)(Rb), -N(Ra)C(0)(Rb), -CF3, -OCF3, an optionally substituted -(CI-C6)alkyl, 

optionally substituted -(C2-C6)alkynyl, optionally substituted -(C3-Cio)cycloalkyl, optionally 

5 	substituted -(CI-Cio)heteroaryl, -(CI-Cio)heterocycly1 or optionally substituted -(C6-Cio)aryl. 

In a seventh embodiment the invention provides a compound according to the first 

embodiment wherein T is N, U is N, X is CR3, Y is N and forms a compound of Formula (la) 

RI 

Rr 

R3  

/N 
RS 

R2  

H 

Formula (M) 

In an eighth embodiment the invention provides a compound according to the first 

10 	embodiment wherein T is CR6, U is N, X is CR3  and Y is N and forms a compound of Formula 

(Ib) 

Formula (Ib) 

In a ninth embodiment the invention provides a compound according to the first 

embodiment wherein T is N, U is CR4, X is CR3, and Y is N and forms a compound of Formula 

15 	(Ic) 

R5  

Formula (Ic) 

In a tenth embodiment the invention provides a compound according to the first 

embodiment wherein T is CR6, U is CR4, X is CR3  and Y is N and forms a compound of Formula 

(Id) 

18 



In an eleventh embodiment the invention provides a compound according to the first 

embodiment wherein T is CR6, U is N, X is NR3  and Y is C and forms a compound of Formula 

(Ie) 
R3  

R2  
6 

/N 
R5  1\1

H 
 

Rr 

Formula (le) 

5 	In a twelfth embodiment the invention provides a compound according to the first 

embodiment wherein T is 0, U is N, X is CR3  and Y is C and forms a compound of Formula (If) 

R3  
R2  

O 

R1  

5 	 H 

Formula (If) 

In a thirteenth embodiment the invention provides a compound according to the first 

embodiment wherein T is NR6, U is N, X is CR3 , and Y is C and forms a compound of Formula 

10 	(Ig) 

Formula (Ig) 

In a fourteenth embodiment the invention provides a compound according to the first 

embodiment wherein T is CR6, U is CR4, X is NR3, and Y is C and forms a compound of Formula 

(Ih) 

R1  

R6  

R1  

Formula (111) 15 
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In a fifteenth embodiment the invention provides compound according to the first 

embodiment wherein T is S, U is N, X is CR3  and Y is C and forms a compound of Formula (Ii) 

R2  

Ft,  

Formula (Ii) 

In a sixteenth embodiment the invention provides compound according to the first 

	

5 	embodiment wherein R3  is hydrogen, an optionally substituted bridged (C5-C12)cycloalkyl group, 

optionally substituted bridged (C2-C10)heterocycly1 group, optionally substituted (C1-C6)alkyl, 

optionally substituted (C3-Cio)cycloalkyl, optionally substituted (C6-Cio)aryl, optionally 

substituted (Ci-Cio)heteroaryl or optionally substituted (C2-Cio)heterocyclyl. 

In a seventeenth embodiment the invention provides a compound according to any of the 

	

10 	foregoing embodiments wherein R3  is hydrogen, optionally substituted cyclopropyl, optionally 

substituted cyclobutyl, optionally substituted cyclopentyl, optionally substituted cyclohexyl, 

optionally substituted phenyl, optionally substituted adamantanyl, optionally substituted 

azetidinyl, optionally substituted bicyclo[2.1.1]hexyl, optionally substituted bicyclo[2.2.1]heptyl, 

optionally substituted bicyclo[2.2.2]octyl, optionally substituted bicyclo[3.2.1]octyl, optionally 

	

15 	substituted bicyclo[4.3.1]decyl, optionally substituted bicyclo[3.3.1]nonyl, optionally substituted 

bornyl, optionally substituted bornenyl, optionally substituted norbornyl, optionally substituted 

norbornenyl, optionally substituted bicyclo [3.1.1]heptyl, optionally substituted tricyclobutyl, 

optionally substituted azanorbomyl, optionally substituted quinuclidinyl, optionally substituted 

isoquinuclidinyl, optionally substituted tropanyl, optionally substituted azabicyclo[3.2.1]octanyl, 

	

20 	optionally substituted azabicyclo[2.2.1]heptanyl, optionally substituted 2- 

azabicyclo[3.2.1]octanyl, optionally substituted azabicyclo[3.2.1]octanyl, optionally substituted 

azabicyclo[3.2.2]nonanyl, optionally substituted azabicyclo[3.3.0]nonanyl, optionally substituted 

azabicyclo [3.3.1]nonanyl, optionally substituted bicycle [2.2.1]hept-2-enyl, optionally substituted 

piperidinyl, optionally substituted pyrrolidinyl or optionally substituted tetrahydrofuranyl. 

	

25 	In an eighteenth embodiment the invention provides a compound according to any of the 

foregoing embodiments wherein R3  is optionally substituted cyclopropyl, optionally substituted 

cyclobutyl, optionally substituted cyclopentyl, optionally substituted cyclohexyl, optionally 

substituted phenyl, optionally substituted adamantanyl, optionally substituted azetidinyl, 

optionally substituted bicyclo[2.1.1]hexyl, optionally substituted bicyclo[2.2.1]heptyl, optionally 

	

30 	substituted bicyclo[2.2.2]octyl, optionally substituted bicyclo[3.2.1]octyl, optionally substituted 

bicyclo [3.1.1]heptyl, optionally substituted azabicyclo[3.2.1]octanyl, optionally substituted 

azabicyclo[2.2.1]heptany1, optionally substituted 2-azabicyclo[3.2.1]octanyl, optionally 

substituted azabicyclo[3.2.2]nonanyl, optionally substituted bicyclo[2.2.1]hept-2-enyl, optionally 
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substituted piperidinyl, optionally substituted pyrrolidinyl or optionally substituted 

tetrahydrofuranyl. 

In a nineteenth embodiment the invention provides a compound according to any of the 

foregoing embodiments wherein R3  is A-D-E-G. 

	

5 	In a twentieth embodiment the invention provides a compound according to any of the 

foregoing embodiments wherein A is a bond, -C(0)-, optionally substituted (Ci-C6)alkylene, - 

C(0)N(Ra)-11e-, -N(Ra)C(0)-Re-, -0-Re-, -N(Ra)-Re-, 	-C(0-Ra)(Rb)-Re-, -S(0)2N(Ra)-Re-, - 

N(Ra)S(0)2-Re- or -N(Ra)C(0)N(Rb)-Re. 

In a twenty-first embodiment the invention provides a compound according to any of the 

	

10 	foregoing embodiments wherein D is optionally substituted azetidinyl, optionally substituted 

bridged (C5-C12)cycloalkylene, optionally substituted (C3-Cio)cycloalkylene, optionally 

substituted bridged (C5-Cio)cycloalkenylene, optionally substituted (C5-C1o)cycloalkenylene, 

optionally substituted (C6-Cio)arylene, optionally substituted (Ci-Cio)heteroarylene, optionally 

substituted bridged (C2-C1o)heterocyclylene, or an optionally substituted (C2-Cio)heterocyclylene. 

	

15 	In a twenty-second embodiment the invention provides a compound according to any of 

the foregoing embodiments wherein E is a bond, -Re-, -Re-C(0)-Re-, 	-Re-S(0)2-Re-, - 

Re-N(Ra)-Ite-, -Re-N(Ra)C(0)-Re-, -Re-C(0)N(Ra)-Re-, -Re  N(Ra)S(0)2-Re-, -Re-

N(Ra)C(0)N(Rb)-Re-, or -Re-S(0)2N(Ra)-12e-. 

In a twenty-third embodiment the invention provides a compound according to any of the 

	

20 	foregoing embodiments wherein G is -0Ra, CN, -N(Ra)S(0)2Rb, -S(0)2N(Ra)(Rb), optionally 

substituted (Ci-C6)alkyl, optionally substituted (C3-Cio)cycloalkyl, optionally substituted (C1- 

Cio)heteroaryl, optionally substituted (Ci-Cio)heterocyclyl or optionally substituted phenyl. 

In a twenty-fourth embodiment the invention provides a compound according to any of 

the foregoing embodiments wherein R3  is A-D-E-G and A is a bond, -C(0)-, optionally 

	

25 	substituted (Ci-C6)alkylene, -C(0)N(Ra)-Re-, -N(Ra)C(0)-Re-, -0-, -N(Ra)-, -S-, -C(0-Ra)(Rb)-Re- 

, -S(0)2N(Ra)-, -N(Ra)S(0)2- or -N(Ra)C(0)N(Rb)-. 

In a twenty-fifth embodiment the invention provides a compound according to any of the 

foregoing embodiments wherein D is an optionally substituted azetidinyl, optionally substituted 

bicyclo[2.2.2]octanylene, optionally substituted bicyclo[2.2.1]heptylene, optionally substituted 

	

30 	bicyclo[2.1.1]hexylene, optionally substituted cyclobutylene, optionally substituted 

cyclopentylene, optionally substituted cyclohexylene, optionally substituted bicyclo[2.2.1]hept-2-

enylene, optionally substituted piperidine, or optionally substituted pyrrolidine. 

In a twenty-sixth embodiment the invention provides a compound according to any of the 

foregoing embodiments wherein E is -Re-C(0)-Re-, Re-O-Re, -Re-S(0)2-Re-, -Re-N(Ra)-Re, 

	

35 	N(Ra)C(0)-Re-, -Re-C(0)N(Ra)Re-, -Re-N(Ra)S(0)2-Re-, or -Re-S(0)2N(Ra)Re-. 

In a twenty-seventh embodiment the invention provides a compound according to any of 

the foregoing embodiments wherein G is -0Ra, -CN, -N(Ra)S(0)2Rb, -S(0)2N(Ra)(Rb), optionally 
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substituted (C1-C6)alkyl, optionally substituted cyclopropyl, optionally substituted cyclobutyl, 

optionally substituted cyclopentyl, optionally substituted phenyl, optionally substituted 

pyridazine, optionally substituted pyrazine, optionally substituted pyrimidine, optionally 

substituted pyrazole, optionally substituted pyrrolidine, optionally substituted quinazoline, 

	

5 	optionally substituted pyridinel, optionally substituted thiazolidinel or optionally substituted 

triazole. 

In a twenty-eighth embodiment the invention provides a compound according to any of 

the foregoing embodiments wherein A is a bond or optionally substituted (Ci-C6)alkylene. 

In a twenty-ninth embodiment the invention provides a compound according to any of the 

	

10 	foregoing embodiments wherein D is an optionally substituted cyclobutylene, optionally 

substituted cyclopentylene, optionally substituted cyclohexylene, optionally substituted azetidinyl, 

optionally substituted bicyclo[2.2.1]heptylene, optionally substituted bicyclo[2.1.1]hexylene, 

bicyclo[2.2.2]octanylene, optionally substituted piperidine, or optionally substituted pyrrolidine; 

E is -Re-C(0)-Re-, - Re-N(Ra)-Re-, -Re-N(Ra)S(0)2-Re-, -Re-S(0)2-Re-, or -Re- 

	

15 	S(0)2N(Ra)-Re, wherein Re  for each occurrence is independently a bond, an optionally substituted 

(Ci-C6)alkylene or an optionally substituted (C3-C6)cycloalkylene; and 

G is -CN, optionally substituted (Ci-C6)alkyl, optionally substituted cyclopropyl, 

optionally substituted cyclobutyl, optionally substituted cyclopentyl, optionally substituted 

phenyl, optionally substituted pyrazinyl, optionally substituted pyridazinyl, optionally substituted 

	

20 	pyrimidinyl, optionally substituted pyrazolyl, optionally substituted pyridinyl, optionally 

substituted thiazolidinyl or optionally substituted triazolyl. 

In a thirtieth embodiment the invention provides a compound according to any of the 

foregoing embodiments wherein D is an optionally substituted cyclobutylene, optionally 

substituted cyclopentylene, optionally substituted cyclohexylene, optionally substituted azetidinyl, 

	

25 	optionally substituted piperidine, optionally substituted bicyclo[2.2.1]heptylene, or 

bicyclo[2.2.2]octanylene. 

In a thirty-first embodiment the invention provides a compound according to any of the 

foregoing embodiments wherein G is -CN, optionally substituted (Ci-C6)alkyl, optionally 

substituted cyclopropyl, optionally substituted cyclobutyl, optionally substituted cyclopentyl or 

	

30 	optionally substituted phenyl, optionally substituted pyrazinyl, optionally substituted pyridazinyl, 

optionally substituted pyrazolyl, or optionally substituted pyridinyl. 

In a thirty-second embodiment the invention provides a compound according to any of the 

foregoing embodiments wherein A is a bond, D is optionally substituted cyclopentylene, 

optionally substituted bicyclo[2.2.2]octanyl, optionally substituted azetidinyl, or optionally 

	

35 	substituted piperidine; 

E is -Re-C(0)-Re-, —Re-N(Ra)-Re-, -Re-S(0)2N(Ra)-Re, -Re-S(0)2-Re-, or -Re-N(Ra)S(0)2- 

Re-; 
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wherein Re  for each occurrence is independently a bond or an optionally substituted 

(Ci-C6)alkylene; and 

G is -CN, optionally substituted cyclopropyl, optionally substituted cyclobutyl, optionally 

substituted cyclopentyl, optionally substituted phenyl, optionally substituted pyrazine, optionally 

	

5 	substituted pyridazine, optionally substituted pyrazole, or optionally substituted pyridine. 

In a thirty-third embodiment the invention provides a compound according to any of the 

foregoing embodiments wherein G is -CN, optionally substituted cyclopropyl or optionally 

substituted cyclopentyl. 

In a thirty-fourth embodiment the invention provides a compound according to any of the 

	

10 	foregoing embodiments wherein RI, R2, R4, R5  and R6  when present are each independently 

hydrogen or an optionally substituted —(Ci-C4)alkyl. 

In a thirty-fifth embodiment the invention provides a compound according to the first, 

second, fourth, fifth, seventh and sixteenth through thirty-third embodiments wherein the 

compound is a compound of Formula (Ia) 

R3  

R2  

R1  

N 

R5  
X 
H 

15 	 Formula (Ia) 

In a thirty-sixth embodiment the invention provides a compound according to the first, 

fourth, eighth, and sixteenth through thirty-third embodiments wherein the compound is a 

compound of Formula (Ib) 

R6  

Formula (11) 

20 	In a thirty-seventh embodiment the invention provides a compound according to the first, 

fourth, ninth and sixteenth through thirty-third embodiments wherein the compound is a 

compound of Formula (Ic) 

R4  

Formula (Ic) 
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In a thirty-eighth embodiment the invention provides a compound according to any of the 

foregoing embodiments wherein T is N, U is N, X is CR3  and Y is N. 

In a thirty-ninth embodiment the invention provides a compound according to the first, 

fourth, fifth and sixteenth through thirty-third embodiments wherein the compound is 

H3C „„ 

N 

5 

In a fortieth embodiment the invention provides a compound according to the first, fourth, 

fifth and sixteenth through thirty-third embodiments wherein the compound is 
CH 

NON

N  

N 

In a forty-first embodiment the invention provides a compound according to any of the 

10 	foregoing embodiments wherein the compound is 

/S\

H  

A 
0 0 

In a forty-second embodiment the invention provides a compound according to the first 

through fortieth embodiments wherein A is a bond, D is optionally substituted cyclopentylene or 

optionally substituted piperidine, E is -Re-N(Ra)-Re-, -Re-S(0)2  N(Ra)-Re, -Re-C(0)-Re, 

15 	S(0)2-Re, or —Re-N(Ra)S(0)2-Re-; and G is -CN, optionally substituted phenyl, optionally 

substituted pyrazine, optionally substituted pyridazine, optionally substituted pyrazole, or 

optionally substituted pyridine. 

In a forty-third embodiment the invention provides a compound according to any of the 

foregoing embodiments wherein T is CR6. 

20 	In a forty-fourth embodiment the invention provides a compound according to any of the 

foregoing embodiments wherein U is N. 

In a forty-fifth embodiment the invention provides a compound according to any of the 

foregoing embodiments wherein X is CR3. 
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In a forty-sixth embodiment the invention provides a compound according to any of the 

foregoing embodiments wherein Y is N. 

In a forty-seventh embodiment the invention provides a compound according to any of 

the foregoing embodiments wherein T is CR6, U is N, X is CR3  and Y is N. 

5 	In a forty-eighth embodiment the invention provides a compound according to the first, 

fourth, eighth, sixteenth through thirty-third, thirty-sixth and forty-second through forty-seventh 

embodiments wherein the compound is 

In a forty-ninth embodiment the invention provides a compound according to any of the 

10 	foregoing embodiments wherein G is optionally substituted phenyl, optionally substituted 

pyrazine, optionally substituted pyrazole, optionally substituted pyridazine or optionally 

substituted pyridine. 

In a fiftieth embodiment the invention provides a compound according to the first through 

sixteenth embodiments wherein R2  and R5  are each independently hydrogen, deuterium, - 

15 	N(Ra)(Rb), halogen, -0Ra, -SRa, -S(0)Ra, -S(0)2Ra, -NO2, -C(0)0Ra, -CN, -C(0)N(Ra)(Rb), - 

N(Ra)C(0)(Rb), -C(0)Ra, -C(OH)RaRb, -N(Ra)S(0)2-Rb, -S(0)2N(Ra)(Rb), -CF3, -OCF3, optionally 

substituted -(Ci-C6)alkyl, optionally substituted -(C3-C6)cycloalkyl, optionally substituted 

benzo(b)thienyl, optionally substituted benzimidazole, optionally substituted benzofuran, 

optionally substituted benzoxazole, optionally substituted benzothiazole, optionally substituted 

20 	benzothiadiazole, optionally substituted furan, optionally substituted imidazole, optionally 

substituted indoline, optionally substituted indole, optionally substituted indazole, optionally 

substituted isoxazole, optionally substituted isoindoline, optionally substituted morpholine, 

optionally substituted oxadiazole, optionally substituted phenyl, optionally substituted piperazine, 

optionally substituted piperidine, optionally substituted pyran, optionally substituted pyrazole, 

25 	optionally substituted pyrazolo[3,4-d]pyrimidine, optionally substituted pyridine, optionally 

substituted pyrimidine, optionally substituted pyrrolidinel, optionally substituted pyrrole, 

optionally substituted optionally pyrrolo[2,3-d]pyrimidine, substituted quinoline, optionally 

substituted thiomorpholine, optionally substituted tetrahydropyran, optionally substituted 

tetrahydrofuran, optionally substituted tetrahydroindol, optionally substituted thiazole, or 

30 	optionally substituted thienyl. 
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In a fifty-first embodiment the invention provides a compound according to the first 

through sixteenth and forty-seventh embodiments wherein R1  is optionally substituted (C6- 

C io)arY1  or optionally substituted (Ci-Cio)heteroaryl. 

In a fifty-second embodiment the invention provides a compound according to the first 

	

5 	through sixteenth, forty-seventh and fiftieth embodiments wherein R2  is hydrogen, halogen, -CN, 

-C(0)NRaRb, -CF3, optionally substituted (Ci-C6)alkyl, optionally substituted (C3-Ci2)cycloalkyl, 

optionally substituted (C6-Cio)aryl, optionally substituted (Ci-Cio)heteroaryl or optionally 

substituted (Ci-Cio)heterocyclyl. 

In a fifty-third embodiment the invention provides a compound according to the first 

	

10 	through fifteenth, forty-seventh and forty-ninth embodiments wherein R1  is optionally substituted 

azaindole, optionally substituted benzofuran, optionally substituted benzothiazole, optionally 

substituted benzoxazole, optionally substituted dihydropyrroloimidazole, optionally substituted 

furan, optionally substituted imidazole, optionally substituted imidazoxazole, optionally 

substituted imidazopyrazine, optionally substituted imidazopyridine, optionally substituted 

	

15 	indazole, optionally substituted indole, optionally substituted isoquinoline, optionally substituted 

isothiazole, optionally substituted isoxazole, optionally substituted oxadiazole, optionally 

substituted oxazole, optionally substituted pyrazole, optionally substituted pyridine, optionally 

substituted pyrimidine, optionally substituted pyrazolopyridine, optionally substituted pyrrole, 

optionally substituted quinoline, optionally substituted quinazoline, optionally substituted 

	

20 	thiazole, or optionally substituted thiophene. 

In a fifty-fourth embodiment the invention provides a compound according to the first 

through fifteenth and forty-seventh through fifty-second embodiments wherein R5  is hydrogen, 

halogen, NH2  or N(Za)(Rb). 

In a fifty-fifth embodiment the invention provides a compound according to the first 

	

25 	through fifteenth and forty-seventh through fifty-third embodiments wherein T is CH, U is N, Y is 

N, and X is CR3  wherein R3  is (Ci-C6)optionally substituted alkyl, (C3-C12)optionally substituted 

cycloalkyl, optionally substituted (C6-C10)aryl, optionally substituted (CI-Cio)heteroaryl, or 

optionally substituted (Ci-Cio)heterocyclyl. 

In a fifty-sixth embodiment the invention provides a compound according to the first 

	

30 	through fifteenth and forty-seventh through fifty-fourth embodiments wherein R3  is optionally 

substituted pyrrolidine, optionally substituted piperidine, optionally substituted piperazine, 

optionally substituted azetidine, optionally substituted (C6-Cio)aryl, or optionally substituted (C1-

Cio)heterocyclyl. 

In a fifty-seventh embodiment the invention provides a compound according to the first 

	

35 	through fifteenth and forty-seventh through fifty-fourth embodiments wherein T is CH, U is N, Y 

is C and X is NR3  wherein R3  is (Ci-C6)optionally substituted alkyl, (C3-Cio)optionally substituted 
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cycloalkyl, optionally substituted (C6-Cio)arY1, optionally substitute (Ci-Cio)heteroaryl, or 

optionally substituted (C1-Cio)heterocyclyl. 

In a fifty-eighth embodiment the invention provides a compound according to the first 

through fifteenth and forty-eighth through fifty-seventh embodiments wherein R3  is optionally 

	

5 	substituted pyrrolidine, optionally substituted piperidine, optionally substituted piperazine, 

optionally substituted azetidine, optionally substituted (C6-Cio)aryl, or optionally substituted (Cr 

Cio)heterocyclyl. 

In a fifty-nineth embodiment the invention provides a compound according to the first 

through fifteenth and forty-eighth through fifty-eighth embodiments wherein T is N, U is N, Y is 

	

10 	N and X is CR3  wherein R3  is (Ci-C6)optionally substituted alkyl, (C3-Ci2)optionally substituted 

cycloalkyl, optionally substituted (C6-C1o)aryl, optionally substituted (Ci-Cio)heteroaryl, or 

optionally substituted (Ci-Cio)heterocyclyl. 

In a sixtieth embodiment the invention provides a compound according to the first 

through fifteenth and forty-eighth through fifty-nineth embodiments wherein R3  is optionally 

	

15 	substituted pyrrolidine, optionally substituted piperidine, optionally substituted piperazine, 

optionally substituted azetidine, optionally substituted (Co-Cio)aryl, or optionally substituted (C1-

Cio)heterocyclyl. 

In a sixty-first embodiment the invention provides the use of a compound of Formula 2: 

11H, 

HN 
R1  

R5  

RP 

20 	 Formula 2 

to form a compound of Formula (Ia) 

 

R1  

Formula (Ia) 

 

pharmaceutically acceptable salts, pro-drugs, biologically active metabolites, stereoisomers and 

25 	isomers thereof wherein 

RP is a hydrogen, -SO2N(CH3)2, -S02(2,4,6-trimethylphenyl), -SO2phenyl, -S02(4-

butylphenyl), -S02(4-methylphenyl), -S02(4-methoxyphenyl), -C(0)0CH2CC13, - 

C(0)0CH2CH2Si(CH3)3, -C(0)OC(CH3)3, -C(0)0C(CH3)2(CC13), - C(0)0-1-adamantyl, - 

CH=CH2, -CH2CH2C1, -CH(OCH2CH3)CH3, -CH2CH2-2-pyridyl, -CH2CH2-4-pyridyl, - 

30 	Si(C(CH3)3)(CH3)2, -Si(CH(CH3)2)3, -CH2phenyl, -CH2(4-CH3O-phenyl), -CH2(3,4-di- 
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methoxyphenyl), -CH2(2-nitrophenyl), -(2,4-dinitrophenyl), -CH2C(0)phenyl, -C(phenyl)3, -

CH(phenyl)2, -C(phenyl)2(4-pyridyl), -N(CH3)2, -CH2OH, -CH2OCH3, -CH(OCH2CH3)2, - 

CH2OCH2CH2C1, -CH2OCH2CH2Si(CH3)3, -CH2OC(CH3)3, -CH2OC(0)C(CH3)3, - 

CH2OCH2phenyl, -(2-tetrahydropyranyl), -C(0)H, or -1)(S)(pheny02; 

	

5 	R', R2  and R5  are each independently hydrogen, deuterium, -N(Ra)(Rb), halogen, -0Ra, - 

Sir, -S(0)Ra, -S(0)2Ra, -NO2, -C(0)0Ra, -CN, -C(0)N(Ra)(Rb), -N(Ra)C(0)(Rb), -C(0)Ra, - 

C(OH)RaRb, -N(Ra)S(0)2-Rb, -S(0)2N(Ra)(Rb), -CF3, -OCF3, optionally substituted (Ci-C6)alkyl, 

optionally substituted (C2-C6)alkenyl, optionally substituted (C2-C6)alkynyl, optionally substituted 

(C3-Cio)cycloalkyl, optionally substituted (Ci-Cio)heteroaryl, optionally substituted (C1-C10) 

	

10 	heterocyclyl, or optionally substituted (C6-C1o)aryl; 

wherein in a moiety containing -N(Ra)(Rb), the nitrogen, Ra  and Rb  may form a ring 

such that -N(Ra)(11.b) represents an optionally substituted (C2-Clo)heterocycly1 or 

optionally substituted (C1-Cio)heteroaryl linked through a nitrogen; 

R3  is hydrogen, an optionally substituted bridged (C5-C12)cycloalkyl, optionally 

	

15 	substituted bridged (C2-C1o)heterocyclyl, optionally substituted (Ci-C8)alkyl, optionally 

substituted (C3-Cio)cycloalkyl, optionally substituted (C3-C8)cycloalkenyl, optionally substituted 

(C6-Cio)aryl, optionally substituted (Ci-Cio)heteroaryl, optionally substituted (C2-

C1o)heterocycly1; or 

R3  is -A-D-E-G, wherein: 

	

20 	A is a bond, -C(0)-, optionally substituted (C1-C6)alkylene, optionally substituted (C2- 

C6)alkenylene, optionally substituted (C2-C6)alkynylene, optionally substituted (C3-

C12)cycloalkylene, optionally substituted (C2-C6)heterocyclylene, -C(0)N(Ra)-Re-, -N(Ra)C(0)- 

Re-, -0-Re-, -N(Ra)-Re-, 	-S(0)2-Re-, -S(0)Re-, -C(0-Ra)(Rb)-Re-, -S(0)2N(Ra)-Re-, - 

N(Ra)S(0)2-Re- or -N(Ra)C(0)N(Rb)-Re-; 

	

25 	D is an optionally substituted (Ci-C8)alkylene, optionally substituted bridged (C5- 

C12)cycloalkylene, optionally substituted (C3-C1o)cycloalkylene, optionally substituted bridged 

(Cs-Cio)cycloalkenylene, optionally substituted (C3-C10)cycloalkenylene, optionally substituted 

(C6-Cio)arylene, optionally substituted (C1-C1o)heteroarylene, optionally substituted bridged (C2-

C10)heterocyclylene or an optionally substituted (C2-C1o)heterocyclylene; 

	

30 	E is a bond, -Re-, -Re-C(0)-Re-, -Re-C(0)C(0)-Re-, -Re-C(0)0-Re-, -Re-C(0)C(0)N(Ra)- 

-Re-N(le)-C(0)C(0)-Re-, -Re-O-Re-, -Re-S(0)2-Re-, -Re-S(0)-Re-, 	-Re-N(Ra)-Re-, - 

Re-N(Ra)C(0)-Re-, -ReC(0)N(Ra)Re-, -Re-OC(0)N(Ra)-Re-, -Re-N(Ra)C(0)0Re-, -Re-OC(0)-Re, 

-Re-N(Ra)C(0)N(Rb)-Re-, -Re-N(Ra)S(0)2-Re-, or -Re-S(0)2N(Ra)-Re-; or 

O. 	0 

N 	R a  
I 
Re- E is 
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where in all cases, E is linked to either a carbon or a nitrogen atom in D; 

G is hydrogen, deuterium, -N(Ra)(Rb), halogen, -0Ra, -Sle, -S(0)Ra, -S(0)21e, -NO2, - 

C(0)0Ra, -CN, -C(0)N(Ra)(Rb), -N(Ra)C(0)Rb, -N(Ra)C(0)0Rb, -0C(0)N(Ra), - 

N(Ra)C(0)N(Rb)2, -C(0-Ra)(Rb)2, -C(0)Ra, -CF3, -OCF3, -N(Ra)S(0)2Rb, -S(0)2N(Ra)(Rb), - 

	

5 	S(0)2N(Ra)C(0)Rb, an optionally substituted -(CI-C6)allcyl, an optionally substituted -(C2- 

C6)alkenyl, an optionally substituted -(C2-C6)alkynyl, an optionally substituted -(C3-

Cio)cycloalkyl, an optionally substituted -(Ci-Cio)heteroaryl, an optionally substituted -(C1-C10) 

heterocyclyl, an optionally substituted -(C6-Cio)aryl, an optionally substituted -(Ci-C6)alkyl-(C3-

Cio)cycloalkyl, an optionally substituted -(Ci-C6)alkylene-(C6-Cio)aryl, an optionally substituted - 

	

10 	(Ci-C6)alkylene-(Ci-Cio)heteroaryl, or an optionally substituted -(Ci-C6)alkylene-(Ci- 

Cio)heterocycly1; 

wherein in a moiety containing -N(Ra)(Rb), the nitrogen, Ra  and Rb  may form a ring such 

that -N(Ra)(Rb) represents an optionally substituted (C2-Cio)heterocyclyl or an optionally 

substituted (C1-C10) heteroaryl linked through a nitrogen; 

	

15 	Ra and Rb  are each independently hydrogen, deuterium, an optionally substituted (C1- 

Cio)alkyl, an optionally substituted (C2-Cio)alkenyl, an optionally substituted (C2-Cio)alkynyl, an 

optionally substituted -(C1-Cio)alkylene-0-(C1-Cio)alkyl, an optionally substituted (C3-

Cio)cycloalkyl, an optionally substituted (C6-Cio)aryl, an optionally substituted (Ci-Cio)heteroaryl, 

an optionally substituted (C1-Cio)heterocyclyl, an optionally substituted -(Ci-C6)alkylene-(C3- 

	

20 	Cio)cycloalkyl, an optionally substituted -(C1-C6)alkylene-(C6-C1o)aryl, an optionally substituted - 

(CI-C6)alkylene-(C1-Cio)heteroaryl, or an optionally substituted -(Ci-C6)alkylene-(Ci-

Cio)heterocycly1; and 

Re  for each occurrence is independently a bond, an optionally substituted (C1-

Cio)alkylene, an optionally substituted (C2-Cio)alkenylene, an optionally substituted (C2- 

	

25 	Cio)alkynylene, an optionally substituted -(Ci-Cio)alkylene-0-(C1-C1o)alkylene group, an 

optionally substituted (C3-Cio)cycloalkylene, an optionally substituted (C6-Cio)arylene, an 

optionally substituted (Ci-Cio)heteroarylene, or an optionally substituted (Ci-Cio)heterocyclylene. 

In a sixty-second embodiment the invention provides the use of a compound of Formula 

3: 

NH, 

R6  

R5 	
N 

R1  
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RP 

Formula 3 
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to form a compound of Formula (Ib) 

121  

Formula (lb) 	
, 

pharmaceutically acceptable salts, pro-drugs, biologically active metabolites, stereoisomers and 

isomers thereof wherein 

	

5 	RP is a hydrogen, -SO2N(CH3)2, -S02(2,4,6-trimethylphenyl), -SO2phenyl, -S02(4- 

butylphenyl), -S02(4-methylphenyl), -S02(4-methoxyphenyl), -C(0)OCH2CC13, - 

C(0)0CH2CH2Si(CH3)3, -C(0)OC(CH3)3, -C(0)0C(CH3)2(CC13), - C(0)0-1-adamantyl, - 

CH=CH2, -CH2CH2C1, -CH(OCH2CH3)CH3, -CH2CH2-2-pyridyl, -CH2CH2-4-pyridyl, - 

Si(C(CH3)3)(CH3)2, -Si(CH(CH3)2)3, -CH2phenyl, -CH2(4-CH3O-phenyl), -CH2(3,4-di- 

	

10 	methoxyphenyl), -CH2(2-nitrophenyl), -(2,4-dinitrophenyl), -CH2C(0)phenyl, -C(phenyl)3, - 

CH(phenyl)2, -C(phenyl)2(4-pyridyl), -N(CH3)2, -CH2OH, -CH2OCH3, -CH(OCH2CH3)2, - 

CH2OCH2CH2C1, -CH2OCH2CH2Si(CH3)3, -CH2OC(CH3)3, -CH2OC(0)C(CH3)3, 

CH2OCH2phenyl, -(2-tetrahydropyranyl), -C(0)H, or -P(S)(pheny1)2; 

R', R2  and R5  are each independently hydrogen, deuterium, -N(Ra)(Rb), halogen, -0Ra, - 

	

15 	Slta, -S(0)Ra, -S(0)2Ra, -NO2, -C(0)01e, -CN, -C(0)N(Ra)(Rb), -N(Ra)C(0)(Rb), -C(0)Ra, - 

C(OH)RaRb, -N(Ra)S(0)2-Rb, -S(0)2N(Ra)(Rb), -CF3, -OCF3, optionally substituted (Ci-C6)alkyl, 

optionally substituted (C2-C6)alkenyl, optionally substituted (C2-C6)alkynyl, optionally substituted 

(C3-Ci0)cycloalkyl, optionally substituted (Ci-Ci0)heteroaryl, optionally substituted (C1-C10) 

heterocyclyl, or optionally substituted (C6-Cio)aryl; 

	

20 	 wherein in a moiety containing -N(Ra)(Rb), the nitrogen, Ra  and Rb  may form a ring 

such that -N(Ra)(Rb) represents an optionally substituted (C2-Cio)heterocyclyl or 

optionally substituted (Ci-Cio)heteroaryl linked through a nitrogen; 

R3  is hydrogen, an optionally substituted bridged (Cs-C12)cycloalkyl, optionally 

substituted bridged (C2-C10)heterocyclyl, optionally substituted (Ci-C8)alkyl, optionally 

	

25 	substituted (C3-Cio)cycloalkyl, optionally substituted (C3-C8)cycloalkenyl, optionally substituted 

(C6-Cio)aryl, optionally substituted (Ci-C10)heteroaryl, optionally substituted (C2- 

Ci0)heterocycly1; or 

R3  is -A-D-E-G, wherein: 

A is a bond, -C(0)-, optionally substituted (C1-C6)alkylene, optionally substituted (C2- 

	

30 	C6)alkenylene, optionally substituted (C2-C6)alkynylene, optionally substituted (C3- 

C12)cycloalkylene, optionally substituted (C2-C6)heterocyclylene, -C(0)N(Ra)-Re-, -N(Ra)C(0)- 

11°-, 	-N(Ra)-Re-, 	-S(0)2-1e-, -S(0)1e-, -C(0-Ra)(Rb)-Re-, -S(0)2N(ln-Re-, - 

N(InS(0)2-Re- or -N(Ra)C(0)N(Rb)-Re-; 
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D is an optionally substituted (Ci-C8)alkylene, optionally substituted bridged (C5-

Ci2)cycloalkylene, optionally substituted (C3-Cio)cycloalkylene, optionally substituted bridged 

(C5-C10)cycloalkenylene, optionally substituted (C3-Cio)cycloalkenylene, optionally substituted 

(C6-Cio)arylene, optionally substituted (Ci-C1o)heteroarylene, optionally substituted bridged (C2- 

	

5 	Ci0)heterocyclylene or an optionally substituted (C2-Cio)heterocyclylene; 

E is a bond, 	-Re-C(0)-Re-, -Re-C(0)C(0)-Re-, -Re-C(0)0-Re-, -11e-C(0)C(0)N(Ra)- 

-Re-N(Ra)-C(0)C(0)-Re-, 	-Re-S(0)2-Re-, -Re-S(0)-Re-, 	-Re-N(Ra)-Re-, - 

Re-N(Ra)C(0)-Re-, -ReC(0)N(Ra)Re-, - Re-OC(0)N(Ra)-Re-, -Re-N(Ra)C(0)0Re-, -Re-OC(0)-Re, 

-Re-N(Ra)C(0)N(Rb)-Re-, -Re-N(Ra)S(0)2-Re-, or -Re-S(0)2N(Ra)-Re-; or 

0 	0 

N'Ra  

	

10 	E is 	Re- 	; 

where in all cases, E is linked to either a carbon or a nitrogen atom in D; 

G is hydrogen, deuterium, -N(Ra)(Rb), halogen, -0Ra, -SRa, -S(0)Ra, -S(0)21e, -NO2, - 

C (0)0Ra, -CN, -C(0)N(Ra)(Rb), -N(Ra)C(0)Rb, -N(Ra)C(0)0Rb, -OC (0)N(Ra), - 

N(Ra)C (0)N(Rb)2, -C(0-Ra)(Rb)2, -C(0)Ra, - CF3, -0 CF3, -N(Ra)S(0)2Rb, -S (0)2N(Ra)(Rb), - 

	

15 	S (0)2N(Ra)C(0)Rb, an optionally substituted -(Ci-C6)alkyl, an optionally substituted -(C2- 

C6)alkenyl, an optionally substituted -(C2-C6)alkynyl, an optionally substituted -(C3-

Ci0)cycloalkyl, an optionally substituted -(C1-Cio)heteroaryl, an optionally substituted -(C1-C1o) 

heterocyclyl, an optionally substituted -(C6-C10)aryl, an optionally substituted -(Ci-C6)alkylene-

(C3-Cio)cycloalkyl, an optionally substituted -(C1-C6)alkylene-(C6-C1o)aryl, an optionally 

	

20 	substituted -(C1-C6)alkylene-(Ci-Cio)heteroaryl, or an optionally substituted -(Ci-C6)alkylene-(Ci- 

Cio)heterocycly1; 

wherein in a moiety containing -N(Ra )(Rb), the nitrogen, Ra and Rb  may form a ring 

such that -N(Ra)(Rb) represents an optionally substituted (C2-C10)heterocycly1 or an 

optionally substituted (C1-C10) heteroaryl linked through a nitrogen; 

	

25 	R6  is a hydrogen, halogen, deuterium, an optionally substituted bridged (C5- 

C12)cycloalkyl group, optionally substituted bridged (C2-Cio)heterocyclyl group, optionally 

substituted (Ci-C8)alkyl, optionally substituted (C3-C10)cycloalkyl, optionally substituted (C3-

C8)cycloalkenyl, optionally substituted (C6-C1o)aryl, optionally substituted (C1-Cio)heteroaryl, 

optionally substituted (C2-Cio)heterocyclyl or -J-L-M-Q; 

	

30 	wherein: 

J is a bond, -C(0)-, optionally substituted (C1-C6)alkylene, optionally substituted (C2-

C6)alkenylene, optionally substituted (C2-C6)alkynylene, optionally substituted (C3-

C12)cycloalkylene, optionally substituted (C2-C6)heterocyclylene, -C(0)N(Ra)-Re-, -N(Ra)C(0)- 
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Re-, -0-Re-, -N(Ra)-Re-, - S -Re- - S (0)2-Re-, -S(0)Re-, -C(0-Ra)(Rb)-Re-, -S(0)2N(Ra)-Re-, - 

N(le)S (0)2-Re- or -N(Ra)C(0)N(Rb)-Ra-; 

L is a bond, an optionally substituted (Ci-C8)alkylene, optionally substituted bridged (C5-

C12)cycloalkylene, optionally substituted (C3-Cio)cycloalkylene, optionally substituted bridged 

	

5 	(C5-Cio)cycloalkenylene, optionally substituted (C3-Cio)cycloalkenylene, optionally substituted 

(C6-Cio)arylene, optionally substituted (Ci-Cio)heteroarylene, optionally substituted bridged (C2-

C1o)heterocyclylene or an optionally substituted (C2-Cio)heterocyclylene; 

M is a bond, 	-Re-C(0)-Re-, -Re-C(0)C(0)-Re-, -Re-C(0)0-Re-, -Ra-OC(0)-Re, 

C(0)C(0)N(Ra)-Re-, -Re-N(Ra)-C(0)C(0)-12a-, 	-Re-S(0)2-Re-, -Re-S(0)-Re-, -Re-S-Re-, 

	

10 	-Re-N(Ra)-Re-, -Re-N(Ra)C(0)-Re-, -Re-C(0)N(Ra)Re-, -Re-OC(0)N(Ra)-Re-, -Re-NanC(0)0Re-, 

-Re-N(Ra)C(0)N(Rb)-Re-, -Re-N(InS(0)2-Re-, or -Re-S(0)2N(Ra)-Re-; or 

0 	0 

a 

M is 
I 
Re- 

where in all cases, M is linked to either a carbon or a nitrogen atom in L; 

Q is hydrogen, deuterium, -N(Ra)(Rb), halogen, -0Ra, - SRa, - S (0)Ra, - S (0)2Ra, -NO2, 

15 	C (0)0Ra, -CN, -C(0)N(Ra)(Rb), -N(Ra)C(0)Rb, -N(Ra)C(0)0Rb, -N(Ra)C(0)N(Rb)2, - C (0 - 

Ra)(Rb)2, - C (0)Ra, - CF3, -OCF3, -N(Ra)S(0)2Rb, - S (0 )2N(Ra)(Rb), -S(0)2N(Ra)C(0)Rb, an 

optionally substituted (CI-C6)alkyl, an optionally substituted (C2-C6)alkenyl, an optionally 

substituted (C2-C6)alkynyl, an optionally substituted (C3-Cio)cycloalkyl, an optionally substituted 

(CI-Ci0)heteroaryl, an optionally substituted (Ci-Cio)heterocyclyl, an optionally substituted (C6- 

20 	Cio)aryl, an optionally substituted -(C1-C6)alkylene-(C3-Cio)cycloalkyl, an optionally substituted - 

(CI-C6)alkylene-(C6-Cio)aryl, an optionally substituted -(Ci-C6)alkylene-(C1-C10)heteroaryl, or an 

optionally substituted -(Ci-C6)alkylene-(C1-C10)heterocycly1; 

wherein in a moiety containing -N(Ra )(Rb), the nitrogen, Ra and Rb  may form a ring 

such that -N(Ra)(Rb) represents an optionally substituted (C2-Cio)heterocyclyl or an 

25 	 optionally substituted (C1-C10) heteroaryl linked through a nitrogen; 

Ra  and Rb  are each independently hydrogen, deuterium, an optionally substituted (Ci-

Cio)alkyl, an optionally substituted (C2-Cio)alkenyl, an optionally substituted (C2-Cio)alkynyl, an 

optionally substituted -(Ci-Cio)alkylene-0-(C1-C10)alkyl, an optionally substituted (C3-

Cio)cycloalkyl, an optionally substituted (C6-Cio)aryl, an optionally substituted (Ci-Cio)heteroaryl, 

30 	an optionally substituted (Ci-Cio)heterocyclyl, an optionally substituted -(C1-C6)alkylene-(C3-

Cio)cycloalkyl, an optionally substituted -(Ci-C6)alkylene-(C6-Cio)aryl, an optionally substituted - 

(Ci-C6)alkylene-(Ci-Cio)heteroaryl, or an optionally substituted -(Ci-C6)alkylene-(Ci-

Cio)heterocycly1; and 
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R1  

10 	to form a compound of Formula (Ic) 

Formula 4 

R4  

 

R1  

R5  

Re  for each occurrence is independently a bond, an optionally substituted (C1-

Cio)alkylene, an optionally substituted (C2-Cio)alkenylene, an optionally substituted (C2-

Cio)alkynylene, an optionally substituted -(CI-Cio)alkylene-0-(Ci-Cio)alkylene group, an 

optionally substituted (C3-Cio)cycloalkylene, an optionally substituted (C6-Cio)arylene, an 

5 

	

	optionally substituted (Ci-Cio)heteroarylene, or an optionally substituted (Ci-Cio)heterocyclylene.. 

In a sixty-third embodiment the invention provides use of a compound of Formula 4: 

Formula (Ic) 

or pharmaceutically acceptable salts, pro-drugs, biologically active metabolites, stereoisomers and 

15 	isomers thereof wherein 

RP1  is hydrogen, -SO2N(CH3)2,  -S02(2,4,6-trimethylphenyl), -SO2phenyl, -S02(4-

butylphenyl), -S02(4-methylphenyl), -S02(4-methoxyphenyl), -C(0)0CH2CC13, - 

C(0)0CH2CH2SI(CH3)3, -C(0)OC(CH3)3, -C(0)OC(CH3)2(CC13), - C(0)O-1-adamantyl, - 

CH=CH2, -CH2CH2C1, -CH(OCH2CH3)CH3, -CH2CH2-2-pyridyl, -CH2CH2-4-pyridyl, - 

20 	Si(C(CH3)3)(CH3)2, -Si(CH(CH3)2)3,  -CH2phenyl, -CH2(4-CH3O-phenyl), -CH2(3,4-di- 

methoxyphenyl), -CH2(2-nitrophenyl), -(2,4-dinitrophenyl), -CH2C(0)phenyl, -C(phenyl)3, -

CH(phenyl)2, -C(phenyl)2(4-pyridyl), -N(CH3)2, -CH2OH, -CH2OCH3, -CH(OCH2CH3)2, - 

CH2OCH2CH2C1, -CH2OCH2CH2S i(CH3)3, -CH2OC(CH3)3, -CH2OC(0)C(CH3)3, 

CH2OCH2phenyl, -(2-tetrahydropyranyl), -C(0)H, or -13(S)(pheny1)2; 

25 	RP2  is hydrogen, -C(0)O-C(CH3)3, -C(0)OCH2-phenyl, -C(0)O-fluoren-9-yl, -C(0)CH3, - 

C(0)CF3, -C(0)-CH(CH3)2, -CH2-phenyl, -CH2-(4-methoxyphenyl), -S(0)2-phenyl or -S(0)2-(4-

methylphenyl); 

R1, R2  and R5  are each independently hydrogen, deuterium, -N(ta)(Rb), halogen, -0Ra, - 

SRa, -S(0)Ra, -S(0)2Ra, -NO2, -C(0)0Ra, -CN, -C(0)N(Ra)(Rb), -N(Ra)C(0)(Rb), -C(0)Ra, - 

30 	C(OH)RaRb, -N(Ra)S(0)2-Rb, -S(0)2N(Ra)(Rb), -CF3, -OCF3, optionally substituted (Ci-C6)alkyl, 
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optionally substituted (C2-C6)alkenyl, optionally substituted (C2-C6)alkynyl, optionally substituted 

(C3-C10)cycloalkyl, optionally substituted (CI-Ci0)heteroaryl, optionally substituted (C1-C10) 

heterocyclyl, or optionally substituted (C6-C10)aryl; 

wherein in a moiety containing -N(Ra)(Rb), the nitrogen, Ra and Rb  may form a ring 

	

5 	 such that -1\1(Ra)(Rb) represents an optionally substituted (C2-Cio)heterocyclyl or 

optionally substituted (Ci-C10)heteroaryl linked through a nitrogen; 

R3  is hydrogen, an optionally substituted bridged (C5-C12)cycloalkyl, optionally 

substituted bridged (C2-Cio)heterocyclyl, optionally substituted (Ci-C8)alkyl, optionally 

substituted (C3-Ci0)cycloalkyl, optionally substituted (C3-C8)cycloalkenyl, optionally substituted 

	

10 	(C6-Ci0)aryl, optionally substituted (C1-C10)heteroaryl, optionally substituted (C2- 

Ci0)heterocycly1; or 

R3  is -A-D-E-G, wherein: 

A is a bond, -C(0)-, optionally substituted (C1-C6)alkylene, optionally substituted (C2- 

C6)alkenylene, optionally substituted (C2-C6)alkynylene, optionally substituted (C3- 

	

15 	C12)cycloalkylene, optionally substituted (C2-C6)heterocyclylene, -C(0)N(Ra)-Re-, -N(Ra)C(0)- 

Re-, -0-Re-, -N(Ra)-Re-, 	-S(0)2-Re-, -S(0)11a-, -C(0-Ra)(Rb)-Re-, -S(0)2N(Ra)-Re-, - 

N(Ra)S(0)2-Re- or -N(Ra)C(0)N(Rb)-Re-; 

D is an optionally substituted (C1-C8)alkylene, optionally substituted bridged (C5-

C12)cycloalkylene, optionally substituted (C3-Ci0)cycloalkylene, optionally substituted bridged 

	

20 	(C5-C10)cycloalkenylene, optionally substituted (C3-C10)cycloalkenylene, optionally substituted 

(C6-Ci0)arylene, optionally substituted (Ci-C10)heteroarylene, optionally substituted bridged (C2-

Ci0)heterocyclylene or an optionally substituted (C2-Ci0)heterocyclylene; 

E is a bond, -Re-, -Re-C(0)-Re-, -Re-C(0)C(0)-Re-, -Re-C(0)0-Re-, -Re-C(0)C(0)N(Ra)- 

-Re-N(Ra)-C(0)C(0)-Re-, 	-Re-S(0)2-Re-, -Re-S(0)-Re-, 	-Re-N(Ra)-Re-, - 

	

25 	Re-N(Ra)C(0)-Re-, -ReC(0)N(Ra)Re-, -Re-OC(0)N(Ra)-Re-, -Re-N(Ra)C(0)0Re-, -Re-OC(0)-Re, 

-Re-N(Ra)C(0)N(Rb)-Re-, -Re-N(Ra)S(0)2-Re-, or -Re-S(0)2N(Ra)-Re-; or 

0 	O 

17 I 
Re- E is 

where in all cases, E is linked to either a carbon or a nitrogen atom in D; 

G is hydrogen, deuterium, -N(Ra)(Rb), halogen, -0Ra, -SRa, -S(0)Ra, -S(0)2Ra, -NO2, - 

30 	C(0)0Ra, -CN, -C(0)N(Ra)(Rb), -N(Ra)C(0)Rb, -N(Ra)C(0)0Rb, -0C(0)N(Ra), - 

N(Ra)C(0)N(Rb)2, -C(0-Ra)(Rb)2,  -C(0)Ra, -CF3, -OCF3, -N(Ra)S(0)2Rb, -S(0)2N(Ra)(Rb), - 

S(0)2N(Ra)C(0)Rb, an optionally substituted -(C1-C6)alkyl, an optionally substituted -(C2-

C6)alkenyl, an optionally substituted -(C2-C6)alkynyl, an optionally substituted -(C3- 
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Cio)cycloalkyl, an optionally substituted -(C1-Cio)heteroaiyl, an optionally substituted -(C1-C10) 

heterocyclyl, an optionally substituted -(C6-Cio)aryl, an optionally substituted -(Ci-C6)alkylene-

(C3-C10)cycloalkyl, an optionally substituted -(Ci-C6)alkylene-(C6-C10)aryl, an optionally 

substituted -(Ci-C6)alkylene-(Ci-Cio)heteroaryl, or an optionally substituted -(Ci-C6)alkylene-(Ci- 

	

5 	Cio)heterocyclyl; 

wherein in a moiety containing -N(Ra)(Rb), the nitrogen, Ra  and Rb  may form a ring 

such that -N(Ra)(Rb) represents an optionally substituted (C2-Cio)heterocycly1 or an 

optionally substituted (C1-C10) heteroaryl linked through a nitrogen; 

R4  is a hydrogen, halogen, deuterium, an optionally substituted bridged (C5- 

	

10 	C12)cycloalkyl group, optionally substituted bridged (C2-Cio)heterocyclyl group, optionally 

substituted (C1-C8)alkyl, optionally substituted (C3-Ci0)cycloalkyl, optionally substituted (C3-

C8)cycloalkenyl, optionally substituted (C6-Cio)aryl, optionally substituted (Ci-Cio)heteroaryl, 

optionally substituted (C2-Cio)heterocycly1 or -J-L-M-Q; 

wherein: 

	

15 	J is a bond, -C(0)-, optionally substituted (C1-C6)alkylene, optionally substituted (C2- 

C6)alkenylene, optionally substituted (C2-C6)alkynylene, optionally substituted (C3-

C12)cycloalkylene, optionally substituted (C2-C6)heterocyclylene, -C(0)N(Ra)-Re-, -N(Ra)C(0)- 

Re-, -0-Re-, -N(Ra)-Re-, 	-S(0)2-Re-, S(0)Re-, -C(0-Ra)(Rb)-Re-, -S(0)2N(Ra)-Re-, -

N(Ra)S(0)2-Re-  or -N(Ra)C(0)N(Rb)-Re-; 

	

20 	L is a bond, an optionally substituted (Ci-C8)alkylene, optionally substituted bridged (C5- 

C12)cycloalkylene, optionally substituted (C3-Cio)cycloalkylene, optionally substituted bridged 

(C5-C10)cycloalkenylene, optionally substituted (C3-C10)cycloalkenylene, optionally substituted 

(C6-C13)arylene, optionally substituted (Ci-C10)heteroarylene, optionally substituted bridged (C2-

Cio)heterocyclylene or an optionally substituted (C2-Cio)heterocyclylene; 

	

25 	M is a bond, -Re-, -Re-C(0)-Re-, -Re-C(0)C(0)-Re-, -Re-C(0)0-Re-, -Re-OC(0)-Re, 

C(0)C(0)N(Ra)-Re-, -Re-N(Ra)-C(0)C(0)-Re-, 	-Re-S(0)2-Re-, -Re-S(0)-Re-, -Re-S-Re-, 

-Re-N(Ra)-Re-, -Re-N(Ra)C(0)-Re-, -Re-C(0)N(Ra)Re-, -Re-OC(0)N(Ra)-Re-, -Re-N(Ra)C(0)0Re-, 

-Re-N(Ra)C(0)N(Rb)-Re-, -Re-N(Ra)S(0)2-Re-,  or -Re-S(0)2N(Ra)-Re-; or 

0 	0 

N Ra  
I 

 

Re- 

30 	where in all cases, M is linked to either a carbon or a nitrogen atom in L; 

Q is hydrogen, deuterium, -N(Ra)(Rb), halogen, -0Ra, -SRa, -S(0)Ra, -S(0)212a, -NO2, - 

C(0)0Ra, -CN, -C(0)N(Ra)(Rb), -N(Ra)C(0)Rb, -N(Ra)C(0)0Rb, -N(Ra)C(0)N(Rb)2, -C(0- 

Ra)(Rb)2, -C(0)Ra, -CF3, -OCF3, -N(Ra)S(0)2Rb, -S(0)2N(Ra)(Rb), -S(0)2N(Ra)C(0)Rb, an 

M is 
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25 	 Formula 5 

to form a compound of Formula (Id) 

R4  

R 

R5  

optionally substituted (Ci-C6)alkyl, an optionally substituted (C2-C6)alkenyl, an optionally 

substituted (C2-C6)alkynyl, an optionally substituted (C3-C1o)cycloalkyl, an optionally substituted 

(C1-C10)heteroaryl, an optionally substituted (C1-C10) heterocyclyl, an optionally substituted (C6-

C10)aryl, an optionally substituted -(CI-C6)alkylene-(C3-C10)cycloalkyl, an optionally substituted - 

	

5 	(C1-C6)alkylene-(C6-C10)aryl, an optionally substituted -(Ci-C6)alkylene-(Ci-C10)heteroaryl, or an 

optionally substituted -(C1-C6)alkylene-(Ci-C1o)heterocycly1; 

wherein in a moiety containing -1\T(Ra)(Rb), the nitrogen, Ra  and Rb  may form a ring 

such that -N(Ra)(Rb) represents an optionally substituted (C2-C10)heterocycly1 or an 

optionally substituted (C1-C10) heteroaryl linked through a nitrogen; 

	

10 	Ra  and Rb  are each independently hydrogen, deuterium, an optionally substituted (C1- 

Cio)alkyl, an optionally substituted (C2-Cio)alkenyl, an optionally substituted (C2-C10)alkynyl, an 

optionally substituted -(Ci-C10)alkylene-0-(C1-C10)alkyl, an optionally substituted (C3-

Ci0)cycloalkyl, an optionally substituted (C6-Ci0)aryl, an optionally substituted (Ci-C10)heteroaryl, 

an optionally substituted (Ci-C10)heterocyclyl, an optionally substituted -(C1-C6)alkylene-(C3- 

	

15 	Ci0)cycloalkyl, an optionally substituted -(Ci-C6)alkylene-(C6-Ci0)aryl, an optionally substituted - 

(CI-C6)alkylene-(Ci-Cio)heteroaryl, or an optionally substituted -(Ci-C6)alkylene-(C1-

Ci0)heterocycly1; and 

Re for each occurrence is independently a bond, an optionally substituted (C1-

Ci0)alkylene, an optionally substituted (C2-Ci0)alkenylene, an optionally substituted (C2-

20 Ci0)alkynylene, an optionally substituted -(C1-C10)alkylene-0-(C1-C10)alkylene group, an 

optionally substituted (C3-C1o)cycloalkylene, an optionally substituted (C6-Ci0)arylene, an 

optionally substituted (Ci-C10)heteroarylene, or an optionally substituted (Ci-C10)heterocyclylene. 

In a sixty-fourth embodiment the invention provides the use of a compound of Formula 5 

R1  

RP 

Formula (Id) 
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pharmaceutically acceptable salts, pro-drugs, biologically active metabolites, stereoisomers and 

isomers thereof wherein 

RP is hydrogen, - SO2N(CH3)2, -S02(2,4,6-trimethylphenyl), -SO2phenyl, -S02(4-

butylphenyl), -S02(4-methylphenyl), -S02(4-methoxyphenyl), -C(0)OCH2CC13, - 

	

5 	C(0)OCH2CH2Si(CH3)3, -C(0)OC(CH3)3, -C(0)OC(CH3)2(CC13), - C(0)0-1-adamantyl, - 

CH=CH2, -CH2CH2C1, -CH(OCH2CH3)CH3, -CH2CH2-2-pyridyl, -CH2CH2-4-pyridyl, - 

Si(C(CH3)3)(CH3)2, -Si(CH(CH3)2)3, -CH2-phenyl, -CH2(4-CH3O-phenyl), -CH2(3,4-di-

methoxyphenyl), -CH2(2-nitrophenyl), -(2,4-dinitrophenyl), -CH2C(0)phenyl, -C(phenyl)3, -

CH(phenyl)2, -C(phenyl)2(4-pyridyl), -N(CH3)2, -CH2OH, -CH2OCH3, -CH(OCH2CH3)2, - 

	

10 	CH2OCH2CH2C1, -CH2OCH2CH2Si(CH3)3, -CH2OC(CH3)3, -CH2OC(0)C(CH3)3, - 

CH2OCH2phenyl, -(2-tetrahydropyranyl), -C(0)H, or -P(S)(phenY1)2; 

R', R2  and R5  are each independently hydrogen, deuterium, -N(ta)(Rb), halogen, -0Ra, - 

SRa, -S(0)Ra, -S(0)2Ra, -NO2, -C(0)0Ra, -CN, -C(0)N(Ra)(Rb), -N(MC(0)(Rb), -C(0)1e, - 

C(OH)RaRb, -N(Ra)S(0)2-Rb, -S(0)2N(Ra)(Rb), -CF3, -OCF3, optionally substituted (C1-C6)alkyl, 

	

15 	optionally substituted (C2-C6)alkenyl, optionally substituted (C2-C6)alkynyl, optionally substituted 

(C3-C10)cycloalkyl, optionally substituted (Ci-C10)heteroaryl, optionally substituted (C1-C10) 

heterocyclyl, or optionally substituted (C6-C10)aryl; 

wherein in a moiety containing -N(Ra)(Rb), the nitrogen, Ra  and Rb  may form a ring such 

that -N(Ra)(Rb) represents an optionally substituted (C2-C1o)heterocycly1 or optionally substituted 

	

20 	(C1-Cio)heteroaryl linked through a nitrogen; 

R3  is hydrogen, an optionally substituted bridged (C5-C12)cycloalkyl, optionally 

substituted bridged (C2-C1o)heterocyclyl, optionally substituted (Ci-C8)alkyl, optionally 

substituted (C3-Cio)cycloalkyl, optionally substituted (C3-C8)cycloalkenyl, optionally substituted 

(C6-Cio)atyl, optionally substituted (C1-Cio)heteroaryl, optionally substituted (C2- 

	

25 	Cio)heterocycly1; or 

R3  is -A-D-E-G, wherein: 

A is a bond, -C(0)-, optionally substituted (Ci-C6)alkylene, optionally substituted (C2- 

C6)alkenylene, optionally substituted (C2-C6)alkynylene, optionally substituted (C3- 

C12)cycloalkylene, optionally substituted (C2-C6)heterocyclylene, -C(0)N(Ra)-Re-, -N(Ra)C(0)- 

	

30 	Re-, -0-Re-, -N(Ra)-Re-, -S-Re-, S (0)2-Re-, -S(0)Re-, - C(0 -Ra)(Rb)-Re-, -S(0)2N(Ra)-Re-, - 

N(Ra)S(0)2-Re-  or -N(Ra)C(0)N(Rb)-Re-; 

D is an optionally substituted (C1-C8)alkylene, optionally substituted bridged (C5- 

C 12)cycloalkylene, optionally substituted (C3-C 1o)cycloalkylene, optionally substituted bridged 

(C5-C10)cycloalkenylene, optionally substituted (C3-Cio)cycloalkenylene, optionally substituted 

	

35 	(C6-C10)arylene, optionally substituted (Cl-Cio)heteroarylene, optionally substituted bridged (C2- 

Ci0)heterocyclylene or an optionally substituted (C2-Cio)heterocyclylene; 
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N Ra  
I 

 

Re- 5 	E is 

117 

E is a bond, -Re-, -W-C(0)-Re-, -W-C(0)C(0)-W-, -Re-C(0)0-Re-, -Re-C(0)C(0)N(W)-

-12e-N(Re)-C(0)C(0)-Re-, -Re-O-Re-, -Re- S(0)2-Re-, -Re-S(0)-Re-, -Re-S-Re-, -Re-N(Ra)-Re-, - 

Re-N(Ra)C(0)-Re-, -ReC(0)N(Ra)Re-, -Re-OC(0)N(Ra)-Re-, -Re-N(Ra)C(0)0Re-, -Re-OC(0)-Re, 

-Re-N(Ra)C(0)N(Rb)-Re-, -Re-N(Ra)S(0)2-Re-, or -Re-S(0)2N(Ra)-Re-; or 

O . 	O  

where in all cases, E is linked to either a carbon or a nitrogen atom in D; 

G is hydrogen, deuterium, -N(Ra)(Rb), halogen, -0Ra, -SW, -S(0)Ra, -S(0)2Re, -NO2, - 

C(0)01e, -CN, -C(0)N(Ra)(Rb), -N(Re)C(0)Rb, -N(Re)C(0)0Rb, -0C(0)N(W), - 

N(Ra)C(0)N(Rb)2, -C(0-12a)(Rb)2, -C(0)Ra, -CF3, 	-N(Ra)S(0)2Rb, -S(0)2N(Ra)(Rb), - 

10 	S(0)2N(Ra)C(0)Rb, an optionally substituted -(C1-C6)alkyl, an optionally substituted -(C2-

C6)alkenyl, an optionally substituted -(C2-C6)alkynyl, an optionally substituted -(C3-

C10)cycloalkyl, an optionally substituted -(C1-Cio)heteroaryl, an optionally substituted -(C1-C1o) 

heterocyclyl, an optionally substituted -(C6-Cio)aryl, an optionally substituted -(Ci-C6)alkylene-

(C3-Cio)cycloalkyl, an optionally substituted -(C1-C6)alkylene-(C6-C1o)aryl, an optionally 

15 	substituted -(C1-C6)alkylene-(Ci-Cio)heteroaryl, or an optionally substituted -(Ci-C6)alkyl-(Ci-

Cio)heterocycly1; 

wherein in a moiety containing -N(Ra)(Rb), the nitrogen, Ra  and Rb  may form a ring 

such that -N(Ra)(Rb) represents an optionally substituted (C2-C1o)heterocycly1 or an 

optionally substituted (C1-C10) heteroaryl linked through a nitrogen; 

20 	R4  and R6  are each independently a hydrogen, halogen, deuterium, an optionally 

substituted bridged (C5-C12)cycloalkyl group, optionally substituted bridged (C2-C1o)heterocycly1 

group, optionally substituted (C1-C8)alkyl, optionally substituted (C3-C10)cycloalkyl, optionally 

substituted (C3-C8)cycloalkenyl, optionally substituted (C6-Cio)aryl, optionally substituted (C1-

C1o)heteroaryl, optionally substituted (C2-C10)heterocyclyl or -J-L-M-Q; 

25 	wherein: 

J is a bond, -C(0)-, optionally substituted (C1-C6)alkylene, optionally substituted (C2-

C6)alkenylene, optionally substituted (C2-C6)alkynylene, optionally substituted (C3-

C12)cycloalkylene, optionally substituted (C2-C6)heterocyclylene, -C(0)N(Ra)-Re-, -N(Ra)C(0)- 

Re-, 	-N(Ra)-Re-, 	-S(0)2-Re-, -S(0)12,-, -C(0-Ra)(Rb)-Re-, -S(0)2N(Ra)-Re-, - 

30 	N(Ra)S(0)2-Re- or -N(W)C(0)N(Rb)-Re-; 

L is a bond, an optionally substituted (C1-C8)alkylene, optionally substituted bridged (C5-

C12)cycloalkylene, optionally substituted (C3-C10)cycloalkylene, optionally substituted bridged 

(C5-C1o)cycloalkenylene, optionally substituted (C3-C1o)cycloalkenylene, optionally substituted 
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(C6-Cio)arylene, optionally substituted (Ci-C10)heteroarylene, optionally substituted bridged (C2-

Cio)heterocyclylene or an optionally substituted (C2-C1o)heterocyclylene; 

M is a bond, -Re-, -Re-C(0)-Re- -Re-C(0)C(0)-11e-, -Re-C(0)0-Re-, -Re-OC(0)-Re, 

C(0)C(0)N(Ra)-Re-, -Re-N(Ra)-C (0)C (0)-Re-, - Re- 0 - Re-, - Re- S (0)2-Re-, -Re- S (0)-Re-, -Re- S -Re-, 

5 	-Re-N(Ra)-Re-, -Re-N(Ra)C (0)- Re- - Re- C(0)N(Ra)Re- , -Re- OC(0)N(Ra)-Re-, -Re-N(Ra)C(0)0Re-, 

-Re-N(Ra)C(0)N(Rb)- Re-, -Re-N(Ra)S(0)2-Re-,  or -Re-S(0)2N(Ra)-Re-; or 

0 	O 

M is 

N Ra  
I 

Re- 

where in all cases, M is linked to either a carbon or a nitrogen atom in L; 

Q is hydrogen, deuterium, -N(Ra)(Rb), halogen, -0Ra, -SRa, -S(0)Ra, - S (0)2Ra, -NO2, 

10 	C(0)ORa, -CN, -C(0)N(Ra)(Rb), -N(Ra)C(0)Rb, -N(Ra)C(0)0Rb, -N(Ra)C(0)N(Rb)2, -C(O-

Ra)(Rb)2, -C(0)Ra, -CF3, -0CF3, -N(Ra)S(0)2Rb, - S (0)2N(Ra)(Rb), S(0)2N(Ra)C(0)Rb, an 

optionally substituted (Ci-C6)alkyl, an optionally substituted (C2-C6)alkenyl, an optionally 

substituted (C2-C6)alkynyl, an optionally substituted (C3-Cio)cycloalkyl, an optionally substituted 

(C1-Cio)heteroaryl, an optionally substituted (C1-Cio)heterocyclyl, an optionally substituted (C6- 

15 	Cio)aryl, an optionally substituted -(C1-C6)alkylene-(C3-Cio)cycloalkyl, an optionally substituted - 

(C1-C6)alkyl-(C6-Cio)aryl, an optionally substituted -(C1-C6)alkylene-(Ci-Cio)heteroaryl, or an 

optionally substituted -(C1-C6)alkylene-(C1-C1o)heterocycly1; 

wherein in a moiety containing -N(Ra)(Rb), the nitrogen, Ra  and Rb  may form a ring 

such that -N(Ra)(Rb) represents an optionally substituted (C2-Cio)heterocycly1 or an 

20 	 optionally substituted (C1-C10) heteroaryl linked through a nitrogen; 

Ra  and Rb  are each independently hydrogen, deuterium, an optionally substituted (C1-

Cio)alkyl, an optionally substituted (C2-Cio)alkenyl, an optionally substituted (C2-Cio)alkynyl, an 

optionally substituted -(C1-Cio)alkylene-0-(C1-Cio)alkyl, an optionally substituted (C3-

C10)cycloalkyl, an optionally substituted (C6-Cio)aryl, an optionally substituted (C1-Cio)heteroaryl, 

25 	an optionally substituted (C1-C10)heterocyclyl, an optionally substituted -(C1-C6)alkylene-(C3-

Cio)cycloalkyl, an optionally substituted -(C1-C6)alkylene-(C6-Cio)aryl, an optionally substituted - 

(C1-C6)alkylene-(Ci-Cio)heteroaryl, or an optionally substituted -(Ci-C6)alkylene-(Cr 

Cio)heterocycly1; and 

Re  for each occurrence is independently a bond, an optionally substituted (C1- 

30 	Cio)alkylene, an optionally substituted (C2-C10)alkenylene, an optionally substituted (C2-

C10)alkynylene, an optionally substituted -(C1-C10)alkylene-0-(CI-Cio)alkylene group, an 

optionally substituted (C3-Cio)cycloalkylene, an optionally substituted (C6-Cio)arylene, an 

optionally substituted (C1-C10)heteroarylene, or an optionally substituted (Ci-Cio)heterocyclylene 
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In a sixty-fifth embodiment the invention provides the use of a compound of Formula 6 

R6  -N 

/NON 
R5  

Formula (Ig) 

R 

Formula 6 

5 	to prepare a compound of Formula (Ig) or Formula (If) or Formula (Ii) 

R3 	 R3 	 3 

R2 	 R2 R2 Nom(  
0 	 S 

R1 	 I 

/N N 
5 	

R5 	
\ 

H 	 H 

Formula (If) 
	

Formula (Ii) 

pharmaceutically acceptable salts, pro-drugs, biologically active metabolites, stereoisomers and 

isomers thereof wherein 

RP is a hydrogen, -SO2N(CH3)2, -S02(2,4,6-trimethylphenyl), -SO2phenyl, -S02(4- 

10 	butylphenyl), 	-S 02(4-methylphenyl), 	-S02(4-methoxyphenyl), 	-C(0)OCH2CC13, 	- 

C(0)0CH2CH2Si(CH3)3, -C(0)OC(CH3)3, -C(0)OC(CH3)2(CC13), - C(0)0-1-adamantyl, - 

CH=CH2, -CH2CH2C1, -CH(OCH2CH3)CH3, -CH2CH2-2-pyridyl, -CH2CH2-4-pyridyl, - 

Si(C(CH3)3)(CH3)2, -Si(CH(CH3)2)3, -CH2phenyl, -CH2(4-CH3O-phenyl), -CH2(3 ,4-di-

methoxyphenyl), -CH2(2-nitrophenyl), -(2,4-dinitrophenyl), -CH2C(0)phenyl, -C(phenyl)3, - 

15 	CH(phenyl)2, -C(phenyl)2(4-pyridyl), -N(CH3)2, -CH2OH, -CH2OCH3, -CH(OCH2CH3)2, - 

CH2OCH2CH2C1, -CH2OCH2CH2Si(CH3)3, -CH2OC(CH3)3, -CH2OC(0)C(CH3)3, 

CH2OCH2phenyl, -(2-tetrahydropyranyl), -C(0)H, or -P(S)(phenyl)2; 

Rx is a hydrogen, fluorine, chlorine, bromine, iodine, -OS(0)2CH3, -OS(0)2CF3, - 

OS(0)2phenyl, or -OS(0)2(4-methylphenyl); 

20 	R', R2  and R5  are each independently hydrogen, deuterium, -N(Ra)(Rb), halogen, -0Ra, - 

SRa, -S(0)Ra, -S(0)2Ra, -NO2, -C(0)01e, -CN, -C(0)N(Ra)(Rb), -N(Ra)C(0)(Rb), -C(0)Ra, - 

C(OH)RaRb, -N(Ra)S(0)2-Rb, -S(0)2N(Ra)(Rb), -CF3, -OCF3, optionally substituted (C1-C6)alkyl, 

optionally substituted (C2-C6)alkenyl, optionally substituted (C2-C6)alkynyl, optionally substituted 

(C3-Cio)cycloalkyl, optionally substituted (Ci-Cio)heteroaryl, optionally substituted (C1-C10) 

25 	heterocyclyl, or optionally substituted (C6-C1o)aryl; 

wherein in a moiety containing -N(Ra)(Rb), the nitrogen, Ra  and Rb  may form a ring 

such that -N(Ra)(Rb) represents an optionally substituted (C2-Cio)heterocyclyl or 

optionally substituted (CI-Cio)heteroaryl linked through a nitrogen; 
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R3  is hydrogen, an optionally substituted bridged (C5-C12)cycloalkyl, optionally 

substituted bridged (C2-Cio)heterocyclyl, optionally substituted (C1-C8)alkyl, optionally 

substituted (C3-Cio)cycloalkyl, optionally substituted (C3-C8)cycloalkenyl, optionally substituted 

(C6-C1o)aryl, optionally substituted (Ci-Cio)heteroaryl, optionally substituted (C2- 

	

5 	Cio)heterocyclyl; or 

R3  is -A-D-E-G, wherein: 

A is a bond, -C(0)-, optionally substituted (Ci-C6)alkylene, optionally substituted (C2- 

C6)alkenylene, optionally substituted (C2-C6)alkynylene, optionally substituted (C3- 

C12)cycloalkylene, optionally substituted (C2-C6)heterocyclylene, -C(0)N(Ra)-Re-, -N(Ra)C(0)- 

	

10 	Re-, -0-Re-, -N(Ra)-Re-, -S-Re-, -S(0)2-Re-, -S(0)Re-, -C(0-Ra)(Rb)-Re-, -S(0)2N(Ra)-Re-, - 

N(Ra)S(0)2-Re- or -N(Ra)C(0)N(Rb)-Re-; 

D is an optionally substituted (Ci-C8)alkylene, optionally substituted bridged (C5-

C12)cycloalkylene, optionally substituted (C3-Cio)cycloalkylene, optionally substituted bridged 

(C5-Cio)cycloalkenylene, optionally substituted (C3-Cio)cycloalkenylene, optionally substituted 

	

15 	(C6-Cio)arylene, optionally substituted (Ci-Cio)heteroarylene, optionally substituted bridged (C2- 

Cio)heterocyclylene or an optionally substituted (C2-Cio)heterocyclylene; 

E is a bond, -Re-, -Re-C(0)-Re-, -Re-C(0)C(0)-Re-, -Re-C(0)0-Re-, -Re-C(0)C(0)N(Ra)- 

Re-, -Re-N(Ra)-C(0)C(0)-Re-, -Re-O-Re-, -Re-S(0)2-Re-, -Re-S(0)-Re-, 	-Re-N(Ra)-Re-, - 

Re-N(Ra)C(0)-Re-, -ReC(0)N(le)Re-, -Re-OC(0)N(Ra)-Re-, -Re-N(Ra)C(0)0Re-, -Re-OC(0)-Re, 

	

20 	-Re-N(Ra)C(0)N(Rb)-Re-, -Re-N(Ra)S(0)2-Re-, or -Re-S(0)2N(Ra)-Re-; or 

N Ra  
I 

E is 
	Re- 

where in all cases, E is linked to either a carbon or a nitrogen atom in D; 

G is hydrogen, deuterium, -N(Ra)(Rb), halogen, -0Ra, -SRa, -S(0)Ra, -S(0)2Ra, -NO2, - 

C(0)0Ra, -CN, -C(0)N(Ra)(Rb), -N(Ra)C(0)Rb, -N(Ra)C(0)0Rb, -0C(0)N(Ra), - 

25 	N(Ra)C(0)N(Rb)2, -C(0-Ra)(Rb)2, -C(0)Ra, -CF3, -OCF3, -N(Ra)S(0)2Rb, -S(0)2N(Ra)(Rb), - 

S(0)2N(Ra)C(0)Rb, an optionally substituted -(Ci-C6)alkyl, an optionally substituted -(C2-

C6)alkenyl, an optionally substituted -(C2-C6)alkynyl, an optionally substituted -(C3-

Cio)cycloalkyl, an optionally substituted -(C1-Cio)heteroaryl, an optionally substituted -(C1-C10 

heterocyclyl, an optionally substituted -(C6-C1o)aryl, an optionally substituted -(Ci-C6)alkylene- 

30 	(C3-Cio)cycloalkyl, an optionally substituted -(C1-C6)alkylene-(C6-Cio)aryl, an optionally 

substituted -(Ci-C6)alkylene-(Ci-Cio)heteroaryl, or an optionally substituted -(Ci-C6)alkylene-(Ci-

Cio)heterocycly1; 
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wherein in a moiety containing -N(Ra)(12.b), the nitrogen, Ra and Rb  may form a ring 

such that -N(Ra)(Rb) represents an optionally substituted (C2-Cio)heterocycly1 or an 

optionally substituted (C1-C10) heteroaryl linked through a nitrogen; 

R6  is a hydrogen, halogen, deuterium, an optionally substituted bridged (C5- 

	

5 	Ci2)cycloalkyl group, optionally substituted bridged (C2-C10)heterocycly1 group, optionally 

substituted (C1-C8)alkyl, optionally substituted (C3-C1o)cycloalkyl, optionally substituted (C3-

C8)cycloalkenyl, optionally substituted (C6-Cio)aryl, optionally substituted (C1-C10)heteroaryl, 

optionally substituted (C2-Cio)heterocyclyl or -J-L-M-Q; 

wherein: 

	

10 	J is a bond, -C(0)-, optionally substituted (Ci-C6)alkylene, optionally substituted (C2- 

C6)alkenylene, optionally substituted (C2-C6)alkynylene, optionally substituted (C3-

C12)cycloalkylene, optionally substituted (C2-C6)heterocyclylene, -C(0)N(12a)-126-, -N(Ra)C(0)- 

-0-126-, -N(Ra)-Re-, -S-126-, -S(0)2-12.6-, -S(0)12,-, -C(0-Ra)(Rb)-126-, -S(0)2N(Ra)-Re-, - 

N(Ra)S(0)2-126- or -N(12a)C(0)N(Rb)-R6-; 

	

15 	L is a bond, an optionally substituted (C1-C8)alkylene, optionally substituted bridged (C5- 

C12)cycloalkylene, optionally substituted (C3-C10)cycloalkylene, optionally substituted bridged 

(C5-Cio)cycloalkenylene, optionally substituted (C3-Cio)cycloalkenylene, optionally substituted 

(C6-C10)arylene, optionally substituted (C1-C10)heteroarylene, optionally substituted bridged (C2-

Ci0)heterocyclylene or an optionally substituted (C2-Ci0)heterocyclylene; 

	

20 	M is a bond, -Re-, -Re-C(0)-Re-, -Re-C(0)C(0)-Re-, -Re-C(0)0-Re-, -Re-OC(0)-Re, 

C(0)C(0)N(Ra)-126-, -Re-N(Ra)-C(0)C(0)-Re-, -Re-O-Re-, -Re-S(0)2-Re-, -Re-S(0)-Re-, -Re-S-Re-, 

-Re-N(Ra)-Re-, -Re-N(Ra)C(0)-Re-, -Re-C(0)N(Ra)Re-, -Re-OC(0)NRa)-Re-, -Re-N(Ra)C(0)0Re-, 

-Re-N(Ra)C(0)N(Rb)-Re-, -Re-N(Ra)S(0)2-Re-, or -126-S(0)2N(Ra)-Re-; or 

O. 	.0 

M is 

r li I 
Re- 

a 

25 	where in all cases, M is linked to either a carbon or a nitrogen atom in L; 

Q is hydrogen, deuterium, -N(Ra)(Rb), halogen, -0Ra, -SRa, -S(0)Ra, -S(0)2Ra, -NO2, - 

C(0)0Ra, -CN, -C(0)N(Ra)(Rb), -N(Ra)C(0)Rb, -N(Ra)C(0)0R1), -N(Ra)C(0)N(Rb)2, -C(O-

Ra)(Rb)2, -C(0)Ra, -CF3, -OCF3, -N(Ra)S(0)2Rb, -S(0)2N(Ra)(Rb), -S(0)2N(Ra)C(0)Rb, an 

optionally substituted (Ci-C6)alkyl, an optionally substituted (C2-C6)alkenyl, an optionally 

30 	substituted (C2-C6)alkynyl, an optionally substituted (C3-C1o)cycloalkyl, an optionally substituted 

(C1-C10)heteroaryl, an optionally substituted (C1-C10) heterocyclyl, an optionally substituted (C6-

Ci0)aryl, an optionally substituted -(C1-C6)alkylene-(C3-Cio)cycloalkyl, an optionally substituted - 
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(CI-C6)alkylene-(C6-Cio)aryl, an optionally substituted -(Ci-C6)alkylene-(Ci-Cio)heteroaryl, or an 

optionally substituted -(Ci-C6)alkylene-(Ci-Cio)heterocyclyl; 

wherein in a moiety containing -N(Ra)(Rb), the nitrogen, Ra and Rb  may form a ring 

such that -N(Ra)(Rb) represents an optionally substituted (C2-Cio)heterocycly1 or an 

	

5 	 optionally substituted (C1-C10) heteroaryl linked through a nitrogen; 

Ra and Rb  are each independently hydrogen, deuterium, an optionally substituted (C1-

Cio)alkyl, an optionally substituted (C2-Cio)alkenyl, an optionally substituted (C2-Cio)alkynyl, an 

optionally substituted (Ci-Cio)alky1-0-(C1-Cio)alkyl, an optionally substituted (C3-Cio)cycloalkyl, 

an optionally substituted (C6-Cio)aryl, an optionally substituted (Ci-Cio)heteroaryl, an optionally 

	

10 	substituted (Ci-Cio)heterocyclyl, an optionally substituted -(Ci-C6)alkylene-(C3-Cio)cycloalkyl, an 

optionally substituted -(Ci-C6)alkylene-(C6-Cio)aryl, an optionally substituted -(Ci-C6)alkylene-

(Ci-Cio)heteroaryl, or an optionally substituted -(Ci-C6)alkylene-(Ci-Cio)heterocyclyl; and 

Re  for each occurrence is independently a bond, an optionally substituted (C1-

Cio)alkylene, an optionally substituted (C2-Cio)alkenylene, an optionally substituted (C2-

15 Cio)alkynylene, an optionally substituted -(Ci-Cio)alkylene-O-(Ci-Cio)alkylene group, an 

optionally substituted (C3-Cio)cycloalkylene, an optionally substituted (C6-Cio)arylene, an 

optionally substituted (Ci-Cio)heteroarylene, or an optionally substituted (C1-Cio)heterocyclylene. 

In a sixty-sixth embodiment the invention provides a pharmaceutical composition 

comprising a compound of Formula (I) as defined in claim 1 

U—X 

I  TCY y 

R5  

20 	 Formula (I) 
9 

a pharmaceutically acceptable carrier and excipient and a second therapeutic agent selected from 

the group consisting of cytokine suppressive anti-inflammatory drugs, antibodies to or antagonists 

of other human cytokines or growth factors, IL-1, IL-2, IL-3, IL-4, IL-5, IL-6, IL-7, IL-8, IL-12, 

IL-15, IL-16, IL-21, IL-23, interferons, 	GM-CSF, FGF, PDGF, CTLA or their ligands 

25 	including CD154, HUMIRATM, REMICADETM, SIMPONITm  (golimumab), CIMZIATm, 

ACTEMRATM, CDP 571, soluble p55 or p75 TNF receptors, ENBRELTM, Lenercept, TNFa 

converting enzyme inhibitors, IL-1 inhibitors, Interleukin 11, IL-18 antagonists, IL-12 

antagonists, IL-12 antibodies, soluble IL-12 receptors, IL-12 binding proteins, non-depleting anti-

CD4 inhibitors FK506, rapamycin, mycophenolate mofetil, leflunomide, NSAIDs, ibuprofen, 

30 	corticosteroids, phosphodiesterase inhibitors, adensosine agonists, antithrombotic agents, 

complement inhibitors, adrenergic agents, IL-1f3 converting enzyme inhibitors, T-cell signalling 

kinase inhibitors, metalloproteinase inhibitors, sulfasalazine, 6-mercaptopurines, derivatives 

R2  

 

R1  
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p75TNFRIgG, sIL-1RI, sIL-1RH, sIL-6R, celecoxib, hydroxychloroquine sulfate, rofecoxib, 

infliximab, naproxen, valdecoxib, sulfasalazine, meloxicam, acetate, gold sodium thiomalate, 

aspirin, triamcinolone acetonide, propoxyphene napsylate/apap, folate, nabumetone, diclofenac, 

piroxicam, etodolac, diclofenac sodium, oxaprozin, oxycodone HC1, hydrocodone bitartrate/apap, 

	

5 	diclofenac sodium/misoprostol, fentanyl, anakinra, tramadol HC1, salsalate, sulindac, 

cyanocobalamin/fa/pyridoxine, acetaminophen, alendronate sodium, morphine sulfate, lidocaine 

hydrochloride, indomethacin, glucosamine sulf/chondroitin, amitriptyline HC1, sulfadiazine, 

oxycodone HC1/acetaminophen, olopatadine HC1 misoprostol, naproxen sodium, omeprazole, 

cyclophosphamide, rituximab, IL-1 TRAP, MRA, CTLA4-IG, IL-18 BP, anti-IL-12, anti-IL15, 

	

10 	VX-740, Roflumilast, IC-485, CDC-801, S1P1 agonists, FTY720, PKC family inhibitors, 

Ruboxistaurin, AEB-071, Mesopram, methotrexate, leflunomide, corticosteroids, budenoside, 

dexamethasone, sulfasalazine, 5-aminosalicylic acid, olsalazine, IL-10 converting enzyme 

inhibitors, IL-lra, T cell signaling inhibitors, tyrosine kinase inhibitors, 6-mercaptopurines, IL-11, 

mesalamine, prednisone, azathioprine, mercaptopurine, infliximab, methylprednisolone sodium 

	

15 	succinate, diphenoxylate/atrop sulfate, loperamide hydrochloride, omeprazole, folate, 

ciprofloxacin/dextrose-water, hydrocodone, bitartrate/apap, tetracycline hydrochloride, 

fluocinonide, metronidazole, thimerosal/boric acid, cholestyramine/sucrose, ciprofloxacin 

hydrochloride, hyoscyamine sulfate, meperidine hydrochloride, midazolam hydrochloride, 

oxycodone HC1/acetaminophen, promethazine hydrochloride, sodium phosphate, 

	

20 	sulfamethoxazole/trimethoprim, polycarbophil, propoxyphene napsylate, hydrocortisone, 

multivitamins, balsalazide disodium, codeine phosphate/apap, colesevelam HC1, cyanocobalamin, 

folic acid, levofloxacin, natalizumab, interferon-gamma, methylprednisolone, azathioprine, 

cyclophosphamide, cyclosporine, methotrexate, 4-aminopyridine, tizanidine, interferon-131a, 

AVONEX®, interferon-131b, BETASERON®, interferon a-n3, interferon-a, interferon 131A-IF, 

	

25 	Peginterferon a 2b, Copolymer 1, COPAXONE®, hyperbaric oxygen, intravenous 

immunoglobulin, cladribine, cyclosporine, FK506, mycophenolate mofetil, leflunomide, NSAIDs, 

corticosteroids, prednisolone, phosphodiesterase inhibitors, adensosine agonists, antithrombotic 

agents, complement inhibitors, adrenergic agents, antiinflammatory cytokines, interferon-13, 

IFNI31 a, IFNI31b, copaxone, corticosteroids, caspase inhibitors, inhibitors of caspase-1, antibodies 

	

30 	to CD40 ligand and CD80, alemtuzumab, dronabinol, daclizumab, mitoxantrone, xaliproden 

hydrochloride, fampridine, glatiramer acetate, natalizumab, sinnabidol, a-immunokine NNSO3, 

ABR-215062, AnergiX.MS, chemokine receptor antagonists, BBR-2778, calagualine, CPI-1189, 

liposome encapsulated mitoxantrone, THC.CBD, carmabinoid agonists, MBP-8298, mesopram, 

MNA-715, anti-IL-6 receptor antibody, neurovax, pirfenidone allotrap 1258 (RDP-1258), sTNF- 

	

35 	R1, talampanel, teriflunomide, TGF-beta2, tiplimotide, VLA-4 antagonists, interferon gamma 

antagonists, IL-4 agonists, diclofenac, misoprostol, naproxen, meloxicam, indomethacin, 
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diclofenac, methotrexate, azathioprine, minocyclin, prednisone, etanercept, rofecoxib, 

sulfasalazine, naproxen, leflunomide, methylprednisolone acetate, indomethacin, 

hydroxychloroquine sulfate, prednisone, sulindac, betamethasone diprop augmented, infliximab, 

methotrexate, folate, triamcinolone acetonide, diclofenac, dimethylsulfoxide, piroxicam, 

	

5 	diclofenac sodium, ketoprofen, meloxicam, methylprednisolone, nabumetone, tolmetin sodium, 

calcipotriene, cyclosporine, diclofenac sodiumlmisoprostol, fluocinonide, glucosamine sulfate, 

gold sodium thiomalate, hydrocodone bitartrate/apap, risedronate sodium, sulfadiazine, 

thioguanine, valdecoxib, alefacept, and efalizumab, diclofenac, naproxen, ibuprofen, piroxicam, 

indomethacin, COX2 inhibitors, rofecoxib, valdecoxib, hydroxychloroquine, steroids, 

	

10 	prednisolone, budenoside, dexamethasone, cytotoxics, azathioprine, cyclophosphamide, 

mycophenolate mofetil, inhibitors of PDE4, purine synthesis inhibitor, sulfasalazine, 5-

aminosalicylic acid, olsalazine, Imuran®, CTLA-4-IgG, anti-B7 family antibodies, anti-PD-1 

family antibodies, anti-cytokine antibodies, fonotolizumab, anti-IFNg antibody, anti-receptor 

receptor antibodies, anti-IL-6 receptor antibody, antibodies to B-cell surface molecules, LJP 394, 

	

15 	Rituximab, anti-CD20 antibody and lymphostat-B. 

DETAILED DESCRIPTION OF THE INVENTION 

Protein kinases are a broad and diverse class, of over 500 enzymes, that include 

oncogenes, growth factors receptors, signal transduction intermediates, apoptosis related kinases 

	

20 	and cyclin dependent kinases. They are responsible for the transfer of a phosphate group to 

specific tyrosine, serine or threonine amino acid residues, and are broadly classified as tyrosine 

and serine/threonine kinases as a result of their substrate specificity. 

The Jak family kinases (Jakl, Jak2, Jak3 and Tyk2) are cytoplasmic tyrosine kinases that 

associate with membrane bound cytokine receptors. Cytokine binding to their receptor initiates 

	

25 	Jak kinase activation via trans and autophosphorylation processes. The activated Jak kinases 

phosphorylate residues on the cytokine receptors creating phosphotyrosine binding sites for SH2 

domain containing proteins such as Signal Transduction Activators of Transcript (STAT) factors 

and other signal regulators transduction such as SOCS proteins and SHIP phosphatases. 

Activation of STAT factors via this process leads to their dimerization, nuclear translocation and 

	

30 	new mRNA transcription resulting in expression of immunocyte proliferation and survival factors 

as well as additional cytokines, chemokines and molecules that facilitate cellular trafficking (see 

Journal of Immunology, 2007, 178, p. 2623). Jak kinases transduce signals for many different 

cytokine families and hence potentially play roles in diseases with widely different pathologies 

including but not limited to the following examples. Both Jakl and Jak3 control signaling of the 

	

35 	so-called common gamma chain cytokines (IL2, IL4, IL7, IL9, IL15 and IL21), hence 

simultaneous inhibition of either Jakl or Jak3 could be predicted to impact Thl mediated diseases 

such as rheumatoid arthritis via blockade of IL2, IL7 and IL15 signaling. On the other hand, IL2 
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signaling has recently been shown to be essential for development and homeostasis of T-

regulatory cells (Malek TR et al., Immunity, 2002, 17(2), p.167-78). Thus, based on genetic data, 

blockade of IL2 signaling alone is predicted to result in autoimmunity (Yamanouchi J et al., Nat 

Genet., 2007, 39(3), p.329-3'7, and Willerford DM et al., Immunity, 1995, 3(4), p.521-30). Th2 

	

5 	mediated diseases such as asthma or atopic dermatitis via IL4 and IL9 signaling blockade. Jakl 

and Tyk2 mediate signaling of IL13 (see Int. Immunity, 2000, 12, p. 1499). Hence, blockade of 

these may also be predicted to have a therapeutic effect in asthma. These two kinases are also 

thought to mediate Type I interferon signaling; their blockade could therefore be predicted to 

reduce the severity of systemic lupus erythematosus (SLE). Tyk2 and Jak2 mediate signaling of 

	

10 	IL12 and IL23. In fact, blockade of these cytokines using monoclonal antibodies has been 

effective in treating psoriasis. Therefore blockade of this pathway using inhibitors of these kinases 

could be predicted to be effective in psoriasis as well. In summary, this invention describes 

small-molecule compounds that inhibit, regulate and/or modulate Jak family kinase activity that is 

pivotal to several mechanisms thought critical to the progression of autoimmune diseases 

	

15 	including, but not limited to, rheumatoid arthritis (RA), systemic lupus erythematosus (SLE), 

multiple sclerosis (MS), Crohn's disease, psoriasis and asthma. 

Several pathologically significant cytokines signal via Jakl alone (Guschin D, et al., 

Ell/1130 J. 1995 Apr 3;14(7):1421-9; Parganas E, et al., Cell. 1998 May 1;93(3):385-95; 

Rodig S.J., et al., Cell. 1998 May 1; 93(3):373-83). Blockade of one of these, IL6, using an IL6R 

	

20 	neutralizing antibody, has been shown to significantly improve disease scores in human 

rheumatoid arthritis patients (Nishimoto N. et al., Ann Rheum Dis., 2007, 66(9), p.1162-7). 

Similarly, blockaded of GCSF signaling, which is also mediated by Jakl alone, using neutralizing 

monoclonal antibodies or target gene deletion protects mice from experimental arthritis (Lawlor 

K.E. et al., Proc Natl Acad Sci U.S.A., 2004, 101(31), p.11398-403). Accordingly, the 

	

25 	identification of small-molecule compounds that inhibit, regulate and/or modulate the signal 

transduction of kinases, such as Jakl, is a desirable means to prevent or treat autoimmune 

diseases or other diseases related to abberant Jakl function. 

Jak2 is also activated in a wide variety of human cancers such as prostate, colon, ovarian 

and breast cancers, melanoma, leukemia and other haematopoietic malignancies. In addition, 

	

30 	somatic point mutation of the Jak2 gene has been identified to be highly associated with classic 

myeloproliferative disorders (MPD) and infrequently in other myeloid disorders. Constitutive 

activation of Jak2 activity is also caused by chromosomal translocation in hematopoeitic 

malignancies. It has also been shown that inhibition of the Jak/STAT pathway, and in particular 

inhibition of Jak2 activity, results in anti-proliferative and pro-apoptotic effects largely due to 

	

35 	inhibition of phosphorylation of STAT. Furthermore, pharmacological modulation or inhibition 

of Jak2 activity could effectively block tumor growth and induce apoptosis by reducing the STAT 

phosphorylation in cell culture and human tumor xenografts in vivo. Accordingly, the 

46 



identification of small-molecule compounds that inhibit, regulate and/or modulate the signal 

transduction of kinases, particularly Jak2, is desirable as a means to treat or prevent diseases and 

conditions associated with cancers. 

Jak kinases also transmit signals regulating essential physiological processes whose 

	

5 	inhibition could be undesirable. For example Jak2 mediates the signaling of Erythropoetin (Epo) 

and Granulocyte/Monocyte-Colony Stimulating Factor. Individuals with genetic, congenital or 

acquired defects in these signaling pathways can develop potentially life-threatening 

complications such as anemia and neutrophil dysfunction. Accordingly, one non-limiting aspect 

of this invention also relates to a method to identify compounds that may have a favorable safety 

	

10 	profile as a result of them selectively avoiding inhibition of Jak2. 

The protein kinase C family is a group of serine/threonine kinases that comprises twelve 

related isoenzymes. Its members are encoded by different genes and are sub-classified according 

to their requirements for activation. The classical enzymes (cPKC) require diacylglycerol (DAG), 

phosphatidylserine (PS) and calcium for activation. The novel PKC's (nPKC) require DAG and 

	

15 	PS but are calcium independent. The atypical PKC's (aPKC) do not require calcium or DAG. 

PKCtheta is a member of the nPKC sub-family (Baier, G., et al., J Biol. Chem., 1993, 

268, 4997). It has a restricted expression pattern, found predominantly in T cells and skeletal 

muscle (Mischak, H. et al., FEBS Lett., 1993, 326, p. 51), with some expression reported in mast 

cells (Liu, Y. et al., 1 Leukoc. Biol., 2001, 69, p. 831) and endothelial cells (Mattila, P. et al., Life 

	

20 	Sci., 1994, 55, p. 1253). 

Upon T cell activation, a supramolecular activation complex (SMAC) forms at the site of 

contact between the T cell and the antigen presenting cell (APC). PKCtheta is the only PKC 

isoform found to localize at the SMAC (Monks, C. et al., Nature, 1997, 385, 83), placing it in 

proximity with other signaling enzymes that mediate T cell activation processes. 

	

25 	In another study (Baier-Bitterlich, G. et al., Mol. Cell. Biol., 1996, 16, 842) the role of 

PKCtheta in the activation of AP-1, a transcription factor important in the activation of the IL-2 

gene, was confirmed. In unstimulated T cells, constitutively active PKCtheta stimulated AP-1 

activity while in cells with dominant negative PKCtheta, AP-1 activity was not induced upon 

activation by PMA. 

	

30 	Other studies showed that PKCtheta, via activation of IKB kinase beta, mediates 

activation of NF-KB induced by T cell receptor/CD28 co-stimulation (N. Coudronniere et al., 

Proc. Nat. Acad. Sci. U.S.A., 2000, 97, p. 3394; and Lin, X. et al., Mol. Cell. Biol., 2000, 20, p. 

2933). 

Proliferation of peripheral T cells from PKCtheta knockout mice, in response to T cell 

	

35 	receptor (TCR)/CD28 stimulation was greatly diminished compared to T cells from wild type 

mice. In addition, the amount of IL-2 released from the T cells was also greatly reduced (Sun, Z. 
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et al., Nature, 2000, 404, p. 402). It has also been shown that PKCtheta-deficient mice show 

impaired pulmonary inflammation and airway hyperresponsiveness (AHR) in a Th2-dependent 

murine asthma model, with no defects in viral clearance and Thl-dependent cytotoxic T cell 

function (Berg-Brown, N.N. et al., J. Exp. Med., 2004, 199, p. 743; Marsland, B.J. et al., J Exp. 

	

5 	Med., 2004, 200, p. 181). The impaired Th2 cell response results in reduced levels of IL-4 and 

immunoglobulin E (IgE), contributing to the AHR and inflammatory pathophysiology. 

Otherwise, the PKCtheta knockout mice seemed normal and fertile. 

Evidence also exists that PKCtheta participates in the IgE receptor (FcERI)-mediated 

response of mast cells (Liu, Y. et al., J. Leukoc. Biol., 2001, 69, p. 831). In human-cultured mast 

	

10 	cells (HCMC), it has been demonstrated that PKC kinase activity rapidly localizes to the 

membrane following FcERI cross-linking (Kimata, M. et al., Biochem. Biophys. Res. Commun., 

1999, 257(3), p. 895). A recent study examining in vitro activity of bone marrow mast cells 

(BMMC) derived from wild-type and PKCtheta-deficient mice shows that upon FceRI cross 

linking, BMMCs from PKCtheta-deficient mice reduced levels of IL-6, tumor necrosis factor- 

	

15 	alpha (TNFa) and IL-13 in comparison with BMMCs from wild-type mice, suggesting a potential 

role for PKCtheta in mast cell cytokine production in addition to T cell activation (Ciarletta, A.B. 

et al., poster presentation at the 2005 American Thoracic Society International Conference). 

The studies cited above and others studies confirm the critical role of PKCtheta in T cells 

activation and in mast cell (MC) signaling. Thus an inhibitor of PKCtheta would be of therapeutic 

	

20 	benefit in treating immunological disorders and other diseases mediated by the inappropriate 

activation of T cells and MC signaling. 

Many of the kinases, whether a receptor or non-receptor tyrosine kinase or a S/T kinase 

have been found to be involved in cellular signaling pathways involved in numerous pathogenic 

conditions, including immunomodulation, inflammation, or proliferative disorders such as cancer. 

	

25 	Many autoimmune diseases and disease associated with chronic inflammation, as well as 

acute responses, have been linked to excessive or unregulated production or activity of one or 

more cytokines. 

The compounds of the invention are also useful in the treatment of cardiovascular 

disorders, such as acute myocardial infarction, acute coronary syndrome, chronic heart failure, 

	

30 	myocardial infarction, atherosclerosis, viral myocarditis, cardiac allograft rejection, and sepsis- 

associated cardiac dysfunction. Furthermore, the compounds of the present invention are also 

useful for the treatment of central nervous system disorders such as meningococcal meningitis, 

Alzheimer's disease and Parkinson's disease. 

The compounds of the invention are also useful in the treatment of an ocular condition, a 

	

35 	cancer, a solid tumor, a sarcoma, fibrosarcoma, osteoma, melanoma, retinoblastoma, a 

rhabdomyosarcoma, glioblastoma, neuroblastoma, teratocarcinoma, hypersensitivity reactions, 
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hyperkinetic movement disorders, hypersensitivity pneumonitis, hypertension, hypokinetic 

movement disorders, aordic and peripheral aneuryisms, hypothalamic-pituitary-adrenal axis 

evaluation, aortic dissection, arterial hypertension, arteriosclerosis, arteriovenous fistula, ataxia, 

spinocerebellar degenerations, streptococcal myositis, structural lesions of the cerebellum, 

	

5 	Subacute sclerosing panencephalitis, Syncope, syphilis of the cardiovascular system, systemic 

anaphalaxis, systemic inflammatory response syndrome, systemic onset juvenile rheumatoid 

arthritis, T-cell or FAB ALL, Telangiectasia, thromboangitis obliterans, transplants, 

trauma/hemorrhage, type III hypersensitivity reactions, type IV hypersensitivity, unstable angina, 

uremia, urosepsis, urticaria, valvular heart diseases, varicose veins, vasculitis, venous diseases, 

	

10 	venous thrombosis, ventricular fibrillation, viral and fungal infections, vital encephalitis/aseptic 

meningitis, vital-associated hemaphagocytic syndrome, Wernicke-Korsakoff syndrome, Wilson's 

disease, xenograft rejection of any organ or tissue, heart transplant rejection, hemachromatosis, 

hemodialysis, hemolytic uremic syndrome/thrombolytic thrombocytopenic purpura, hemorrhage, 

idiopathic pulmonary fibrosis, antibody mediated cytotoxicity, Asthenia, infantile spinal muscular 

15 atrophy, inflammation of the aorta, influenza A, ionizing radiation exposure, 

iridocyclitis/uveitis/optic neuritis, juvenile spinal muscular atrophy, lymphoma, myeloma, 

leukaemia, malignant ascites, hematopoietic cancers, a diabetic condition such as insulin-

dependent diabetes mellitus glaucoma, diabetic retinopathy or microangiopathy, sickle cell 

anaemia, chronic inflammation, glomerulonephritis, graft rejection, Lyme disease, von Hippel 

	

20 	Lindau disease, pemphigoid, Paget's disease, fibrosis, sarcoidosis, cirrhosis, thyroiditis, 

hyperviscosity syndrome, Osler-Weber-Rendu disease, chronic occlusive pulmonary disease, 

asthma or edema following burns, trauma, radiation, stroke, hypoxia, ischemia, ovarian 

hyperstimulation syndrome, post perfusion syndrome, post pump syndrome, post-MI cardiotomy 

syndrome, preeclampsia, menometrorrhagia, endometriosis, pulmonary hypertension, infantile 

	

25 	hemangioma, or infection by Herpes simplex, Herpes Zoster, human immunodeficiency virus, 

parapoxvirus, protozoa or toxoplasmosis, progressive supranucleo palsy, primary pulmonary 

hypertension, radiation therapy, Raynaud's phenomenon, Raynaud's disease, Refsum's disease, 

regular narrow QRS tachycardia, renovascular hypertension, restrictive cardiomyopathy, sarcoma, 

senile chorea, senile dementia of Lewy body type, shock, skin allograft, skin changes syndrome, 

	

30 	ocular or macular edema, ocular neovascular disease, scleritis, radial keratotomy, uveitis, vitritis, 

myopia, optic pits, chronic retinal detachment, post-laser treatment complications, conjunctivitis, 

Stargardt's disease, Eales disease, retinopathy, macular degeneration, restenosis, 

ischemia/reperfusion injury, ischemic stroke, vascular occlusion, carotid obstructive disease, 

ulcerative colitis, inflammatory bowel disease, diabetes, diabetes mellitus, insulin dependent 

	

35 	diabetes mellitus, allergic diseases, dermatitis scleroderma, graft versus host disease, organ 

transplant rejection (including but not limited to bone marrow and solid organ rejection), acute or 

chronic immune disease associated with organ transplantation, sarcoidosis, disseminated 
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intravascular coagulation, Kawasaki's disease, nephrotic syndrome, chronic fatigue syndrome, 

Wegener's granulomatosis, Henoch-Schoenlein purpurea, microscopic vasculitis of the kidneys, 

chronic active hepatitis, septic shock, toxic shock syndrome, sepsis syndrome, cachexia, 

infectious diseases, parasitic diseases, acquired immunodeficiency syndrome, acute transverse 

	

5 	myelitis, Huntington's chorea, stroke, primary biliary cirrhosis, hemolytic anemia, malignancies, 

Addison's disease, idiopathic Addison's disease, sporadic, polyglandular deficiency type I and 

polyglandular deficiency type II, Schmidt's syndrome, adult (acute) respiratory distress syndrome, 

alopecia, alopecia areata, seronegative arthopathy, arthropathy, Reiter's disease, psoriatic 

arthropathy, ulcerative colitic arthropathy, enteropathic synovitis, chlamydia, yersinia and 

10 salmonella associated arthropathy, atheromatous disease/arteriosclerosis, atopic allergy, 

autoimmune bullous disease, pemphigus vulgaris, pemphigus foliaceus, pemphigoid, linear IgA 

disease, autoimmune haemolytic anaemia, Coombs positive haemolytic anaemia, acquired 

pernicious anaemia, juvenile pernicious anaemia, peripheral vascular disorders, peritonitis, 

pernicious anemia, myalgic encephalitis/Royal Free Disease, chronic mucocutaneous candidiasis, 

	

15 	giant cell arteritis, primary sclerosing hepatitis, cryptogenic autoimmune hepatitis, Acquired 

Immunodeficiency Disease Syndrome, Acquired Immunodeficiency Related Diseases, Hepatitis 

A, Hepatitis B, Hepatitis C, His bundle arrythmias, HIV infection/HIV neuropathy, common 

varied immunodeficiency (common variable hypogammaglobulinaemia), dilated cardiomyopathy, 

female infertility, ovarian failure, premature ovarian failure, fibrotic lung disease, chronic wound 

	

20 	healing, cryptogenic fibrosing alveolitis, post-inflammatory interstitial lung disease, interstitial 

pneumonitis, pneumocystis carinii pneumonia, pneumonia, connective tissue disease associated 

interstitial lung disease, mixed connective tissue disease, associated lung disease, systemic 

sclerosis associated interstitial lung disease, rheumatoid arthritis associated interstitial lung 

disease, systemic lupus erythematosus associated lung disease, dermatomyositis/polymyositis 

	

25 	associated lung disease, Sjogren's disease associated lung disease, ankylosing spondylitis 

associated lung disease, vasculitic diffuse lung disease, haemosiderosis associated lung disease, 

drug-induced interstitial lung disease, radiation fibrosis, bronchiolitis obliterans, chronic 

eosinophilic pneumonia, lymphocytic infiltrative lung disease, postinfectious interstitial lung 

disease, gouty arthritis, autoimmune hepatitis, type-1 autoimmune hepatitis (classical autoimmune 

	

30 	or lupoid hepatitis), type-2 autoimmune hepatitis (anti-LKM antibody hepatitis), autoimmune 

mediated hypoglycaemia, type B insulin resistance with acanthosis nigricans, 

hypoparathyroidism, acute immune disease associated with organ transplantation, chronic 

immune disease associated with organ transplantation, osteoarthritis, primary sclerosing 

cholangitis, psoriasis type 1, psoriasis type 2, idiopathic leucopaenia, autoimmune neutropaenia, 

	

35 	renal disease NOS, glomerulonephritides, microscopic vasulitis of the kidneys, Lyme disease, 

discoid lupus erythematosus, male infertility idiopathic or NOS, sperm autoimmunity, multiple 

sclerosis (all subtypes), sympathetic ophthalmia, pulmonary hypertension secondary to connective 
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tissue disease, acute and chronic pain (different forms of pain), Goodpasture's syndrome, 

pulmonary manifestation of polyarteritis nodosa, acute rheumatic fever, rheumatoid spondylitis, 

Still's disease, systemic sclerosis, Sjogren's syndrome, Takayasu's disease/arteritis, autoimmune 

thrombocytopaenia, toxicity, transplants, and diseases involving inappropriate vascularization for 

	

5 	example diabetic retinopathy, retinopathy of prematurity, choroidal neovascularization due to 

age-related macular degeneration, and infantile hemangiomas in human beings. In addition, such 

compounds may be useful in the treatment of disorders such as ascites, effusions, and exudates, 

including for example macular edema, cerebral edema, acute lung injury, adult respiratory distress 

syndrome (ARDS), proliferative disorders such as restenosis, fibrotic disorders such as hepatic 

	

10 	cirrhosis and atherosclerosis, mesangial cell proliferative disorders such as diabetic nephropathy, 

malignant nephrosclerosis, thrombotic microangiopathy syndromes, and glomerulopathies, 

myocardial angiogenesis, coronary and cerebral collaterals, ischemic limb angiogenesis, 

ischemia/reperfusion injury, peptic ulcer Helicobacter related diseases, virally-induced angiogenic 

disorders, preeclampsia, menometrorrhagia, cat scratch fever, rubeosis, neovascular glaucoma 

	

15 	and retinopathies such as those associated with diabetic retinopathy, retinopathy of prematurity, or 

age-related macular degeneration. In addition, these compounds can be used as active agents 

against hyperproliferative disorders such as thyroid hyperplasia (especially Grave's disease), and 

cysts (such as hypervascularity of ovarian stroma characteristic of polycystic ovarian syndrome 

(Stein-Leventhal syndrome) and polycystic kidney disease since such diseases require a 

	

20 	proliferation of blood vessel cells for growth and/or metastasis. 

Compounds of Formula (I) of the invention can be used alone or in combination with an 

additional agent, e.g., a therapeutic agent, said additional agent being selected by the skilled 

artisan for its intended purpose. For example, the additional agent can be a therapeutic agent art-

recognized as being useful to treat the disease or condition being treated by the compound of the 

	

25 	present invention. The additional agent also can be an agent that imparts a beneficial attribute to 

the therapeutic composition e.g., an agent that affects the viscosity of the composition. 

It should further be understood that the combinations which are to be included within this 

invention are those combinations useful for their intended purpose. The agents set forth below are 

illustrative for purposes and not intended to be limited. The combinations, which are part of this 

	

30 	invention, can be the compounds of the present invention and at least one additional agent 

selected from the lists below. The combination can also include more than one additional agent, 

e.g., two or three additional agents if the combination is such that the formed composition can 

perform its intended function. 

Preferred combinations are non-steroidal anti-inflammatory drug(s) also referred to as 

	

35 	NSAIDS which include drugs like ibuprofen. Other preferred combinations are corticosteroids 

including prednisolone; the well known side-effects of steroid use can be reduced or even 

eliminated by tapering the steroid dose required when treating patients in combination with the 
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compounds of this invention. Non-limiting examples of therapeutic agents for rheumatoid 

arthritis with which a compound of Formula (I) of the invention can be combined include the 

following: cytokine suppressive anti-inflammatory drug(s) (CSAIDs); antibodies to or antagonists 

of other human cytokines or growth factors, for example, TNF, LT, IL-1, IL-2, IL-3, IL-4, IL-5, 

	

5 	IL-6, IL-7, IL-8, IL-12, IL-15, IL-16, IL-21, IL-23, interferons, EMAP-II, GM-CSF, FGF, and 

PDGF. Compounds of the invention can be combined with antibodies to cell surface molecules 

such as CD2, CD3, CD4, CD8, CD25, CD28, CD30, CD40, CD45, CD69, CD80 (B7.1), CD86 

(B7.2), CD90, CTLA or their ligands including CD154 (gp39 or CD4OL). 

Preferred combinations of therapeutic agents may interfere at different points in the 

	

10 	autoimmune and subsequent inflammatory cascade; preferred examples include TNF antagonists 

like chimeric, humanized or human TNF antibodies, D2E7 (U.S. Patent 6,090,382, HUMIRATM), 

CA2 (REMICADETm), SIMPONIrm  (golimumab), CIMZIATm, ACTEMRATM, CDP 571, and 

soluble p55 or p75 TNF receptors, derivatives, thereof, (p75TNFR1gG (ENBRELTM) or 

p55TNFR1gG (Lenercept), and also TNFc converting enzyme (TACE) inhibitors; similarly IL-1 

	

15 	inhibitors (Interleukin-l-converting enzyme inhibitors, IL-1RA etc.) may be effective for the 

same reason. Other preferred combinations include Interleukin 11. Yet other preferred 

combinations are the other key players of the autoimmune response which may act parallel to, 

dependent on or in concert with IL-18 function; especially preferred are IL-12 antagonists 

including IL-12 antibodies or soluble IL-12 receptors, or IL-12 binding proteins. It has been 

	

20 	shown that IL-12 and IL-18 have overlapping but distinct functions and a combination of 

antagonists to both may be most effective. Yet another preferred combination is non-depleting 

anti-CD4 inhibitors. Yet other preferred combinations include antagonists of the co-stimulatory 

pathway CD80 (B7.1) or CD86 (B7.2) including antibodies, soluble receptors or antagonistic 

ligands. 

	

25 	A compound of Formula (I) of the invention may also be combined with agents, such as 

methotrexate, 6-MP, azathioprine sulphasalazine, mesalazine, olsalazine chloroquinine/ 

hydroxychloroquine, pencillamine, aurothiomalate (intramuscular and oral), azathioprine, 

cochicine, corticosteroids (oral, inhaled and local injection), beta-2 adrenoreceptor agonists 

(salbutamol, terbutaline, salmeteral), xanthines (theophylline, aminophylline), cromoglycate, 

30 nedocromil, ketotifen, ipratropium and oxitropium, cyclosporin, FK506, rapamycin, 

mycophenolate mofetil, leflunomide, NSAIDs, for example, ibuprofen, corticosteroids such as 

prednisolone, phosphodiesterase inhibitors, adensosine agonists, antithrombotic agents, 

complement inhibitors, adrenergic agents, agents which interfere with signalling by 

proinflammatory cytokines such as TNFc 	or IL-1 (e.g., NIK, IKK, p38 or MAP kinase 

	

35 	inhibitors), IL-10 converting enzyme inhibitors, T-cell signalling inhibitors such as kinase 

inhibitors, metalloproteinase inhibitors, sulfasalazine, 6-mercaptopurines, angiotensin converting 
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enzyme inhibitors, soluble cytokine receptors and derivatives thereof (e.g. soluble p55 or p75 

TNF receptors and the derivatives p75TNFRIgG (EnbrelTM) and p55TNFRIgG (Lenercept), sIL-

1RI, sIL-1RII, sIL-6R), antiinflammatory cytokines (e.g. IL-4, IL-10, IL-11, IL-13 and TGF(3), 

celecoxib, folic acid, hydroxychloroquine sulfate, rofecoxib, etanercept, infliximab, naproxen, 

	

5 	valdecoxib, sulfasalazine, methylprednisolone, meloxicam, methylprednisolone acetate, gold 

sodium thiomalate, aspirin, triamcinolone acetonide, propoxyphene napsylate/apap, folate, 

nabumetone, diclofenac, piroxicam, etodolac, diclofenac sodium, oxaprozin, oxycodone HC1, 

hydrocodone bitartrate/apap, diclofenac sodium/misoprostol, fentanyl, anakinra, tramadol HC1, 

salsalate, sulindac, cyanocobalamin/fa/pyridoxine, acetaminophen, alendronate sodium, 

10 prednisolone, morphine sulfate, lidocaine hydrochloride, indomethacin, glucosamine 

sulf/chondroitin, amitriptyline HC1, sulfadiazine, oxycodone HC1/acetaminophen, olopatadine 

HC1 misoprostol, naproxen sodium, omeprazole, cyclophosphamide, rituximab, IL-1 TRAP, 

MRA, CTLA4-IG, IL-18 BP, anti-IL-12, Anti-IL15, BIRB-796, SCIO-469, VX-702, AMG-548, 

VX-740, Roflumilast, IC-485, CDC-801, S1P1 agonists (such as FTY720), PKC family inhibitors 

	

15 	(such as Ruboxistaurin or AEB-071) and Mesopram. Preferred combinations include 

methotrexate or leflunomide and in moderate or severe rheumatoid arthritis cases, cyclosporine 

and anti-TNF antibodies as noted above. 

Non-limiting examples of therapeutic agents for inflammatory bowel disease with which 

a compound of Formula (I) of the invention can be combined include the following: budenoside; 

20 epidermal growth factor; corticosteroids; cyclosporin, sulfasalazine; aminosalicylates; 6-

mercaptopurine; azathioprine; metronidazole; lipoxygenase inhibitors; mesalamine; olsalazine; 

balsalazide; antioxidants; thromboxane inhibitors; IL-1 receptor antagonists; anti-IL-1(3 

monoclonal antibodies; anti-IL-6 monoclonal antibodies; growth factors; elastase inhibitors; 

pyridinyl-imidazole compounds; antibodies to or antagonists of other human cytokines or growth 

	

25 	factors, for example, TNF, LT, IL-1, IL-2, IL-6, IL-7, IL-8, IL-12, IL-15, IL-16, IL-23, EMAP-II, 

GM-CSF, FGF, and PDGF; cell surface molecules such as CD2, CD3, CD4, CD8, CD25, CD28, 

CD30, CD40, CD45, CD69, CD90 or their ligands; methotrexate; cyclosporine; FK506; 

rapamycin; mycophenolate mofetil; leflunomide; NSAIDs, for example, ibuprofen; 

corticosteroids such as prednisolone; phosphodiesterase inhibitors; adenosine agonists; 

	

30 	antithrombotic agents; complement inhibitors; adrenergic agents; agents which interfere with 

signalling by proinflammatory cytokines such as TNFa or IL-1 (e.g. NIK, IKK, or MAP kinase 

inhibitors); IL-1(3 converting enzyme inhibitors; TNFa converting enzyme inhibitors; T-cell 

signalling inhibitors such as kinase inhibitors; metalloproteinase inhibitors; sulfasalazine; 

azathioprine; 6-mercaptopurines; angiotensin converting enzyme inhibitors; soluble cytokine 

	

35 	receptors and derivatives thereof (e.g. soluble p55 or p75 TNF receptors, sIL-1RI, sIL-1RH, sIL- 

6R) and antiinflammatory cytokines (e.g. IL-4, IL-10, IL-11, IL-13 and TGF(3). Preferred 
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examples of therapeutic agents for Crohn's disease with which a compound of Formula (I) can be 

combined include the following: TNF antagonists, for example, anti-TNF antibodies, D2E7 (U.S. 

Patent 6,090,382, HUMIRATm), CA2 (REMICADETM), CDP 571, TNFR-Ig constructs, 

(p75TNFRIgG (ENBRELTM) and p55TNFRIgG (LENERCEPTTM) inhibitors and PDE4 

	

5 	inhibitors. A compound of Formula (I) can be combined with corticosteroids, for example, 

budenoside and dexamethasone; sulfasalazine, 5-aminosalicylic acid; olsalazine; and agents 

which interfere with synthesis or action of proinflammatory cytokines such as IL-1, for example, 

IL-1(3 converting enzyme inhibitors and IL-lra; T cell signaling inhibitors, for example, tyrosine 

kinase inhibitors 6-mercaptopurines; IL-11; mesalamine; prednisone; azathioprine; 

	

10 	mercaptopurine; infliximab; methylprednisolone sodium succinate; diphenoxylate/atrop sulfate; 

loperamide hydrochloride; methotrexate; omeprazole; folate; ciprofloxacin/dextrose-water; 

hydrocodone bitartrate/apap; tetracycline hydrochloride; fluocinonide; metronidazole; 

thimerosal/boric acid; cholestyramine/sucrose; ciprofloxacin hydrochloride; hyoscyamine sulfate; 

meperidine hydrochloride; midazolam hydrochloride; oxycodone HC1/acetaminophen; 

	

15 	promethazine hydrochloride; sodium phosphate; sulfamethoxazole/trimethoprim; celecoxib; 

polycarbophil; propoxyphene napsylate; hydrocortisone; multivitamins; balsalazide disodium; 

codeine phosphate/apap; colesevelam HC1; cyanocobalamin; folic acid; levofloxacin; 

methylprednisolone; natalizumab and interferon-gamma. 

Non-limiting examples of therapeutic agents for multiple sclerosis with which a 

	

20 	compound of Formula (I) can be combined include the following: corticosteroids; prednisolone; 

methylprednisolone; azathioprine; cyclophosphamide; cyclosporine; methotrexate; 4- 

aminopyridine; 	tizanidine; 	interferon-(31a 	(AVONEX®; 	Biogen); 	interferon- n 1 b 

(BETASERON®; Chiron/Berlex); interferon a-n3) (Interferon Sciences/Fujimoto), interferon-a 

(Alfa Wassermann/J&J), interferon f31A-IF (Serono/Inhale Therapeutics), Peginterferon a 2b 

	

25 	(Enzon/Schering-Plough), Copolymer 1 (Cop-1; COPAXONE®; Teva Pharmaceutical Industries, 

Inc.); hyperbaric oxygen; intravenous immunoglobulin; cladribine; antibodies to or antagonists of 

other human cytokines or growth factors and their receptors, for example, TNF, LT, IL-1, IL-2, 

IL-6, IL-7, IL-8, IL-12, IL-23, IL-15, IL-16, EMAP-II, GM-CSF, FGF, and PDGF. A compound 

of Formula (I) can be combined with antibodies to cell surface molecules such as CD2, CD3, 

	

30 	CD4, CD8, CD19, CD20, CD25, CD28, CD30, CD40, CD45, CD69, CD80, CD86, CD90 or their 

ligands. A compound of Formula (I) may also be combined with agents such as methotrexate, 

cyclosporine, FK506, rapamycin, mycophenolate mofetil, leflunomide, an S1P1 agonist, NSAIDs, 

for example, ibuprofen, corticosteroids such as prednisolone, phosphodiesterase inhibitors, 

adensosine agonists, antithrombotic agents, complement inhibitors, adrenergic agents, agents 

	

35 	which interfere with signalling by proinflammatory cytokines such as TNFa or IL-1 (e.g., NIK, 

IKK, p38 or MAP kinase inhibitors), IL-1f3 converting enzyme inhibitors, TACE inhibitors, T-cell 

54 



signaling inhibitors such as kinase inhibitors, metalloproteinase inhibitors, sulfasalazine, 

azathioprine, 6-mercaptopurines, angiotensin converting enzyme inhibitors, soluble cytokine 

receptors and derivatives thereof (e.g. soluble p55 or p75 TNF receptors, sIL-1RI, sIL-1RII, sIL-

6R) and antiinflammatory cytokines (e.g. IL-4, IL-10, IL-13 and TGF(3). 

	

5 	Preferred examples of therapeutic agents for multiple sclerosis in which a compound of 

Formula (I) can be combined to include interferon-13, for example, 1FM 1 a and IFN(31b; 

copaxone, corticosteroids, caspase inhibitors, for example inhibitors of caspase-1, IL-1 inhibitors, 

TNF inhibitors, and antibodies to CD40 ligand and CD80. 

A compound of Formula (I) may also be combined with agents, such as alemtuzumab, 

	

10 	dronabinol, daclizumab, mitoxantrone, xaliproden hydrochloride, fampridine, glatiramer acetate, 

natalizumab, sinnabidol, cc-immunokine NNSO3, ABR-215062, AnergiX.MS, chemokine 

receptor antagonists, BBR-2778, calagualine, CPI-1189, LEM (liposome encapsulated 

mitoxantrone), THC.CBD (cannabinoid agonist), MBP-8298, mesopram (PDE4 inhibitor), MNA-

715, anti-IL-6 receptor antibody, neurovax, pirfenidone allotrap 1258 (RDP-1258), sTNF-R1, 

	

15 	talampanel, teriflunomide, TGF-beta2, tiplimotide, VLA-4 antagonists (for example, TR-14035, 

VLA4 Ultrahaler, Antegran-ELAN/Biogen), interferon gamma antagonists and IL-4 agonists. 

Non-limiting examples of therapeutic agents for ankylosing spondylitis with which a 

compound of Formula (I) can be combined include the following: ibuprofen, diclofenac, 

misoprostol, naproxen, meloxicam, indomethacin, diclofenac, celecoxib, rofecoxib, sulfasalazine, 

	

20 	methotrexate, azathioprine, minocyclin, prednisone, and anti-TNF antibodies, D2E7 (U.S. Patent 

6,090,382; HUMIRATm), CA2 (REMICADETm), CDP 571, TNFR-Ig constructs, (p75TNFRIgG 

(ENBRELTM) and p55TNFRIgG (LENERCEPT1m) 

Non-limiting examples of therapeutic agents for asthma with which a compound of 

Formula (I) can be combined include the following: albuterol, salmeterol/fluticasone, montelukast 

	

25 	sodium, fluticasone propionate, budesonide, prednisone, salmeterol xinafoate, levalbuterol HC1, 

albuterol sulfate/ipratropium, prednisolone sodium phosphate, triamcinolone acetonide, 

beclomethasone dipropionate, ipratropium bromide, azithromycin, pirbuterol acetate, 

prednisolone, theophylline anhydrous, methylprednisolone sodium succinate, clarithromycin, 

zafirlukast, formoterol fumarate, influenza virus vaccine, amoxicillin trihydrate, flunisolide, 

30 allergy injection, cromolyn sodium, fexofenadine hydrochloride, flunisolide/menthol, 

amoxicillin/clavulanate, levofloxacin, inhaler assist device, guaifenesin, dexamethasone sodium 

phosphate, moxifloxacin HC1, doxycycline hyclate, guaifenesin/d-methorphan, p-

ephedrine/cod/chlorphenir, gatifloxacin, cetirizine hydrochloride, mometasone furoate, salmeterol 

xinafoate, benzonatate, cephalexin, pe/hydrocodone/chlorphenir, cetirizine HC1/pseudoephed, 

35 phenylephrine/cod/promethazine, codeine/promethazine, cefprozil, dexamethasone, 
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guaifenesin/pseudoephedrine, chlorpheniramine/hydrocodone, nedocromil sodium, terbutaline 

sulfate, epinephrine, methylprednisolone, anti-IL-13 antibody, and metaproterenol sulfate. 

Non-limiting examples of therapeutic agents for COPD with which a compound of 

Formula (I) can be combined include the following: albuterol sulfate/ipratropium, ipratropium 

5 bromide, salmeterol/fluticasone, albuterol, salmeterol xinafoate, fluticasone propionate, 

prednisone, theophylline anhydrous, methylprednisolone sodium succinate, montelukast sodium, 

budesonide, formoterol fumarate, triamcinolone acetonide, levofloxacin, guaifenesin, 

azithromycin, beclomethasone dipropionate, levalbuterol HC1, flunisolide, ceftriaxone sodium, 

amoxicillin trihydrate, gatifloxacin, zafirlukast, amoxicillin/clavulanate, flunisolide/menthol, 

10 

	

	chlorpheniramine/hydrocodone, metaproterenol sulfate, methylprednisolone, mometasone furoate, 

p-ephedrine/cod/chlorphenir, pirbuterol acetate, p-ephedrine/loratadine, terbutaline sulfate, 

tiotropium bromide, (R,R)-formoterol, TgAAT, cilomilast and roflumilast. 

Non-limiting examples of therapeutic agents for HCV with which a compound of 

Formula (I) can be combined include the following: Interferon-alpha-2a, Interferon-alpha-20, 

15 

	

	Interferon-alpha conl, Interferon-alpha-nl, pegylated interferon-alpha-2a, pegylated interferon- 

alpha-41, ribavirin, peginterferon alfa-2b + ribavirin, ursodeoxycholic acid, glycyrrhizic acid, 

thymalfasin, Maxamine, VX-497 and any compounds that are used to treat HCV through 

intervention with the following targets: HCV polymerase, HCV protease, HCV helicase, and 

HCV IRES (internal ribosome entry site). 

20 

	

	Non-limiting examples of therapeutic agents for Idiopathic Pulmonary Fibrosis with 

which a compound of Formula (I) can be combined include the following: prednisone, 

azathioprine, albuterol, colchicine, albuterol sulfate, digoxin, gamma interferon, 

methylprednisolone sodium succinate, lorazepam, furosemide, lisinopril, nitroglycerin, 

spironolactone, cyclophosphamide, ipratropium bromide, actinomycin d, alteplase, fluticasone 

25 

	

	propionate, levofloxacin, metaproterenol sulfate, morphine sulfate, oxycodone HCI, potassium 

chloride, triamcinolone acetonide, tacrolimus anhydrous, calcium, interferon-alpha, methotrexate, 

mycophenolate mofetil and interferon-gamma-l (3. 

Non-limiting examples of therapeutic agents for myocardial infarction with which a 

compound of Formula (I) can be combined include the following: aspirin, nitroglycerin, 

30 

	

	metoprolol tartrate, enoxaparin sodium, heparin sodium, clopidogrel bisulfate, carvedilol, 

atenolol, morphine sulfate, metoprolol succinate, warfarin sodium, lisinopril, isosorbide 

mononitrate, digoxin, furosemide, simvastatin, ramipril, tenecteplase, enalapril maleate, 

torsemide, retavase, losartan potassium, quinapril hydrochloride/magnesium carbonate, 

bumetanide, alteplase, enalaprilat, amiodarone hydrochloride, tirofiban HC1 m-hydrate, diltiazem 

35 

	

	hydrochloride, captopril, irbesartan, valsartan, propranolol hydrochloride, fosinopril sodium, 

lidocaine hydrochloride, eptifibatide, cefazolin sodium, atropine sulfate, aminocaproic acid, 
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spironolactone, interferon, sotalol hydrochloride, potassium chloride, docusate sodium, 

dobutamine HC1, alprazolam, pravastatin sodium, atorvastatin calcium, midazolam hydrochloride, 

meperidine hydrochloride, isosorbide dinitrate, epinephrine, dopamine hydrochloride, bivalirudin, 

rosuvastatin, ezetimibe/simvastatin, avasimibe, and cariporide. 

	

5 	Non-limiting examples of therapeutic agents for psoriasis with which a compound of 

Formula (I) can be combined include the following: calcipotriene, clobetasol propionate, 

triamcinolone acetonide, halobetasol propionate, tazarotene, methotrexate, fluocinonide, 

betamethasone diprop augmented, fluocinolone acetonide, acitretin, tar shampoo, betamethasone 

valerate, mometasone furoate, ketoconazole, pramoxine/fluocinolone, hydrocortisone valerate, 

	

10 	flurandrenolide, urea, betamethasone, clobetasol propionate/emoll, fluticasone propionate, 

azithromycin, hydrocortisone, moisturizing formula, folic acid, desonide, pimecrolimus, coal tar, 

diflorasone diacetate, etanercept folate, lactic acid, methoxsalen, he/bismuth subgal/znox/resor, 

methylprednisolone acetate, prednisone, sunscreen, halcinonide, salicylic acid, anthralin, 

clocortolone pivalate, coal extract, coal tar/salicylic acid, coal tar/salicylic acid/sulfur, 

	

15 	desoximetasone, diazepam, emollient, fluocinonide/emollient, mineral oil/castor oil/na lact, 

mineral oil/peanut oil, petroleum/isopropyl myristate, psoralen, salicylic acid, soap/tribromsalan, 

thimerosal/boric acid, celecoxib, infliximab, cyclosporine, alefacept, efalizumab, tacrolimus, 

pimecrolimus, PUVA, UVB, sulfasalazine, ABT-874 and ustekinamab. 

Non-limiting examples of therapeutic agents for psoriatic arthritis with which a 

	

20 	compound of Formula (I) can be combined include the following: methotrexate, etanercept, 

rofecoxib, celecoxib, folic acid, sulfasalazine, naproxen, leflunomide, methylprednisolone acetate, 

indomethacin, hydroxychloroquine sulfate, prednisone, sulindac, betamethasone diprop 

augmented, infliximab, methotrexate, folate, triamcinolone acetonide, diclofenac, 

dimethylsulfoxide, piroxicam, diclofenac sodium, ketoprofen, meloxicam, methylprednisolone, 

	

25 	nabumetone, tolmetin sodium, calcipotriene, cyclosporine, diclofenac sodium/misoprostol, 

fluocinonide, glucosamine sulfate, gold sodium thiomalate, hydrocodone bitartrate/apap, 

ibuprofen, risedronate sodium, sulfadiazine, thioguanine, valdecoxib, alefacept, D2E7 (U.S. 

Patent 6,090,382, HUMIRATm), and efalizumab. 

Non-limiting examples of therapeutic agents for restenosis with which a compound of 

	

30 	Formula (I) can be combined include the following: sirolimus, paclitaxel, everolimus, tacrolimus, 

ABT-578, and acetaminophen. 

Non-limiting examples of therapeutic agents for sciatica with which a compound of 

Formula (I) can be combined include the following: hydrocodone bitartrate/apap, rofecoxib, 

cyclobenzaprine HC1, methylprednisolone, naproxen, ibuprofen, oxycodone HC1/acetaminophen, 

	

35 	celecoxib, valdecoxib, methylprednisolone acetate, prednisone, codeine phosphate/apap, tramadol 

hcl/acetaminophen, metaxalone, meloxicam, methocarbamol, lidocaine hydrochloride, diclofenac 

sodium, gabapentin, dexamethasone, carisoprodol, ketorolac tromethamine, indomethacin, 
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acetaminophen, diazepam, nabumetone, oxycodone HCI, tizanidine HC1, diclofenac 

sodium/misoprostol, propoxyphene n-pap, asa/oxycod/oxycodone ter, ibuprofen/hydrocodone bit, 

tramadol HC1, etodolac, propoxyphene HC1, amitriptyline HCI, carisoprodol/codeine phos/asa, 

morphine sulfate, multivitamins, naproxen sodium, orphenadrine citrate, and temazepam. 

	

5 	Preferred examples of therapeutic agents for SLE (Lupus) with which a compound of 

Formula (I) can be combined include the following: NSAIDS, for example, diclofenac, naproxen, 

ibuprofen, piroxicam, indomethacin; COX2 inhibitors, for example, celecoxib, rofecoxib, 

valdecoxib; anti-malarials, for example, hydroxychloroquine; steroids, for example, prednisone, 

prednisolone, budenoside, dexamethasone; cytotoxics, for example, azathioprine, 

	

10 	cyclophosphamide, mycophenolate mofetil, methotrexate; inhibitors of PDE4 or purine synthesis 

inhibitor, for example Cellcept®. A compound of Formula (I) may also be combined with agents 

such as sulfasalazine, 5-aminosalicylic acid, olsalazine, Imuran® and agents which interfere with 

synthesis, production or action of proinflammatory cytokines such as IL-1, for example, caspase 

inhibitors like IL-1(3 converting enzyme inhibitors and IL- lra. A compound of Formula (I) may 

	

15 	also be used with T cell signaling inhibitors, for example, tyrosine kinase inhibitors; or molecules 

that target T cell activation molecules, for example, CTLA-4-IgG or anti-B7 family antibodies, 

anti-PD-1 family antibodies. A compound of Formula (I) can be combined with IL-11 or anti-

cytokine antibodies, for example, fonotolizumab (anti-IFNg antibody), or anti-receptor receptor 

antibodies, for example, anti-IL-6 receptor antibody and antibodies to B-cell surface molecules. A 

	

20 	compound of Formula (I) may also be used with LP 394 (abetimus), agents that deplete or 

inactivate B-cells, for example, Rituximab (anti-CD20 antibody), lymphostat-B (anti-B1yS 

antibody), TNF antagonists, for example, anti-TNF antibodies, D2E7 (U.S. Patent 6,090,382; 

HUMIRATM), CA2 (REMICADErm), CDP 571, TNFR-Ig constructs, (p75TNFRIgG 

(ENBRELTM) and p55TNFRIgG (LENERCEPTTm). 

	

25 	In this invention, the following definitions are applicable: 

A "therapeutically effective amount" is an amount of a compound of Formula (I) or a 

combination of two or more such compounds, which inhibits, totally or partially, the progression 

of the condition or alleviates, at least partially, one or more symptoms of the condition. A 

therapeutically effective amount can also be an amount which is prophylactically effective. The 

	

30 	amount which is therapeutically effective will depend upon the patient's size and gender, the 

condition to be treated, the severity of the condition and the result sought. For a given patient, a 

therapeutically effective amount can be determined by methods known to those of skill in the art. 

"Pharmaceutically acceptable salts" refers to those salts which retain the biological 

effectiveness and properties of the free bases and which are obtained by reaction with inorganic 

	

35 	acids, for example, hydrochloric acid, hydrobromic acid, sulfuric acid, nitric acid, and phosphoric 

acid or organic acids such as sulfonic acid, carboxylic acid, organic phosphoric acid, 

methanesulfonic acid, ethanesulfonic acid, p-toluenesulfonic acid, citric acid, fumaric acid, maleic 
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acid, succinic acid, benzoic acid, salicylic acid, lactic acid, tartaric acid (e.g. (+) or (-)-tartaric acid 

or mixtures thereof), amino acids (e.g. (+) or (-)-amino acids or mixtures thereof), and the like. 

These salts can be prepared by methods known to those skilled in the art. 

Certain compounds of Formula (I) which have acidic substituents may exist as salts with 

	

5 	pharmaceutically acceptable bases. The present invention includes such salts. Examples of such 

salts include sodium salts, potassium salts, lysine salts and arginine salts. These salts may be 

prepared by methods known to those skilled in the art. 

Certain compounds of Formula (I) and their salts may exist in more than one crystal form 

and the present invention includes each crystal form and mixtures thereof 

	

10 	Certain compounds of Formula (I) and their salts may also exist in the form of solvates, 

for example hydrates, and the present invention includes each solvate and mixtures thereof. 

Certain compounds of Formula (I) may contain one or more chiral centers, and exist in 

different optically active forms. When compounds of Formula (I) contain one chiral center, the 

compounds exist in two enantiomeric forms and the present invention includes both enantiomers 

	

15 	and mixtures of enantiomers, such as racemic mixtures. The enantiomers may be resolved by 

methods known to those skilled in the art, for example by formation of diastereoisomeric salts 

which may be separated, for example, by crystallization; formation of diastereoisomeric 

derivatives or complexes which may be separated, for example, by crystallization, gas-liquid or 

liquid chromatography; selective reaction of one enantiomer with an enantiomer-specific reagent, 

	

20 	for example enzymatic esterification; or gas-liquid or liquid chromatography in a chiral 

environment, for example on a chiral support for example silica with a bound chiral ligand or in 

the presence of a chiral solvent. It will be appreciated that where the desired enantiomer is 

converted into another chemical entity by one of the separation procedures described above, a 

further step is required to liberate the desired enantiomeric form. Alternatively, specific 

	

25 	enantiomers may be synthesized by asymmetric synthesis using optically active reagents, 

substrates, catalysts or solvents, or by converting one enantiomer into the other by asymmetric 

transformation. 

When a compound of Formula (I) contains more than one chiral center, it may exist in 

diastereoisomeric forms. The diastereoisomeric compounds may be separated by methods known 

	

30 	to those skilled in the art, for example chromatography or crystallization and the individual 

enantiomers may be separated as described above. The present invention includes each 

diastereoisomer of compounds of Formula (I), and mixtures thereof 

Certain compounds of Formula (I) may exist in different tautomeric forms or as different 

geometric isomers, and the present invention includes each tautomer and/or geometric isomer of 

	

35 	compounds of Formula (I) and mixtures thereof. 

Certain compounds of Formula (I) may exist in different stable conformational forms 

which may be separable. Torsional asymmetry due to restricted rotation about an asymmetric 

59 



single bond, for example because of steric hindrance or ring strain, may permit separation of 

different conformers. The present invention includes each conformational isomer of compounds 

of Formula (I) and mixtures thereof. 

Certain compounds of Formula (I) may exist in zwitterionic form and the present 

	

5 	invention includes each zwitterionic form of compounds of Formula (I) and mixtures thereof. 

As used herein the term "pro-drug" refers to an agent which is converted into the parent 

drug in vivo by some physiological chemical process (e.g., a prodrug on being brought to the 

physiological pH is converted to the desired drug form). Pro-drugs are often useful because, in 

some situations, they may be easier to administer than the parent drug. They may, for instance, be 

	

10 	bioavailable by oral administration whereas the parent drug is not. The pro-drug may also have 

improved solubility in pharmacological compositions over the parent drug. An example, without 

limitation, of a pro-drug would be a compound of the present invention wherein it is administered 

as an ester (the "pro-drug") to facilitate transmittal across a cell membrane where water solubility 

is not beneficial, but then it is metabolically hydrolyzed to the carboxylic acid once inside the cell 

	

15 	where water solubility is beneficial. 

Pro-drugs have many useful properties. For example, a pro-drug may be more water 

soluble than the ultimate drug, thereby facilitating intravenous administration of the drug. A pro-

drug may also have a higher level of oral bioavailability than the ultimate drug. After 

administration, the prodrug is enzymatically or chemically cleaved to deliver the ultimate drug in 

	

20 	the blood or tissue. 

Exemplary pro-drugs upon cleavage release the corresponding free acid, and such 

hydrolyzable ester-forming residues of the compounds of this invention include but are not 

limited to carboxylic acid substituents wherein the free hydrogen is replaced by (Ci-C4)alkyl, (C1-

C i2)alkanoyloxymethyl, (C4- C9)1- (alkanoyloxy) ethyl, 1-methyl-1-(alkanoyloxy)-ethyl having 

	

25 	from 5 to 10 carbon atoms, alkoxycarbonyloxymethyl having from 3 to 6 carbon atoms, 1- 

(alkoxycarbonyloxy)ethyl having from 4 to 7 carbon atoms, 1-methyl-1-(alkoxycarbonyloxy)ethyl 

having from 5 to 8 carbon atoms, N-(alkoxycarbonyl)aminomethyl having from 3 to 9 carbon 

atoms, 1-(N-(alkoxycarbonyl)amino)ethyl having from 4 to 10 carbon atoms, 3-phthalidyl, 4-

crotonolactonyl, gamma-butyrolacton-4-yl, di-N,N-(Ci-C2)alkylamino(C2-C3)alkyl (such as (3- 

	

30 	dimethylaminoethyl), carbamoyl-(C1-C2)alkyl, N,N-di(Ci-C2)-alkylcarbamoy1-(Ci-C2)alkyl and 

piperidino-, pyrrolidino- or morpholino(C2-C3)alkyl. 

Other exemplary pro-drugs release an alcohol of Formula (I) wherein the free hydrogen of 

the hydroxyl substituent (e.g., RI  contains hydroxyl) is replaced by (Ci-C6)alkanoyloxymethyl, 1- 

((C1-C6)alkanoyloxy)ethyl, 	 1-methyl- 1 -((C i-C6)alkanoyloxy)ethyl, 	 (C1- 

35 C12)alkoxycarbonyloxymethyl, N-(C1-C6)alkoxycarbonylamino-methyl, succinoyl, (C1-

C6)alkanoyl, a-amino(C1-C4)alkanoyl, arylactyl and a-aminoacyl, or a-aminoacyl-a-aminoacyl 
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wherein said a-aminoacyl moieties are independently any of the naturally occurring L-amino 

acids found in proteins, P(0)(OH)2, -P(0)(O(Ci-C6)alkyl)2  or glycosyl (the radical resulting from 

detachment of the hydroxyl of the hemiacetal of a carbohydrate). 

As used herein, the term "bridged (C5-C12) cycloalkyl group" means a saturated or 

	

5 	unsaturated, bicyclic or polycyclic bridged hydrocarbon group having two or three C3-C 10 

cycloalkyl rings. Non bridged cycloalkyls are excluded. Bridged cyclic hydrocarbon may include, 

such as bicyclo[2.1.1]hexyl, bicyclo[2.2.1]heptyl, bicyclo[2.2.2]octyl, bicyclo[3.2.1]octyl, 

bicyclo[4.3.1]decyl, bicyclo[3.3.1]nonyl, bornyl, bornenyl, norbornyl, norbornenyl, 6,6-

dimethylbicyclo [3.1.1]heptyl, tricyclobutyl, and adamantyl. 

	

10 	As used herein the term "bridged (C2-C10) heterocyclyl" means bicyclic or polycyclic aza- 

bridged hydrocarbon groups and may include azanorbornyl, quinuclidinyl, isoquinuclidinyl, 

tropanyl, azabicyclo [3 .2.1] octanyl, azabicyclo [2.2.1]heptanyl, 2-azabicyclo [3 .2.1] octanyl, 

azabicyclo[3.2.1]octanyl, azabicyclo[3.2.2]nonanyl, azabicyclo[3.3.0]nonanyl, and azabicyclo 

[3.3 .1]nonanyl. 

	

15 	The term "heterocyclic", "heterocyclyl" or "heterocyclylene", as used herein, include 

non-aromatic, ring systems, including, but not limited to, monocyclic, bicyclic, tricyclic and 

spirocyclic rings, which can be completely saturated or which can contain one or more units of 

unsaturation, for the avoidance of doubt, the degree of unsaturation does not result in an aromatic 

ring system) and have 5 to 12 atoms including at least one heteroatom, such as nitrogen, oxygen, 

	

20 	or sulfur. For purposes of exemplification, which should not be construed as limiting the scope of 

this invention, the following are examples of heterocyclic rings: azepinyl, azetidinyl, indolinyl, 

isoindolinyl, morpholinyl, piperazinyl, piperidinyl, pyrrolidinyl, quinucludinyl, thiomorpholinyl, 

tetrahydropyranyl, tetrahydrofuranyl, tetrahydroindolyl, thiomorpholinyl and tropanyl. 

The term "heteroaryl" or "heteroarylene" as used herein, include aromatic ring systems, 

	

25 	including, but not limited to, monocyclic, bicyclic and tricyclic rings, and have 5 to 12 atoms 

including at least one heteroatom, such as nitrogen, oxygen, or sulfur. For purposes of 

exemplification, which should not be construed as limiting the scope of this invention: azaindolyl, 

benzo(b)thienyl, benzimidazolyl, benzofuranyl, benzoxazolyl, benzothiazolyl, benzothiadiazolyl, 

benzoxadiazolyl, furanyl, imidazolyl, imidazopyridinyl, indolyl, indazolyl, isoxazolyl, 

	

30 	isothiazolyl, oxadiazolyl, oxazolyl, purinyl, pyranyl, pyrazinyl, pyrazolyl, pyridinyl, pyrimidinyl, 

pyrrolyl, pyrrolo[2,3-d]pyrimidinyl, pyrazolo[3,4-d]pyrimidinyl, quinolinyl, quinazolinyl, 

triazolyl, thiazolyl, thiophenyl, tetrazolyl, thiadiazolyl, or thienyl. 

An "heterocycloalkyl" group, as used herein, is a heterocyclic group that is linked to a 

compound by an aliphatic group having from one to about eight carbon atoms. For example, a 

	

35 	heterocycloalkyl group is a morpholinomethyl group. 

As used herein, "alkyl", "alkylene" or notations such as "(C1-C8)" include straight 

chained or branched hydrocarbons which are completely saturated. Examples of alkyls are 
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methyl, ethyl, propyl, isopropyl, butyl, pentyl, hexyl and isomers thereof As used herein, 

"alkenyl" , "alkenylene", "alkynylene" and "alkynyl" means C2-C8  and includes straight chained 

or branched hydrocarbons which contain one or more units of unsaturation, one or more double 

bonds for alkenyl and one or more triple bonds for alkynyl. 

	

5 	As used herein, "aromatic" groups (or "aryl" or "arylene" groups) include aromatic 

carbocyclic ring systems (e.g. phenyl) and fused polycyclic aromatic ring systems (e.g. naphthyl, 

biphenyl and 1,2,3,4-tetrahydronaphthyl). 

As used herein, "cycloalkyl" or "cycloalkylene" means C3-C12  monocyclic or multicyclic 

(e.g., bicyclic, tricyclic, spirocyclic, etc.) hydrocarbons that is completely saturated or has one or 

	

10 	more unsaturated bonds but does not amount to an aromatic group. Examples of a cycloalkyl 

group are cyclopropyl, cyclobutyl, cyclopentyl, cyclopentenyl, cyclohexyl and cyclohexenyl. 

As used herein, many moieties or substituents are termed as being either "substituted" or 

"optionally substituted". When a moiety is modified by one of these terms, unless otherwise 

noted, it denotes that any portion of the moiety that is known to one skilled in the art as being 

	

15 	available for substitution can be substituted, which includes one or more substituents, where if 

more than one substituent then each substituent is independently selected. Such means for 

substitution are well-known in the art and/or taught by the instant disclosure. For purposes of 

exemplification, which should not be construed as limiting the scope of this invention, some 

examples of groups that are substituents are: (Ci-C8)alkyl groups, (C2-C8)alkenyl groups, (C2- 

	

20 	C8)alkynyl groups, (C3-C10)cycloalkyl groups, halogen (F, Cl, Br or I), halogenated (C1-C8)alkyl 

groups (for example but not limited to —CF3), -O-(Ci-C8)alkyl groups, -OH, -S-(Ci-C8)alkyl 

groups, -SH, -NH(C1-C8)alkyl groups, -N((CI-C8)alky1)2  groups, -NH2, -C(0)NH2, -C(0)NH(C1-

C8)alkyl groups, -C(0)N((Ci-C8)alkyl)2, -NHC(0)H, -NHC(0) (Ci-C8)alkyl groups, -NHC(0) 

(C3-C8)cycloalkyl groups, -N((C1-C8)alkyl)C(0)H, -N((Ci-C8)alkyl)C(0)(Ci-C8)alkyl groups, - 

	

25 	NHC(0)NH2, -NHC(0)NH(Ci-C8)alkyl groups, -N((C1-C8)alkyl)C(0)NH2 groups, 	- 

NHC(0)N((Ci-C8)alky1)2 groups, -N((C -C8)alkyl)C(0)N((C i-C8)alky1)2 groups, -N((C1-

C8)alkyl)C(0)NH((Ci-C8)alkyl), -C(0)H, -C(0)(Ci-C8)alkyl groups, -CN, -NO2, -S(0)(C1-

C8)alkyl groups, -S(0)2(Ci-C8)alkyl groups, -S(0)2N((CI-C8)alkyl)2  groups, -S(0)2NH(C1-

C8)alkyl groups, -S(0)2NH(C3-C8)cycloalkyl groups, -S(0)2NH2  groups, -NHS(0)2(C1-C8)alkyl 

	

30 	groups, -N((C1-C8)alkyl)S(0)2(C1-C8)alkyl groups, -(C1-C8)alkyl-O-(Ci-C8)alkyl groups, -O-(C1- 

C8)alkyl-O-(C1-C8)alkyl groups, -C(0)OH, -C(0)0(C1-C8)alkyl groups, NHOH, NHO(Ci-

C8)alkyl groups, -O-halogenated (C1-C8)alkyl groups (for example but not limited to -OCF3), -

S(0)2-halogenated (Ci-C8)alkyl groups (for example but not limited to —S(0)2CF3), -S-

halogenated (C1-C8)alkyl groups (for example but not limited to —SCF3), -(C1-C6) heterocycle (for 

	

35 	example but not limited to pyrrolidine, tetrahydrofuran, pyran or morpholine), -(C1-C6) heteroaryl 

(for example but not limited to tetrazole, imidazole, furan, pyrazine or pyrazole), -phenyl, - 
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NHC(0)O-(C1-C6)alkyl groups, -N((Ci-C6)alkyl)C(0)0-(C1-C6)alkyl groups, -C(=NH)-(C1-

C6)alkyl groups, -C(=NOH)-(CI-C6)alkyl groups, or -C(=N-0-(C1-C6)alkyl)-(Ci-C6)alkyl groups. 

" in Formula (I) represents an aromatic ring. 

One or more compounds of this invention can be administered to a human patient by 

	

5 	themselves or in pharmaceutical compositions where they are mixed with biologically suitable 

carriers or excipient(s) at doses to treat or ameliorate a disease or condition as described herein. 

Mixtures of these compounds can also be administered to the patient as a simple mixture or in 

suitable formulated pharmaceutical compositions. A therapeutically effective dose refers to that 

amount of the compound or compounds sufficient to result in the prevention or attenuation of a 

	

10 	disease or condition as described herein. Techniques for formulation and administration of the 

compounds of the instant application may be found in references well known to one of ordinary 

skill in the art, such as "Remington's Pharmaceutical Sciences," Mack Publishing Co., Easton, 

PA, latest edition. 

Suitable routes of administration may, for example, include oral, eyedrop, rectal, 

	

15 	transmucosal, topical, or intestinal administration; parenteral delivery, including intramuscular, 

subcutaneous, intramedullary injections, as well as intrathecal, direct intraventricular, intravenous, 

intraperitoneal, intranasal, or intraocular injections. 

Alternatively, one may administer the compound in a local rather than a systemic manner, 

for example, via injection of the compound directly into an edematous site, often in a depot or 

	

20 	sustained release formulation. 

Furthermore, one may administer the drug in a targeted drug delivery system, for 

example, in a liposome coated with endothelial cell-specific antibody. 

The pharmaceutical compositions of the present invention may be manufactured in a 

manner that is itself known, e.g., by means of conventional mixing, dissolving, granulating, 

	

25 	dragee-making, levigating, emulsifying, encapsulating, entrapping or lyophilizing processes. 

Pharmaceutical compositions for use in accordance with the present invention thus may 

be formulated in a conventional manner using one or more physiologically acceptable carriers 

comprising excipients and auxiliaries which facilitate processing of the active compounds into 

preparations which can be used pharmaceutically. Proper formulation is dependent upon the route 

	

30 	of administration chosen. 

For injection, the agents of the invention may be formulated in aqueous solutions, 

preferably in physiologically compatible buffers such as Hanks' solution, Ringer's solution, or 

physiological saline buffer. For transmucosal administration, penetrants appropriate to the barrier 

to be permeated are used in the formulation. Such penetrants are generally known in the art. 

	

35 	For oral administration, the compounds can be formulated readily by combining the 

active compounds with pharmaceutically acceptable carriers well known in the art. Such carriers 
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enable the compounds of the invention to be formulated as tablets, pills, dragees, capsules, 

liquids, gels, syrups, slurries, suspensions and the like, for oral ingestion by a patient to be treated. 

Pharmaceutical preparations for oral use can be obtained by combining the active compound with 

a solid excipient, optionally grinding a resulting mixture, and processing the mixture of granules, 

	

5 	after adding suitable auxiliaries, if desired, to obtain tablets or dragee cores. Suitable excipients 

are, in particular, fillers such as sugars, including lactose, sucrose, mannitol, or sorbitol; cellulose 

preparations such as, for example, maize starch, wheat starch, rice starch, potato starch, gelatin, 

gum 	tragacanth, 	methyl 	cellulose, 	hydroxypropylmethyl-cellulose, 	sodium 

carboxymethylcellulose, and/or polyvinylpyrrolidone (PVP). If desired, disintegrating agents 

	

10 	may be added, such as the cross-linked polyvinyl pyrrolidone, agar, or alginic acid or a salt 

thereof such as sodium alginate. 

Dragee cores are provided with suitable coatings. For this purpose, concentrated sugar 

solutions may be used, which may optionally contain gum arabic, talc, polyvinyl pyrrolidone, 

carbopol gel, polyethylene glycol, and/or titanium dioxide, lacquer solutions, and suitable organic 

	

15 	solvents or solvent mixtures. Dyestuffs or pigments may be added to the tablets or dragee 

coatings for identification or to characterize different combinations of active compound doses. 

Pharmaceutical preparations that can be used orally include push-fit capsules made of 

gelatin, as well as soft, sealed capsules made of gelatin and a plasticizer, such as glycerol or 

sorbitol. The push-fit capsules can contain the active ingredients in admixture with filler such as 

	

20 	lactose, binders such as starches, and/or lubricants such as talc or magnesium stearate and, 

optionally, stabilizers. In soft capsules, the active compounds may be dissolved or suspended in 

suitable liquids, such as fatty oils, liquid paraffin, or liquid polyethylene glycols. In addition, 

stabilizers may be added. All formulations for oral administration should be in dosages suitable 

for such administration. 

	

25 	For buccal administration, the compositions may take the form of tablets or lozenges 

formulated in conventional manner. 

For administration by inhalation, the compounds for use according to the present 

invention are conveniently delivered in the form of an aerosol spray presentation from pressurized 

packs or a nebuliser, with the use of a suitable propellant, e.g., dichlorodifluoromethane, 

	

30 	trichlorofluoromethane, dichlorotetrafluoroethane, carbon dioxide or other suitable gas. In the 

case of pressurized aerosol the dosage unit may be determined by providing a valve to deliver a 

metered amount. Capsules and cartridges of e.g. gelatin for use in an inhaler or insufflator may be 

formulated containing a powder mix of the compound and a suitable powder base such as lactose 

or starch. 

	

35 	The compounds can be formulated for parenteral administration by injection, e.g. bolus 

injection or continuous infusion. Formulations for injection may be presented in unit dosage 

form, e.g. in ampoules or in multi-dose containers, with an added preservative. The compositions 
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may take such forms as suspensions, solutions or emulsions in oily or aqueous vehicles, and may 

contain formulatory agents such as suspending, stabilizing and/or dispersing agents. 

Pharmaceutical formulations for parenteral administration include aqueous solutions of 

the active compounds in water-soluble form. Additionally, suspensions of the active compounds 

	

5 	may be prepared as appropriate oily injection suspensions. Suitable lipophilic solvents or vehicles 

include fatty oils such as sesame oil, or synthetic fatty acid esters, such as ethyl oleate or 

triglycerides, or liposomes. Aqueous injection suspensions may contain substances which 

increase the viscosity of the suspension, such as sodium carboxymethyl cellulose, sorbitol, or 

dextran. Optionally, the suspension may also contain suitable stabilizers or agents which increase 

	

10 	the solubility of the compounds to allow for the preparation of highly concentrated solutions. 

Alternatively, the active ingredient may be in powder form for constitution with a suitable 

vehicle, e.g., sterile pyrogen-free water, before use. 

The compounds may also be formulated in rectal compositions such as suppositories or 

retention enemas, e.g., containing conventional suppository bases such as cocoa butter or other 

	

15 	glycerides. 

In addition to the formulations described previously, the compounds may also be 

formulated as a depot preparation. Such long acting formulations may be administered by 

implantation (for example subcutaneously or intramuscularly or by intramuscular injection). 

Thus, for example, the compounds may be formulated with suitable polymeric or hydrophobic 

	

20 	materials (for example as an emulsion in an acceptable oil) or ion exchange resins, or as sparingly 

soluble derivatives, for example, as a sparingly soluble salt. 

An example of a pharmaceutical carrier for the hydrophobic compounds of the invention 

is a cosolvent system comprising benzyl alcohol, a nonpolar surfactant, a water-miscible organic 

polymer, and an aqueous phase. The cosolvent system may be the VPD co-solvent system. VPD 

	

25 	is a solution of 3% w/v benzyl alcohol, 8% w/v of the nonpolar surfactant polysorbate 80, and 

65% w/v polyethylene glycol 300, made up to volume in absolute ethanol. The VPD co-solvent 

system (VPD:5W) consists of VPD diluted 1:1 with a 5% dextrose in water solution. This co-

solvent system dissolves hydrophobic compounds well, and itself produces low toxicity upon 

systemic administration. Naturally, the proportions of a co-solvent system may be varied 

	

30 	considerably without destroying its solubility and toxicity characteristics. Furthermore, the 

identity of the co-solvent components may be varied: for example, other low-toxicity nonpolar 

surfactants may be used instead of polysorbate 80; the fraction size of polyethylene glycol may be 

varied; other biocompatible polymers may replace polyethylene glycol, e.g. polyvinyl 

pyrrolidone; and other sugars or polysaccharides may substitute for dextrose. 

	

35 	Alternatively, other delivery systems for hydrophobic pharmaceutical compounds may be 

employed. Liposomes and emulsions are well known examples of delivery vehicles or carriers 

for hydrophobic drugs. Certain organic solvents such as dimethysulfoxide also may be employed, 
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although usually at the cost of greater toxicity. Additionally, the compounds may be delivered 

using a sustained-release system, such as semipermeable matrices of solid hydrophobic polymers 

containing the therapeutic agent. Various sustained-release materials have been established and 

are well known by those skilled in the art. Sustained-release capsules may, depending on their 

	

5 	chemical nature, release the compounds for a few weeks up to over 100 days. Depending on the 

chemical nature and the biological stability of the therapeutic reagent, additional strategies for 

protein stabilization may be employed. 

The pharmaceutical compositions also may comprise suitable solid or gel phase carriers 

or excipients. Examples of such carriers or excipients include but are not limited to calcium 

	

10 	carbonate, calcium phosphate, various sugars, starches, cellulose derivatives, gelatin, and 

polymers such as polyethylene glycols. 

Many of the compounds of the invention may be provided as salts with pharmaceutically 

compatible counterions. Pharmaceutically compatible salts may be formed with many acids, 

including but not limited to hydrochloric, sulfuric, acetic, lactic, tartaric, malic, succinic, etc. 

	

15 	Salts tend to be more soluble in aqueous or other protonic solvents than are the corresponding free 

base forms. 

Pharmaceutical compositions suitable for use in the present invention include 

compositions wherein the active ingredients are contained in an effective amount to achieve its 

intended purpose. More specifically, a therapeutically effective amount means an amount 

	

20 	effective to prevent development of or to alleviate the existing symptoms of the subject being 

treated. Determination of the effective amounts is well within the capability of those skilled in 

the art. 

For any compound used in a method of the present invention, the therapeutically effective 

dose can be estimated initially from cellular assays. For example, a dose can be formulated in 

	

25 	cellular and animal models to achieve a circulating concentration range that includes the IC50  as 

determined in cellular assays (i.e., the concentration of the test compound which achieves a half-

maximal inhibition of a given protein kinase activity). In some cases it is appropriate to 

determine the IC50  in the presence of 3 to 5% serum albumin since such a determination 

approximates the binding effects of plasma protein on the compound. Such information can be 

	

30 	used to more accurately determine useful doses in humans. Further, the most preferred 

compounds for systemic administration effectively inhibit protein kinase signaling in intact cells 

at levels that are safely achievable in plasma. 

A therapeutically effective dose refers to that amount of the compound that results in 

amelioration of symptoms in a patient. Toxicity and therapeutic efficacy of such compounds can 

	

35 	be determined by standard pharmaceutical procedures in cell cultures or experimental animals, 

e.g., for determining the maximum tolerated dose (MTD) and the ED50  (effective dose for 50% 

maximal response). The dose ratio between toxic and therapeutic effects is the therapeutic index 
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and it can be expressed as the ratio between MTD and ED50. Compounds which exhibit high 

therapeutic indices are preferred. The data obtained from these cell culture assays and animal 

studies can be used in formulating a range of dosage for use in humans. The dosage of such 

compounds lies preferably within a range of circulating concentrations that include the ED50  with 

	

5 	little or no toxicity. The dosage may vary within this range depending upon the dosage form 

employed and the route of administration utilized. The exact formulation, route of administration 

and dosage can be chosen by the individual physician in view of the patient's condition (see e.g. 

Fingl et al., 1975, in "The Pharmacological Basis of Therapeutics", Ch. 1 p. 1). In the treatment 

of crises, the administration of an acute bolus or an infusion approaching the MTD may be 

	

10 	required to obtain a rapid response. 

Dosage amount and interval may be adjusted individually to provide plasma levels of the 

active moiety which are sufficient to maintain the kinase modulating effects, or minimal effective 

concentration (MEC). The MEC will vary for each compound but can be estimated from in vitro 

data; e.g. the concentration necessary to achieve 50-90% inhibition of protein kinase using the 

	

15 	assays described herein. Dosages necessary to achieve the MEC will depend on individual 

characteristics and route of administration. However, HPLC assays or bioassays can be used to 

determine plasma concentrations. 

Dosage intervals can also be determined using the MEC value. Compounds should be 

administered using a regimen which maintains plasma levels above the MEC for 10-90% of the 

	

20 	time, preferably between 30-90% and most preferably between 50-90% until the desired 

amelioration of symptoms is achieved. In cases of local administration or selective uptake, the 

effective local concentration of the drug may not be related to plasma concentration. 

The amount of composition administered will, of course, be dependent on the subject 

being treated, on the subject's weight, the severity of the affliction, the manner of administration 

	

25 	and the judgment of the prescribing physician. 

The compositions may, if desired, be presented in a pack or dispenser device which may 

contain one or more unit dosage forms containing the active ingredient. The pack may for 

example comprise metal or plastic foil, such as a blister pack. The pack or dispenser device may 

be accompanied by instructions for administration. Compositions comprising a compound of the 

	

30 	invention formulated in a compatible pharmaceutical carrier may also be prepared, placed in an 

appropriate container, and labelled for treatment of an indicated condition. 

In some formulations it may be beneficial to use the compounds of the present invention 

in the form of particles of very small size, for example as obtained by fluid energy milling. 

The use of compounds of the present invention in the manufacture of pharmaceutical 

	

35 	compositions is illustrated by the following description. In this description the term "active 

compound" denotes any compound of the invention but particularly any compound which is the 

final product of one of the following Examples. 
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a) 	Capsules 

In the preparation of capsules, 10 parts by weight of active compound and 240 parts by 

weight of lactose can be de-aggregated and blended. The mixture can be filled into hard gelatin 

capsules, each capsule containing a unit dose or part of a unit dose of active compound. 

5 

10 

The active compound, the lactose and some of the starch can be de-aggregated, blended 

and the resulting mixture can be granulated with a solution of the polyvinylpyrrolidone in ethanol. 

15 	The dry granulate can be blended with the magnesium stearate and the rest of the starch. The 

mixture is then compressed in a tabletting machine to give tablets each containing a unit dose or a 

part of a unit dose of active compound. 

c) Enteric coated tablets 

Tablets can be prepared by the method described in (b) above. The tablets can be enteric 

20 	coated in a conventional manner using a solution of 20% cellulose acetate phthalate and 3% 

diethyl phthalate in ethanol:dichloromethane (1:1). 

d) Suppositories 

In the preparation of suppositories, for example, 100 parts by weight of active compound 

can be incorporated in 1300 parts by weight of triglyceride suppository base and the mixture 

25 	formed into suppositories each containing a therapeutically effective amount of active ingredient. 

In the compositions of the present invention the active compound may, if desired, be 

associated with other compatible pharmacologically active ingredients. For example, the 

compounds of this invention can be administered in combination with another therapeutic agent 

that is known to treat a disease or condition described herein. For example, with one or more 

30 	additional pharmaceutical agents that inhibit or prevent the production of VEGF or angiopoietins, 

attenuate intracellular responses to VEGF or angiopoietins, block intracellular signal transduction, 

inhibit vascular hyperpermeability, reduce inflammation, or inhibit or prevent the formation of 

edema or neovascularization. The compounds of the invention can be administered prior to, 

subsequent to or simultaneously with the additional pharmaceutical agent, whichever course of 

35 	administration is appropriate. The additional pharmaceutical agents include, but are not limited 

to, anti-edemic steroids, NSAIDS, ras inhibitors, anti-TNF agents, anti-IL1 agents, antihistamines, 

PAF-antagonists, COX-1 inhibitors, COX-2 inhibitors, NO synthase inhibitors, Akt/PTB 

b) 	Tablets 

Tablets can be prepared, for example, from the following ingredients. 

Parts by weight 

Active compound 10 

Lactose 190 

Maize starch 22 

Polyvinylpyrrolidone 10 

Magnesium stearate 3 
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inhibitors, IGF-1R inhibitors, PKC inhibitors, PI3 kinase inhibitors, calcineurin inhibitors and 

immunosuppressants. The compounds of the invention and the additional pharmaceutical agents 

act either additively or synergistically. Thus, the administration of such a combination of 

substances that inhibit angiogenesis, vascular hyperpermeability and/or inhibit the formation of 

5 	edema can provide greater relief from the deletrious effects of a hyperproliferative disorder, 

angiogenesis, vascular hyperpermeability or edema than the administration of either substance 

alone. In the treatment of malignant disorders combinations with antiproliferative or cytotoxic 

chemotherapies or radiation are included in the scope of the present invention. 

The present invention also comprises the use of a compound of Formula (I) as a 

10 	medicament. 

A further aspect of the present invention provides the use of a compound of Formula (I) 

or a salt thereof in the manufacture of a medicament for treating vascular hyperpermeability, 

angiogenesis-dependent disorders, proliferative diseases and/or disorders of the immune system in 

mammals, particularly human beings. 

15 	The present invention also provides a method of treating vascular hyperpermeability, 

inappropriate neovascularization, proliferative diseases and/or disorders of the immune system 

which comprises the administration of a therapeutically effective amount of a compound of 

Formula (I) to a mammal, particularly a human being, in need thereof. 

20 ABBREVIATIONS 

as 	 Amino acids 

AcOH 	 Glacial acetic acid 

ATP 	 Adenosine triphosphate 

Boc 	 t-Butoxycarbonyl 

25 t-BuOH 	 tent-Butanol 

BOP-Cl 	 Bis(2-oxo-3-oxazolidinyl)phosphinic chloride 

BSA 	 Bovine serum albumin 

BuOH 	 Butanol 

Cbz 	 Carboxybenzyl 

30 CDI 	 1,1'-Carbonyldiimidazole 

CT 	 Computed tomography 

CyPFt-Bu 	 1-Dicyclohexylphosphino-2-di-tert- 

butylphosphinoethylfen-ocene 

d 	 Doublet 

35 dba 	 Dibenzylideneacetone 

DCC 	 Dicyclohexylcarbodiimide 

DCE 	 Dichloroethane 
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DCM 	 Dichloromethane (methylene chloride) 

dd 	 Doublet of doublets 

DIBAL-H 	 Diisobutylaluminium hydride 

DIEA 	 N,N-Diisopropylethylamine 

5 DMA 	 Dimethylacetamide 

DMAP 	 N,N-Dimethylaminopyridine 

DME 	 1,2-Dimethoxyethane 

DMEM 	 Dulbecco's Modified Eagle Medium 

DMF 	 N,N-Dimethylformamide 

10 	DMSO 	 Dimethyl sulfoxide 

DNP-HSA 	 Dinitrophenyl-human serum albumin 

DTT 	 Dithiothreitol 

dppf 	 1,1'-Bis(diphenylphosphino)ferrocene 

EDC•HC1 	 N-(3-Dimethylaminopropyl)-N'-ethylcarbodiimide hydrochloride 

15 	EDTA 	 Ethylene diamine tetraacetic acid 

equiv 	 Equivalent(s) 

Et2NH 	 Diethylamine 

EtOAc 	 Ethyl acetate 

Et20 	 Diethyl ether 

20 Et0H 	 Ethanol 

FBS 	 Fetal bovine serum 

FLAG 	 DYKDDDDK peptide sequence 

g 	 Gram(s) 

GST 	 Glutathione S-transferase 

25 h 	 Hour(s) 

HATU 	 0-(7-Azabenzotriazol-1-ye-N,N,NcN'-tetramethyluronium 

hexafluorophosphate 

HEPES 	 N-2-Hydroxyethylpiperazine-N-2-ethanesulfonic acid 

HOBt 	 Hydroxybenzotriazole 

30 	HPLC 	 High-pressure liquid chromatography 

IBCF 	 Isobutylchloroformate 

i.d. 	 Intradermal 

IFA 	 Incomplete Freunds Adjuvant 

IPA 	 Isopropyl alcohol 

35 	LC/MS 	 Liquid chromatography/mass spectrometry 

LDA 	 Lithium diisopropylamide 

LHMDS 	 Lithium bis(trimethylsilyl)amide 
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m 	 Multiplet 

M 	 Molar 

MeCN 	 Acetonitrile 

Me0H 	 Methyl alcohol 

5 min 	 Minute(s) 

mmol 	 Millimole 

MOPS 	 3-(N-morpholino)-2-hydroxypropanesulfonic acid 

MOPSO 	 3-(N-morpholino)-propanesulfonic acid 

MS 	 Mass spectrometry 

10 	n- 	 Normal (nonbranched) 

N 	 Normal 

NaOt-Bu 	 Sodium tert-butoxide 

NH4OAc 	 Ammonium acetate 

NMM 	 N-Methylmorpholine 

15 NMP 	 N-methylpyrrolidinone 

NMR 	 Nuclear magnetic resonance 

OD 	 Optical density 

or 	 Optical rotation 

PBS 	 Phosphate buffered saline 

20 pH 	 -log[H+] 

pNAG 	 Nitrophenyl-N-acetyl-P-D-glucosaminide 

ppm 	 Parts per million 

PrOH 	 Propanol 

psi 	 Pounds per square inch 

25 	rcf 	 Relative centrifugal force 

RP-HPLC 	 Reverse-phase high-pressure liquid chromatography 

Rt 	 Retention time 

rt 	 Room temperature 

s 	 Singlet 

30 SEM 	 2-(Trimethylsilyl)ethoxymethyl 

SLM 	 Standard liters per minute 

t 	 Triplet 

t- 	 Tertiary 

TBAF 	 Tetra-n-Butylammonium fluoride 

35 TEA 	 Triethylamine 

tert- 	 Tertiary 

TFA 	 Trifluoroacetate 
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TFAA 	 Trifluoracetic anhydride 

THE 	 Tetrahydrofuran 

TIPS 	 Triisopropylsilyl 

TLC 	 Thin layer chromatography 

5 TMS 	 Trimethylsilyl 

USP 	 United States Pharmacopeia 

UV 	 Ultraviolet 

wt% 	 Weight percent 

10 

ASSAYS 

In vitro Jakl kinase activity measured by homogenous time-resolved fluorescence (HTRF) 

Purified Jakl enzyme (aa 845-1142; expressed in SF9 cells as a GST fusion and purified 

by glutathione affinity chromatography) was mixed with 2µM peptide substrate (biotin-TYR2, 

15 	Sequence: Biotin-(Ahx)-AEEEYFFLFA-amide) at varying concentrations of inhibitor in reaction 

buffer: 50 mM MOPSO pH 6.5, 10 mM MgC12, 2 mM MnC12, 2.5 mM DTT, 0.01% BSA, 0.1 

mM Na3VO4  and 0.001 mM ATP. After about 60 min incubation at room temperature, the 

reaction was quenched by addition of EDTA (final concentration: 100 mM) and developed by 

addition of revelation reagents (final approximate concentrations: 30 mM HEPES pH 7.0, 0.06% 

20 	BSA, 0.006% Tween-20, 0.24 M KF, 80 ng/mL PT66K (europium labeled anti-phosphotyrosine 

antibody cat #61T66KLB Cisbio, Bedford, MA) and 3.12 ug/mL SAXL (Phycolink streptavidin-

allophycocyanin acceptor, cat #PJ52S, Prozyme, San Leandro, CA). The developed reaction was 

incubated in the dark either at about 4 °C for about 14 h or for about 60 min at room temperature, 

then read via a time-resolved fluorescence detector (Rubystar, BMG) using a 337 nm laser for 

25 	excitation and emission wavelengths of 620 nm and 665 nm. Within the linear range of the assay, 

the ratio of observed signal at 620 nm and 665 nm is directly related to phosphorylated product 

and used to calculate the IC50  values. 

Other kinase assays were performed using a similar protocol. Additional purified 

enzymes Tyk2 (aa 880-1185 with an N-terminal histidine-tag and C-terminal FLAG tag; purified 

30 	in-house by immobilized metal ion affinity chromatography), RET (aa 711-1072 with an N-

terminal histidine-tag; purified by immobilized metal ion affinity chromatography) and KDR (aa 

792-1354 with an N-terminal histidine-tag; purified in-house by immobilized metal ion affinity 

and ion-exchange chromatography) were expressed in SF9 cells and Aurora 1/B (aa1-344 with a 

N-terminal histidine-tag and purified by immobilized metal ion affinity chromatography) was 

35 	expressed in E. coli. Other enzymes used are available from commercial sources. Enzymes were 

mixed with biotinylated substrates at varying concentrations of inhibitor in different reaction 
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buffers (see Table 1). After about 60 min incubation at room temperature, the reaction was 

quenched by addition of EDTA and developed by addition of revelation reagents (final 

approximate concentrations: 30 mM HEPES pH 7.0, 0.06% BSA, 0.006% Tween-20, 0.24 M KF, 

varying amounts of donor europium labeled antibodies and acceptor streptavidin labeled 

	

5 	allophycocyanin (SAXL)). The developed reactions were incubated in the dark at about 4 °C for 

about 14 h or for about 60 min at room temperature, then read in a time-resolved fluorescence 

detector (Rubystar, BMG Labtech) as described above. 

Table 1. Specific conditions (per 40 µ.1., enzyme reaction) for the various enzymes are 

	

10 	detailed below: 

Enzyme Construct Substrate 
Assay 

Buffer 

Enzyme 

Conc. 

(ng/well) 

Substrate 

Conc. 

ATP 

Conc. 

(mM) 

DMSO 

Conc. 

(%) 

Reaction 

Time 

(min) 

Detection 

condition 

Jakl 
as 845- 

1142 

Biotin-

TYR2 
MOPSO 5 2 uM 0.001 5 60 

8 ng/well 

PT66K, 

0.39 

ug/well 

SAXL 

Jak2 
Millipore 

cat# 14-640 

Biotin- 

TYR1 
MOPSO 2.5 2 uM 0.001 5 60 

8 ng/well 

PT66K, 

0.078 

ug/well 

SAXL 

Jak3 
Millipore 

cat# 14-629 

Biotin- 

TYR2 
MOPSO 1 2 uM 0.001 5 60 

8 ng/well 

PT66K, 

0.078 

ug/well 

SAXL 

Tyk2 aa880-1185 
Biotin-

TYR1 
MOPSO 9 2 uM 0.001 5 60 

8 ng/well 

PT66K, 

0.078 

ug/well 

SAXL 
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Enzyme Construct Substrate 
Assay 

Buffer 

Enzyme 

Conc. 

(ng/well) 

Substrate 

Conc. 

ATP 

Conc. 

(mM) 

DMSO 

Conc. 

(%) 

Reaction 

Time 

(min) 

Detection 

condition 

Aurora 

1/B 
aa1-344 

KinEAS 

E S2 
MOPS 20 0.5 uM 0.1 5 60 

15 

ng/well 

Eu-STK- 

Ab, 

0.34 

ug/wel 

SAXL 

KDR aa789-1354 
Biotin-

TYR2 
HEPES 10 2 uM 0.1 5 60 

8 ng/well 

PT66K, 

0.078 

ug/well 

SAXL 

JNK1 
Millipore 

cat# 14-327 

Biotin- 

ATF2- 

pep 

MOPS 10 1 uM 0.01 5 60 

2.58 

ng/well 

Anti- 

pATF2- 

Eu, 

0.6 

ug/well 

SAXL 

JNK2 
Millipore 

cat# 14-329 

Biotin- 

ATF2- 

pep 

MOPS 5 0.5 uM 0.01 5 60 

2.58 

ng/well 

Anti- 

pATF2- 

Eu, 

0.6 

ug/well 

SAXL 

RET aa711-1072 

Biotin- 

poly 

GluTyr 

HEPES 4 
10 

ng/well 
0.01 5 60 

8 ng/well 

PT66K, 

0.078 

ug/well 

SAXL 
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Enzyme Construct Substrate 
Assay 

Buffer 

Enzyme 

Conc. 

(ng/well) 

Substrate 

Conc. 

ATP 

Conc. 

(mM) 

DMSO 

Conc. 

(%) 

Reaction 

Time 

(min) 

Detection 

condition 

P70 S6 

Kinase 

Millipore 

cat# 14-486 

KinEAS 

E S3 
MOPS 0.5 0.25 uM 0.01 5 60 

15 

ng/well 

Eu-STK- 

Ab, 

0.34 

ug/well 

SAXL 

PKN2 

Invitrogen 

cat# 

PV3879 

KinEAS 

E S3 
MOPS 0.7 0.5 uM 0.001 5 60 

15 

ng/well 

Eu-STK- 

Ab, 

0.34 

ug/well 

SAXL 

Syk 
Millipore 

cat #14-314 

Biotin- 

TYR1 
MOPSO 3.8 4 uM 0.01 5 60 

11.3 

ng/well 

PT66K, 

0.075 

ug/well 

SAXL 

CDK2/ 

Cyclin 

A 

Millipore 

cat# 14-448 

Biotin-

MBP 
MOPS 50 2 uM 0.1 5 60 

15 

ng/well 

Anti-

pMBP-

Eu; 0.34 

ug/well 

SAXL 

Reaction Buffers: 

MOPSO buffer contains: 50 mM MOPSO pH 6.5, 10 mM MgC12, 2 mM MnC12, 2.5 mM 

DTT, 0.01% BSA, and 0.1 mM Na3VO4 

5 	HEPES buffer contains: 50 mM HEPES pH 7.1, 2.5 mM DTT, 10 mM MgC12, 2 mM 

MnC12, 0.01% BSA, and 0.1 mM Na3VO4 
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MOPS buffer contains: 20 mM MOPS pH 7.2, 10 mM MgC12, 5 mM EGTA, 5 mM Beta- 

phosphoglycerol, 1 mM Na3VO4, 0.01% Triton-X-100 and 1 mM DTT 

Substrates: 

Biotin-ATF2-peptide sequence: Biotin-(Ahx)-AGAGDQTPTPTRFLKRPR-amide 

	

5 	Biotin-TYR1-peptide sequence: Biotin-(Ahx)-GAEEEIYAAFFA-COOH 

Biotin-TYR2-peptide sequence: Biotin-(Ahx)-AEEEYFFLFA-amide 

Biotin-MBP-peptide sequence: Biotin-(Ahx)-VHFEKNIVTPRTPF'PSQGKGAEGQR-amide 

Biotin-polyGluTyr peptide was purchased from Cisbio (cat #61GTOBLA, Bedford, MA) 

KinEASE S2 and S3 peptides were purchased from Cisbio (cat #62STOPEB, Bedford, MA) 

	

10 	Detection Reagents: 

Anti-pATF2-Eu was custom-labeled by Cisbio (Bedford, MA) 

Anti-pMBP-Eu was custom-labeled by Cisbio (Bedford, MA) 

PT66K was purchased from Cisbio (cat #61T66KLB, Bedford, MA) 

SAXL was purchased from Prozyme (cat #PJ25S, San Leandro, CA) 

15 

In vitro Syk kinase activity measured by homogenous time-resolved fluorescence (HTRF) 

1 nM purified full-length Syk enzyme (purchased from Millipore, Billerica, MA, Cat # 14-314) 

was mixed with 0.1 iuM peptide substrate (biotin-TYR1, Sequence: Biotin-(Ahx)- 

GAEEEIYAAFFA-COOH) at varying concentrations of inhibitor in reaction buffer: 50 mM 

	

20 	MOPSO pH 6.5, 10 mM MgC12, 2 mM MnC12, 2.5 mM DTT, 0.01% BSA, 0.1 mM Na3VO4  and 

0.01 mM ATP. After about 60 min incubation at room temperature, the reaction was quenched by 

addition of EDTA (final concentration: 100 mM) and developed by addition of revelation 

reagents (final approximate concentrations: 30 mM HEPES pH 7.0, 0.06% BSA, 0.006% Tween-

20, 0.24 M KF, 90 ng/mL PT66K (europium labeled anti-phosphotyrosine antibody cat 

25 #61T66KLB Cisbio, Bedford, MA) and 0.6 lig/mL SAXL (Phycolink streptavidin-

allophycocyanin acceptor, cat #PJ52S, Prozyme, San Leandro, CA). The developed reaction was 

incubated in the dark either at about 4 °C for about 14h or for about 60 min at room temperature, 

then read via a time-resolved fluorescence detector (Rubystar, BMG) using a 337 nm laser for 

excitation and emission wavelengths of 620 nm and 665 nm. Within the linear range of the assay, 

	

30 	the ratio of observed signal at 620 mu and 665 nm is directly related to phosphorylated product 

and used to calculate the IC50  values. 

Human T-Blasts IL-2 pSTAT5 Cellular Assay 

Materials: 

	

35 	Phytohemaglutinin T-blasts were prepared from Leukopacks purchased from Biological Specialty 

Corporation, Colmar, PA 18915, and cryopreserved in 5% DMSO/media prior to assay. 
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For this assay the cells were thawed in assay medium with the following composition: RPMI 

1640 medium (Gibco 11875093) with 2 mM L-glutamine (Gibco 25030-081), 10 mM HEPES 

(Gibco 15630-080), 100 pg/mL Pen/Strep (Gibco 15140-122), and 10% heat inactivated FBS 

(Gibco 10438026). Other materials used in the assay: DMSO (Sigma D2650), 96-well dilution 

	

5 	plates (polypropylene) (Corning 3365), 96-well assay plates (white, 'A area, 96 well) (Corning 

3642), D-PBS (Gibco 14040133), IL-2 (R&D 202-IL-10 (10µg)), Alphascreen pSTAT5 kit 

(Perkin Elmer TGRS5S10K) and Alphascreen protein A kit (Perkin Elmer 6760617M) 

Methods: 

T-Blasts were thawed and cultured for about 24 h without IL-2 prior to assay. Test compounds or 

	

10 	controls are dissolved and serially diluted in 100% DMSO. DMSO stocks are subsequently 

diluted 1:50 in cell culture media to create the 4x compound stocks (containing 2% DMSO). 

Using a Corning white 96 well, 1/2  area plate, cells are plated at 2x105/10 µl/well in 10 pL media 

followed by addition of 5µL of 4x test compound in duplicate. Cells are incubated with 

compound for about 0.5 h at about 37 °C. Next, 5µL of IL-2 stock is added at 20 ng/mL final 

	

15 	concentration. IL-2 is stored as a 4 ptg/mL stock solution, as specified by the manufacturer, at 

about —20 °C in aliquots and diluted 1:50 with assay media (to 80 ng/mL) just prior to use. The 

contents of the wells are mixed by carefully tapping sides of plate(s) several times followed by 

incubation at about 37 °C for about 15 min. The assay is terminated by adding 5µL of 5x 

AlphaScreen lysis buffer and shaking on an orbital shaker for about 10 mM at room temperature. 

	

20 	Alphascreen acceptor bead mix is reconstituted following Perkin Elmer's protocol. 30 µL/well of 

reconstituted Alphascreen acceptor bead mix was added, covered with foil then shaken on orbital 

shaker for about 2 min on high then about 2 h on low. Donor bead mix is reconstituted following 

Perkin Elmer's AlphaScreen protocol; 12 µL/well are added, covered with foil then shaken for 

about 2 min on high, and about 2 h on low. Plates are read on an EnVision reader following 

	

25 	Perkin Elmer's AlphaScreen protocol instructions. 

TF-1 IL-6 pSTAT3 Cellular Assay 

Materials: 

TF-1 cells (ATCC #CRL-2003). Culture medium: DMEM medium (Gibco 11960-044) with 2 

	

30 	mM L-glutamine (Gibco 25030-081), 10 mM HEPES ( Gibco 15630-080), 100 Kg/mL Pen/Strep 

(Gibco 15140-122), 1.5g/L sodium bicarbonate (Gibco 25080-094), 1 mM sodium pyruvate 

(Gibco 11360-070), 10% heat inactivated FBS (Gibco 10437-028), and 2 ng/mL GM-CSF (R&D 

215-GM-010). Other materials used in this assay: DMSO (Sigma D2650), 96-well dilution plates 

(polypropylene) (Corning 3365), 96-well assay plates (white, 1/2   area, 96 well) (Corning 3642), 

	

35 	D-PBS (Gibco 14040133 ), IL-6 (R&D 206-IL/CF-050 (50 ug)), Alphascreen pSTAT3 kit (Perkin 

Elmer TGRS3S10K) and Alphascreen protein A kit (Perkin Elmer 6760617M). 
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Methods: 

Prior to the assay, cells are cultured for about 18 h in the culture medium without GM-CSF. Test 

compounds or controls are dissolved and serially diluted in 100% DMSO. DMSO stocks are 

subsequently diluted 1:50 in cell culture media to create the 4x compound stocks (containing 2% 

	

5 	DMSO). Using a Corning white 96 well, 1/2   area plate, cells are plated at 2x107/10 µL/well in 10 

pi, media followed by addition of 5µL of the 4x test compound stock in duplicate. Cells are 

incubated with compound for about 0.5 h at about 37 °C followed by addition of 5µL of 400 

ng/mL IL-6. IL-6 is stored in 10 µg/mL aliquots using endotoxin free D-PBS (0.1% BSA) at about 

—20 °C. Prior to assay IL-6 is diluted to 400 ng/mL in culture media and applied (5 µL/well) to 

	

10 	all wells, except to negative control wells where 5µL/well of media is added. The contents of the 

wells are mixed carefully by tapping the side of the plate several times. Plates are incubated at 

about 37 °C for about 30 min. Cells are lysed by adding 51.AL of 5X AlphaScreen cell lysis buffer 

to all wells, shaken for about 10 min at room temperature then assayed. Alternatively, assay plates 

may be frozen at about —80 °C and thawed later at room temperature. Using the pSTAT3 

	

15 	SureFire Assay kit (Perkin Elmer #TGRS3S10K) acceptor bead mix is reconstituted following 

Perkin Elmer's AlphaScreen protocol instructions. 30 µL are added per well then the plate is 

covered with foil and shaken on an orbital shaker for about 2 min on high, then about 2 h on low 

at room temperature. Donor bead mix is reconstituted following Perkin Elmer's AlphaScreen 

protocol instructions. 12 µL are added per well, then covered with foil and shaken on orbital 

	

20 	shaker for about 2 min on high, then about 2 h on low at about 37 °C. Plates are read on an 

EnVision reader following Perkin Elmer's AlphaScreen protocol instructions at room 

temperature. 

UT7/EPO pSTAT5 Cellular Assay 

	

25 	Materials: 

UT7/EPO cells are passaged with erythropoietin (EPO), split twice per week and fresh culture 

medium is thawed and added at time of split. Culture Medium: DMEM medium ( Gibco 11960-

044) with 2 mM L-glutamine (Gibco 25030-081), 10 mM HEPES (Gibco 15630-080) , 100 U/mL 

Pen/Strep (Gibco 15140-122), 10% heat inactivated FBS (Gibco 10437-028), EPO (5 µL/mL = 

	

30 	7.1µLof a 7 µg/mL stock per mL of medium). Assay media: DMEM, 2 mM L-glutamine, 5% 

FBS, 10 mM HEPES. Other materials used in the assay: DMSO (Sigma D2650), 96-well 

dilution plates (polypropylene) (Corning 3365), 96-well assay plates (white, '/2 area, 96 well) 

(Corning 3642), D-PBS (Gibco 14040133), IL-2 (R&D 202-IL-10 (10 lig)), Alphascreen pSTAT5 

kit (Perkin Elmer TGRS5S10K) and Alphascreen protein A kit (Perkin Elmer 6760617M) 

35 

78 



Methods: 

Culture cells for about 16 h without EPO prior to running assay. Test compounds or controls are 

dissolved and serially diluted in 100% DMSO. DMSO stocks are subsequently diluted 1:50 in cell 

culture media to create the 4x compound stocks (containing 2% DMSO). Using a Corning white 

	

5 	96 well, 1/2   area plate, cells are plated at 2x105/10 ).1L/well in 10 pL media followed by addition of 

5 pL of 4x test compound stock in duplicate. Cells are incubated with compound for about 0.5 h 

at about 37 °C. After incubation, 5 pL of EPO is added to afford a final concentration of 1 nM 

EPO. The contents of the wells are mixed by carefully tapping sides of the plate several times 

followed by incubation at about 37 °C for about 20 min. 5 pL of 5x AlphaScreen lysis buffer are 

	

10 	added followed by shaking on an orbital shaker for about 10 min at room temperature. 30 pL/well 

of acceptor beads are added after reconstitution following Perkin Elmer's AlphaScreen protocol, 

covered with foil and shaken on orbital shaker for about 2 min on high, then about 2 h on low. 

Donor beads are reconstituted following Perkin Elmer's AlphaScreen protocol instructions 

followed by addition of 12 µL/well, covered with foil and shaken on an orbital shaker for about 2 

	

15 	mM on high, about 2 h on low. Plates are read on an EnVision reader following Perkin Elmer's 

AlphaScreen protocol instructions. 

Antigen-Induced Degranulation of RBL-2H3 Cells:  

RBL-2H3 cells are maintained in T75 flasks at about 37 °C and 5% CO2, and passaged every 3-4 

	

20 	days. To harvest cells, 20 mL of PBS is used to rinse the flask once, and then 3 mL of Trypsin- 

EDTA is added and incubated at about 37 °C for about 2 min. Cells are transferred to a tube with 

20 mL medium, spun down at 1000 RPM at room temperature for about 5 mM and resuspended at 

1 x 106  cells/mL. Cells are sensitized by adding DNP-specific mouse IgE to a final concentration 

of 0.1 µg/mL. 50 µL of cells are added to each well of a 96 well flat bottom plate (50 x 103  

	

25 	cells/well) and incubated overnight at about 37 °C in 5% CO2. The next day, compounds are 

prepared in 100% DMSO at 10 mM. Each compound is then serially diluted 1:4 six times in 

100% DMSO. Each compound dilution is then diluted 1:20 and then 1:25, both dilutions in 

Tyrode's buffer. Media is aspirated from the cell plates and the cells are rinsed twice with 100 µL 

of Tyrode's buffer (prewarmed to about 37 °C). 50 1.11, of compounds diluted in Tyrode's buffer 

	

30 	are added to each well and the plates are incubated for about 15 min at about 37 °C in 5% CO2. 

50 µ1., of 0.2 µg/mL DNP-HSA in Tyrode's buffer is then added to each well and the plates are 

incubated for about 30 min at about 37 °C in 5% CO2. The final concentration of the various 

components in the incubation mix are 0.002 — 10 pM compounds, 0.1% DMSO, and 0.1 µg/mL 

DNP-HSA. As one control, 0.2% DMSO (no compound) in Tyrode's buffer is added to a set of 

	

35 	wells to determine maximum stimulated release. As a second control, Tyrode's buffer without 

DNP-HSA is added to a set of wells with containing 0.2% DMSO without compounds to 
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determine unstimulated release. Each condition (compounds and controls) is set up in triplicate 

wells. At the end of the 30 mM incubation, 50 pL of supernate is transferred to a new 96 well 

plate. The remaining supernate in the cell plates is aspirated and replaced with 50 pL of 0.1% 

Triton X-100 in Tyrode's buffer to lyre the cells. 50 IAL of freshly prepared 1.8 mM 4- 

	

5 	Nitrophenyl N-acetyl-13-D-glucosaminide (pNAG) is then added to each well of supernate and cell 

lysate and the plates are incubated for about 60 min at about 37 °C in 5% CO2. 100 µL of 7.5 

mg/mL sodium bicarbonate is added to each well to stop the reaction. The plates are then read at 

405 nm on a Molecular Devices SpectraMax 250 plate reader. 

	

10 	Calculation of results 

1) The plate background OD405  obtained from wells containing Tyrode's buffer and pNAG (no 

supernate or lysate) is subtracted from the OD405 reading for each well containing supernate or 

lysate. 

2) The release for each well is expressed as the percentage of the total release for that well, where 

	

15 	the total release is twice the release in the supernate plus the release in the cell lysate. This 

calculation corrects for variable cell number in each well. 

3) The maximum response is the mean response of wells containing DNP-HSA but no compound. 

4) The minimum response is the mean response of wells containing no DNP-HSA and no 

compound. 

	

20 	5) The response in each compound well is calculated as a percentage of the maximum response 

(expressed as % control) where the maximum response is 100% and the minimum response is 0%. 

6) A dose response curve is generated for each compound and the IC50  of the curve is calculated 

using Prism GraphPad software and nonlinear least squares regression analysis. 

	

25 	Acute in vivo measurement of JAK inhibition by compounds is measured using the: 

Concanavalin A (Con A)-induced cytokine production in Lewis Rats 

The test compound is formulated in an inert vehicle (for example but not limited to 0.5% 

hydroxypropylmethyl cellulose (Sigma, cat # H3785)/0.02% Tween 80 (Sigma, cat # 4780) in 

water) at the desired concentration to achieve doses in the range of 0.01- 100 mg/kg. Six-week- 

	

30 	old male Lewis rats (125g-150g) (Charles River Laboratories) are dosed with the compound 

orally, at time zero (0 min). After about 30 min the rats are injected intravenously (i.v.) with 10 

mg/kg Concanavalin A (Con A, AmershamBioscience, cat #17-0450-01) dissolved in PBS 

(Invitrogen, cat # 14190). About 4 h later, the rats are cardiac bled and their plasma is analyzed 

for levels of IL-2 (ELISA kit: R&D Systems cat #R2000) and IFNI (ELISA kit: R&D Systems 

	

35 	cat #RIF00). 
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Acute in vivo measurement of Fcy receptor signaling inhibition of the compounds is measured 

using the: 

Reverse Passive Arthus Model 

On day 0 OVA was made up at a concentration of 17.5mg/mL, in PBS by rocking gently until a 

	

5 	solution was formed. 2% Evans Blue solution (Sigma Aldrich, cat# E2129) was then added to 

double the volume for a final concentration of 8.75 mg/mL of OVA and 1% Evans Blue dye. 

Anti-OVA antibody (Abazyme), stock concentration 10 mg/mL, was thawed and a 400 µg/100 pL 

solution was made with PBS. Compounds were made up by adding the vehicle, 0.5% HPMC 

with 0.02% Tween80, and vortexing for about 15 seconds followed by homogenizing for a 

	

10 	minimum of about 2 min at 28,000 rpm until there was a fine particulate suspension with no 

clumps of compound. Rats were weighed and dosed with compound at a pre-determined t-max 

based on pharmacokinetic studies. Animals were then placed under general anesthesia with a 5% 

isoflourane and oxygen mixture and shaved. Using a 1/2 mL insulin syringe two sites were 

injected i.d., 1 site with 100pL of 400µg/1001.AL of anti-OVA antibody, and 1 site with 100pL of 

	

15 	sterile PBS. Each site was then circled with permanent marker for explant later. Right after i.d. 

injections animals were injected with 200µL of the OVA (10mg/kg)/ Evans Blue mixture i.v., 

using a 1/2 mL insulin syringe. About four hours post injection animals were euthanized, bled via 

cardiac puncture and blood was collected using a plasma separating tube. Blood samples were 

stored on ice until centrifugation (within about 2 h of collection). Each injection site was 

	

20 	removed with a disposable biopsy punch (Acuderm Acu-Punch Disposable 12mm), cut into four 

pieces and placed in a pre-labeled 2 mL eppendorf tube. One mL of DMF was added to each 

biopsy tube and placed in a heat block for about 24 h at about 50 °C. About 24 h after incubation 

100 fuL of each sample was added to a 96 well flat bottom plate. The samples were read at 620 

nm on a plate reader using the Softmax software. Background was removed by subtracting the 

	

25 	OD from the PBS injected site from the OD of the anti-OVA injected site for each individual 

animal. 

Plasma samples were spun down in a microcentrifuge for about 5 min at 16.1 rcf. 200 1.1", of 

plasma was placed in a 1.7 mL eppendorf tube for drug level measurement and tubes were stored 

at -80 °C until evaluation. 

30 

Chronic in vivo effects of the compounds on anc arthritis disease model is measured using the: 

Adjuvant Induced Arthritis (AIA) in a Lewis Rat 

Female Lewis rats, (6 weeks of age, 125g-150g in weight from Charles River Laboratories) are 

immunized intradermally (i.d.) in the right hind-footpad with 100 1.11, of a suspension of mineral 

	

35 	oil (Sigma, cat # M5905) and containing 200ug M tuberculosis, H37RA (Difco, cat # 231141). 

The inflammation appears in the contra-lateral (left) hind paw seven days after the initial 
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immunization. Seven days post immunization, the compound is formulated in an inert vehicle (for 

example but not limited to 0.5% hydroxypropylmethyl cellulose (Sigma, cat # H3785)/0.02% 

Tween 80 (Sigma, cat # 4780) in water) and dosed orally once or twice a day for at least 10 days. 

Baseline paw volume is taken on day 0 using a water displacement pleythsmograph (Vgo Basile 

	

5 	North America Inc. PA 19473, Model # 7140). Rats are lightly anesthetized with an inhalant 

anesthetic (isoflurane) and the contra-lateral (left) hind paw is dipped into the plethysmograph and 

the paw volume is recorded. The rats are scored every other day up to day 17 after immunization. 

On day 17 after immunization, all rats are exsanguinated by cardiac puncture under isoflurane 

anesthesia, and the left hind paw is collected to assess the impact on bone erosion using micro-CT 

10 scans (SCANCO Medical, Southeastern, PA, Model # uCT 40) at a voxel size of 18 µ,m, a 

threshold of 400, sigma-gauss 0.8, support-gauss 1.0. Bone volume and density is determined for 

a 3601.tm (200 slice) vertical section encompassing the tarsal section of the paw. The 360um 

section is analyzed from the base of the metatarsals to the top of the tibia, with the lower reference 

point fixed at the tibiotalar junction. Drug exposure is determined in the plasma using LC/MS. 

	

15 	or the: 
Collagen Induced Arthritis (CIA) in a Lewis Rat 

On day -1 Collagen Type II (CII), soluble from bovine nasal septum (Elastin Products, 

cat# CN276) was weighed out for a dose of 600 µg/rat, 0.01M acetic acid (150 [IL HOAc USP 

grade. J.T.Baker, order# 9522-03, and 250 mL Milli Q Water) was added for a concentration of 4 

	

20 	mg/mL. The vial was covered with aluminum foil and placed on a rocker at about 4 °C overnight. 

On day 0 collagen stock solution was diluted 1:1 with Incomplete Freunds adjuvant (IFA) (Difco 

labs, cat#263910) using a glass Hamilton luer lock syringe (SGE Syringe Perfection VWR cat# 

007230), final concentration 2 mg/mL. Female Lewis rats (Charles River Laboratories) 

acclimated for 7 days at the time of immunization weighing approximately 150 g were 

	

25 	anesthetized in an anesthesia chamber using isoflurane (5%) and oxygen. Once the rats were 

completely anesthetized, they were transferred to a nose cone to maintain anesthesia during the 

injections. Rats were shaved at the base of the tail, 300 µL of collagen was injected i.d. on the 

rump of the rat, n=9 per group. 100 111, at three sites with a 500 µL leur lock syringe and a 27 g 

needle. IFA control rats are injected in the same manner (n=6). The IFA is a 1:1 emulsion with 

	

30 	the 0.01M acetic acid. Boost was done on day 6 of the study. Shaving was not done on this day 

and injections were done in the same manner as the immunization. The inflammation appears in 

both hind paws 10 days after the initial immunization. 10 days post immunization, the compound 

was formulated in an inert vehicle (for example but not limited to 0.5% hydroxypropylmethyl 

cellulose (Sigma, cat # H3785)/0.02% Tween 80 (Sigma, cat # 4780) in water) and dosed orally 

	

35 	once or twice a day for at least 9 days. Baseline paw volume was taken on day 7 using a water 

displacement pleythsmograph (Vgo Basile North America Inc. PA 19473, Model # 7140). Rats 

were lightly anesthetized with an inhalant anesthetic (isoflurane) and both hind paws were dipped 
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into the plethysmograph and the paw volume was recorded. The rats were scored 2 to 3 times a 

week up to day 18 after immunization. On day 18 after immunization, all rats were exsanguinated 

by cardiac puncture under isoflurane anesthesia, and the hind paws were collected to assess the 

impact on bone erosion using micro-CT scans (SCANCO Medical, Southeastern, PA, Model # 

	

5 	IICT 40) at a voxel size of 18 µm, a threshold of 400, sigma-gauss 0.8, support-gauss 1.0. Bone 

volume and density was determined for a 360 p.m (200 slice) vertical section encompassing the 

tarsal section of the paw. The 360 [tm section was analyzed from the base of the metatarsals to the 

top of the tibia, with the lower reference point fixed at the tibiotalar junction. Drug exposure was 

determined from plasma using LC/MS. 

	

10 	The teachings of all references, including journal articles, patents and published patent 

applications, are incorporated herein by reference in their entirety. 

The following examples are for illustrative purposes and are not to be construed as 

limiting the scope of the present invention. 

GENERAL SYNTHETIC SCHEMES 

	

15 	Compounds of the invention may be prepared using the synthetic transformations 

illustrated in Schemes I-XII. Starting materials are commercially available, may be prepared by 

the procedures described herein, by literature procedures, or by procedures that would be well 

known to one skilled in the art of organic chemistry. Methods for preparing pyrrolo[2,3-

e][1,2,4]triazolo[4,3-a]pyrazine compounds of the invention are illustrated in Scheme I. In 

	

20 	Scheme 1, step a, commercially available 2-bromo-5H-pyrrolo[2,3-b]pyrazine (also called 5- 

bromo-4,7-diazaindole from Ark Pharm, Inc) is protected as a sulfonamide using conditions such 

as those described in Preparation #1 or by methods known to one skilled in the art (for example, 

Larock, R.C. "Comprehensive Organic Transformations: A Guide to Functional Group 

Preparations, 2nd  edition", 1999, Wiley-VCH or Greene, T.W. and Wuts, P.G.M. "Protective 

	

25 	Groups in Organic Synthesis, 3rd  Edition", 1999, Wiley-Interscience). Alternatively, protected 

pyrrolo[2,3-b]pyrazine 2 can be prepared from commercially available 3,5-dibromopyrazin-2-

amine via a Sonogashira cross coupling (Scheme 1, step g) to give alkyne 9 which can be cyclized 

(Scheme 1, step h) to provide pyrrolopyrazines 2 using methods known to one skilled in the art 

(for example Preparation #7, Method B). In Scheme I, step b, a substituted hydrazine is 

	

30 	introduced by reaction with pyrrolopyrazines 2 under Buchwald-Hartwig amination conditions 

(for example, Preparation # 2 or Advanced Synthesis & Catalysis 2004, 346, 1599-1626) to give 

pyrrolopyrazines 3. If R" is such that pyrrolopyrazines 3 contain a hydrazide (R"= -C(0)R"') or 

hydrazone, the material may be directly cyclized to pyrrolotriazolopyrazines 6 using conditions 

such as those described in General Procedure C, the initial step of Example #1, General Procedure 

	

35 	G or by methods known to one skilled in the art (for example, Bioorganic & Medicinal Chemistry 

Letters 2007, 17(12), 3373-3377 or Journal of Medicinal Chemistry 1990, 33(9), 2326-34). In 

some cases, pyrrolotriazolopyrazines 6 may be reacted in situ to give pyrrolotriazolopyrazines 7 
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(for example, Example #1 or General Procedures B and E). Additional reactions may also occur 

without isolation of initial pyrrolotriazolopyrazines 6 or 7 as seen in General Procedures D and F. 

If R" is a protecting group, deprotection of compounds 3 to yield hydrazinylpyrrolopyrazines 4 

can be performed using conditions such as those described in General Procedure I, General 

	

5 	Procedure J, or Greene, T.W. and Wuts, P.G.M. "Protective Groups in Organic Synthesis, 3rd  

Edition", 1999, Wiley-Interscience. For example, a protecting group such as a t-butoxycarbonyl 

group can be removed with acid using conditions such as those described in Preparation #3, 

General Procedure I or by methods known to one skilled in the art (for example, the books from 

Larock, R.C. or Greene, T.W. and Wuts, P.G.M. referenced above). Alternatively, reaction of 

	

10 	pyrrolopyrazines 2 with hydrazine under Buchwald-Hartwig amination conditions as described 

above may give hydrazinylpyrrolopyrazines 4 directly. The formation of hydrazides 5 from 

hydrazinylpyrrolopyrazines 4 (Scheme I, step d) may be accomplished by a variety of methods 

known to one skilled in the art including in situ conditions such as those described in Example #1, 

General Procedure A, or standard peptide coupling methods such as those found in Larock, R.C. 

	

15 	referenced above. The hydrazides 5 may be cyclized to pyrrolotriazolopyrazines 6 using 

conditions such as those described in Example #1, General Procedure C, or by methods known to 

one skilled in the art (for example, Bioorganic & Medicinal Chemistry Letters 2007, 17(12), 

3373-3377 or Journal of Medicinal Chemistry 1990, 33(9), 2326-34). Further functionalization of 

pyrrolotriazolopyrazines 6 can be performed, if desired, using reactions known to one skilled in 

	

20 	the art (for example, Larock, R.C. referenced above). For example, formation of amides, ureas, 

sulfonamides, aryl amines, or heteroaryl amines can be prepared from pyrrolotriazolopyrazines 6 

containing a primary or secondary amine (for example, Examples #3 and #4 or General 

Procedures L, M, N or 0). Also, deprotection of pyrrolotriazolopyrazines 6 can be performed 

using conditions such as those described in Greene, T.W. and Wuts, P.G.M. referenced above or 

	

25 	in General Procedures I or J. For example, a protecting group such as a benzyloxycarbonyl group 

can be removed from a protected amine to yield the unprotected amine (for example, Example #2) 

and the deprotected compounds 6 may then be reacted further as described above. Removal of the 

sulfonamide protecting group of pyrrolotriazolopyrazines 6 may be accomplished using 

conditions such as those described in Example #1, General Procedure H, or by methods known to 

	

30 	one skilled in the art (for example, the books from Larock, R.C. or Greene, T.W. and Wuts, 

P.G.M. referenced above) to give pyrrolotriazolopyrazines 7 (Scheme I, step f). Further 

functionalization of the R"' group in pyrrolotriazolopyrazines 7 can be performed, if desired, using 

reactions known to one skilled in the art (for example, Larock, R.C. referenced above). For 

example, formation of amides, ureas, sulfonamides, aryl amines, or heteroaryl amines can be 

	

35 	prepared from pyrrolotriazolopyrazines 7 with an R"' containing a primary or secondary amine 

(for example, Examples #3 and #4 or General Procedures L, M, N or 0). Also, deprotection of 

the R"' group in pyrrolotriazolopyrazines 7 to yield an unprotected compound can be performed 
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using conditions such as those described in Greene, T.W. and Wuts, P.G.M. referenced above or 

in General Procedures I or J. For example, a protecting group such as a benzyloxycarbonyl group 

can be removed from a protected amine to yield the unprotected amine (for example, Example #2 

or General Procedure J) and the deprotected compounds 7 may then be reacted further as 

5 	described above. 
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The formation of hydrazones 10 from hydrazinylpyrrolopyrazines 4 (Scheme II, step a) 

10 	may be accomplished by a variety of methods known to one skilled in the art including in situ 

conditions such as those described in General Procedure G. The hydrazones 10 may be cyclized 

to pyrrolotriazolopyrazines 6 using conditions such as those described in General Procedure G or 

by methods known to one skilled in the art. Further functionalization of pyrrolotriazolopyrazines 

6 can be performed, if desired, using reactions known to one skilled in the art (for example, 

15 	Larock, R.C. referenced above). Further functionalization of pyrrolotriazolopyrazines 6 including 

sulfonamide hydrolysis to give pyrrolotriazolopyrazines 7 (Scheme I, step f) are described above. 
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Methods for preparing imidazo[1,2-a]pyrrolo[2,3-e]pyrazines compounds of the invention 

are illustrated in Scheme III. In step a, a carbamate is introduced by reacting pyrrolopyrazines 2 

	

5 	with tert-butyl carbamate under Buchwald-Hartwig amination conditions (for example, Example 

#8, Step A; Preparation #2, or Advanced Synthesis & Catalysis 2004, 346, 1599-1626) to give 

pyrrolopyrazin-2-ylcarbamates 11. 	Deprotection of compounds 11 to yield 2-

aminopyrrolopyrazine sulfonamides 12 can be performed using conditions such as those 

described in Example #8, Step B; General Procedure I, or Greene, T.W. and Wuts, P.G.M. 

	

10 	"Protective Groups in Organic Synthesis, 311  Edition", 1999, Wiley-Interscience. The formation of 

imidazopyrrolopyrazines 13 substituted in the 7-position can be achieved by reacting 2-

aminopyrrolopyrazine sulfonamides 12 with appropriately substitituted 2-halomethyl ketones by 

methods known to one skilled in the art (for example, Journal of Medicinal Chemistry, 1987, 

30(11), 2031-2046 or Example #8, Step C). Further functionalization of imidazopyrrolopyrazines 

	

15 	13 can be performed, if desired, using reactions known to one skilled in the art (for example, 

Larock, R.C. referenced above). For example, formation of amides, ureas, sulfonamides, aryl 

amines or heteroaryl amines can be prepared from imidazopyrrolopyrazines 13 containing a 

primary or secondary amine (for example, Examples #3 and #4 or General Procedures L, M, N or 

0). Also, deprotection of imidazopyrrolopyrazines 13 can be performed using conditions such as 

	

20 	those described in Greene, T.W. and Wuts, P.G.M. referenced above or in General Procedures I 

or J and the deprotected compounds 13 may then be reacted further as described above. Removal 

of the sulfonamide protecting group of imidazopyrrolopyrazines 13 may be accomplished using 

conditions such as those described in Example #8, Step D; General Procedure H, or by methods 

known to one skilled in the art (for example, the books from Larock, R.C. or Greene, T.W. and 

	

25 	Wuts, P.G.M. referenced above) to give imidazopyrrolopyrazines 14. Alternatively, alkylation of 

pyrrolopyrazin-2-ylcarbamates 11 with appropriately substituted 2-halomethyl ketones by 

methods known to one skilled in the art (for example, Example #9, Step A; Tetrahedron Letters, 

2006, 47(34), 6113-6115; or Journal of Medicinal Chemistry, 2005, 48(14), 4535-4546) yields 

pyrrolopyrazines 15. Cyclization of pyrrolopyrazines 15 into imidazopyrrolopyrazines 16 can be 

	

30 	accomplished by methods known to one skilled in the art (for example, Example #9, Step B; 
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European Journal of Medicinal Chemistry, 2001, 36(3), 255-264; or Bioorganic and Medicinal 

Chemistry Letters, 2007, 17(5), 1233-1237). Further functionalization of the R"' group in 

imidazopyrrolopyrazines 16 can be performed, if desired, using reactions known to one skilled in 

the art (for example, Larock, R.C. referenced above). For example, formation of amides, ureas, 

	

5 	sulfonamides, aryl amines, or heteroaryl amines can be prepared from imidazopyrrolopyrazines 

16 with an R'" group containing a primary or secondary amine (for example, Examples #3 and #4 

or General Procedures L, M, N or 0). 	Also, deprotection of the R"' group in 

imidazopyrrolopyrazines 16 to yield an unprotected compound 17 can be performed using 

conditions such as those described in Greene, T.W. and Wuts, P.G.M. referenced above or in 

	

10 	General Procedures I or J and the deprotected compounds 17 may then be reacted further as 

described above. Removal of the sulfonamide protecting group of imidazopyrrolopyrazines 16 

may be accomplished using conditions such as those described in Example #9, Step C; General 

Procedure H, or by methods known to one skilled in the art (for example, the books from Larock, 

R.C. or Greene, T.W. and Wuts, P.G.M. referenced above) to give imidazopyrrolopyrazines 17. 

15 
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Methods for preparing imidazo[1,5-c]pyrrolo[2,3-elpyrazines compounds of the invention 

are illustrated in Scheme IV. In step a, a vinyl group is introduced by reacting pyrrolopyrazines 2 

20 	with a boronic acid under Suzuki cross coupling conditions (for example, Example #10, Step A). 

Oxidative cleavage of the alkenes, 18, provides aldehydes 19 (for example, Example #10, Step B). 

Conversion to the corresponding primary amines can be accomplished by first condensation with 

hydroxyl amine followed by reduction with zinc, providing amines 21 (for example, Example 

#10, Step C). Alternatively amines 21 can be prepared by reduction of aldehydes 19 to the 

25 	corresponding alcohols (for example, Example #13, Step D), conversion of the alcohol to the 

chloride and displacement with azide to provide the azides 20 (for example, Example #13, Step 
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E). Reduction of the azides provide amines 21 (for example, Example #13, Step F). Alternatively 

amines 21 can be prepared by conversion of bromides 2 to the corresponding nitriles 25 (for 

example, Preparation #28), followed by reduction to amines 21 (for example, Preparation #28). 

Coupling of amines 21 with acids provides amides 22 (for example, Example #10, Step C). 

	

5 	Cyclization of amides 22 can be accomplished by conversion to the thioamide followed by 

treatment with an activating agent (such as a mercury salt, a silver salt or a copper salt) providing 

the imidazo[1,5-a]pyrrolo[2,3-e]pyrazines 23 (for example, Example #10, Step D). Deprotection 

of compounds 23 to yield imidazo[1,5-a]pyrrolo[2,3-e]pyrazines 24 can be performed using 

conditions such as those described in Greene, T.W. and Wuts, P.G.M. "Protective Groups in 

	

10 	Organic Synthesis, 3rd  Edition", 1999, Wiley-Interscience, General Procedure H, or Example #10, 

Step E. Further functionalization of the R'" group in imidazo[1,5-a]pyrrolo[2,3-e]pyrazines 23 or 

imidazo[1,5-a]pyffolo[2,3-e]pyrazines 24 can be performed, if desired, using reactions known to 

one skilled in the art (for example, Larock, R.C. referenced above). For example, formation of 

amides, ureas, sulfonamides, aryl amines, or heteroaryl amines can be prepared from compounds 

	

15 	23 or 24 with an R"' group containing a primary or secondary amine (for example, General 

Procedures L, M, N or 0). Also, deprotection of the R"' group in compounds 23 or 24 to yield an 

unprotected compound can be performed using conditions such as those described in Greene, 

T.W. and Wuts, P.G.M. referenced above or in General Procedures I or J and the deprotected 

compounds may then be reacted further as described above. 

20 

di 

  

  

 

e 

24 

  

Methods for preparing 3H-dipyrrolo[1,2-a:2',3'-e]pyrazines compounds of the invention 

are illustrated in Scheme V. In step a, aldehyde 19 is reacted under Horner-Emmons conditions to 
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provide a,13-unsaturated ketones 26 (for example, Example #11, Step A). Reduction of the double 

bond provides the saturated ketones 27 (for example, Example #11, Step B). Cyclization to the 

tricycles 28 can be accomplished by treatment of 27 with an activating agent by methods known 

to one skilled in the art (for example, Example #11, Step C). Deprotection of compounds 28 to 

	

5 	yield 3H-dipyrrolo[1,2-a:2',3'-e]pyrazines 29 can be performed using conditions such as those 

described in Greene, T.W. and Wuts, P.G.M. "Protective Groups in Organic Synthesis, 3rd 

Edition", 1999, Wiley-Interscience; General Procedure H, or Example #11, Step D. Further 

functionalization of the R"' group in 3H-dipyrrolo[1,2-a:2',3'-e]pyrazines 28 or 29 can be 

performed, if desired, using reactions known to one skilled in the art (for example, Larock, R.C. 

	

10 	referenced above). For example, formation of amides, ureas, sulfonamides, aryl amines, or 

heteroaryl amines can be prepared from compounds 28 or 29 with an R"' group containing a 

primary or secondary amine (for example, General Procedures L, M, N or 0). Also, deprotection 

of the R"' group in compounds 28 or 29 to yield an unprotected compound can be performed using 

conditions such as those described in Greene, T.W. and Wuts, P.G.M. referenced above or in 

	

15 	General Procedures I or J and the deprotected compounds may then be reacted further as 

described above. 

Scheme V 

  

 

28 

20 

Methods for preparing substituted cyclopentyl carboxylic acids 38 for use in the 

preparation of compounds of the invention are illustrated in Scheme VI. In step a, f3-ketoesters 31 

may be condensed with methyl 4-chloroacetoacetate 30 to give cyclic 3-ketoester enolate salts 32 

(for example, General Procedure BB). Decarboxylation of compounds 32 to give a43-unsaturated 

25 	ketones 33 is accomplished by standard methods known to one skilled in the art (for example, 

General Procedure CC). As shown in step c, hydrogenation of a,13-unsaturated ketones 33 
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provides the saturated ketones 34 (for example, General Procedure DD). Reductive amination of 

ketones 34 with dibenzylamine yields compounds 35 using conditions such as those described in 

General Procedure EE. The debenzylation of compounds 35 may be accomplished via 

hydrogenation as described in General Procedure FF to give amines 36. Alternate conditions may 

	

5 	be used to access amines 36 from ketones 34, for example, as described in Larock, R.C. 

"Comprehensive Organic Transformations: A Guide to Functional Group Preparations, 2" 

edition", 1999, Wiley-VCH. Amines 36 may undergo further functionalization using reactions 

known to one skilled in the art (for example, Larock, R.C. referenced above). For example, 

formation of amides, ureas, sulfonamides, aryl amines, or heteroaryl amines can be prepared from 

	

10 	amines 36 (for example, General Procedures L, M, N or 0) to give compounds 37. The ester of 

compounds 37 may be hydrolyzed under aqueous base or acid conditions to give the desired 

carboxylic acids 38 (for example, General Procedure GG or Larock, R.C. referenced above). If 

desired, chiral separation of compounds 33, 34, 35, 36, 37, or 38 may be done using methods 

known to one skilled in the art such as chiral preparative HPLC (for example, General Procedure 

	

15 	II). 

38 
	

37 
	

36 
	

35 

20 	Methods for preparing 4-substituted piperidine-3-carboxylic acid compounds of the 

invention are illustrated in Scheme VII. In step a, 4-substituted or unsubstituted nicotinic acids 39 

may be fully saturated using methods that are known to one skilled in the art (for example, 

Example #13, Step G). The resulting piperidine carboxylic acid 40 may be protected with a 

suitable amine protecting group such as those described in Greene, T.W. and Wuts, P.G.M. 

25 

	

	"Protective Groups in Organic Synthesis, 3rd Edition", 1999, Wiley-Interscience; Larock, R.C. 

"Comprehensive Organic Transformations: A Guide to Functional Group Preparations, 2nd  

edition", 1999, Wiley-VCH; or Example #13, Step G to give piperidine carboxylic acids 41. 
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Methods for preparing dihydropyrazolo[4,34pyrrolo[2,3-b]pyridine compounds of the 

	

5 	invention are illustrated in Scheme VIII. In step a, reaction of aldehyde 42 with a Grignard 

reagent provides alcohols 43 using methods known to one skilled in the art (for example, Example 

# 23, Step A). Preparation of ketones 44 (step b) can be accomplished by treatment of alcohols 

43 with an oxidizing agent by methods known to one skilled in the art (for example, Example 

#23, Step B). Alternatively, ketones 44 can be prepared by reaction of heteroaryl iodide 45 with 

	

10 	an aldehyde (step c) to provide alcohols 43 (for example, Example #24, Step A) followed by 

oxidation as described previously. Preparation of ketones 44 can be accomplished directly by 

reaction of heteroaryl iodide 45 with an appropriately substituted acid chloride by methods known 

to one skilled in the art (such as Heterocycles, 2003, 59(1), 369-385). Ketones 44 can then be 

converted to hydrazones 46 through reaction with hydrazine using conditions such as those 

	

15 	described in Example #24, Step C. Cyclization of hydrazones 46 to provide dihydropyrazolo[4,3- 

d]pyrrolo[2,3-b]pyridines 47 can be accomplished via an intramolecular Buchwald-Hartwig 

Cyclization (for example, Example #24, Step B, or Organic Letters, 2008, 10(18), 4109-4112). 

Further functionalization of the R"' group in dihydropyrazolo[4,3-d]pyrrolo[2,3-b]pyridines 47 

can be performed, if desired, using reactions known to one skilled in the art (for example, Larock, 

	

20 	R.C. referenced above). For example, formation of amides, ureas, sulfonamides, aryl amines, or 

heteroaryl amines can be prepared from compounds 47 with an R"' group containing a primary or 

secondary amine (for example, General Procedures L, M, N or 0). Also, deprotection of the R"' 

group in compounds 47 to yield an unprotected compound can be performed using conditions 

such as those described in Greene, T.W. and Wuts, P.G.M. referenced above or in General 

	

25 	Procedures I or J and the deprotected compounds may then be reacted further as described above. 
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Scheme VIII 

Methods for preparing isoxazolo[4,5-d]pyrrolo[2,3-b]pyridine compounds of the 

invention are described in Scheme IX. Ketones 44 can be reacted with hydroxylamine 

	

5 	hydrochloride (step a) to provide oximes 48 by methods known to one skilled in the art (for 

example, Example #28, Step A). Cyclization of oximes 48 to provide the desired isoxazolo[4,5-

d]pyrrolo[2,3-b]pyridines 49 (step b) is accomplished using methods known to one skilled in the 

art (for example, Example #28, Step B or Tetrahedron, 2007, 63(12), 2695-2711). Further 

functionalization of the R"' group in isoxazolo[4,5-d]pyrrolo[2,3-b]pyridines 49 can be performed, 

	

10 	if desired, using reactions known to one skilled in the art (for example, Larock, R.C. referenced 

above). For example, formation of amides, ureas, sulfonamides, aryl amines, or heteroaryl amines 

can be prepared from compounds 49 with an R"' group containing a primary or secondary amine 

(for example, General Procedures L, M, N or 0). Also, deprotection of the R' group in 

compounds 49 to yield an unprotected compound can be performed using conditions such as those 

	

15 	described in Greene, T.W. and Wuts, P.G.M. referenced above or in General Procedures I or J 

and the deprotected compounds may then be reacted further as described above. 
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Methods for preparing 1,6-dihydropyrazolo[3,4-d]pyrrolo[2,3-b]pyridine compounds of 

the invention are described in Scheme X. Commercially available 4-chloro-1H-pyrrolo-[2,3- 

	

5 	b]pyridine-5-carbaldehyde 50 is reacted with an appropriately substituted hydrazine or hydrazine 

hydrochloride (Scheme X, step a) to provide the desired 1,6-dihydropyrazolo[3,4-d]pyrrolo[2,3-

b]pyridines 51 by methods known to one skilled in the art (for example, Example #27). 

Additionally, the 1,6-dihydropyrazolo[3,4-d]pyrrolo[2,3-b]pyridines 51 can be protected as a 

sulfonamide (Scheme X, step b) using conditions such as those described in Preparation #1 or by 

	

10 	methods known to one skilled in the art (for example, Larock, R.C. "Comprehensive Organic 

Transformations: A Guide to Functional Group Preparations, 2nd  edition", 1999, Wiley-VCH or 

Greene, T.W. and Wuts, P.G.M. "Protective Groups in Organic Synthesis, 3rd  Edition", 1999, 

Wiley-Interscience). The protected compounds 52 can be iodinated by methods known to one 

skilled in the art (for example, Example #42, Step C). Halogenated tricycles 53 are reacted with 

	

15 	an appropriately substituted boronic acid or ester under Suzuki cross coupling conditions followed 

by deprotection to yield dihydropyrazolo[3,4-d]pyrrolo[2,3-b]pyridines 54 using conditions such 

as those described in Example #42, Step D. Further functionalization of the R"' group in 

dihydropyrazolo[3,4-d]pyrrolo[2,3-b]pyridines 54 can be performed, if desired, using reactions 

known to one skilled in the art (for example, Larock, R.C. referenced above). For example, 

	

20 	formation of amides, ureas, sulfonamides, aryl amines, or heteroaryl amines can be prepared from 

compounds 54 with an R"' group containing a primary or secondary amine (for example, General 

Procedures L, M, N or 0). Also, deprotection of the R"' group in compounds 54 to yield an 

unprotected compound can be performed using conditions such as those described in Greene, 

T.W. and Wuts, P.G.M. referenced above or in General Procedures I or J and the deprotected 

	

25 	compounds may then be reacted further as described above. 
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Methods for preparing 1,6-dihydrodipyffolo[2,3-b:2',3'-d]pyridine compounds of the 

	

5 	invention are described in Scheme XI. As shown in step a, heteroaryl chlorides 55 are reacted 

with an appropriately substituted amine using methods such as those described in Larock, R.C. 

"Comprehensive Organic Transformations: A Guide to Functional Group Preparations, 2nd  

edition", 1999, Wiley-VCH to give esters 56 with concomitant deprotection. Esters 56 can be 

converted to the corresponding aldehydes 57 (step b) and then cyclized to give the desired 1,6- 

	

10 	dihydrodipyrrolo[2,3-b:2',3'-d]pyridines 58 using methods known to one skilled in the art (for 

example, Larock, R.C. referenced above). Further functionalization of the R.'" group in 1,6-

dihydrodipyrrolo[2,3-b:2',3'-d]pyridines 58 can be performed, if desired, using reactions known to 

one skilled in the art (for example, Larock, R.C. referenced above). For example, formation of 

amides, ureas, sulfonamides, aryl amines, or heteroaryl amines can be prepared from compounds 

	

15 	58 with an R.' group containing a primary or secondary amine (for example, General Procedures 

L, M, N or 0). Also, deprotection of the R'" group in compounds 58 to yield an unprotected 

compound can be performed using conditions such as those described in Greene, T.W. and Wuts, 

P.G.M. referenced above or in General Procedures I or J and the deprotected compounds may 

then be reacted further as described above. 

20 
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Methods for preparing imidazo[1,5-a]pyrrolo[2,3-e]pyrazines 66 of the invention are 

illustrated in Scheme XII. 5-Bromo-3-((trimethylsilyl)ethynyl)pyrazine-2-amine 9 can be reacted 

with an appropriately functionalized halide to give substituted alkynes 59 (Scheme XII, step a) by 

	

5 	methods known to one skilled in the art (for example, Example #20, Step B). Alkynes 59 can be 

reacted under basic conditions to give pyrrolo[2,3-b]pyrazines 60 (as in Example #20, Step C). 

The pyrrolo[2,3-b]pyrazines 60 can be functionalized with an appropriate protecting group, such 

as (2-(trimethylsilyl)ethoxy)methyl, by methods known to one skilled in the art (for example, 

Greene, T.W. and Wuts, P.G.M. "Protective Groups in Organic Synthesis, 3rd  Edition", 1999, 

	

10 	Wiley-Interscience or Example #20, Step D). Pyrrolo[2,3-b]pyrazines 61 can be converted to the 

corresponding hydroxymethyl derivatives 62 through introduction of an alkene via a Suzuki cross 

coupling followed by oxidative cleavage and reduction of the intermediate aldehyde using 

methods known to one skilled in the art (for example, Larock, R.C. "Comprehensive Organic 

Transformations: A Guide to Functional Group Preparations, 2nd  edition", 1999, Wiley-VCH or 

	

15 	Example #20, Step E). Methanamines 63 can be prepared from hydroxylmethyl compounds 62 

(step e) by conversion to the azide (for example, Example #20, Step F) followed by a Staudinger 

reduction using methods known to one skilled in the art (for example, Larock, R.C. referenced 

above or Example #20, Step G). The methanamines 63 can be converted to an appropriately 

functionalized amides 64 using methods known to one skilled in the art (for example, Example 

	

20 	#20, Step H). Amides 64 can be deprotected using methods known to one skilled in the art (for 

example, Greene, T.W. and Wuts referenced above or Example #20, Step I) to provide 

functionalized pyrrolo[2,3-b]pyrazines 65 (step g). In Scheme XII, step h, cyclization of amides 

65 can be accomplished by conversion to the thioamide followed by treatment with an activating 

agent providing the imidazo[1,5-a]pyrrolo[2,3-e]pyrazines 66 (for example, Example #20, Step 

	

25 	J). Alternatively, cyclization of amides 64 can be accomplished using the conditions described 

above (Scheme XII, step i) (for example, Example #22, Step B) followed by deprotection of 

imidazo[1,5-a]pyrrolo[2,3-e]pyrazines 67 (Scheme XII, step j) using methods known to one 

skilled in the art (for example, Greene, T.W. and Wuts referenced above or Example #22, Step C). 

Further functionalization of the R"' group in imidazo[1,5-a]pyrrolo[2,3-e]pyrazines 66 or 67 can 

	

30 	be performed, if desired, using reactions known to one skilled in the art (for example, Larock, 

R.C. referenced above). For example, formation of amides, ureas, sulfonamides, aryl amines, or 

heteroaryl amines can be prepared from compounds 66 or 67 with an R"' group containing a 

primary or secondary amine (for example, General Procedures L, M, N or 0). Also, deprotection 

of the R"' group in compounds 66 or 67 to yield an unprotected compound can be performed using 

	

35 	conditions such as those described in Greene, T.W. and Wuts, P.G.M. referenced above or in 

General Procedures I or J and the deprotected compounds may then be reacted further as 

described above. 
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GENERAL PROCEDURES AND EXAMPLES 

5 	The general synthetic schemes that were utilized to construct the majority of compounds 

disclosed in this application are described below in Schemes 1-39. These schemes are provided 

for illustrative purposes only and are not to be construed as limiting the scope of the invention. 

Scheme I. Formation of a hydrazide from a carboxylic acid (General Procedure A) 

O  

R"" OH 	 R"' 

10 

Scheme 2. Formation of a hydrazide from an acid chloride followed by cyclization and 

sulfonamide hydrolysis (General Procedure B) 
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Scheme 3. Cyclization of a hydrazide (General Procedure C) 
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Scheme 4. Cyclization of a hydrazide followed by sulfonamide hydrolysis and Boc-

deprotection (General Procedure D) 

Scheme 5. Cyclization of a hydrazide followed by sulfonamide hydrolysis (General Procedure 

5 E) 
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Scheme 6. Cyclization of a hydrazide with loss of Boc-protecting group followed by 

sulfonamide hydrolysis (General Procedure F) 
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10 	Scheme 7. Formation of a hydrazone followed by cyclization and sulfonamide hydrolysis 

(General Procedure G) 
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15 

Scheme 8. Hydrolysis of a sulfonamide (General Procedure H) 
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Scheme 9. Acidic cleavage of a Boc-protected amine (General Procedure I) 
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5 	Scheme 10. Deprotection of a Cbz-protected amine (General Procedure .1) 
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Scheme 11. Formation of an amide from an activated acid and an amine (General Procedure 

K)  
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10 	Scheme 12. Formation of an amide from a carboxylic acid and an amine (General Procedure 

L)  
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Scheme 13. Formation of a urea from an amine and a carbamoyl chloride (General 

Procedure M) 
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Scheme 14. Formation of a sulfonamide from an amine (General Procedure N) 
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Scheme 15. Displacement of an aryl or heteroaryl halide with an amine (General Procedures 

0 and 0.1) 
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Scheme 16. Boc-protection of an amine (General Procedure P) 
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Scheme 17. Cbz-protection of an amine (General Procedure Q) 
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5 	Scheme 18. Reduction of a pyridine (General Procedure R) 

(R), 

H 

Scheme 19. Reduction of an ester to an alcohol (General Procedure S) 
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Scheme 20. Oxidation of an alcohol to an aldehyde (General Procedure T) 
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Scheme 21. Formation of a semicarbazide (General Procedure U) 
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Scheme 22. Cyclization of a semicarbazide (General Procedure V) 
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15 	Scheme 23. Formation of an acid chloride (General Procedure W) 

0 	 0 

RAOH 	 R).C1 



0 0 	 0 0 
R,0-1(jt,0.R' 

9 
R 

Scheme 29: Decarboxylation of a 13-ketoester enolate (General Procedure CC) 
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15 	Scheme 30: Hydrogenation of an alkene (General Procedure DD) 
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Scheme 24. Formation of a urea using CDI (General Procedure X) 
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Scheme 25. Formation of an ester from a carboxylic acid (General Procedure Y) 
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5 	Scheme 26. N-Alkylation using an alkyl halide or a-haloketone (General Procedure Z) 
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Scheme 27: Cyclization of an amide using a dithiaphosphetane reagent (General Procedure 

AA) 
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10 	Scheme 28: Knoevenagel condensation to form a substituted cyclopentadiene (General 

Procedure BB) 
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Scheme 31: Reductive amination of a ketone or aldehyde (General Procedure EE) 
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Scheme 32: Debenzylation of an amine (General Procedure FF) 

R' 

5 	Scheme 33: Hydrolysis of an ester to a carboxylic acid (General Procedure GG) 
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Scheme 34: Dehydration of an amide to a nitrile (General Procedure HH) 
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Scheme 35: Chiral preparative HPLC separation of stereoisomers (General Procedure II) 
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Scheme 36: Acidic hydrolysis of an acetyl protected amine (General Procedure JJ) 
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Scheme 37: Cyclopropanation using chloroiodomethane (General Procedure KK) 
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15 	Scheme 38: Formation of a bromomethyl ketone from an acid chloride (General Procedure 

LL) 
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Scheme 39: Reduction of an a,(3-unsaturated ketone to an allylic alcohol (General Procedure 

MM) 
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LIST OF GENERAL PROCEDURES 

General Procedure A 

General Procedure B 

	

5 	General Procedure C 

General Procedure D 

General Procedure E 

General Procedure F 

10 

General Procedure G 

General Procedure H 

General Procedure I 

	

15 	General Procedure J 

General Procedure K 

General Procedure L 

General Procedure M 

General Procedure N 

	

20 	General Procedure 0 

General Procedure P 

General Procedure Q 

General Procedure R 

General Procedure S 

	

25 	General Procedure T 

General Procedure U 

General Procedure V 

General Procedure W 

General Procedure X 

	

30 	General Procedure Y 

General Procedure Z 

General Procedure AA 

General Procedure BB 

General Procedure CC 

	

35 	General Procedure DD 

General Procedure EE  

Formation of a hydrazide from a carboxylic acid 

Formation of a hydrazide from an acid chloride followed by 

cyclization and sulfonamide hydrolysis 

Cyclization of a hydrazide 

Cyclization of a hydrazide followed by sulfonamide hydrolysis 

and Boc-deprotection 

Cyclization of a hydrazide followed by sulfonamide hydrolysis 

Cyclization of a hydrazide with loss of Boc-protecting group 

followed by sulfonamide hydrolysis 

Formation of a hydrazone followed by cyclization and 

sulfonamide hydrolysis 

Hydrolysis of a sulfonamide 

Acidic cleavage of a Boc-protected amine 

Deprotection of a Cbz-protected amine 

Formation of an amide from an activated acid and an amine 

Formation of an amide from a carboxylic acid and an amine 

Formation of a urea from an amine and a carbamoyl chloride 

Formation of a sulfonamide from an amine 

Displacement of an aryl or heteroaryl halide with an amine 

Boc-protection of an amine 

Cbz-protection of an amine 

Reduction of a pyridine 

Reduction of an ester to an alcohol 

Oxidation of an alcohol to an aldehyde 

Formation of a semicarbazide 

Cyclization of a semicarbazide 

Formation of an acid chloride 

Formation of a urea using CDI 

Formation of an ester from a carboxylic acid 

N-Alkylation using an alkyl halide or a-haloketone 

Cyclization of an amide using a dithiaphosphetane reagent 

Knoevenagel condensation to form a substituted cyclopentadiene 

Decarboxylation of a 13-ketoester enolate 

Hydrogenation of an alkene 

Reductive amination of a ketone or aldehyde 
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General Procedure FF 

General Procedure GG 

General Procedure HH 

General Procedure II 

5 	General Procedure JJ 

General Procedure KK 

General Procedure LL 

General Procedure MM 

Debenzylation of an amine 

Hydrolysis of an ester to a carboxylic acid 

Dehydration of an amide to a nitrile 

Chiral preparative HPLC separation of stereoisomers 

Acidic hydrolysis of an acetyl protected amine 

Cyclopropanation using chloroiodomethane 

Formation of a bromomethyl ketone from an acid chloride 

Reduction of an cc,p-unsaturated ketone to an allylic alcohol 

10 	The following examples are ordered according to the final general procedure used in their 

preparation. The synthetic routes to any novel intermediates are detailed by sequentially listing 

the general procedure (letter codes) in parentheses after their name with additional reactants or 

reagents as appropriate. A worked example of this protocol is given below using Example #H.1.1 

as a non-limiting illustration. Example #H.1.1 is N-(4-(6H-pyrrolo[2,3-e][1,2,4]triazolo[4,3- 

15 	c]pyrazin-l-yObicyclo[2.2.2]octan-l-y1)-3-chlorobenzenesulfonamide, which was prepared from 

3-chloro-N-(4-(6-tosy1-6H-pynolo [2,3-e] [1,2,4]triazolo [4,3-a]pyrazin-l-yl)bicyclo [2.2.2] octan-1-

yl)benzenesulfonamide using General Procedure H as represented in Scheme A. 

Scheme A 

CI 

 

CI 

General Procedure H 

 

20 	 Precursor to Example #H.1.1 
	

Example #H.1.1 

The precursor to Example #H.1.1, 3-chloro-N-(4-(6-tosy1-6H-pyrrolo[2,3-e][1,2,4]triazolo[4,3-

a]pyrazin- 1-yl)bicyclo[2.2.2]octan- 1 -yObenzenesulfonamide, was prepared as shown in Scheme 

B. 2-Hydrazinyl-5-tosyl-5H-pyrrolo[2,3-b]pyrazine (Preparation #9) and 4-(tert- 

25 butoxycarbonylamino)bicyclo-[2.2.2]octane-l-carboxylic acid are reacted following the 

conditions given in General Procedure A to give tert-butyl 4-(2-(5-tosy1-5H-pyrrolo[2,3-

b]pyrazin-2-yphydrazinecarbonyObicyclo[2.2.2]octan-1-ylcarbamate. This hydrazide is cyclized 

using the conditions given in General Procedure C to afford tert-butyl 4-(6-tosy1-6H-pyrrolo[2,3- 

e][1,2,4]triazolo [4,3-a] pyrazin-l-yl)bicyclo [2.2 .2] octan-l-ylcarbamate. 	This carbamate is 
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Preparation #9 

deprotected using General Procedure I to yield 4-(6-tosy1-6H-pyrrolo[2,3-e][1,2,4]triazolo[4,3-

a]pyrazin-l-yl)bicyclo[2.2.2]octan-1-amine. This amine is sulfonylated using the conditions 

described in General Procedure N to give the precursor to Example #H.1.1. The reaction 

sequence detailed above is translated in the preparations and examples section to "using A from 

5 

	

	Preparation #9 and 4-(tert-butoxycarbonylamino)bicyclo-[2.2.2]octane-1 -carboxylic acid [Prime 

Organics], C with TEA, I, N from 3-chlorobenzenesulfonyl chloride". 

Scheme B 
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General Procedure I General Procedure N 
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Precusor to Example 1111.1.1 

10 

Analytical Methods 

Analytical data is included within the procedures below, in the illustrations of the general 

procedures, or in the tables of examples. Unless otherwise stated, all IFINMR data were collected 

on a Varian Mercury Plus 400 MHz or a Varian Inova 600 MHz instrument and chemical shifts 

15 

	

	are quoted in parts per million (ppm). LC/MS and HPLC data is referenced to the table of LC/MS 

and HPLC conditions using the lower case method letter provided in Table 2. 

Table 2. LC/MS and HPLC methods 

Method Conditions 

a LC/MS: The gradient was 5-60% B in 1.5 mM then 60-95% B to 2.5 mM with a 

hold at 95% B for 1.2 min (1.3 mL/min flow rate). Mobile phase A was 10 mM 

NH4OAc, mobile phase B was HPLC grade MeCN. 	The column used for the 

chromatography is a 4.6 x 50 mm MAC-MOD Halo C8 column (2.7 um particles). 

Detection methods are diode array (DAD) and evaporative light scattering (ELSD) 

detection as well as positive/negative electrospray ionization. 
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Method Conditions 

b HPLC: The gradient was 10-60% B over 40 min (25 mL/min flow rate). Mobile 

phase A was 50 mM NH4OAc (pH 4.5) and mobile phase B was HPLC grade 

MeCN. The column used for the chromatography was a 21.2 x 250 mm Hypersil 

C18 HS column (8 i_tm particles). Detection method is UV, X = 254 nm. 

c HPLC: The gradient was 10-100% B over 40 min , hold 5 min at 100% B, 2 min 

back to 10% B, 4 min hold at 10% B (21 mL/min flow rate). Mobile phase A was 50 

mM NH4OAc (pH 4.5) and mobile phase B was HPLC grade MeCN. The column 

used for the chromatography was a 21.2 x 250 mm Hypersil C18 HS column (8 Am 

particles). Detection method is UV, X = 344 nm. 

d LC/MS: The gradient was 5-60% B in 0.75 min then 60-95% B to 1.15 min with a 

hold at 95% B for 0.75 min (1.3 mL/min flow rate). Mobile phase A was 10 mM 

NH4OAc, mobile phase B was HPLC grade MeCN. 	The column used for the 

chromatography is a 4.6 x 50 mm MAC-MOD Halo C8 column (2.7 iim particles). 

Detection methods are diode array (DAD) and evaporative light scattering (ELSD) 

detection as well as positive/negative electrospray ionization. 

e HPLC: The gradient was 5-95% B over 20 min (21 mL/min flow rate). Mobile 

phase A was 50 mM NH4OAc (pH 4.5) and mobile phase B was HPLC grade 

MeCN. The column used for the chromatography was a 21.2 x 250 mm Hypersil 

C18 HS column (8 p.m particles). Detection method is UV, X = 254 nm. 

f HPLC: The gradient was 0-30% B over 20 min (21 mL/min flow rate). Mobile 

phase A was 50 mM NH4OAc (pH 4.5) and mobile phase B was HPLC grade 

MeCN. The column used for the chromatography was a 21.2 x 250 mm Hypersil 

C18 HS column (8 lam particles). Detection method is UV, X. = 254 nm. 

g HPLC: The gradient was 0-50% B over 20 min (21 mL/min flow rate). Mobile 

phase A was 50 mM NH4OAc (pH 4.5) and mobile phase B was HPLC grade 

MeCN. The column used for the chromatography was a 21.2 x 250 mm Hypersil 

C18 HS column (8 win particles). Detection method is UV, X = 254 nm. 

h HPLC: The gradient was 20-60% B over 40 min (81 mL/min flow rate), mobile 

phase A was 50 mM NH4OAc (pH 4.5) and mobile phase B was HPLC grade 

MeCN, the column used for the chromatography was a 25 x 250 mm Hypersil C18 

HS column (10 lam particles), detection method is UV, X = 315 nm. 

i HPLC: The gradient was 10-80% B over 9 min then 80-100% B over 0.10 min with 

a hold at 100% B for 1.50 min (22.5 mL/min flow rate). Mobile phase A was 50 

mM NH4OAc (pH 4.5) and mobile phase B was HPLC grade MeCN, the column 
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Method Conditions 

used for the chromatography was a 19 x 50 mm Waters Atlantis T3 OBD C18 

column (5 gm particles), detection methods are Photodiode array DAD and Waters 

ZQ 2000 mass spectrometer. 

j HPLC: The gradient was 0-40% B over 30 min (21 mL/min flow rate). Mobile 

phase A was 50 mM NH4OAc (pH 4.5) and mobile phase B was HPLC grade 

MeCN. The column used for the chromatography was a 21.2 x 250 mm Hypersil 

C18 HS column (8 pm particles). Detection method is UV, X = 254 nm. 

k HPLC: The gradient was 25-100% B over 25 min (21 mL/min flow rate). Mobile 

phase A was 50 mM Na40Ac (pH 4.5) and mobile phase B was HPLC grade 

MeCN. The column used for chromatography was a 21.2 x 250 mm Hypersil HS 

C18 column (8 um particles). Detection method is UV, X = 380 nm. 

1 LC/MS: The gradient was 0.1 min at 10%B, 10-100% B over 2.5 min with a hold at 

100% B for 0.3 min, then to 10% B over 0.1 min. Mobile phase A was 0.1% TFA in 

water and mobile phase B was HPLC grade MeCN. 	The column used for the 

chromatography was a 2.1 mm x 30 mm Phenomenex Luna Combi-HTS C8(2) (5 

i_iM particles). Detection methods are Waters 996 diode-array detector and Sedere 

Sedex-75 ELSD. The ZMD mass spectrometer was operated under positive APCI 

ionization conditions. 

m HPLC: The gradient was 10-100% B over 50 min (21 mL/min flow rate). Mobile 

phase A was 50 mM NH4OAc (pH 4.5) and mobile phase B was HPLC grade 

MeCN. The column used for the chromatography was a 21.2 x 250 mm Hypersil 

C18 HS column (8 gm particles). Detection method is UV, X = 341 nm. 

n LC/MS: The gradient was 30-60% B in 1.50 min then 60-95% B to 2.5 min with a 

hold at 95% B for 1.2 min (1.3 mL/min flow rate). Mobile phase A was 10 mM 

ammonium acetate, mobile phase B was HPLC grade MeCN. The column used for 

the chromatography is a 4.6 x 50 mm MAC-MOD Halo C8 column (2.7 gm 

particles). Detection methods are diode array (DAD) and evaporative light scattering 

(ELSD) detection as well as positive/negative electrospray ionization. 

o LC/MS: The gradient was 5-60% B in 1.5 min then 60-95% B to 2.5 min with a hold 

at 95% B for 1.2 min (1.3 mL/min flow rate). Mobile phase A was 10 mM 

ammonium acetate, mobile phase B was HPLC grade MeCN. The column used for 

the chromatography is a 4.6 x 30 mm Vydac Genesis C8 column (4 gm particles). 

Detection methods are diode array (DAD) as well as positive/negative electrospray 

ionization and MS2  data dependent scanning on the positive ion scan (45 eV collision 
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Method Conditions 

energy). 

p HPLC: The column used for the chromatography was a 21.2 x 250 mm Hypersil 

C18 HS column (8 gm particles). 	The gradient was 5-95% B over 50 min (21 

mL/min flow rate). Mobile phase A was 0.05 N aqueous ammonium acetate buffer 

(pH 4.5) and mobile phase B was HPLC grade MeCN. Detection method is UV, X = 

254 nm. 

q HPLC: The gradient was 10% to 50% B in 40 min (81 mL/min flow rate). Mobile 

phase A was 50 mM ammonium acetate in water, mobile phase B was HPLC grade 

MeCN. The column used for the chromatography was a Microsorb C18, 100 A, 5 

gm, 46 x 250 mm column. Detection method is UV, X = 310 nm. 

r HPLC: The gradient was 30% to 70% B in 40 min (81 mL/min flow rate). Mobile 

phase A was 50 mM ammonium acetate in water, mobile phase B was HPLC grade 

MeCN. The column used for the chromatography was a Microsorb C18, 100 A, 5 

gm, 46 x 250 mm column. Detection method is UV, X. = 254 nm. 

s HPLC: The gradient was 10-40% B over 50 min, 40-100% over 3 min, hold 5 min at 

100% B, 2 min back to 10% B, 3 min hold at 10% B (21 mL/min flow rate). Mobile 

phase A was 50 mM NH4OAc (pH 4.5) and mobile phase B was HPLC grade 

MeCN. The column used for the chromatography was a 21.2 x 250 mm Hypersil 

C18 HS column (8 gm particles). Detection method is UV, X = 326 nm. 

t HPLC: The column used for the chromatography is a 19x50 mm Waters Atlantis T-3 

column(5 gm particles). The gradient was 20-25% B in 3.0 min then 25-95% B to 

9.00 min with a hold at 95% B for 0.10 min (25 mL/min flow rate). Mobile phase A 

was 50mM ammonium acetate, mobile phase B was HPLC grade acetonitrile. 

Detection methods are Waters 2996 PDA and Mass Spec is a Waters ZQ 2000. Mass 

spec detection uses both pos/neg switching under APCI ionization. 

u HPLC: The gradient was 5-100% B over 20 min (21 mL/min flow rate). Mobile 

phase A was 50 mM NH4OAc (pH 4.5) and mobile phase B was HPLC grade 

MeCN. The column used for the chromatography was a 21.2 x 250 mm Hypersil 

C18 HS column (8 m particles). Detection method is UV, X = 254 nm. 
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Table 3. Chiral HPLC methods 

Method Conditions 

1 The gradient was 5-60% A in 19 min with a hold at 60% A for 2 min (20 mL/min 

flow rate). Mobile phase A was ethanol (200 proof), mobile phase B was HPLC 

grade heptane with 0.1% diethylamine added. The column used for the 

chromatography was a Daicel IC, 20 x 250 mm column (5 p,m particles). Detection 

methods were evaporative light scattering (ELSD) detection as well as optical 

rotation. 

2 The gradient was 30-58% A in 12 min (20 mL/min flow rate). Mobile phase A was 

HPLC grade isopropanol, mobile phase B is HPLC grade heptane. The column used 

for the chromatography is a Daicel IA, 20 x 250 mm column (5 pm particles). 

Detection methods were UV, ?. = 280 nm, evaporative light scattering (ELSD) 

detection as well as optical rotation. 

3 Isocratic 30% A for 25 min (20 mL/min flow rate). Mobile phase A was ethanol 

(200 proof), mobile phase B was HPLC grade heptane with 0.1% diethylamine 

added. The column used for the chromatography was a Daicel IA, 20 x 250 mm 

column (5 µm particles). Detection methods were evaporative light scattering 

(ELSD) detection as well as optical rotation. 

4 Isocratic 20% A for 40 min (20 mL/min flow rate). Mobile phase A was ethanol 

(200 proof), mobile phase B was HPLC grade heptane with 0.1% diethylamine 

added. The column used for the chromatography was a Daicel IA, 20 x 250 mm 

column (5 1,tm particles). Detection methods were evaporative light scattering 

(ELSD) detection as well as optical rotation. 

5 The gradient was 30-65% A in 18 min (20 mL/min flow rate). Mobile phase A was 

HPLC grade isopropanol, mobile phase B was HPLC grade heptane with 0.1% 

diethylamine added. The column used for the chromatography was a Daicel IA, 20 

x 250 mm column (5 inn particles). Detection methods were UV, X = 280 nm, 

evaporative light scattering (ELSD) detection as well as optical rotation. 

6 The gradient was 10-55% A in 19 min with a hold at 55% for 0.5 min (20 mL/min 

flow rate). Mobile phase A was a 50:50 mixture of HPLC grade methanol and 

ethanol (200 proof), mobile phase B was HPLC grade heptane with 0.1% 

diethylamine added. The column used for the chromatography was a Daicel IA, 20 

x 250 mm column (5 µm particles). Detection methods were evaporative light 

scattering (ELSD) detection as well as optical rotation. 
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Method Conditions 

7 The gradient was 30-70% A in 18 min (20 mL/min flow rate). Mobile phase A was 

ethanol (200 proof), mobile phase B was HPLC grade heptane with 0.1% 

diethylamine added. The column used for the chromatography was a Daicel IC, 20 

x 250 mm column (5 gm particles). Detection methods were UV, X, = 280 nm, 

evaporative light scattering (ELSD) detection as well as optical rotation. 

8 Isocratic 20% A for 30 min (20 mL/min flow rate). Mobile phase A was HPLC 

grade isopropanol, mobile phase B was HPLC grade heptane with 0.1% 

diethylamine added. The column used for the chromatography was a Daicel IA, 20 

x 250 mm column (5 µm particles). Detection methods were evaporative light 

scattering (ELSD) detection as well as optical rotation. 

9 Isocratic 50% A for 25 min (20 mL/min flow rate). Mobile phase A was a 50:50 

mixture of HPLC grade methanol and ethanol (200 proof), mobile phase B was 

HPLC grade heptane with 0.1% diethylamine added. The column used for the 

chromatography was a Daicel IA, 20 x 250 mm column (5 gm particles). Detection 

methods were evaporative light scattering (ELSD) detection as well as optical 

rotation. 

10 Isocratic 70% A for 25 min (20 mL/min flow rate). Mobile phase A was ethanol 

(200 proof), mobile phase B was HPLC grade heptane with 0.1% diethylamine 

added. The column used for the chromatography was a Daicel IA, 20 x 250 mm 

column (5 gm particles). Detection methods were evaporative light scattering 

(ELSD) detection as well as optical rotation. 

Preparations and Examples 

The general synthetic methods used in each General Procedure follow and include an illustration 

of a compound that was synthesized using the designated General Procedure. None of the 

	

5 	specific conditions and reagents noted herein are to be construed as limiting the scope of the 

invention and are provided for illustrative purposes only. All starting materials are commercially 

available from Sigma-Aldrich (including Fluka and Discovery CPR) unless otherwise noted after 

the chemical name. Reagent/reactant names given are as named on the commercial bottle or as 

generated by IUPAC conventions, CambridgeSoft®  Chemdraw Ultra 9.0.7 or AutoNom 2000. 

	

10 	Compounds designated as salts (e.g. hydrochloride, acetate) may contain more than one molar 

equivalent of the salt. 
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Br 

N 

Preparation #1: 2-Bromo-5-(4-tent-butylphenylsulfony1)-5H-pyrrolo[2,3-b]pyrazine 

A solution of 2-bromo-5H-pyrrolo[2,3-b]pyrazine (5.00 g, 25.2 mmol, Ark Pharm) in DMF (150 

mL) was cooled in an ice bath to about 0 °C and then NaH (60% dispersion in mineral oil, 1.21 g, 

	

5 	30.3 mmol) was added. After about 15 min, 4-tert-butylbenzene-l-sulfonyl chloride (6.46 g, 27.8 

mmol) was added. The reaction was maintained between about 0-10 °C for about 2 h. Then, the 

reaction was diluted with water (200 mL) to give a yellow suspension. The solid was collected by 

vacuum filtration, while washing with additional water (100 mL), and dried in a vacuum oven at 

about 70 °C to give 2-bromo-5-(4-tert-butylphenylsulfony1)-5H-pyrrolo[2,3-Npyrazine (9.05 g, 

	

10 	91%): LC/MS (Table 2, Method a) Rt  = 3.05 min; MS m/z: 394/396 (M+H)±. 

Preparation #2: tert-Butyl 2-(5-(4-tert-butylphenylsulfony1)-5H-pyrrolo [2,3-b]pyrazin-2-

yl)hydrazinecarboxylate and tert-butyl 1-(5-(4-tert-butylphenylsulfony1)-5H-pyrrolo[2,3-

b] pyrazin-2-yl)hydrazinecarboxylate 

 

NHZ  

N 

0
N N 

15 

To a flask was added Pd2(dba)3  (5.06 g, 5.53 mmol), di-tert-butyl-(2',4',6'-triisopropyl-bipheny1-2-

y1)-phosphane (4.70 g, 11.06 mmol), and 1,4-dioxane (350 mL). The catalyst-ligand mixture was 

degassed via vacuum/nitrogen purge (3 times) and heated at about 80 °C for about 10 min. The 

reaction mixture is briefly removed from the oil bath then 2-bromo-5-(4-tert- 

20 	butylphenylsulfony1)-5H-pyrrolo[2,3-b]pyrazine (21.8 g, 55.3 mmol, Preparation #1), tert-butyl 

hydrazinecarboxylate (36.5 g, 276 mmol), and NaOt-Bu (7.97 g, 83 mmol) were added. After an 

additional vacuum/nitrogen purge, the reaction was heated at about 80 °C for about 5.5 h. The 

reaction was cooled to ambient temperature and filtered through Celite®, while washing with 

EtOAc (500 mL). The filtrate was washed with saturated aqueous NH4C1 (3 x 500 mL), saturated 

25 	aqueous NaHCO3  (500 mL) and brine (500 mL), dried over anhydrous Na2SO4, filtered, and then 

concentrated under reduced pressure to give about 55 g of a crude brown oil. The brown oil was 

adsorbed onto silica and purified by silica gel chromatography eluting with a gradient of 10-50% 
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EtOAc in heptane to give tert-butyl 2-(5-(4-tert-butylphenylsulfonyl)-5H-pyrrolo[2,3-b]pyrazin-2-

yl)hydrazinecarboxylate (4.51 g, 18% yield) and 4.68 g of a mixture of tert-butyl 2-(5-(4-tert-

butylphenylsulfonyl)-5H-pyrrolo[2,3-bhayrazin-2-yOhydrazinecarboxylate [major regioisomer] 

and 	tent-butyl 	1-(5-(4-tert-butylphenylsulfonyl)-5H-pyrrolo[2,3-b]pyrazin-2- 

5 	yl)hydrazinecarboxylate [minor regioisomer]: LC/MS (Table 2, Method a) Rt  = 2.68 min; MS 

m/z: 446 (M+H)+  [major regioisomer]; Rt  = 2.77 min; MS m/z: 446 (M+H)+  [minor regioisomer]. 

Preparation #3: 5-(4-tert-Butylphenylsulfony1)-2-hydraziny1-5H-pyrrolo[2,3-b]pyrazine 

H 

H2N
-N  

10 To a mixture of tert-butyl 2-(5-(4-tert-butylphenylsulfony1)-5H-pyrrolo[2,3-b]pyrazin-2-

yphydrazinecarboxylate and tert-butyl 1-(5-(4-tert-butylphenylsulfony1)-5H-pyrrolo[2,3-

b]pyrazin-2-yl)hydrazinecarboxylate (11.24 g, 25.2 mmol, Preparation #2) in 1,4-dioxane (125 

mL) was added HC1 (4 M in 1,4-dioxane, 125 mL, 500 mmol). The reaction mixture was heated 

at about 60 °C for about 1 h and then the reaction mixture was cooled to ambient temperature. 

15 	The mixture was filtered, while washing with Et20 (150 mL), and the solid was partitioned 

between EtOAc (500 mL) and saturated aqueous NaHCO3  (500 mL). The layers were separated 

and the organic layer was washed with saturated aqueous NaHCO3  and brine (200 mL each), 

dried over anhydrous Na2SO4, filtered, concentrated under reduced pressure, and dried in a 

vacuum oven at about 70 °C to give 5-(4-tert-butylphenylsulfonyl)-2-hydrazinyl-5H-pyrrolo[2,3- 

20 	bJpyrazine as a tan solid (7.54 g, 87%): LC/MS (Table 2, Method a) Rt  = 2.20 min; MS m/z: 346 

(M+H)+. 

Preparation #4: 2-Methylcyclohexanecarbonyl chloride 

OH 	 CI 

25 	To a solution of 2-methylcyclohexanecarboxylic acid (6.00 mL, 42.6 mmol, mixture of cis and 

trans) in DCM (60 mL) was added oxalyl chloride (4.80 mL, 55.3 mmol) followed by DMF (0.03 

mL, 0.4 mmol). The reaction mixture was stirred at ambient temperature for about 4 h before it 

was concentrated under reduced pressure to constant weight to afford 2-

methylcyclohexanecarbonyl chloride (mixture of diastereomers) as a yellow oil (7.0 g, 97%): 1H 

30 	NMR (400 MHz, CDC13) 5 2.98-2.94 (m, 1H), 2.39-2.35 (m, 1H), 1.91-1.82 (m, 1H), 1.79-1.72 
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(m, 1H), 1.69-1.60 (m, 2H), 1.57-1.47 (m, 2H), 1.42-1.36 (m, 1H), 1.34-1.26 (m, 1H), 1.04-0.96 

(m, 3H). 

Preparation #5: Benzyl 4-(chlorocarbonyl)piperidine-1-carboxylate 

CI 

5 	Step A: 1-(Benzyloxycarbonyl)piperidine-4-carboxylic acid 

/`--NH 

OH 

To a solution of piperidine-4-carboxylic acid (10.0 g, 77.4 mmol) and Na2CO3  (8.21 g, 77.4 

mmol) in water (100 mL) was added a solution of benzyl 2,5-dioxopyrrolidin- 1 -yl carbonate (19.3 

g, 77.4 mmol) in MeCN (100 mL). The reaction was stirred at ambient temperature for about 16 

10 

	

	h and then concentrated under reduced pressure. The resulting aqueous solution was quenched 

with NH4C1 and was then extracted with EtOAc (2 x 100 mL). The combined organic extracts 

were dried over anhydrous Na2SO4  and concentrated under reduced pressure to give 1-

(benzyloxycarbonyl)piperidine-4-carboxylic acid as a white solid (4.56 g, 22%): LC/MS (Table 2, 

Method a) Rt  = 1.93 min; MS m/z: 262 (M-H)-. 

15 

Step B: Benzyl 4-(chlorocarbonyl)piperidine-1-carboxylate 

 

0 

CI 

 

OH 

 

To a solution of 1-(benzyloxycarbonyl)piperidine-4-carboxylic acid (4.50 g, 17.1 mmol, 

Preparation #5, Step A) in DCM (40 mL) at ambient temperature was added oxalyl chloride (3.00 

20 mL, 34.2 mmol) followed by DMF (0.10 mL, 1.3 mmol). After about 3 h, the reaction was 

concentrated under reduced pressure to constant weight to afford benzyl 4-

(chlorocarbonyl)piperidine-1-carboxylate as a yellow oil (3.88 g, 81%): 'H NMR (CDC13) 5 7.44-

7.35 (m, 5H), 5.16 (s, 2H), 4.20-4.10 (m, 2H), 3.03-2.89 (m, 3H), 2.15-2.05 (m, 2H), 1.81-1.76 

(m, 2H). 

25 

o) 
OH 

112 



Preparation #6: Perfluorophenyl 2-cyanoacetate 

To a solution of 2,3,4,5,6-pentafluorophenol (1.08 g, 5.88 mmol) and 2-cyanoacetic acid (0.50 g, 

5.9 mmol) in DCM (20 mL) was added DCC (1.21 g, 5.88 mmol). After stirring for about 4 hat 

	

5 	ambient temperature, the reaction was concentrated under reduced pressure and then purified over 

silica gel (20 g) using DCM as the eluent to afford perfluorophenyl 2-cyanoacetate as a white 

solid (1.39 g, 94%): 1H NMR (400 MHz, CDC13) 8 3.85 (s, 2H). 

Preparation #7: 2-Bromo-5-tosyl-5H-pyrrolo[2,3-b]pyrazine 

	

10 	(Method A) 

 

N N 

 

A solution of 2-bromo-5H-pyrrolo[2,3-b]pyrazine (78.0 g, 394 mmol, Ark Pharm) in anhydrous 

DMF (272 mL) was added drop-wise over about 60 min to a stirred suspension of NaH (12.8 g, 

532 mmol) in anhydrous DMF (543 mL) at about 0-5 °C. The brown reaction solution was stirred 

15 	for about 30 min at about 0-5 °C then a solution of p-toluenesulfonyl chloride (94.0 g, 492 mmol) 

in anhydrous DMF (272 mL) was added drop-wise over about 60 min at about 0-5 °C. The 

reaction mixture was stirred at about 0-5 °C for about 1 h then allowed to warm to ambient 

temperature and stirred for about 18 h at ambient temperature. The reaction mixture was poured 

slowly into ice water (6 L), followed by the addition of aqueous 2.5 N NaOH (50.0 mL, 125 

20 	mmol). The precipitate was collected by filtration and stirred with cold water (3 x 200 mL). The 

solid was collected by filtration and dried to constant weight in a vacuum oven at about 55 °C to 

yield 2-bromo-5-tosy1-5H-pyrrolo[2,3-Npyrazine (134.6 g, 97%) as a pale beige solid: LC/MS 

(Table 2, Method d) Rt  = 1.58 min; MS m/z: 352/354 (M+H)±. 

25 	Preparation #7: 2-Bromo-5-tosy1-5H-pyrrolo[2,3-b]pyrazine 

(Method B) 
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Step A: 5-Bromo-3-((trimethylsilyl)ethynyl)pyrazin-2-amine 

Br N. Br 

NH2  

 

 

To a solution of 3,5-dibromopyrazin-2-amine (40.0 g, 158 mmol), TEA (66.1 mL, 475 mmol), 

and copper(I) iodide (0.301 g, 1.58 mmol) in THF (1172 ml) was added PdC12(PPh3)2  (1.11 g, 

	

5 	1.58 mmol). 	The reaction mixture was cooled at about 0 °C and a solution of 

(trimethylsilyl)acetylene (20.8 mL, 150 mmol) in THF (146 mL) was added drop-wise. The 

reaction mixture was stirred at about 0-10 °C for about 7 h and then concentrated under reduced 

pressure. The dark brown residue was dissolved in DCM (600 mL) and filtered through a Celite®  

pad (3 cm in height x 9 cm in diameter) while eluting with DCM (300 mL). The filtrate was 

	

10 	washed with water (2 x 500 mL) and brine (500 mL), dried over anhydrous MgSO4, filtered 

through a Florisil®  pad (1 cm in height by 9 cm in diameter) while washing with DCM/Me0H 

(9:1, 200 mL), and concentrated under reduced pressure to give a brown solid. The solid was 

triturated and sonicated with warm petroleum ether (b.p. 30-60° C, 250 mL), cooled and collected, 

washing with petroleum ether (b.p. 30-60 °C; 2 x 100 mL), and dried in a vacuum oven at about 

	

15 	70 °C to give 5-bromo-3-((trimethylsilyl)ethynyOpyrazin-2-amine (34.6 g„ 70%): LC/MS (Table 

2, Method d) Rt  = 1.59 min; MS m/z: 272 (M+H)+. 

Step B: 2-Bromo-5-tosyl-5H-pyrrolo[2,3-b]pyrazine 

I 
Si 

N
%,.. 

NH2 

 

 

20 	To a solution of 5-bromo-3-((trimethylsilyl)ethynyl)pyrazin-2-amine (3.00 g, 11.1 mmol) in DMF 

(60 mL) at about 0 °C was added NaH (60% dispersion in mineral oil, 0.577 g, 14.4 mmol) in 

three portions. After about 15 min, p-toluenesulfonyl chloride (2.75 g, 14.4 mmol) was added and 

the reaction was allowed to warm slowly to ambient temperature. After about 16 h, the reaction 

mixture was poured onto ice-cold water (120 mL) and the precipitate was collected by vacuum 

25 	filtration. The crude solid was dissolved in DCM (15 mL) and purified by silica gel 

chromatography eluting with DCM. The product-containing fractions were concentrated under 

reduced pressure to give 2-bromo-5-tosy1-5H-pyrrolo[2,3-Npyrazine (2.16 g, 52%): LC/MS 

(Table 2, Method d) Rt  = 1.58 min; MS m/z: 352/354 (M+H)+. 
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Preparation #8: tert-Butyl 2-(5-tosy1-5H-pyrrolo[2,3-b]pyrazin-2-yl)hydrazinecarboxylate 

and tent-butyl 1-(5-tosy1-5H-pyrrolo[2,3-b]pyrazin-2-yl)hydrazinecarboxylate 

>'o 	 NH2  

o 
HN N 	 0 

reN 

To a flask was added Pd2(dba)3  (3.90 g, 4.26 mmol), di-tert-butyl-(2',4',6'-triisopropylbiphenyl-2- 

	

5 	yl)phosphane (3.62 g, 8.52 mmol), and anhydrous 1,4-dioxane (453 mL). The catalyst-ligand 

mixture was degassed via vacuum/nitrogen purge (3 times) and heated at about 80 °C for about 10 

min. The reaction mixture is briefly removed from the oil bath then 2-bromo-5-tosyl-5H-

pyrrolo[2,3-b]pyrazine (30.0 g, 85 mmol, Preparation #7), tert-butyl hydrazinecarboxylate (16.9 

g, 128 mmol), and NaOt-Bu (12.28 g, 128 mmol) were added. After an additional 

	

10 	vacuum/nitrogen purge, the reaction was heated at about 80 °C. After about 50 min, the reaction 

mixture was cooled to ambient temperature and filtered through a pad of silica gel (6 cm in height 

x 6 cm in diameter), topped with Celite®  (1 cm in height x 6 cm in diameter), while washing with 

EtOAc (3 x 150 mL). Water (300 mL) was added to the filtrate and the organic layer was 

separated. The aqueous layer was extracted with additional EtOAc (3 x 200 mL). The combined 

	

15 	organic extracts were washed with saturated aqueous NH4C1, saturated aqueous NaHCO3, and 

brine (400 mL each), dried over anhydrous MgSO4, filtered, and concentrated under reduced 

pressure to give a dark brown oil (45 g). The brown oil was dissolved in DCM (250 mL), silica 

gel (200 g) was added, and the mixture was concentrated under reduced pressure. The resulting 

silica mixture was purified using silica gel chromatography eluting with a gradient of 25-65% 

	

20 	EtOAc in heptane to give a mixture of tert-butyl 2-(5-tosy1-5H-pyrrolo[2,3-blpyrazin-2- 

yl)hydrazinecarboxylate [major regioisomer] and tert-butyl 1-(5-tosy1-5H-pyrrolo[2,3-blpyrazin-

2-yOhydrazinecarboxylate [minor regioisomer] (18.8 g, 50%): LC/MS (Table 2, Method d) Rt  = 

1.47 min; MS m/z: 404 (M+H)+  . 

	

25 	Preparation #9: 2-Hydraziny1-5-tosy1-5H-pyrrolo[2,3-b]pyrazine 

H 
H2N

,N  

o=s °  

To a mixture of tert-butyl 2-(5-tosy1-5H-pyrrolo[2,3-b]pyrazin-2-yphydrazinecarbovlate and 

tert-butyl 1-(5-tosy1-5H-pyrrolo[2,3-b]pyrazin-2-yl)hydrazinecarboxylate (18.8 g, 46.6 mmol, 
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M 	.10H -,10H 

cis °--1 	
0 

0 

OH 
1:1 

0 

Preparation #8) in 1,4-dioxane (239 mL) was added HC1 (4 M in 1,4-dioxane, 86 mL, 345 mmol). 

The reaction was heated at about 60 °C for about 1 h and then cooled to about 15-20 °C. The 

solid was collected by vacuum filtration, washed with cold 1,4-dioxane (2 x 20 mL), and then 

stirred with a solution of saturated NaHCO3  and water (1:1, 150 mL). After about 1 h, the 

	

5 	effervescence had subsided and the solid was collected by vacuum filtration, washed with ice cold 

water (3 x 20 mL), and dried in a vacuum oven to a constant weight to afford 2-hydrazinyl-5-

tosyl-5H-pyrrolo[2,3-bJpyrazine as a light yellowish brown solid (8.01 g, 50%): LC/MS (Table 

2, Method d) R, = 1.28 min; MS m/z: 304 (M+H)±. 

	

10 	Preparation #10: (R)-tert-Butyl 1-(chlorocarbonyl)pyrrolidin-3-ylcarbamate 

0 
N-140* 

—1\1 

0 

A flask was charged with (R)-tert-butyl pyrrolidin-3-ylcarbamate (1.0 g, 5.4 mmol, Lancaster) in 

DCM (15 mL) to give a colorless solution. Pyridine (0.89 mL, 10.8 mmol) was added and the 

solution was cooled to about 0 °C, followed by the addition of triphosgene (0.64 g, 2.1 mmol). 

	

15 	The mixture was stirred for about 1 h while slowly warming to ambient temperature. To the 

reaction solution was added DCM (50 mL) and the solution was washed with water (20 mL) and 

HC1 (1N, 10 mL). The organic portion was separated, dried over anhydrous MgSO4, filtered, and 

concentrated to dryness under reduced pressure to give (R)-tert-butyl 1-

(chlorocarbonyl)pyrrolidin-3-ylcarbamate (1.3 g, 98%) as a yellow oil: 111 NMR (DMSO-d6) 

	

20 	7.28 (s, 1 H), 4.03 (m, 1 H), 3.73-3.20 (m, 4 H), 2.05 (m, 1 H), 1.81 (m, 1 H), 1.39 (s, 9 H). 

Preparation #11: (1R,2S,4R,5S)-4-(Cyclopropanesulfonamido)-1-

methylbicyclo[3.1.0]hexane-2-carboxylic acid and (1S,2R,4S,5R)-4-

(cyclopropanesulfonamido)-1-methylbicyclo[3.1.0]hexane-2-carboxylic acid 

1NH 
HO 

0 \() 
HO 1:1 

O 
	

0 
25 

Step A: (1R,2S,4R,5S)-Ethyl 4-hydroxy-1-methylbicyclo[3.1.0]hexane-2-carboxylate and 

(1S,2R,4S,5R)-ethyl 4-hydroxy-l-methylbicyclo [3.1.0] hexane-2-carboxylate 

cis-Ethyl-4-hydroxy-2-methylcyclopent-2-enecarboxylate (0.96 g, 5.64 mmol, Preparation 

30 	#MM.1) and chloroiodomethane (4.97 g, 28.2 mmol) were reacted according to General 

116 



0 
1:1 
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0 

10 

"OH 

1:1 

OH 

J. 

M o 
O 

O 

1:1 1:1 
O 

Procedure KK to give (1R,2S,4R,5S)-ethyl 4-hydroxy-l-methylbicyclo[3.1.0]hexane-2-

carboxylate and (1S,2R,4S,5R)-ethyl 4-hydroxy-l-methylbicyclo[3.1.0]hexane-2-carboxylate 

(0.59 g, 57%) after purification by flash silica gel chromatography eluting with a gradient of 30-

60% EtOAc/heptane: 1H NMR (400 MHz, CDC13) S 4.60-4.51 (m, 1H), 4.23-4.10 (m, 2H), 2.74 

5 

	

	(dd, J8.0, 10.9 Hz, 1H), 2.13 (m, 1H), 1.51 (m, 1H), 1.46-1.40 (m, 1H), 1.35-1.29 (m, 1H), 1.28 

(m, 6H), 1.09-1.04 (m, 1H), 0.37 (dd, J=5.7, 7.9 Hz, 1H). 

Step B: (1R,2S,5S)-Ethyl 1-methyl-4-oxobicyclo[3.1.0]hexane-2-carboxylate and (1S,2R,5R)-

ethyl 1-methyl-4-oxobicyclo[3.1.0]hexane-2-carboxylate 

A mixture of (1R,2S,4R,5S)-ethyl 4-hydroxy-1-methylbicyclo[3.1.0]hexane-2-carboxylate and 

(1S,2R,4S,5R)-ethyl 4-hydroxy-l-methylbicyclo[3.1.0]hexane-2-carboxylate (0.59 g, 3.2 mmol) 

was subjected to General Procedure T to give (1R,2S,5S)-ethyl 1-methy1-4- 

oxobicyclo[3.1.0]hexane-2-carboxylate 	and 	(1S,2R,5R)-ethyl 	1-methyl-4- 

15 oxobicyclo[3.1.0]hexane-2-carboxylate (0.38 g, 65%) after purification by silica gel 

chromatography eluting with a gradient of 20-50% EtOAc/pentane: 1H NMR (400 MHz, CDC13) 

4.35-4.15 (m, 2H), 3.12 (t, J=9.3 Hz, 1H), 2.60 (dd, J=9.2, 18.3 Hz, 1H), 2.37-2.23 (m, 1H), 

1.68 (dd, J=3.4, 9.2 Hz, 1H),1.48 (s, 3H), 1.41 (dd, J3.4, 5.2 Hz, 1H), 1.34 (t, J=7.1 Hz, 3H), 

1.14 (dd, J=5.3, 9.2 Hz, 1H). 

20 

Step C: (1R,2S,4R,5S)-Ethyl 4-(cyclopropanesulfonamido)-1-methylbicyclo[3.1.0]hexane-2-

carboxylate and (1S,2R,4S,5R)-ethyl 4-(cyclopropanesulfonamido)-1-

methylbicyclop.i.olhexane-2-carboxylate 

25 	To a vial containing (1R,2S,5S)-ethyl 1-methyl-4-oxobicyclo[3.1.0]hexane-2-carboxylate and 

(1S,2R,5R)-ethyl 1-methyl-4-oxobicyclo[3.1.0]hexane-2-carboxylate (0.305 g, 1.67 mmol) was 

added a solution of ammonia (2 Nin EtOH) followed by titanium(IV) isopropoxide (0.54 mL, 1.8 

mmol). The vial was capped and the reaction was stirred at room temperature overnight. Sodium 

borohydride (0.095 g, 2.5 mmol) was added and reaction mixture was stirred for about 5 h. 

30 	Concentrated NH4OH (5 mL) was added and the resulting mixture was stirred for about 5 min. 

The resulting suspension was filtered and the filter cake was washed with EtOAc (60 mL). The 

filtrate was partitioned and the aqueous layer was extracted with EtOAc (30 mL). The combined 
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NH 
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organic layer was washed with brine, dried over anhydrous MgSO4, filtered, and concentrated to 

yield 	(1R,2S,4R,5S)-ethyl 	4-amino-1-methylbicyclo[3.1.0Jhexane-2-carboxylate 	and 

(1S,2R,4S,5R)-ethyl 4-amino-l-methylbicyclo[3.1.0Jhexane-2-carboxylate (0.21 g, 69%). This 

amine (0.212 g, 1.16 mmol) was reacted with cyclopropanesulfonyl chloride (0.244 g, 1.74 mmol) 

	

5 	using General Procedure N to give (1R,2S,4R,5S)-ethyl 4-(cyclopropanesulfonamido)-1- 

methylbicyclo[3.1.0]hexane-2-carboxylate 	and 	(1S,2R,4S,5R)-ethyl 	4- 

(cyclopropanesulfonamido)-1-methylbicyclo[3.1.0]hexane-2-carboxylate (0.11 g, 33%): LC/MS 

(Table 2, Method a) Rt = 2.06 min; MS m/z: 286 04-Hy. 

	

10 	Step D: (1R,2S,4R,5S)-4-(Cyclopropanesulfonamido)-1-methylbicyclo [3.1.0] hexane-2- 

carboxylic acid and (1S,2R,4S,5R)-4-(cyclopropanesulfonamido)-1-

methylbicyclop.i.ojhexane-2-carboxylic acid. 

H 

ss—‹ 	
N 

	

0 	0 
0 	 -0

11 
0 	

HO 

	

0 	 0 
1:1 	 1:1 

A mixture of (1R,2S,4R,5S)-ethyl 4-(cyclopropanesulfonamido)-1-methylbicyclo[3.1.0]hexane-2-

15 carboxylate and (1S,2R,4S,5R)-ethyl 4-(cyclopropanesulfonamido)-1-methyl-

bicyclo[3.1.0]hexane-2-carboxylate (0.109 g, 0.379 mmol) was hydrolyzed using General 

Procedure 	GG 	to 	give 	(1R,2S,4R,5S)-4-(cyclopropanesulfonamido)-1-methyl- 

bicyclo[3.1.0]hexane-2-carboxylic acid and (1S,2R,4S,5R)-4-(cyclopropanesulfonamido)-1-

methylbicyclo[3.1.0]hexane-2-carboxylic acid (0.113 g, 100%): LC/MS (Table 2, Method a) Rt = 

	

20 	1.57 min; MS m/z: 258 (M-F1)-. 

Preparation #12: (1R,2R,4S)-4-(tert-butoxycarbonylamino)-2-ethy1-1-

methylcyclopentanecarboxylic acid and (1S,2S,4R)-4-(tert-butoxycarbonylamino)-2-ethy1-1-

methylcyclopentanecarboxylic acid 

0 
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Step A: (2R,4S)-Ethyl 4-(dibenzylamino)-2-ethyl-l-methylcyclopentanecarboxylate and 

(2S,4R)-ethyl 4-(dibenzylamino)-2-ethyl-l-methylcyclopentanecarboxylate 

0 

7-0 

 

 

 

1:1 

To a solution of LDA (1.8M in THF, 3.04 mL, 5.47 mmol,) and TI-IF (40 mL) at about -78 °C was 

	

5 	added ethyl 4-(dibenzylamino)-2-ethylcyclopentanecarboxylate (1.0 g, 2.7 mmol, Preparation 

#EE.1) in THF (4 mL). The reaction mixture was stirred at about -78 °C for about 1 h. Mel (2.57 

mL, 41.0 mmol) was added and reaction mixture was stirred at about -78 °C for about 1 h and was 

then warmed to about -40 °C. DCM (150 mL) was added followed by saturated aqueous NH4C1 

solution (50 mL). The layers were separated and the aqueous layer was extracted with DCM (2 x 

	

10 	30 mL). The combined organic layers were washed with brine, dried over anhydrous MgSO4, 

filtered, and concentrated to dryness under reduced pressure. The residue was purified by flash 

silica gel chromatography eluting with a gradient of 0-10% EtOAc in DCM to give (2R,4S)-ethyl 

4-(dibenzylamino)-2-ethyl-l-methyleyclopentanecarboxylate 	and 	(2S, 4R)-ethyl 	4- 

(dibenzylamino)-2-ethyl-l-methyleyclopentanecarboxylate (0.864 g, 84%). LC/MS (Table 2, 

	

15 	Method a) Rt  = 2.25 min; MS m/z: 380 (M+H)±. 

Step B: (2R,4S)-Ethyl 4-amino-2-ethyl-l-methylcyclopentanecarboxylate and (2S,4R)-ethyl 

4-amino-2-ethyl-l-methylcyclopentanecarboxylate 

NH, 

A mixture of (2R,45)-ethyl 4-(dibenzylamino)-2-ethyl-l-methylcyclopentanecarboxylate and 

20 	(2S,4R)-ethyl 4-(dibenzylamino)-2-ethyl-1-methylcyclopentanecarboxylate (0.864 g, 2.28 mmol) 

was debenzylated using General Procedure FF to give (2R,4S)-ethyl 4-amino-2-ethyl-1- 

methylcyclopentanecarboxylate 	and 	(2S,4R)-ethyl 	4-amino-2-ethyl-1- 

methylcyclopentanecarboxylate (0.45 g, 100%). LC/MS (Table 2, Method a) Rt  = 1.55 min; MS 

m/z: 200 (M+H)+. 

25 
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7-0 

'NHBOC 

1:1 

ss's  

NHBOC 

1:1 

HO 

'NHBOC 

1:1 

NHBOC 

Step C: (1S,2R,4S) and (1R,2S,4R)-Ethyl 4-(tert-butoxycarbonylamino)-2-ethy1-1-

methylcyclopentanecarboxylate, (1R,2R,4S) and (1S,2S,4R)-ethyl 4-(tert-

butoxycarbonylamino)-2-ethyl-l-methylcyclopentanecarboxylate 

	

5 	A mixture of (2R,4S)-ethyl 4-amino-2-ethyl-l-methylcyclopentanecarboxylate and (23,4R)-ethyl 

4-amino-2-ethyl-l-methylcyclopentanecarboxylate (0.454 g, 2.28 mmol) was protected using 

General Procedure P. The crude reaction mixture was purified by silica gel chromatography 

eluting with a gradient of 0-25% EtOAc/heptane to afford (1S,2R,4S) and (1R,2S,4R)-ethyl 4-

(tert-butoxycarbonylamino)-2-ethy1-1-methylcyclopentanecarboxylate (0.180 g, 26%): 1H NMR 

	

10 	(400MHz, CDC13) 8 4.46 (s, 1H), 4.12 (q, j=7.1 Hz, 2H), 4.07-3.93 (m, 1H), 2.65 (dd, J=9.2, 13.8 

Hz, 1H), 2.36 (s, 1H), 2.24-2.08 (m, 1H), 1.57 (m, 1H), 1.54-1.39 (m, 10H), 1.34-1.17 (m, 4H), 

1.17-1.05 (m, 4H), 0.87 (t, J=7.4 Hz, 3H), (1R,2R,4S) and (1S,2S,4R)-ethyl 4-(tert-

butoxycarbonylamino)-2-ethyl-1-methylcyclopentanecarboxylate (0.430 g, 63%): 1H NMR (400 

MHz, CDC13) 8 5.18 (s, 1H), 4.24-4.04 (m, 3H), 2.46-2.33 (m, 1H), 1.97 (m, 2H), 1.63-1.50 (m, 

	

15 	2H), 1.48-1.34 (m, 9H), 1.3-1.17 (m, 7H), 1.04-0.92 (m, 1H), 0.89 (t, J=7.1 Hz, 3H). 

Step D: (1R,2R,4S) and (1S,2S,4R)-4-(tert-Butoxycarbonylamino)-2-ethy1-1-

methylcyclopentanecarboxylic acid 

20 A mixture of (1R,2R,4S) and (1S,2S,4R)-ethyl 4-(tert-butoxycarbonylamino)-2-ethyl-l-

methylcyclopentanecarboxylate (0.430 g, 1.44 mmol) was hydrolyzed according to General 

procedure GG to give (1R,2R,4S) and (1S,2S,4R)-4-(tert-Butoxycarbonylamino)-2-ethy1-1-

methylcyclopentanecarboxylic acid (0.256 g, 86%): LC/MS (Table 2, Method a) Rt  = 2.22 min; 

MS m/z: 270 (M-H)-. 
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Preparation #13: (1S,2R,4S) and (1R,2S,4R)-4-(tert-butoxycarbonylamino)-2-ethy1-1-

methylcyclopentanecarboxylic acid 

 

0 

HO)\'". 
 

'NHBOC 

 

 

NHBOC 

1:1 	 1:1 

A mixture of (1S,2R,4S) and (1R,2S,4R)-ethyl 4-(tert-butoxycarbonylamino)-2-ethy1-1- 

	

5 	methylcyclopentanecarboxylate (0.180 g, 0.600 mmol) was hydrolyzed according to General 

procedure GG to give (1S,2R,4S)-4-(tert-butoxycarbonylamino)-2-ethy1-1-methylcyclo-

pentanecarboxylic acid and (1S,2R,4S)-4-(tert-butoxycarbonylamino)-2-ethyl-l-methyl-

cyclopentanecarboxylic acid (0.083 g, 51%): LC/MS (Table 2, Method a) R1  = 2.23 min; MS m/z: 

270 (M-H)-. 

	

10 	Preparation #14: (1R,2S,4R,5R)-4-(tert-Butoxycarbonylamino)-6- 

(trimethylsilyl)bicyclo[3.1.0]hexane-2-carboxylic acid 

—Si— 

NH 
HO 

O 

Step A: (1R,4S)-tert-Butyl 3-oxo-2-azabicyclo[2.2.1]hept-5-ene-2-carboxylate 

NH 

 

o 

O O 

 

15 	To a solution of (1R,4S)-2-azabicyclo[2.2.1]hept-5-en-3-one (1.50 g, 13.7 mmol) in THE (100 

mL) was added TEA (1.90 mL, 13.7 mmol) and DMAP (0.27 g, 2.2 mmol). The mixture was 

stirred for about 5 min at about 0 °C followed by the addition of di-tert-butyl dicarbonate (3.40 

mL, 14.4 mmol) in THE (15 mL). The reaction was stirred at ambient temperature for about 24 h. 

The solvent was removed under reduced pressure and the crude residue was taken up in DCM (50 

20 	mL) and washed with water (25 mL) and brine (25 mL). The organic layer was dried over 

anhydrous MgSO4, filtered, and concentrated under reduced pressure. The crude material was 

purified by silica gel chromatography eluting with a gradient of 0-30% EtOAc/heptane to afford 

(1R,4S)-tert-butyl 3-oxo-2-azabicyclo[2.2.1Jhept-5-ene-2-carboxylate (2.7 g, 93%) as a white 

solid: 1H NMR (400 MHz, DMSO-d6) 8 7.26-6.86 (dd, 1H), 6.86-6.64 (m, 1H), 5.08-4.78 (d, 

25 	3.52-3.21 (dd, 1H), 2.32-2.24 (d, 1H), 2.09-2.02 (d, 1H), 1.05-1.36 (s, 9H). 
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H 

Step B: (1S,2R,4R,5R)-7-0xo-3-trimethylsilany1-6-aza-tricyclo[3.2.1.0(2,4)]octane-6- 

carboxylic acid tert-butyl ester 

0 

O 

To a solution of (1R,4S)-tert-butyl 3-oxo-2-azabicyclo[2.2.1]hept-5-ene-2-carboxylate (1.3 g, 6.2 

5 mmol) and palladium(II) acetate (0.070 g, 0.31 mmol) in Et20 (62 mL) was added 

trimethylsilyldiazomethane (2 M in hexanes, 3.00 mL, 11.5 mmol) drop-wise at ambient 

temperature over about 1 h. The mixture was stirred at ambient temperature for about 18 h and 

filtered through Celite®. The Celite®  pad was washed with Et20 (50 mL) and the filtrate was 

concentrated under reduced pressure. 	The crude material was purified by silica gel 

10 	chromatography eluting with a gradient of 0-30% EtOAc/heptane to afford (1S,2R,4R,5R)-7-oxo-

3-trirnethylsilany1-6-aza-tricyclo[3.2.1.0(2,4)Joctane-6-carboxylic acid tert-butyl ester (1.7 g, 

92%). 1H NMR (400 MHz, DMSO-d6) 8 4.37 (s, 1H), 2.70 (s, 1H), 1.45 (m, 10H), 1.23 (t, 1H), 

0.76 (t, 1H), 0.10 (s, 2H), -0.03 (s, 9H). 

15 	Step C: (1R,2S,4R,5R)-4-(tert-Butoxycarbonylamino)-6-(trimethylsilyObicyclo[3.1.0]hexane-

2-carboxylic acid 

-Si- 

-Si 

  

,OH 

  

  

HO 

A mixture of (1S,2R,4R,5R)-7-oxo-3-trimethylsilany1-6-aza-tricyclo[3.2.1.0(2,4)]octane-6-

carboxylic acid tent-butyl ester (1.7 g, 5.7 mmol) and potassium fluoride on alumina (2.10 g, 14.1 

20 

	

	mmol) in THE (38 mL) was heated to about 60 °C for about 18 h. The mixture was cooled to 

ambient temperature and filtered through Celite®. The Celite®  pad was rinsed with EtOAc (50 

mL) and the filtrate was concentrated under reduced pressure to afford (1R,2S,4R,5R)-4-(tert-

butoxycarbonylamino)-6-(trimethylsilyObicyclo[3.1.0]hexane-2-carboxylic acid (1.82 g, 100%): 

LC/MS (Table 2, Method a) Rt  = 2.62 min; MS m/z: 312 (M-Hy. 
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Preparation #15: (1R,2R,4S,56)-4-(6-Tosy1-6H-pyrrolo[2,3-e][1,2,4]triazolo[4,3-a]pyrazin-1-

yl)bicyclo[3.1.0]hexan-2-amine 

H,"" 

N, _N.  

..0NH2  

O 

To a solution of tert-butyl (1R,2R,4S,5R,)-4-(6-tosy1-6H-pyrrolo[2,3-e][1,2,4]triazolo[4,3- 

5 a]pyrazin-l-y1)-6-(trimethylsilyObicyclo[3.1.0]hexan-2-ylcarbamate (0.780 g, 1.34 mmol, 

prepared using A from Preparation #9 and Preparation #14 with HATU, C with TEA) in DCM 

(20 mL) was added trifluoromethanesulfonic acid (0.48 mL, 5.4 mmol). After stirring at ambient 

temperature for about 18 h, additional trifluoromethanesulfonic acid (0.48 mL, 5.4 mmol) was 

added and the mixture was stirred for about an additional 18 h. The reaction mixture was diluted 

10 	with DCM (40 mL) and slowly poured into a vigorously stirred slurry of ice water (30 mL). After 

about 5 min the reaction mixture was neutralized with saturated aqueous NaHCO3. The layers 

were separated and the aqueous layer was extracted with DCM (40 mL). The combined organic 

layers were washed with brine, dried over anhydrous MgSO4, filtered, and concentrated under 

reduced 	pressure 	to 	afford 	to 	afford 	(1 R, 2R, 4S, 5S)-4-(6-tosy1-6H-pyrrolo[2, 3- 

15 	el [1,2, 4] triazolo [4,3-alpyrazin-1-yl)bicyclo [3.1 . 0] hexan-2 -amine as a light brown solid (0.55 g, 

87%): LC/MS (Table 2, Method a) Rt  = 1.75 min; MS m/z: 409 (M+H)±. 

Preparation #16: Lithium (R)-4-(tert-butoxycarbonyl)-1-methylpiperazine-2-carboxylate 

Li+ -0,, „.N1.„,,0„,.- 
0 	0 

20 	Step A: (R)-1-tert-Butyl 3-methyl 4-methylpiperazine-1,3-dicarboxylate 

HN-Th  

	

0 	0, 	 0 	O. 
1i T 	 Y 
0 	0 	 0 	0 

To (R)-1-tert-butyl 3-methylpiperazine-1,3-dicarboxylate (1.2 g, 4.9 mmol, ASW Med Chem Inc) 

in MeCN and Me0H (1:1, 100 mL) was added formaldehyde (37% aqueous, 13.2 mL, 177 

mmol), followed by the addition of sodium triacetoxyborohydride (5.20 g, 24.5 mmol). The 

25 	mixture was stirred for about 15 min at ambient temperature. AcOH (5.6 mL, 98 mmol) was 

added drop-wise and the mixture was stirred for about 1 h. The solvent was removed under 

reduced pressure and the residue was dissolved in DCM (100 mL) and neutralized using aqueous 
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2 N NaOH. Saturated aqueous NaHCO3  (50 mL) was added and the layers were separated. The 

organic layer was washed with brine (50 mL), dried over anhydrous MgSO4, filtered, and 

concentrated under reduced pressure. 	The crude material was purified by silica gel 

chromatography eluting with a gradient of 20-80% EtOAc/heptane to afford (R)-1-tert-butyl 3- 

	

5 	methyl 4-methylpiperazine-1,3-dicarboxylate (1.1 g, 85 %): LC/MS (Table 2, Method a) Rt  = 1.91 

min; MS m/z: 259 (M+H)1. 

Step B: Lithium (R)-4-(tert-butoxycarbonyl)-1-methylpiperazine-2-carboxylate 

0
It
„.LN0

'< 
- Li +  0 .• N 0 

	

)rs 	 Y 
0 	0 	 0 	0 

	

10 	To a solution of (R)-1-tert-butyl 3-methyl 4-methylpiperazine-1,3-dicarboxylate (1.2 g, 4.6 mmol) 

in 1,4-dioxane (18 mL) and water (18 mL) was added LiOH •H20 (0.290 g, 6.91 mmol). After 

heating at about 80 °C for about 1 h, the reaction mixture was cooled to room temperature and the 

solvent was removed under reduced pressure. The solid was dried in a vacuum oven at about 65 

°C for about 18 h to afford lithium (R)-4-(tert-butoxycarbonyl)-1-methylpiperazine-2-carboxylate 

	

15 	(1.46 g, quantitative): LC/MS (Table 2, Method a) Rt  = 1.17 min; MS m/z: 245 (M+H)+. 

Preparation #17: (1S,4R)-4-(tert-Butoxycarbonylamino)cyclopent-2-enecarboxylic acid 

 

HO 0 

"N AO 

  

To a solution of (1R,4S)-2-azabicyclo[2.2.1]hept-5-en-3-one (5.0 g, 46 mmol) in water (30.5 mL) 

20 	was added aqueous HC1 (2 M, 23.0 mL, 46.0 mmol). After heating at about 80 °C for about 2 h, 

the reaction mixture was cooled to ambient temperature and the solvent was removed under 

reduced pressure. The solid was dried in a vacuum oven at about 70 °C and used without further 

purification. To a solution of (1S,4R)-4-aminocyclopent-2-enecarboxylic acid hydrochloride (9.20 

g, 45.8 mmol) in 1,4-dioxane (15 mL) and water (18.3 mL) at about 0 °C was added DIEA (32.0 

25 	mL, 183 mmol). After stirring for about 5 min, a solution of di-tert-butyl dicarbonate (11.7 mL, 

50.4 mmol) in 1,4-dioxane (5 mL) was added. The reaction mixture was warmed to ambient 

temperature and stirred for about 18 h. Solvent was removed under reduced pressure and the 

crude oil was dried in a vacuum oven at about 65 °C for about 3 h. The crude product was 

purified by silica gel chromatography eluting with a gradient of 80-100% EtOAc/heptane to 

30 	afford (1S,4R)-4-(tert-butoxycarbonylamino)cyclopent-2-enecarboxylic acid (5.2 g, 50% over 2 

steps): LC/MS (Table 2, Method a) Rt  = 1.81 min; MS m/z: 226 (M-H)-. 

124 



0 

• .,NH NHZ 

Preparation #18: (1S,2R,4S,5R)-4-(6-Tosy1-6H-pyrrolo [2,3-e] [1,2,4]triazolo[4,3-a]pyrazin-1-

yl)bicyclo [3.1.0]hexan-2-amine 

To a solution of ethyl (1S,2R,4S,5R)-4-(6-tosy1-6H-pyrrolo[2,3-e][1,2,4]triazolo[4,3-a]pyrazin-1-

yl)bicyclo[3.1.0]hexan-2-ylcarbamate (0.16 g, 0.34 mmol, prepared using GG from Preparation 

#KK.1, A from Preparation #9 with HATU and TEA, C with TEA) in DCM (2.3 mL) was added 

trimethylsilyl iodide (0.11 mL, 0.75 mmol). After stirring at ambient temperature for about 24 h, 

additional trimethylsilyl iodide (0.11 mL, 0.75 mmol) was added and the reaction mixture was 

heated to about 40 °C for about 4 days. The reaction mixture was cooled to ambient temperature, 

10 	followed by the addition of saturated aqueous NaHCO3  (20 mL). The mixture was stirred for 

about 5 min and the layers were separated. The aqueous layer was further extracted with DCM 

(20 mL). The combined organic layers were washed with brine (20 mL), dried over anhydrous 

MgSO4, filtered, and concentrated under reduced pressure to afford (15,2R,4S,5R)-4-(6-tosy1-6H-

pyrrolo[2,3-e][1,2,4ftriazolo[4,3-a]pyrazin-1-yObicyclo[3.1.01hexan-2-amine that contained 1 

15 	molar equiv DCM (0.17 g, 100%): LC/MS (Table 2, Method a) Rt  = 1.76 min; MS m/z: 409 

(M+H)+. 

Preparation #19: (9H-Fluoren-9-yl)methyl 4-methyl-3-(3-tosyl-3H-imidazo [1,2-

a] pyrrolo [2,3-el pyrazin-8-yl)piperidine-l-carboxylate 

0 

N)1.
0 

0 
OyN N 
 IL 

 

  

0 	N O 	 S' 

20 

To a solution of (9H-fluoren-9-yl)methyl 3-(2-(tert-butoxycarbony1(5-tosy1-5H-pyrrolo[2,3-

b]pyrazin-2-yDamino)acety1)-4-methylpiperidine-1-carboxylate (0.627 g, 0.836 mmol, prepared 

using W from Preparation #20, LL, Z from Example #8, Step A) in DCM (10 mL) was added 

TFA (1.50 mL, 19.5 mmol) and the resulting mixture was stirred at ambient temperature under 

25 	nitrogen for about 1 h. The solution was concentrated and the residue was partitioned between 

saturated aqueous NaHCO3  (25 mL) and EtOAc (25 mL). The organic phase was washed with 
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brine (20 mL), dried over anhydrous MgSO4, filtered, and concentrated to yield crude (9H- 

fluoren-9-yOmethyl 	4-methyl-3-(2-(5-tosy1-5H-pyrrolo12,3-Npyrazin-2-ylamino)acetyl)-

piperidine-1-carboxylate as an amorphous brown solid. The crude material was added to 1,4-

dioxane (5 mL), Lawesson's reagent (0.203 g, 0.502 mmol) was added, and the resulting 

5 	suspension was heated at about 80 °C for about 20 min. The solvent was removed under reduced 

pressure and the residue was purified by silica gel chromatography eluting with a gradient of 0 to 

1.5% Me0H/DCM to give (9H-fluoren-9-yOmethyl 4-methyl-3-(3-tosy1-3H-imidazo[1,2-

akyrrolo[2,3-elpyrazin-8-yl)piperidine-1-carboxylate as an off-white solid (0.21 g, 40%): 

LC/MS (Table 2, Method a) Rt  = 2.68 min; MS m/z: 632 (M+H)±. 

10 

Preparation #20: 1-(((9H-Fluoren-9-yl)methoxy)carbony1)-4-methylpiperidine-3-carboxylic 

acid 

To a solution of 1-(tert-butoxycarbony1)-4-methylpiperidine-3-carboxylic acid (1.50 g, 6.17 

15 	mmol, Example #13, Step G) in 1,4-dioxane (10 mL) was added aqueous HC1 (4N in 1,4-dioxane 

(4.62 mL, 18.5 mmol). The reaction mixture was heated at about 60 °C for about 16 h.  before 

being allowed to cool to ambient temperature. To the mixture was added NaHCO3  (2.07 g, 24.7 

mmol) and water (10.0 mL) followed by (9H-fluoren-9-yl)methyl 2,5-dioxopyrrolidin- 1-y1 

carbonate (4.16 g, 12.3 mmol). The reaction was stirred at about 25 °C for about 16 h. The 

20 	reaction was acidified to about pH 1 with aqueous 1N HC1 and was extracted with EtOAc (75 

mL). The organic layer was washed with brine (50 mL), dried over anhydrous Na2SO4, filtered, 

and concentrated under reduced pressure. The product was purified by silica gel chromatography 

(40 g column) eluting with a gradient of 1-5% Me0H in DCM to give 14(9H-fluoren-9-

yl)methoxy)carbony1)-4-methylpiperidine-3-carboxylic acid (0.72 g, 31%) as a clear oil: LC/MS 

25 	(Table 2, Method a) Rt  = 2.44 min; MS m/z: 366 (M+H)+. 
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Preparation #21: 5-Cyano-N-41R,3S)-2,2-dimethy1-3-(6-tosy1-6H-pyrrolo[2,3-

e][1,2,4]triazolo[4,3-a]pyrazin-1-y1)cyclobutyppyridine-2-sulfonamide 

To 	a 	solution 	of 	5-bromo-N-a1R,3S)-2,2-dimethyl-3-(6-tosyl-6H-pyrrolo[2,3- 

5 e][1,2,4]triazolo[4,3-a]pyrazin-l-y1)cyclobutyl)pyridine-2-sulfonamide (0.69 g, 1.1 mmol, 

prepared using A from (1S,3R)-3-acetamido-2,2-dimethylcyclobutanecarboxylic acid 

[Tetrahedron: Asymmetry 2008, 19, 302-308] and Preparation #9 with EDC, C with DIEA, JJ, N 

from 5-bromopyridine-2-sulfonyl chloride [Chem Impex]) in degassed DMF (1.5 mL) was added 

dicyanozinc (0.321 g, 2.74 mmol) followed by Pd(Ph3P)4  (0.063 g, 0.055 mmol, Strem). The 

10 	reaction was heated at about 80 °C for about 16 h under a nitrogen atmosphere. The reaction 

mixture was allowed to cool to ambient temperature before it was diluted with aqueous NaOH 

(1N, 10 mL) and extracted with EtOAc (25 mL). The organic layer was washed with brine (20 

mL), dried over anhydrous Na2SO4, filtered, and concentrated under reduced pressure. The 

product was purified by silica gel chromatography (12 g) eluting with a gradient of 1-10 % Me0H 

15 in DCM to give 5-cyano-N-OR,3S)-2,2-dimethy1-3-(6-tosy1-6H-pyrrolo12,3-

e][1,2,4firiazolo[4,3-a]pyrazin-1-yl)cyclobutyl)pyridine-2-sulfonamide (0.09 g, 14%) as a tan 

solid: LC/MS (Table 2, Method a) Rt  = 2.14 min; MS m/z: 577 (M+H)±. 

Preparation #22: 2-Acetylamino-5-carboxyadamantane 

 

NH2  

HCI 

 

04-"Ir
o 

 

HO 20 

 

To E-2-amino-5-carboxyadamantane methyl ester hydrochloride (1.0 g, 4.1 mmol, as prepared in 

Org. Process Res. Dev., 2008, 12 (6), 1114-1118) and DIEA (2.13 mL, 12.2 mmol) in 1,4-

dioxane (15 mL) was added Ac20 (0.576 mL, 6.10 mmol). The reaction was stirred at about 25 

°C for about 3 h before the addition of aqueous NaOH (2N, 8.14 mL, 16.3 mmol). The reaction 

25 

	

	was stirred at about 25 °C for about 16 h before it was partitioned between EtOAc (100 mL) and 

aqueous 1 N HC1 (50 mL). The organic layer was washed with brine (50 mL), dried over 

anhydrous Na2SO4, filtered, and concentrated under reduced pressure to give 2-acetylamino-5-

carboxyadamantane (0.47 g, 49%) as a white solid: LC/MS (Table 2, Method a) Rt  = 1.43 min; 

MS m/z: 236 (M-1-1)-. 

30 
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Preparation #23: 6-Fluoro-4-methylnicotinamide 

A round bottom flask was charged with 6-fluoro-4-methylnicotinic acid (1.13 g, 7.28 mmol, 

Frontier) and DCM (73 mL) to give a clear solution. Thionyl chloride (5.32 mL, 72.8 mmol) was 

	

5 	added drop-wise and the mixture was stirred at room temperature overnight. The reaction mixture 

was concentrated to dryness under reduced pressure and the residue was dissolved in EtOAc (10 

mL) and added drop-wise to a rapidly stirred mixture of EtOAc (40 mL) and concentrated 

aqueous NH4OH (36.9 ml, 947 mmol). The mixture was stirred for about 1 h, and the layers were 

separated. The aqueous layer was further extracted with EtOAc (50 mL) and the combined 

	

10 	extracts were washed with brine, dried over anhydrous Na2SO4, filtered, and concentrated to 

dryness under reduced pressure to give 6-fluoro-4-methylnicotinamide (0.69 g, 61%) as white 

solid: LC/MS (Table 2, Method d) Rt  = 1.03 min; MS m/z 153 (M-H)". 

Preparation #24: 1-(5-Tosyl-5H-pyrrolo[2,3-b]pyrazin-2-yl)ethanamine hydrochloride 

NH2 	• HCI 

15 

Step A: 1-(5-Tosy1-5H-pyrrolo[2,3-b]pyrazin-2-ypethanol 

0 

 

OH 

o='o  

To a solution of methylmagnesium chloride (0.232 mL, 0.697 mmol) in THE (10 mL) at about -

78 °C was added a solution of 5-tosy1-5H-pyrrolo[2,3-b]pyrazine-2-carbaldehyde (0.210 g, 0.697 

20 	mmol, Example #10, Step B) in DCM (10.0 mL). After about 10 min saturated aqueous NH4C1 

was added to the reaction mixture. After warming to room temperature, EtOAc (30 mL) was 

added to the reaction mixture and the organic layer was separated, dried over anhydrous Na2SO4, 

filtered, and concentrated under reduced pressure. The crude material was purified by silica gel 

chromatography eluting with 20-80% EtOAc/heptane to provide 1-(5-tosy1-5H-pyrrolo[2,3- 

25 	Npyrazin-2-yl)ethanol (0.050 g, 23%) as a yellow oil. LC/MS (Table 2, Method a) Rt  = 2.04 min; 

MS m/z: 318 (M+H)±. 

128 



Step B: 2-(1-Azidoethyl)-5-tosy1-5H-pyrrolo[2,3-b]pyrazine 

HO 

To a solution of 1-(5-tosyl-5H-pyrrolo[2,3-b]pyrazin-2-yl)ethanol (0.600 g, 1.89 mmol) in DCM 

	

5 	(10 mL) was added SOC12  (0.690 mL, 9.45 mmol) at ambient temperature. After about 4 h the 

reaction mixture was diluted with EtOAc (50 mL) and saturated aqueous NaHCO3  (50 mL) was 

added to the reaction mixture. After gas evolution ceased, the organic layer was separated, dried 

over anhydrous Na2SO4, filtered, and concentrated under reduced pressure. The residue was 

dissolved in DMF (10 mL) and sodium azide (0.615 g, 9.45 mmol) was added to the reaction 

	

10 	mixture. After about 15 h, EtOAc (50 mL) and water (50 mL) were added to the reaction mixture. 

The organic layer was separated, concentrated under reduced pressure, and purified by silica gel 

chromatography eluting with 20-80% EtOAc/heptane to provide 2-(1-azidoethyl)-5-tosyl-5H-

pyrrolo[2,3-bJpyrazine (0.65 g, 100%) as a colorless solid: LC/MS (Table 2, Method a) Rt  = 2.67 

min; MS m/z: 343 (M+H)+. 

15 

Step C: 1-(5-Tosy1-5H-pyrrolo[2,3-b]pyrazin-2-ypethanamine hydrochloride 

To a solution of 2-(1-azidoethyl)-5-tosyl-5H-pyrrolo[2,3-b]pyrazine (0.65 g, 1.9 mmol) in THE 

(10 mL) and water (5 mL) was added triphenylphosphine (0.598 g, 2.28 mmol). The reaction 

20 	mixture was heated to about 45 °C and after about 12 h the reaction mixture was cooled to room 

temperature and concentrated under reduced pressure. The residue was dissolved in EtOAc (40 

mL) and HC1 gas was passed through the solution until pH of 1. Et20 (40 mL) was slowly added 

and the solvent was decanted away from the resulting solid. The solid was dried under vacuum to 

provide 1-(5-tosyl-5H-pyrrolo[2,3-Npyrazin-2-y0ethanamine hydrochloride (0.65 g, 97%) as a 

25 	tan solid: LC/MS (Table 2, Method a) Rt  = 1.56 min; MS m/z: 317 (M+H)+. 
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Preparation #25: 2,2-Dimethyl-4-oxocyclopentanecarboxylic acid 

0 

 

 

 

OH 

To a solution of 4,4-dimethylcyclopent-2-enone (2.0 g, 18 mmol) in EtOH (50 mL), water (7.5 

mL) and AcOH (1.5 mL) was added potassium cyanide (2.36 g, 36.3 mmol). The reaction 

	

5 	mixture was heated to about 40 °C and after about 15 h the reaction mixture was concentrated 

under reduced pressure. The residue was diluted with EtOAc (50 mL) and washed with brine. The 

organic layer was separated, dried over anhydrous Na2SO4, filtered, and concentrated. The residue 

was dissolved in aqueous HC1 (6N, 50 mL) and heated to reflux. After about 3 days the reaction 

mixture was cooled to room temperature and concentrated under reduced pressure to provide 2,2- 

	

10 	dimethyl-4-oxocyclopentanecarboxylic acid (3.7 g, 90%, —70% purity by 1H NMR) that was 

carried on without additional purification: LC/MS (Table 2, Method a) Rt  = 1.30 min; MS m/z: 

155 (M-H)-. 

Preparation #26: 4-(tert-Butoxycarbonylamino)bicyclo[2.2.1]heptane-1-carboxylic acid 

15 

Step A: 4-(MethoxycarbonyDbicyclo[2.2.1]heptane-1-carboxylic acid 

To a solution of dimethyl bicyclo[2.2.1]heptane-1,4-dicarboxylate (2.00 g, 9.44 mmol, as 

prepared in Aust. J. Chem., 1985, 38, 1705-18) in Me0H (47 mL) was added KOH (0.475 g, 8.46 

20 	mmol) and water (2.5 mL). The reaction was stirred at reflux for about 16 h and then cooled to 

room temperature and concentrated to dryness under reduced pressure. Water (25 mL) was added 

to the remaining residue and the mixture was extracted with Et20 (2 x 25 mL). The aqueous layer 

was acidified to about pH 4 using aqueous 6 N HC1 and was extracted with DCM (3 x 20 mL). 

The combined DCM extracts were dried over anhydrous MgSO4, filtered, and concentrated to 

25 	provide 4-(methoxycarbonyObicyclo[2.2.1iheptane-1-carboxylic acid as an off-white solid (1.19 

g, 71%): 1H NMR (400 MHz, DMSO-d6) 8 12.19 (s, 1H), 3.61 (s, 3H), 1.92 (d, J=6.6 Hz, 4H), 

1.76 (s, 2H), 1.65-1.54 (m, 4H). 
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Step B: Methyl 4-(tent-butoxycarbonylamino)bicyclo[2.2.1]heptane-l-carboxylate 

NH 

0 )\  

To a solution of 4-(methoxycarbonyl)bicyclo[2.2.1]heptane-l-carboxylic acid (2.01 g, 10.1 mmol) 

in toluene (30 mL) was added diphenyl phosphoryl azide (2.20 mL, 10.2 mmol) and TEA (1.60 

	

5 	mL, 11.5 mmol). The mixture was stirred at room temperature for about 1 h followed by heating 

at about 50 °C for about 3 h and further heating at about 70 °C for about 2 h. The reaction was 

cooled to room temperature and concentrated to dryness under reduced pressure. The residue was 

diluted in tert-butanol (10.0 mL, 105 mmol) and the mixture was heated at about 80 °C for about 

16 h. The reaction mixture was cooled to room temperature and dissolved in Et20 (50 mL). The 

	

10 	organic layer was washed with water, aqueous 1 M NaOH, water, and brine (25 mL each). The 

organic layer was dried over anhydrous Na2SO4, filtered, and concentrated to provide methyl 4-

(tert-butoxycarbonylamino)bicyclo[2.2.1kheptane-l-carboxylate as an off-white solid (2.22 g, 

81%): 'H NMR (400 MHz, DMSO-d6) 8 7.03 (s, 1H), 3.59 (s, 3H), 1.95-1.74 (m, 6H), 1.60 (s, 

4H), 1.37 (s, 9H). 

15 

Step C: 4-(tent-Butoxycarbonylamino)bicyclo[2.2.1]heptane-l-carboxylic acid 

To a solution of methyl 4-(tert-butoxycarbonylamino)bicyclo[2.2.1]heptane-l-carboxylate (2.21 

g, 8.20 mmol) in THE (27 mL) and Me0H (14 mL) was added aqueous NaOH (1 N, 20.0 mL, 

20 	20.0 mmol). The mixture was stirred at room temperature for about 16 h and concentrated to 

dryness under reduced pressure. Water (25 mL) was added to the remaining residue and the 

mixture was extracted with Et20 (2 x 25 mL) and the Et20 extracts were discarded. The aqueous 

layer was acidified to about pH 4 using aqueous 6 N HC1 and extracted with Et20 (3 x 10 mL). 

The combined organic layers were dried over anhydrous MgSO4, filtered, and concentrated to 

25 	dryness under reduced pressure to provide 4-(tert-butoxycarbonylamino)bicyclo[2.2.1]heptane-1-

carboxylic acid as an off-white solid (1.69 g, 81%): 'H NMR (400 MHz, DMSO-d6) 8 12.07 (s, 

1H), 7.00 (s, 1H), 2.00-1.69 (m, 6H), 1.67-1.45 (m, 4H), 1.37 (s, 9H). 

131 



F 
F F 

N-  OH 

0 	
HCI 	-S' 

H 
N  

 0*S  

	

2 	I 

f\r N, ,0  

0' 

  

NC 

15 

  

Preparation #27: 6-Chloro-4-(trifluoromethyl)nicotinamide 

6-Chloro-4-(trifluoromethyl)nicotinic acid (1.0 g, 4.4 mmol, Oakwood) was dissolved in DCM 

(44 mL) to give a clear solution. SOCl2  (3.2 mL, 44 mmol) was added drop-wise and the reaction 

	

5 	mixture was stirred at room temperature overnight and then at reflux for about 16 h. The mixture 

was concentrated under reduced pressure to give a yellow oil that was dissolved into EtOAc (10 

mL). The solution was added drop-wise to a rapidly stirred mixture of EtOAc (20 mL) and 

concentrated aqueous NH4OH (22 mL, 580 mmol). The resulting cloudy mixture was stirred for 

about 2 h and separated. The aqueous layer was further extracted with EtOAc (30 mL). The 

	

10 	combined organic extracts were washed with brine, dried over anhydrous Na2SO4, filtered, and 

concentrated under reduced pressure to give 6-chloro-4-(trifluoromethyOnicotinamide (0.85 g, 85 

%) as off-white solid: LC/MS (Table 2, Method a) Rt  = 1.62 min; MS m/z: 223 (M+H)+. 

Preparation #28: (5-Tosy1-5H-pyrrolo[2,3-b]pyrazin-2-yl)methanamine hydrochloride 

A 5-L reactor was charged with 2-bromo-5-tosyl-5H-pyrrolo[2,3-b]pyrazine (98.8 g, 281 mmol, 

Preparation #7), zinc dust (3.50 g, 53.3 mmol), palladium (II) trifluroacetate (4.0 g, 12 mmol), 

and racemic-2-(di-t-butylphophino)-1,1'-binapthyl (9.8 g, 24.7 mmol). The flask was equipped 

with a powder addition device into which zinc cyanide (10.0 g, 157 mmol) was placed to be 

20 	added at a later step. The vessel was purged with argon for no longer than about 30 min and then 

argon sparged DMA (2 L) was added to the reactor. The mixture was stirred and heated to about 

50 °C while maintaining an argon sparge. The resulting dark brown solution was further heated to 

about 95 °C while adding the zinc cyanide, from the powder addition device, portion-wise over 

about 15 min. Upon reaching about 95 °C, the brown mixture is stirred for about an additional 16 

25 	h. The reaction mixture was cooled to room temperature, resulting in the precipitation of salts. 

The mixture was filtered through a Buchner funnel containing filter-aid and the filter cake was 

washed with DMA (20 mL). A solution of the crude product in DMA was added to cold (<10 °C) 

water (16 L) and stirred for about 30 min. The resulting suspension was filtered and the filter cake 

was rinsed again with water (1 L). The resulting wet cake was dried in a vacuum oven at about 
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50°C. The crude solid was dissolved in DCM (1.5 L) and further dried over anhydrous MgSO4. 

After filtration, the solution was passed through a pad of silica (140 g), washing with additional 

solvent until only predominantly impurities were detected eluting off the pad. The solvent was 

removed and the crude solid was triturated with Me0H/DCM (4:1, 10 volumes of solvent per 

	

5 	gram of crude solid) at ambient temperature for about 5 h. The solid was filtered and washed with 

Me0H (300 mL). The product was dried in a vacuum oven to provide 5-tosyl-5H-pyrrolo[2,3-

bkyrazine-2-carbonitrile (58.8 g, 70%) as a colorless solid: 1H NMR (400 MHz, CDC13) 8 8.67 

(s, 1H), 8.21 (d, J=4.2 Hz, 1H), 8.07 (d, J=8.4 Hz, 2H), 7.34 (d, J=8.1 Hz, 2H), 6.89 (d, J=4.2 Hz, 

1H), 2.42 (s, 3H). A 2-L 316-stainless steel pressure reactor was charged with 5% Pd/C (15.4 g 

	

10 	of 63.6 wt% water wet material, 5.6 g dry basis, Johnson Matthey A503032-5), 5-tosy1-5H- 

pyrrolo[2,3-b]pyrazine-2-carbonitrile (55 g, 184 mmol), THF (1.1 L), deionized water (165 mL), 

aqueous HC1, (37 wt%, 30 mL, 369 mmol) and quinoline (1.1 mL, 9.0 mmol). The vessel was 

purged, pressurized, and maintained at 40 psi with hydrogen supplied from a high pressure 

reservoir. The mixture was vigorously agitated at about 25 °C. After about 5 h the reactor was 

	

15 	vented and purged with nitrogen to remove most of the dissolved hydrogen, and the reaction 

mixture was filtered to remove the catalyst. The reactor and catalyst cake were rinsed with 

THF :H20 (1:1, 2 x 40 mL). The combined filtrate and rinses were concentrated and EtOH (500 

mL) was added. After two additional solvent switches with EtOH (2 x 500 mL), the crude residue 

was concentrated to give a residue (76 g) that was suspended in EtOH (550 mL) and stirred at 

	

20 	ambient temperature for about 4 h. The solid was collected by filtration and washed with cold 

EtOH (50 mL). The wet cake was dried in a vacuum oven to provide (5-tosyl-5H-pyrrolo[2,3-

bkyrazin-2-yOmethanamine hydrochloride (51.2 g, 82%) as a colorless solid: LC/MS (Table 2, 

Method a) Rt  = 1.44 min; MS m/z: 303 (M+H)+. 

	

25 	General Procedure A: Formation of a hydrazide from a carboxylic acid 

To mixture of a 2-hydrazinylpyrrolo[2,3-b]pyrazine (preferably 1 equiv) and a carboxylic acid (1-

2 equiv, preferably 1.1-1.3 equiv) in a solvent such as DCM or THF, preferably DCM, is added a 

coupling agent such as EDC•HC1 or HATU (1.0-2.0 equiv, preferably 1.2-1.6 equiv) with or 

without an organic base such as TEA or DIEA (2-5 equiv, preferably 3-4 equiv). After about 1-72 

	

30 	h (preferably 2-6 h) at about 20-60 °C (preferably about room temperature), the reaction is 

worked up using one of the following methods. Method 1: Water is added and the layers are 

separated. Optionally, the mixture may be filtered through Celite®  prior to the separation of the 

layers. The aqueous layer is then extracted with an organic solvent such as EtOAc or DCM. The 

combined organic layers are optionally washed with brine, dried over anhydrous Na2SO4  or 

	

35 	MgSO4, filtered or decanted, and concentrated under reduced pressure. Method 2: The reaction 

is diluted with an organic solvent such as EtOAc or DCM and is washed with either water or brine 

or both. The aqueous layer is optionally further extracted with an organic solvent such as EtOAc 
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or DCM. Then the organic layer or combined organic layers are optionally washed with brine, 

dried over anhydrous Na2SO4  or MgSO4, filtered or decanted, and concentrated under reduced 

pressure. Method 3: The reaction is diluted with an organic solvent such as EtOAc or DCM and 

water is added. The layers are separated and the organic layer is directly purified by 

	

5 	chromatography. In all cases, the crude material is optionally purified by precipitation, 

crystallization, and/or trituration from an appropriate solvent or solvents and/or by 

chromatography to give the target compound. 

Illustration of General Procedure A 

	

10 	Preparation #A.1: tert-Butyl (1S,3R)-3-(2-(5-tosy1-5H-pyrrolo[2,3-b]pyrazin-2- 

yl)hydrazinecarbonyl)cyclopentylcarbamate 

 

0 
IL

NH 

  

To mixture of 2-hydrazinyl-5-tosyl-5H-pyrrolo[2,3-b]pyrazine (2.50 g, 8.24 mmol, Preparation 

#9) and (1R,3S)-3-(tert-butoxycarbonylamino)cyclopentanecarboxylic acid (2.08 g, 9.07 mmol, 

15 Peptech) in DCM (30 mL) was added EDC•HC1 (1.90 g, 9.89 mmol). After about 4.5 h at 

ambient temperature, water (30 mL) was added and the layers were separated. The aqueous layer 

was then extracted with EtOAc (15 mL). The combined organic layers were washed with brine, 

dried over anhydrous MgSO4, filtered, and concentrated under reduced pressure. The crude 

material was dissolved in DCM (15 mL) and purified by silica gel chromatography eluting with a 

20 	gradient of 40-100% EtOAc in heptane to give tert-butyl (IS,3R)-3-(2-(5-tosy1-5H-pyrrolo[2,3-

bipyrazin-2-yOhydrazineearbonyl)eyclopentylcarbamate (4.20 g, 97 %): LC/MS (Table 2, 

Method a) Rt  = 2.27 min; MS m/z: 515 (M+H)±. 

General Procedure B: Formation of a hydrazide from an acid chloride followed by 

25 	cyclization and sulfonamide hydrolysis 

To a solution of 5-sulfony1-2-hydraziny1-5H-pyrrolo[2,3-b]pyrazine (preferably 1 equiv) and TEA 

or DIEA (1-10 equiv, preferably 4 equiv) in 1,4-dioxane at about 0-25 °C (preferably ambient 

temperature) is added an acid chloride (1-1.5 equiv, preferably 1 equiv). After the complete 

addition, the reaction is allowed to warm to ambient temperature if cooled initially. After about 

30 	0.5-2 h (preferably about 1 h), SOC12  (1-10 equiv, preferably 3 equiv) is added and the reaction is 

heated at about 60-100 °C (preferably about 80-90 °C) for about 0.25-8 h (preferably about 1 h). 

The reaction is allowed to cool to ambient temperature and then aqueous base (such as aqueous 

Na2CO3  or aqueous NaOH, preferably aqueous NaOH) is added followed by the optional, but not 
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preferable, addition of Me0H (5-50% of the reaction volume, preferably 50%). The reaction is 

heated at about 50-90 °C for about 1-96 h (preferably about 3 h at about 60 °C if using aqueous 

NaOH or about 3 days at about 90 °C if using aqueous Na2CO3). The reaction is concentrated 

under reduced pressure and then is partitioned between an organic solvent (such as EtOAc or 

5 

	

	DCM, preferably EtOAc) and water, saturated aqueous NaHCO3  and/or brine, preferably saturated 

aqueous NaHCO3. The organic layer is separated and optionally washed with water and/or brine, 

dried over anhydrous Na2SO4  or MgSO4, filtered or decanted, and concentrated under reduced 

pressure. The crude material is optionally purified by precipitation, crystallization, and/or 

trituration from an appropriate solvent or solvents and/or by chromatography to give the target 

10 compound. 

Illustration of General Procedure B 

Example #B.1.1: 1-(2-Methylcyclohexyl)-6H-pyrrolo [2,3-e] [1,2,4]triazolo[4,3-a] pyrazine 

H2N-NLY.N  

N 	N
.z‘ 0s,0  

 

 

15 	To a solution of 5-(4-tert-butylphenylsulfony1)-2-hydraziny1-5H-pyrrolo[2,3-b]pyrazine (0.40 g, 

1.2 mmol, Preparation #3) and DIEA (0.20 mL, 1.2 mmol) in 1,4-dioxane (12 mL) at about 0 °C 

was added 2-methylcyclohexanecarbonyl chloride (0.19 g, 1.2 mmol, Preparation #4). After the 

complete addition, the ice bath was removed and the reaction was allowed to warm to ambient 

temperature. After about 1 h, SOC12  (0.42 mL, 5.8 mmol) was added and the reaction was heated 

20 	at about 90 °C for about 1 h. The reaction was allowed to cool to ambient temperature and then 2 

M aqueous Na2CO3  (2N, 11.6 mL, 23.2 mmol) and Me0H (12 mL) were added. The reaction was 

heated at about 90 °C for about 3 days. The reaction was concentrated under reduced pressure 

and then partitioned between EtOAc (50 mL) and saturated aqueous NaHCO3  (40 mL). The 

organic layer was separated and dried over anhydrous Na2SO4, filtered and the solvent was 

25 	concentrated under reduced pressure. The residue was purified over silica gel (12 g) using EtOAc 

as the eluent and then further purified by RP-HPLC (Table 2, Method b). The combined product-

containing fractions were concentrated under reduced pressure to remove the MeCN and the 

resulting precipitate was collected by vacuum filtration to afford 1-(2-inethylcyclohexyl)-6H-

pyrrolo[2,3-e][1,2,41triazolo[4,3-alpyrazine as a white solid (0.10 g, 35%): LC/MS (Table 2, 

30 	Method a) Rt  = 1.84 min; MS m/z: 256 (M+H)±. 
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General Procedure C: Cyclization of a hydrazide 

To a solution of a 2-hydraziny1-5H-pyrrolo[2,3-b]pyrazine (preferably 1 equiv) in an organic 

solvent (for example 1,4-dioxane) is added a base such as TEA or DIEA (1-5 equiv, preferably 2-

4 equiv) and SOC12  (1-5 equiv, preferably 1-2 equiv). The mixture is heated at about 60-100 °C 

	

5 	(preferably about 80 °C) for about 1-16 h (preferably about 1-2 h). The reaction mixture is cooled 

to ambient temperature and worked up using one of the following methods. Method 1: An 

organic solvent (such as EtOAc or DCM) and water are added. The layers are separated and the 

aqueous layer is optionally extracted with additional organic solvent. The combined organic 

layers may be optionally washed with aqueous base (such as NaHCO3) and/or brine, dried over 

	

10 	anhydrous Na2SO4  or MgSO4, then decanted or filtered prior to concentrating under reduced 

pressure. Method 2: An organic solvent (such as EtOAc or DCM) is added and the organic layer 

is optionally washed with brine or water, dried over anhydrous MgSO4  or Na2SO4, filtered or 

decanted, and concentrated under reduced pressure. 	Method 3: The reaction mixture is 

partitioned between an organic solvent (such as EtOAc or DCM) and saturated aqueous NaHCO3  

	

15 	or brine, dried over anhydrous Na2SO4  or MgSO4, then decanted or filtered prior to concentrating 

under reduced pressure. The crude material is optionally purified by precipitation, crystallization, 

and/or trituration from an appropriate solvent or solvents and/or by chromatography to give the 

target compound. 

	

20 	Illustration of General Procedure C 

Preparation #C.1: tert-Butyl-(1S,3R)-3-(6-tosy1-6H-pyrrolo[2,3-e][1,2,4]triazolo[4,3-

a]pyrazin-1-y1)cyclopentylcarbamate 

HN,,• 

O 

0 

NH 

\C
s, 

 
N 

To 	a 	solution 	of 	tert-butyl 	(1S,3R)-3-(2-(5-tosy1-5H-pyrrolo[2,3-b]pyrazin-2- 

25 	yl)hydrazinecarbonyl)cyclopentylcarbamate (9.30 g, 18.1 mmol, Preparation #A.1) in 1,4-dioxane 

(100 mL) was added TEA (10.0 mL, 72.3 mmol) and SOC12  (2.11 mL, 28.9 mmol). The mixture 

was heated at about 80 °C for about 1.5 h. The reaction mixture was cooled to ambient 

temperature, EtOAc and water (200 mL each) were added, and the layers were separated. The 

aqueous solution was extracted with EtOAc (2 x 100 mL) and the combined organic layers were 

30 	washed with saturated aqueous NaHCO3  and brine (100 mL each). The organic extracts were 

dried over anhydrous Na2SO4, filtered, and concentrated under reduced pressure. The crude 
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material was purified by silica gel chromatography eluting with a gradient of 25-100% EtOAc in 

DCM 	to give tert-Butyl-(1S,3R)-3-(6-tosy1-6H-pyrrolo[2,3-4 [1,2,4firiazolo[4,3-akyrazin-l-

Acyclopentylcarbamate (7.65 g, 85%): LC/MS (Table 2, Method a) Rt  = 2.37 min; MS m/z: 497 

(M+H)+. 

5 
General Procedure D: Cyclization of a hydrazide followed by sulfonamide hydrolysis and 

Boc-deprotection 

A round-bottomed flask is charged with a 5-sulfony1-2-hydraziny1-5H-pyrrolo[2,3-b]pyrazine 

(preferably 1 equiv), an organic solvent (such as 1,4-dioxane or THF, preferably 1,4-dioxane), 

10 	SOC12  (2-5 equiv, preferably 2 equiv) and an organic base such as DIEA or TEA (0-5 equiv, 

preferably 3 equiv). The resulting mixture is stirred at about 25-120 °C (preferably about 90 °C) 

for about 0.25-5 h (preferably about 1 h) and then allowed to cool to ambient temperature. To the 

reaction mixture is added an aqueous base (such as aqueous Na2CO3  or aqueous NaOH, 1-30 

equiv, preferably 1-2 equiv for aqueous NaOH, preferably 15-20 equiv for aqueous Na2CO3) and 

15 	the resulting mixture is heated at about 60-120 °C (preferably about 90 °C) for about 1-10 h 

(preferably about 5 h) then allowed to cool to ambient temperature. Me0H (5-50% of the 

reaction volume, preferably 20-30%) is added to the reaction mixture and the resulting solution is 

heated at about 60-120 °C (preferably about 90 °C) for about 5-24 h (preferably about 16 h) and 

then allowed to cool to ambient temperature. The layers are separated and the organic solvent is 

20 	concentrated under reduced pressure. To the residue is added an organic solvent (such as 1,4-

dioxane or THF, preferably 1,4-dioxane) followed by a solution of HC1, such as 4 M HC1 in 1,4-

dioxane (20-40 equiv, preferably 25 equiv). The resulting suspension is stirred at about 20-80 °C 

(preferably about 60 °C) for about 1-16 h (preferably about 1 h) and then allowed to cool to 

ambient temperature. The solid is collected by vacuum filtration, washed with organic solvent 

25 	(such as 1,4-dioxane, EtOAc and/or Et20, preferably 1,4-dioxane followed by Et20) to yield the 

crude product as an HC1 salt. The crude material is optionally purified by precipitation, 

crystallization, or trituration from an appropriate solvent or solvents or by chromatography to give 

the target compound. 

30 
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,NH2  
• HCI 

NH2  

Illustration of General Procedure D 

Example #D.1.1: cis-4-(6H-pyrrolo[2,3-e][1,2,4]triazolo[4,3-a]pyrazin-1-ypcyclohexanamine 

hydrochloride and cis-4-(6H-pyrrolo[2,3-e][1,2,4]triazolo[4,3-a]pyrazin-1- 

yl)cyclohexanamine 

0 

5 

A round-bottomed flask was charged with cis-tert-buty1-4-(2-(5-tosyl-5H-pyrrolo[2,3-b]pyrazin-

2-yphydrazinecarbonypcyclohexylcarbamate (0.415 g, 0.785 mmol, prepared using A from cis-4-

(tert-butoxycarbonylamino)cyclohexanecarboxylic acid [AMRI] and Preparation #9), 1,4-dioxane 

(9 mL) and SOC12  (0.115 mL, 1.57 mmol). The resulting mixture was heated at about 90 °C for 

10 	about 1 h and then allowed to cool to ambient temperature. To the reaction mixture was added 

aqueous Na2CO3  (5 N, 7.85 mL, 15.7 mmol) and the reaction mixture was heated at about 90 °C 

for about 5 h. Me0H (5 mL) was added to the reaction mixture and the resulting mixture was 

heated at about 90 °C for about 16 h and then allowed to cool to ambient temperature. The layers 

were separated and the organic layer was concentrated under reduced pressure. To the residue 

15 	was added 1,4-dioxane (10 mL) followed by HC1 (4 M in 1,4-dioxane, 5 mL, 20.0 mmol). The 

resulting suspension was heated at about 60 °C for about 1 h and then allowed to cool to ambient 

temperature. The solid was collected by vacuum filtration, washed first with 1,4-dioxane (1 mL) 

then Et20 (50 mL) to yield the crude product cis-4-(6H-pyrrolo[2,3-e][1,2,4]triazolo[4,3-

alpyrazin-1-Acyclohexanamine hydrochloride (0.42 g, 98%, 84% purity). A portion of the crude 

20 	HC1 salt (0.075 g) was further purified by RP-HPLC (Table 2, Method g) to give cis-4-(6H-

pyrrolo[2,3-e] [1,2,4firiazolo[4,3-akyrazin-1-yl)cyclohexanamine (0.044 g) with 3 equiv 

NH4OAc as an excipient. LC/MS (Table 2, Method a) Rt  = 0.92 min; MS m/z: 257 (M+H)+. 

Table D.1 Examples prepared using General Procedure D: 

Hydrazide Product 
Example 

# 

Rt min 
(Table 2, 
Method) 

Prez ESI+ 
(M+H)+  

tert-Butyl (1R,35)-3-(2-(5-tosy1- 
5H-pyrrolo[2,3-b]pyrazin-2- 

yl)hydrazinecarbonyl)cyclopentyl 
carbamate (prepared using A from 

(1S,3R)-3-(tert- 
butoxycarbonylamino)cyclopenta 
necarboxylic acid [PepTech] and 

Preparation #9) 

(1R,3S)-3-(6H- 
Pyrrolo[2,3- 

e][1,2,4]triazolo[4,3- 
cdpyrazin-l-yl)cyclo- 

pentanamine 
hydrochloride 

D
.
1

.
2 0.47 (d) 243 
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Hydrazide Product Example 
# 

Rt min 
(Table 2, 
Method) 

in/z E SI+ 
(M+H)+  

tert-Butyl trans-4-(2-(5-tosyl-5H- 
pyrrolo[2,3-b]pyrazin-2- 

yl)hydrazinecarbonyl)cyclohexylc 
arbamate (prepared using A from 

trans-4-(tert- 
butoxycarbonylamino)cyclohexan 

ecarboxylic acid [AMRI] and 
Preparation #9) 

trans-4-(6H- 
Pyrrolo[2,3- 

e] [1,2,4]triazolo[4,3- 
a]pyrazin-l-yl)cyclo-

hexanamine 
hydrochloride 

D.1.3 0.44 (d) 257 

tert-Butyl (1R,3R)-3-(2-(5-(4-tert- 
butylphenylsulfony1)-5H- 
pyrrolo[2,3-b]pyrazin-2- 

yl)hydrazinecarbonyl)cyclopentyl 
carbamate (prepared using A from 

(1S,3S)-3-(tert- 
butoxycarbonylamino)cyclopenta 

necarboxylic acid [Acros] and 
Preparation #3) 

(1R,3R)-3-(6H- 
Pyrrolo[2,3- 

e][1,2,4]triazolo[4 3- 
a]pyrazin-l-yl)cyc

'
lo- 

pentanamine 
hydrochloride 

D.1.4 0.46 (d) 243 

General Procedure E: Cyclization of a hydrazide followed by sulfonamide hydrolysis 

To a solution of a 5-sulfonyl-2-hydrazinyl-5H-pyrrolo[2,3-b]pyrazine (preferably 1 equiv) in a 

solvent such as 1,4-dioxane is added SOC12  (1-5 equiv, preferably 1-2 equiv). Optionally, an 

	

5 	organic base, such as TEA or DIEA, (1-5 equiv, preferably 2-4 equiv) is added before SOC12, 

particularly for Boc-protected substrates. The reaction is heated at about 60-100 °C (preferably 

about 80 °C). After about 0.5-6 h (preferably about 1-2 h), an aqueous base (such as aqueous 

Na2CO3  or aqueous NaOH, 1-90 equiv, preferably 15-20 equiv for aqueous Na2CO3  or 1-2 equiv 

for aqueous NaOH), is added and heating is resumed at about 60-90 °C (preferably about 80 °C) 

	

10 	for about 1-72 h (preferably about 1-16 h). Optionally, but not preferably, the reaction is cooled 

to ambient temperature for a period of time (5 min -72 h), during which time Me0H and/or 

additional aqueous base (such as saturated Na2CO3  or 1 N NaOH) may be added, and heating is 

optionally resumed at about 60-90 °C (preferably about 80 °C) for about 1-72 h (preferably about 

1-16 h). This cycle of optionally cooling to ambient temperature and adding base may occur up to 

	

15 	four times. The reaction is worked up using one of the following methods. Method 1: An organic 

solvent such as EtOAc or DCM is added with the optional addition of water, brine, or saturated 

aqueous NH4C1 (preferably water) and the layers are separated. The aqueous layer is then 

optionally extracted with additional organic solvent such as EtOAc or DCM. The combined 

organic layers are optionally washed with brine or water, dried over anhydrous MgSO4  or 

	

20 	Na2SO4, filtered or decanted, and concentrated under reduced pressure. Method 2: The reaction 

mixture is decanted and the insoluble material is washed with an organic solvent such as EtOAc. 

The combined organic layers are concentrated under reduced pressure. Method 3: The reaction 

mixture is concentrated under reduced pressure to remove solvent. Water is added and the 

aqueous layer is extracted with an organic solvent such as EtOAc or DCM. The combined 
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organic layers are optionally washed with brine or water, dried over anhydrous MgSO4  or 

Na2SO4, filtered or decanted, and concentrated under reduced pressure. Method 4: A reaction 

mixture containing a precipitate may be filtered to collect the target compound, while optionally 

washing with water. The filtrate may be optionally concentrated and purified to yield additional 

	

5 	target compound. Method 5: The reaction mixture is adjusted to neutral pH with the addition of a 

suitable aqueous acid (such as aqueous HC1) prior to extraction with an organic solvent such as 

EtOAc or DCM. The combined organic layers are optionally washed with brine or water, dried 

over anhydrous MgSO4  or Na2SO4, filtered or decanted, and concentrated under reduced pressure. 

In all cases, the crude material is optionally purified by precipitation, crystallization, and/or 

	

10 	trituration from an appropriate solvent or solvents and/or by chromatography to give the target 

compound. 

Illustration of General Procedure E 

Example #E.1: tert-Butyl (1S,3R)-3-(6H-pyrrolo [2,3-e] [1,2,4]triazolo[4,3-alpyrazin-1- 

	

15 	yl)cyclopentylcarbamate 

  

NH 

N 

   

   

To 	a 	solution 	of 	tert-butyl 	(1S,3R)-3-(2-(5-tosy1-5H-pyrrolo[2,3-b]pyrazin-2- 

yl)hydrazinecarbonyl)cyclopentylcarbamate (4.73 g, 9.19 mmol, Preparation #A.1) in 1,4-dioxane 

(50 mL) was added TEA (5.10 mL, 36.8 mmol) and SOC12  (1.34 mL, 18.4 mmol). The reaction 

20 	mixture was heated at about 80 °C. After about 1.5 h, saturated aqueous Na2CO3  (100 mL) was 

added and heating was resumed at about 80 °C for about 6 h. The reaction was cooled to ambient 

temperature for about 3 days and then heated at about 80 °C for about 16 h. Water and EtOAc 

(100 mL each) were added and the layers were separated. The aqueous layer was then extracted 

with additional EtOAc (2 x 100 mL). The combined organic layers were washed with brine, dried 

25 	over anhydrous Na2SO4, filtered, and concentrated under reduced pressure. The crude solid was 

triturated with petroleum ether (b.p. 30-60 °C; 30 mL) and collected by vacuum filtration, while 

washing with additional petroleum ether (b.p. 30-60 °C; 20 mL), to give tert-butyl (1S,3R)-3-(6H-

pyrrolo[2,3-e][1,2,41triazolo[4,3-a]pyrazin-l-yl)cyclopentylearbamate as a light brown solid 

(2.86 g, 86%): LC/MS (Table 2, Method a) Rt  = 1.75 min; MS m/z: 343 (M+H)+. 

30 
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Table E.1 Examples prepared using General Procedure E 

Hydrazide Product Ex # II, min 
(Table 2, Method) 

m/z ESI+  
(M+H) 

Adamantane-2-carboxylic acid N ' - 
[5 - (4 -tert -buty 1-b enzene sulf o ny1)- 
5H-pyrrolo[2,3-b]pyrazin-2-y1]- 

hydrazide (prepared using A from 
Preparation #3 and adamantane-2- 

carboxylic acid [Enamine]) 

1-Adamantan-2-y1- 
6H- pyrrolo [2,3- 

e] [1,2,4]triazolo[4,3 
-a]pyrazine 

E.1.1 2.09 (a) 294 

Adamantane-l-carboxylic acid N - 
[5 -(4 -te r t-b uty 1-b enze ne sulf ony1)- 
5H-pyrrolo[2,3-b]pyrazin-2-y1]- 

hydrazide (prepared using A from 
Preparation #3 and adamantane-1- 

carboxylic acid, EDC•HC1, and 
TEA) 

1-Adamantan-l-v1- 
- 

6H-pyrrolo [2,3- 
e] [1,2,4]triazolo[4,3 

-a]pyrazine 
 

E.1.2 2.01 (a) 294 

Benzyl (1S,3S)-3-(2-(5-tosy1-5H- 
pyrrolo[2,3-b]pyrazin-2- 

yl)hydrazinecarbonyl)cyclobutylcar 
bamate, (prepared using Q from 3- 
aminocyclobutanecarboxylic acid 
hydrochloride (Enamine) and A 

Benzyl (1S,3S)-3- 
(6H-pyrrolo[2,3- 

,2, 	,3 e][14]triazolo[4 
-a]pyrazin-1- 

yl)cyclobutylcarba 
mate 

E.1.3 1.85 (a) 363 

from Preparation #9) 

4-Methoxy-N'-(5-tosy1-5H- 
pyrrolo[2,3-b]pyrazin-2- 

yl)cyclohexanecarbohydrazide, 
(prepared using A from 4- 

methoxycyclohexanecarboxylic acid 
and Preparation #9) 

1-(4- 
Methoxycyclohexyl 

 
)-6H-pyrrolo[2,3- 

e] [1,2,4]triazolo[4,3 
-a]pyrazine 

 

E.1.4 1.56 (a) 272 

General Procedure F: Cyclization of a hydrazide with loss of Boc-protecting group followed 

by sulfonamide hydrolysis 

	

5 	To a solution of a 5-sulfonyl-2-hydrazinyl-5H-pyrrolo[2,3-b]pyrazine (preferably 1 equiv) and 

TEA or DIEA (0-6 equiv, preferably 1 equiv) in 1,4-dioxane is added SOC12  (2.0-6.0 equiv, 

preferably 3 equiv). The reaction is heated at about 60-120 °C (preferably about 80-90 °C) for 

about 1-8 h (preferably about 1-4 h). The reaction is allowed to cool to ambient temperature then 

is optionally, but not preferably, diluted with a cosolvent (such as Me0H or EtOH, preferably 

	

10 	Me0H) by 5-50% of the reaction volume (preferably 50%). An aqueous base (such as aqueous 

Na2CO3  or aqueous NaOH, 1-30 equiv, preferably 1-2 equiv for aqueous NaOH, preferably 15-20 

equiv for aqueous Na2CO3) is added and the reaction is heated at about 40-90 °C (preferably about 

60 °C) for about 1-24 h (preferably about 2 h) before it is concentrated under reduced pressure. 

The crude material is optionally purified by precipitation, precipitation by salt formation, 

	

15 	crystallization, and/or trituration from an appropriate solvent or solvents and/or by 

chromatography to give the target compound. 
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ss(s. 

yl)cyclopentyl)methanamine hydrochloride 

O H 
0 

0NH2  
HCI 

Ns, N 

Illustration of General Procedure F 

Example #F.1.1 ((IR,3R)-3-(6H-Pyrrolo[2,3-e][1,2,4]triazolo[4,3-a]pyrazin-1- 

5 

To a solution of tert-butyl ((lR,3R)-3-(2-(5-tosy1-5H-pyrrolo[2,3-b]pyrazin-2-

yOhydrazinecarbonyl)cyclopentyl)methylcarbamate (0.60 g, 1.1 mmol, prepared using A from 

(1R,3R)-3-((tert-butoxycarbonylamino)methyl)cyclopentanecarboxylic acid [AFID] and 

Preparation #9) and DIEA (0.79 mL, 4.5 mmol) in 1,4-dioxane (5 mL) was added SOC12  (0.166 

10 	mL, 2.27 mmol). The reaction mixture was heated at about 80 °C for about 1 h before it was 

allowed to cool to ambient temperature. Aqueous NaOH (2 N, 4 mL, 8 mmol) was added to the 

reaction mixture and heated at about 60 °C for about 2 h. The reaction mixture was allowed to 

cool to ambient temperature before it was concentrated under reduced pressure. To the residue 

was added HCI (4N in 1,4-dioxane (20 mL). The organic solution was decanted away from the 

15 	resulting precipitate to afford ((IR,3R)-3-(6H-pyrrolo[2,3-e][1,2,4]triazolo[4,3-a]pyrazin-1-

yl)cyclopentyl)methanamine hydrochloride as a yellow solid (0.11 g, 33 %): LC/MS (Table 2, 

Method a) Rt  = 1.01 min; MS m/z: 257 (M+H)±. 

Table F.1 Examples prepared using General Procedure F 

Hydrazide Product Ex # 
Rt  min 

(Table 2, 
Method) 

m/z ESI+ 
(M+H)+  

tert-Butyl-trans-3-(2-(5-(4-tert- 
butylphenylsulfony1)-5H-pyrrolo[2,3- 

b]pyrazin-2- 
yl)hydrazinecarbonyl)cyclohexylcarbam 
ate (prepared using A from Preparation 
#3 and trans-3-(tert-butoxycarbonyl- 
amino)cyclohexanecarboxylic acid 

[AMRI], EDC•HC1, and TEA) 

trans-3-(6H- 
Pyrrolo[2,3- 

e][1,2,4]triazolo[ 
4,3-a]pyrazin-1- 

yl)cyclohexanami 
ne acetate 

F.1.2 1.07 (a) 257 

tert-Butyl-cis-3-(2-(5-(4-tert- 
butylphenylsulfony1)-5H-pyrrolo[2,3- 

b]pyrazin-2- 
yl)hydrazinecarbonyl)cyclohexylcarbam 
ate (prepared using A from Preparation 

#3 and cis-3-(tert-butoxycarbonyl- 
amino)cyclohexanecarboxylic acid 

[AMRI], EDC•HC1, and TEA) 

cis-3-(6H-
Pyrrolo[2,3-

e][1,2,4]triazolo[ 
4,3-a]pyrazin-1-

yl)cyclohexanami 
ne hydrochloride 

F.1.3 1.18 (a) 257 

20 
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General Procedure G: Formation of a hydrazone followed by cyclization and sulfonamide 

hydrolysis 

To a solution of a 2-hydraziny1-5-sulfony1-5H-pyrrolo[2,3-b]pyrazine (preferably 1 equiv) in an 

organic solvent or solvents such as Me0H or Me0H/DCM (preferably Me0H) is added a solution 

	

5 	of an aldehyde (1.0-1.3 equiv, preferably 1.0 equiv) in an organic solvent such as DCM. The 

reaction mixture is stirred at about 15-30 °C (preferably ambient temperature) for about 1-8 h 

(preferably about 2 h) before iodobenzene diacetate (1-3 equiv, preferably 1 equiv) is added. The 

reaction is stirred at about 15-30 °C (preferably ambient temperature) for about 15-60 min 

(preferably about 30 min) before it is concentrated to constant weight. To the residue is added an 

	

10 	organic solvent such as 1,4-dioxane, THF, Me0H or EtOH (preferably 1,4-dioxane) followed by 

aqueous base such as aqueous Na2CO3  or NaOH (2-50 equiv), preferably NaOH (2 equiv). The 

reaction was heated at about 40-80 °C (preferably about 60 °C) for about 1- 24 h (preferably about 

2 h). The crude product is optionally purified by precipitation, crystallization, and/or trituration 

from an appropriate solvent or solvents and/or by chromatography to give the target compound. 

15 

Illustration of General Procedure'G 

Example #G.1.1: 1-(Tetrahydro-2H-pyran-4-y1)-6H-pyrrolo [2,3-el [1,2,4]triazolo [4,3-

a] pyrazine 

 

 

Ns, N 

 

20 	To a solution of 2-hydrazinyl-5-tosyl-SH-pyrrolo[2,3-b]pyrazine (0.100 g, 0.330 mmol, 

Preparation #9) in Me0H (2 mL) was added tetrahydro-2H-pyran-4-carbaldehyde (0.038 g, 0.330 

mmol, J&W PharmLab) in DCM (1 mL). The reaction mixture was stirred at ambient 

temperature for about 2 h before iodobenzene diacetate (0.106 g, 0.330 mmol) was added. The 

reaction mixture was stirred at ambient temperature for about 15 min before it was concentrated to 

25 	constant weight. To the residue was added Me0H (2 mL) followed by aqueous NaOH (2 N, 0.330 

mL, 0.659 mmol). The reaction mixture was heated at about 60 °C for about 1 h. The crude 

reaction mixture was purified by RP-HPLC (Table 2, Method f). The combined product-

containing fractions were concentrated under reduced pressure to remove MeCN and then 

lyophilized to afford 1-(tetrahydro-2H-pyran-4-y1)-6H-pyrrolo[2,3-e] [1,2,4ftriazolo[4,3- 

30 	a]pyrazine as a white solid (0.028 g, 35%): LC/MS (Table 2, Method a) Rt  = 1.25 min; MS m/z: 

244 (M+H)±. 

143 



Table G.1 Examples prepared from 2-hydraziny1-5-tosy1-5H-pyrrolo[2,3-b]pyrazine 

(Preparation #9) using General Procedure G 

Aldehyde Product Ex # 
Rt  min 

(Table 2, 
Method) 

m/z ESI+ 
(M+H)+ 

2,6-Dimethylcyclohex-2- 
enecarbaldehyde 

1-(2,6-Dimethylcyclohex-2-eny1)- 
6H-pyrrolo[2,3- 

e][1,2,4]triazolo[4,3-a]pyrazine 
G.1.2 1.97 (a) 268 

4-(4-Hydroxy-4- 
methylpentyl)cyclohex-3- 

enecarbaldehyde 

5-(4-(6H-Pyrrolo[2,3- 
e] [1,2,4]triazolo[4,3-a]pyrazin-1- 

yl)cyclohex-1-eny1)-2- 
methylpentan-2-ol 

G.1.3 1.82 (a) 340 

Bicyclo[2.2.1]hept-5-ene- 
2-carbaldehyde 

1-(Bicyclo[2.2.1]hept-5-en-2-y1)- 
6H-pyrrolo[2,3- 

e][1 ,2 ,4]tri a z ol o [4 ,3 - a]py r azine 
G.1.4 1.72 (a) 252 

Cyclooctanecarbaldehyde 
(Oakwood) 

1-Cycloocty1-6H-pyrrolo[2,3- 
e][1 ,2 ,4]hiazol o [4 ,3 - a]py r azine G.1.5 2.02 (a) 270 

4-o-Tolyltetrahydro-2H- 
pyran-4-carbaldehyde 

(ASDI) 

1-(3-o-Tolyltetrahydro-2H-pyran- 
4-yl)-6H-pyrrolo[2,3- 

e] [1,2,4]triazolo[4,3-a]pyrazine 
G.1.6 1.84 (a) 334 

Benzaldehyde 1-Phenyl-6H-pyrrolo[2,3- 
e][1 ,2 ,4]triazol o[4 ,3 - a]py r azine G.1.7 1.83 (a) 236 

6-Methylcyclohex-3- 
enecarbaldehyde (ASDI) 

1-(6-Methylcyclohex-3-eny1)-6H- 
pyrrolo[2,3-e][1,2,4]triazolo[4,3- 

a]pyrazine 
G.1.8 1.83 (a) 254 

4-(Thiophen-2- 
yl)tetrahydro-2H-pyran-4- 

carbaldehyde (ASDI) 

1-(4-(Thiophen-2-yl)tetrahydro- 
2H-pyran-4-yl)-6H-pyrrolo[2,3- 
e][ 1,2,4]triazolo[4,3-a]pyrazine 

G.1.9 1.31 (a) 326 

2-(Pyridin-4- 
y0cyclopropanecarbaldehy 

de (ASDI) 

1-(2-(Pyridin-4-ypcyclopropy1)- 
6H-pyrrolo[2,3- 

e] [1,2,4]triazolo[4,3-a]pyrazine 
G.1.10 1.04 (d) 277 

p-Tolualdehyde 
1-p-Toly1-6H-pyrrolo[2,3- 

e] [1,2,4]triazolo[4,3-a]pyrazine 
trifluoroacetate 

G.1.11 1.28 (d) 250 

Cycloheptanecarbaldehyde 
1-Cyclohepty1-6H-pyrrolo[2,3- 
e] [1,2,4]triazolo[4,3-a]pyrazine 

trifluoroacetate 
G.1.12 1.32 (d) 256 
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Aldehyde Product Ex # 
Rt  min 

(Table 2, 
Method) 

m/z ESI+ 
(M+H)+  

2-Cycloproylacetaldehyde 
1-(Cyclopropylmethyl)-6H- 

pyrrolo[2,3-e][1,2,4]triazolo[4,3- 
a]pyrazine trifluoroacetate 

G.1.13 1.19 (d) 214 

2-Cyclopentylacetaldehyde 
1-(Cyclopentylmethyl)-6H- 

pyrrolo[2,3-e][1,2,4]triazolo[4,3- 
a]pyrazine trifluoroacetate 

G.1.14 1.29 (d) 242 

Cyclopentanecarboxaldehy 
de 

1-Cyclopenty1-6H-pyrrolo[2,3- 
e][1 ,2 , 4]tr i az ol o [4 ,3 - a]p y r azin e 

trifluoroacetate 
G.1.15 1.24 (d) 228 

3- 
(Trifluoromethoxy)benzald 

ehyde 

1-(3-(Trifluoromethoxy)pheny1)- 
6H-pytTolo[2,3- 

e] [ 1,2,4]triazolo[4,3-a]pyrazine 
trifluoroacetate 

G.1.16 1.34 (d) 320 

3,5- 
Bis(Trifluoromethye benzal 

dehyde 

1-(3,5-Bis(trifluoromethyl)pheny1)- 
6H-pyrrolo[2,3- 

e][1 ,2 , 4]triazol o[4 ,3 - a]py r azine 
trifluoroacetate 

G.1.17 1.73 (1) 372 

o-Tolualdehyde 
1-o-Toly1-6H-pyrrolo[2,3- 

e] [1,2,4]triazolo[4,3-a]pyrazine 
trifluoroacetate 

G.1.18 1.26 (d) 250 

2- 
Quinolinecarboxaldehyde 

1-(Quinolin-2-y1)-6H-pyrrolo[2,3- 
e] [1,2,4]triazolo[4,3-a]pyrazine 

bistrifluoroacetate 
G.1.19 1.41 (I) 287 

5-Methy1-2- 
thiophenecarboxaldehyde 

1-(5-Methylthiophen-2-y1)-6H- 
pyrrolo[2,3-e][1,2,4]triazolo[4,3- 

a]pyrazine trifluoroacetate 
G.1.20 1.27 (d) 256 

4-Fluoro-2- 
(trifluoromethyObenzaldeh 

yde 

1-(4-Fluoro-2- 
(trifluoromethyl)pheny1)-6H- 

pynolo[2,3-e][1,2,4]triazolo[4,3- 
a]pyrazine trifluoroacetate 

G.1.21 1.31 (d) 322 

3,4-Dimethylbenzaldehyde 
1-(3,4-Dimethylpheny1)-6H- 

pyrrolo[2,3-e][1,2,4]triazolo[4,3- 
a]pyrazine trifluoroacetate 

G.1.22 1.31 (d) 264 

4-N-Butoxybenzaldehyde 
1-(4-Butoxypheny1)-6H- 

pyrrolo[2,3-e][1,2,4]triazolo[4,3- 
a]pyrazine trifluoroacetate 

G.1.23 1.40 (d) 308 

3-Methoxybenzaldehyde 
1-(3-Methoxypheny1)-6H- 

pyrrolo[2,3-e][1,2,4]triazolo[4,3- 
a]pyrazine trifluoroacetate 

G.1.24 1.25 (d) 266 
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Aldehyde Product Ex # 
Rt  min 

(Table 2, 
Method) 

m/z ESI+ + 
(M+H) 

Trimethylacetaldehyde 
1-tert-Buty1-6H-pyrrolo[2,3- 

e] [1,2,4]triazolo[4,3-a]pyrazine 
trifluoroacetate 

G.1.25 1.22 (d) 216 

4-Methoxybenzaldehyde 
1-(4-Methoxypheny1)-6H- 

pyrrolo[2,3-e][1,2,4]triazolo[4,3- 
a]pyrazine trifluoroacetate 

G.1.26 1.24 (d) 266 

4-Benzyloxybenzaldehyde 
1-(4-(Benzyloxy)pheny1)-6H- 

pyrrolo[2,3-e][1,2,4]triazolo[4,3- 
a]pyrazine trifluoroacetate 

G.1.27 1.38 (d) 342 

4- 
(Trifluoromethypbenzalde 

hyde 

1-(4-(Trifluoromethyl)pheny1)-6H- 
pyrrolo[2,3-e][1,2,4]triazolo[4,3- 

a]pyrazine trifluoroacetate 
G.1.28 1.34 (d) 304 

4-Phenoxybenzaldehyde 
1-(4-Phenoxypheny1)-6H- 

pyrrolo[2,3-e][1,2,4]triazolo[4,3- 
a]pyrazine trifluoroacetate 

G.1.29 1.38 (d) 328 

m-Tolualdehyde 
1-m-Toly1-6H-pyrrolo[2,3- 

e][1 ,2 , 4]tr i az ol o[4 ,3 - a]p y r azin e 
trifluoroacetate 

G.1.30 1.28 (d) 250 

4-Ethoxybenzaldehyde 
1-(4-Ethoxypheny1)-611- 

pyrrolo[2,3-e][1,2,4]triazolo[4,3- 
a]pyrazine trifluoroacetate 

G.1.31 1.29 (d) 280 

4-N-Propoxybenzaldehyde 
1-(4-Propoxyphenyl)-6H- 

pyrrolo[2,3-e][1,2,4]triazolo[4,3- 
a]pyrazine trifluoroacetate 

G.1.32 1.35 (d) 294 

4-Isopropylbenzaldehyde 
1-(4-Isopropylpheny1)-6H- 

pyrrolo[2,3-e][1,2,4]triazolo[4,3- 
a]pyrazine trifluoroacetate 

G.1.33 1.56 (I) 278 

4-Acetamidobenzaldehyde 

N-(4-(6H-pyrrolo[2,3- 
e][1,2,4]triazolo[4,3-a]pyrazin-1- 

yl)phenyl)acetamide 
trifluoroacetate 

G.1.34 1.16 (d) 293 

3- 
(Trifluoromethypbenzalde 

hyde 

1-(3-(Trifluoromethyl)pheny1)-6H- 
pyrrolo[2,3-e][1,2,4]triazolo[4,3- 

a]pyrazine trifluoroacetate 
G.1.35 1.33 (d) 304 

3-Methylthiophene-2- 
carboxaldehyde 

1-(3-Methylthiophen-2-y1)-6H- 
pyrrolo[2,3-e][1,2,4]triazolo[4,3- 

a]pyrazine trifluoroacetate 
G.1.36 1.24 (d) 256 

Cyclopropylcarboxaldehyd 
e 

e] [1,y2,4]triazolo[4,3-a
clopropy1-6H-pyrrolo

]pyrazine
[2  

trifluoroacetate 
G.1.37 1.17 (d) 200 

3,3- 
Dimethylbutyraldehyde 

1-Neopenty1-6H-pyrrolo[2,3- 
e][1 ,2 , 4]tr i a z ol o [4 ,3 - a]p y r azin e 

trifluoroacetate 
G.1.38 1.26 (1) 230 
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Aldehyde Product Ex # 
Rt  min 

(Table 2, 
Method) 

m/z ESI+ 
(M+H)+  

2,3-Dimethylbenzaldehyde 
1-(2,3-Dimethylpheny1)-6H- 

pyrrolo[2,3-e][1,2,4]triazolo[4,3- 
a]pyrazine trifluoroacetate 

G.1.39 1.29 (d) 264 

General Procedure H: Hydrolysis of a sulfonamide 

To a flask containing a sulfonamide, for example, a sulfonyl-protected pyrrole, (preferably 1 

equiv) in an organic solvent (such as 1,4-dioxane, Me0H, or THF/MeOH, preferably 1,4- 

	

5 	dioxane) is added an aqueous base (such as aqueous Na2CO3  or aqueous NaOH, 1-30 equiv, 

preferably 1-2 equiv for aqueous NaOH, preferably 15-20 equiv for aqueous Na2CO3). The 

mixture is stirred at about 25-100 °C (preferably about 60 °C) for about 1-72 h (preferably about 

1-16 h). In cases where the reaction does not proceed to completion as monitored by TLC, 

LC/MS, or HPLC, additional aqueous base (such as aqueous Na2CO3, 10-20 equiv, preferably 10 

	

10 	equiv or aqueous NaOH, 1-5 equiv, preferably 1-2 equiv) is added and the reaction is continued at 

about 25-100 °C (preferably about 60 °C) for about 0.25-3 h (preferably about 1-2 h). The 

reaction is worked up using one of the following methods. Method 1. The organic solvent is 

optionally removed under reduced pressure and the aqueous solution is neutralized with the 

addition of a suitable aqueous acid (such as aqueous HC1). A suitable organic solvent (such as 

	

15 	EtOAc or DCM) and water are added, the layers are separated, and the organic solution is dried 

over anhydrous Na2SO4  or MgSO4, filtered, and concentrated to dryness under reduced pressure 

to give the target compound. Method 2. The organic solvent is optionally removed under reduced 

pressure a suitable organic solvent (such as EtOAc or DCM) and water are added, the layers are 

separated, and the organic solution is dried over anhydrous Na2SO4  or MgSO4, filtered, and 

	

20 	concentrated to dryness under reduced pressure to give the target compound. Method 3. The 

reaction mixture is concentrated and directly purified by one of the subsequent methods. The 

crude material obtained from any of the preceding methods is optionally purified by precipitation, 

crystallization, and/or trituration from an appropriate solvent or solvents and/or by 

chromatography to give the target compound. 

25 
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Illustration of General Procedure H 

Example #11.1.1: N-(4-(611-Pyrrolo [2,3-e] [1,2,4] triazolo [4,3-a] pyrazin-1- 

yl)bicyclo [2.2.2] octan-1-y1)-3-chlorobenzenesulfon a mide 
CI 

 

CI 

 

 

	

5 	A 100 mL round-bottomed flask was charged with 3-chloro-N-(4-(6-tosy1-6H-pyrrolo[2,3- 

e] [1,2,4]triazolo [4,3-a]pyrazin-l-yl)bicyclo [2 .2 .2] o ctan-l-yl)benzenesulfonamide (0.14 g, 0.22 

mmol, prepared using A from Preparation #9 and 4-(tert-butoxycarbonylamino)bicyclo-

[2.2.2]octane-1-carboxylic acid [Prime Organics], C with TEA, I, and N from 3-

chlorobenzenesulfonyl chloride) and 1,4-dioxane (5 mL) to give a tan suspension and then 

	

10 	aqueous NaOH (1N, 0.45 mL, 0.45 mmol, J.T. Baker) was added. The suspension was heated at 

about 60 °C for about 3 h. The reaction mixture was cooled to ambient temperature and the 

solvents were removed under reduced pressure. Upon addition of NH4OAc (50 mM aqueous 

buffer solution), a solid precipitated that was collected by vacuum filtration, washed with water, 

and dried to give N-(4-(6H-pyrrolo[2,3-e] [1,2,4ftriazolo[4,3-akyrazin-l-Abicyclo[2.2.2]octan- 

	

15 	1-y0-3-chlorobenzenesulfonamide as a white solid (0.088 g, 86%): LC/MS (Table 2, Method a) Rt  

= 1.88 min; MS m/z: 457 (M+H)+. 

Table H.1 Examples prepared using General Procedure H 

Sulfonamide Product Ex. # 
Rt  min 

(Table 2, 
Method) 

rrez ESI+ 

(M+11)+  

1-(Piperidin-1-y1)-6-tosy1-6H- 
pyrrolo[2,3-e][1,2,4]triazolo[4,3- 

a]pyrazine (Preparation #V.1) 

1-(Piperidin-1-y1)-6H- 
pyrrolo[2,3- 

e][1,2,4]triazolo[4,3- 
a]pyrazine 

H.1.2 1.64 (a) 243 

N-(4-(6-Tosy1-6H-pyrrolo[2,3- 
e][1,2,4]triazolo[4,3-a]pyrazin-1- 

yObicyclo[2.2.2]octan-1- 
yl)benzenesulfonamide (prepared 
using A from Preparation #9, 4- 

(tent-butoxycarbonylamino) 
bicyclo[2.2.2]octane-1-carboxylic 
acid (Prime Organics), HATU, and 
TEA; C with TEA; I; and N with 

benzenesulfonyl chloride and TEA) 

N-(4-(6H-Pyrrolo[2,3-e] 
[1,2,4]triazolo[4,3- 

a]pyrazin-1- 
yl)bicyclo[2.2.2]octan-l-y1) 

benzenesulfonamide 

H.1.3 1.73 (a) 423 
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Sulfonamide Product Ex. # 
Rt  min 

(Table 2, 
M ethod)  

m/z ESI+ 

(M+11)+  
2-Cyano-N-(4-(6-tosy1-6H- 

pyrrolo[2,3-e][1,2,4]triazolo[4,3- 
a]pyrazin-1-yl)bicyclo[2.2.2]octan- 
1-yl)acetamide (prepared using A 

from Preparation #9, 4-(tert- 
butoxycarbonylamino)bicyclo[2.2.2 

]octane-1-carboxylic acid (Prime 
Organics), HATU, and TEA; C with 

TEA; I; and L with 2-cyanoacetic 
acid, HATU and TEA) 

N-(4-(6H-Pyrrolo[2,3- 
e] [1,2,4]triazolo[4,3- 

a]pyrazin-1- 
yObicyclo[2.2.2]octan-1- 

yl)-2-cyanoacetamide 

H.1.4 1.40 (a) 350 

1-Cyano-N-(4-(6-tosy1-6H- 
pyrrolo[2,3-e][1,2,4]triazolo[4,3- 

a]pyrazin-l-yl)bicyclo[2.2.2]octan- 
1-yl)cyclopropanecarboxamide 

(prepared using A from Preparation 
#9, 4-(tert- 

butoxycarbonylamino)bicyclo[2.2.2 
]octane-1-carboxylic acid (Prime 

Organics), HATU, and TEA; C with 
TEA; I; and L with 1- 

cyanocyclopropanecarboxylic acid, 
HATU and TEA) 

N-(4-(6H-Pyrrolo[2,3- 
e] [1,2,4]triazolo[4,3- 

a]pyrazin-1- 
bicyclo12 2 2]octan-l- yO 	• - 	'  

y1)-1- 
cyanocyclopropanecarboxa 

mide 

H.1.5 1.60 (a) 376 

N-(4-(6-Tosy1-6H-pyrrolo[2,3- 
e][1,2,4]triazolo[4,3-a]pyrazin-1- 

yl)bicyclo[2.2.2]octan-1- 
yl)cyclopropanecarboxamide 

(prepared using A from Preparation 
#9, 4-(tert- 

butoxycarbonylamino)bicyclo[2.2.2 

N-(4-(6H-Pyrrolo[2,3- 
e] [1,2,4]triazolo[4,3- 

a] pyrazin-1- 
yObicyclo[2.2.2]octan-1- 

yl)cyclopropanecarboxamid 
e 

H.1.6 1.52 (a) 351 

]octane-1-carboxylic acid (Prime 
Organics), HATU, and TEA; C with 

TEA; I; and K with 
cyclopropanecarbonyl chloride and 

TEA) 
N-(4-(6-Tosy1-6H-pyrrolo[2,3- 

e] [1,2,4]triazolo[4,3-a]pyrazin-1- 
yl)bicyclo[2.2.2]octan-1- 

yl)methanesulfonamide (prepared 
using A from Preparation #9, 4- 

(tert- 
butoxycarbonylamino)bicyclo[2.2.2 

]octane-1-carboxylic acid (Prime 
Organics), HATU, and TEA; C with 

TEA; I; and N with 
methanesulfonyl chloride and TEA) 

N-(4..(6H-Pyrrolo[2,3- 
e][1,2,4]triazolo[4,3- 

a]pyrazin-1- 
yl)bicyclo[2.2.2]octan-1- 
yl)methanesulfonamide 

H.1.7 1.44 (a) 361 

3-Cyano-N-(4-(6-tosyl-6H- 
pyrrolo[2,3-e][1,2,4]triazolo[4,3- 

a]pyrazin-l-yl)bicyclo[2.2.2]octan- 
1-yl)benzenesulfonamide (prepared 

using A from Preparation #9, 4- 
(tert- 

N-(4-(6H-Pyrrolo[2,3- 
e][1,2,4]triazolo[4,3- 

a]pyrazin-1- 
yl)bicyclo[2.2.2]octan-1- 

y1)-3-cyano- 
benzenesulfonamide 

H.1.8 1.71 (a) 448 
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Sulfonamide Product Ex. # 
Rt  min 

(Table 2, 
Method) 

m/z ESI+ 
(M+II)+  

butoxycarbonylamino)bicyclo[2.2.2 
]octane-l-carboxylic acid (Prime 

Organics), HATU, and TEA; C with 
TEA; I; and N with 3- 

cyanobenzene-1-sulfonyl chloride 
and TEA) 

N-(((1S,3R)-3-(6-Tosy1-6H- 
pyrrolo[2,3-e][1,2,4]triazolo[4,3- 

a]pyrazin-l-y1)cyclopentypmethyl)- 
cyclopropanesulfonamide (prepared 

using A from Preparation #9, 
Preparation #P.1 and EDC•HC1; C 

with TEA; I; and N with 
cyclopropanesulfonyl chloride 

[Matrix]) 

N-(a1S,3R)-3-(6H- 
Pyrrolo[2,3- 

e] [1,2,4]triazolo[4,3- 
a]pyrazin-1- 

yl)cyclopentyl)methyl)cyclo 
propanesulfonamide 

 

H.1.9 1.56 (a) 361 

6-(a1S,3R)-3-(6-Tosyl-6H- 
pyrrolo[2,3-e][1,2,4]triazolo[4,3- 

a]pyrazin-l-yl)cyclopentyl)methyl- 
amino)nicotinonitrile (prepared 
using A from Preparation #9, 

Preparation #P.1 and EDC-FIC1, C 
with TEA; I; and 0 with 6- 

chloronicotinonitrile) 

6-(((1S,3R)-3-(6H- 
Pyrrolo[2,3- 

e] [1,2,4]triazolo[4,3- 
a]pyrazin-1- 

yl)cyclopentyl)methylamino 
)nicotinonitrile 

H.1.10 1.72 (a) 359 

641R,35)-3-(6-Tosyl-6H- 
pyrrolo[2,3-e][1,2,4]triazolo[4,3- 

a]pyrazin-l-yl)cyclopentylamino)- 
nicotinonitrile (prepared using A 
from Preparation #9, (1S,3R)-3- 

(tert-butoxy- 
carbonylamino)cyclopentane- 
carboxylic acid [Peptech] and 

EDC•HC1, C with TEA, I, and 0 
with 6-chloronicotinonitrile) 

6-((1R,3S)-3-(6H- 
Pyrrolo[2,3- 

e][1,2,4]triazolo[4,3- 
a]pyrazin-l- 

yl)cyclopentylamino)nicotin 
onitrile 

H.1.11 1.67 (a) 345 

6-(((1S,3R)-3-(6-Tosy1-6H- 
pyrrolo[2,3-e][1,2,4]triazolo[4,3- 

a]pyrazin-1-yl)cyclopentyl)methyl- 
amino)nicotinonitrile (prepared 
using A from Preparation #9, 

(1S,3R)-3-(tent-butoxy- 
carbonylamino)cyclopentane- 
carboxylic acid [Peptech] and 

EDC•HC1, C with TEA, I, and M 
with pyrrolidine-l-carbonyl 

chloride) 

N-a1R,3S)-3-(6H- 
Pyrrolo[2,3- 

e] [1,2,4]triazolo[4,3- 
a] pyrazin-1- 

yl)cyc
1-carb
lopentyl)pyrrolidine- 

oxamide 

H.1.12 1.51 (a) 340 

4-Chloro-N-(4-(6-tosy1-6H- 
pyrrolo[2,3-e][1,2,4]triazolo[4,3- 

a]pyrazin-1-yObicyclo[2.2.2]octan- 
1-yl)benzenesulfonamide (prepared 

N-(4-(6H-Pyrrolo[2,3- 
e][1,2,4]triazolo[4,3- 

a]pyrazin-1- 
yl)bicyclo[2.2.2]octan-1- 

y1)-4- 
chlorobenzenesulfonamide 

H.1.13 1.87 (a) 457 
using A from Preparation #9, 4- 

(tert- 
butoxycarbonylamino)bicyclo[2.2.2 
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Sulfonamide Product Ex. # 
R, min 

(Table 2, 
Method) 

nez ESI + 

(M+II)+ 

 

]octane-l-carboxylic acid [Prime 
Organics], HATU, and TEA, C with 
TEA, I with 4N HC1 in 1,4-dioxane, 
N with 4-chlorobenzene-l-sulfonyl 

chloride and TEA) 

4-Cyano-N-(4-(6-tosy1-6H- 
pyrrolo[2,3-e][1,2,4]triazolo[4,3- 

a]pyrazin-l-yObicyclo[2.2.2]octan- 
l-yl)benzenesulfonamide (prepared 

using A from Preparation #9, 4- 
(tert- 

butoxycarbonylamino)bicyclo[2.2.2 
]octane-1-carboxylic acid [Prime 

Organics], HATU, and TEA, C with 
TEA, I with 4N HCl in 1,4-dioxane, 
N with 4-cyanobenzene-l-sulfonyl 

chloride [Maybridge] and TEA) 

N-(4-(6H-Pyrrolo[2,3- 
e][1,2,4]triazolo[4,3- 

a]pyrazin-1- 
yObicyclo[2.2.2]octan-1- 

y1)-4- 
cyanobenzenesulfonamide 

H.1.14 1.73 (a) 448 

3-Chloro-4-fluoro-N-(4-(6-tosyl- 
6H-pyrrolo[2,3- 

e][1,2,4]triazolo[4,3-a]pyrazin-l- 
yObicyclo[2.2.2]octan-1- 

y1)benzenesulfonamide (prepared 
using A from Preparation #9, 4- 

(tert- 
butoxycarbonylamino)bicyclo[2.2.2 

]octane- 1-carboxylic acid [Prime 
Organics], HATU, and TEA, C with 
TEA, I with 4N HC1 in 1,4-dioxane, 
N with 3-chloro-4-fluorobenzene-l- 

sulfonyl chloride [Lancaster] and 
TEA) 

N-(4-(6H-Pyrrolo[2,3- 
e][1,2,4]triazolo[4,3- 

a]pyrazin-1- 
yObicyclo[2.2.2]octan-1- 

yl)-3-chloro-4- 
fluorobenzenesulfonamide 

H.1.15 1.90 (a) 475 

3,4-Difluoro-N-(4-(6-tosy1-6H- 
pyrrolo[2,3-e][1,2,4]triazolo[4,3- 

a]pyrazin-l-yObicyclo[2.2.2]octan- 
l-yObenzenesulfonamide (prepared 

using A from Preparation #9, 4- 
(tert- 

butoxycarbonylamino)bicyclo[2.2.2 
]octane-1-carboxylic acid [Prime 

Organics], HATU, and TEA, C with 
TEA, I with 4N HC1 in 1,4-dioxane, 

N with 3,4-difluorobenzene-l- 
sulfonyl chloride [Maybridge] and 

TEA) 

N-(4-(6H-Pyrrolo[2,3- 
e][1,2,4]triazolo[4,3- 

a]pyrazin-l- 
yl)bicyclo[2.2.2]octan-1- 

y1)-3,4- 
difluorobenzenesulfonamid 

e 

H.1.16 1.83 (a) 459 

N-(4-(6-Tosy1-6H-pyrrolo[2,3- 
e][1,2,4]triazolo[4,3-a]pyrazin-1- 

yObicyclo[2.2.2]octan-1- 
yl)benzo[c][1,2,5]oxadiazole-4- 

sulfonamide (prepared using A from 

N-(4-(6H-Pyrrolo[2,3- 
e][1,2,4]triazolo[4,3- 

a]pyrazin-1- 
yObicyclo[2.2.2]octan-1- 

yl)benzo[c][1,2,5]oxadiazol 

H.1.17 1.78 (a) 465 
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Sulfonamide Product Ex. #  
Rt  min 

(Table 2, 
Method) 

m/z ESI+ 
(M+11)+  

Preparation #9, 4-(tert- 
butoxycarbonylamino)bicyclo[2.2.2 

]octane-l-carboxylic acid [Prime 
Organics], HATU, and TEA, C with 
TEA, I with 4N HCl in 1,4-dioxane, 
N with benzo[c][1,2,5]oxadiazole-4- 
sulfonyl chloride [Maybridge] and 

TEA) 

e-4-sulfonamide 

N-Methyl-N-(4-(6-tosy1-6H- 
pyrrolo[2,3-e][1,2,4]triazolo[4,3- 

a]pyrazin-l-yObicyclo[2.2.2]octan- 
l-y1)cyclopropanesulfonamide 

(prepared using A from Preparation 
#9, 4-(tert- 

butoxycarbonylamino)bicyclo[2.2.2 
]octane-l-carboxylic acid [Prime 

Organics], HATU, and TEA, C with 
TEA, I with 4N HC1 in 1,4-dioxane, 

N with cyclopropanesulfonyl 
chloride [Matrix] and TEA, Z with 

methyl iodide) 

N-(4-(6H-Pyrrolo[2,3- 
e][ 1,2,4]triazolo[4,3- 

a]pyrazin-l- 
yl)bicyclo[2.2.2]octan-1- 

yl)-N- 
methylcyclopropanesulfona 

mide 

H.1.18 1.70 (a) 401 

N-(3-Ethyl-4-(6-tosyl-6H- 
pyiTolo[2,3-e][1,2,4]triazolo[4,3- 

a]pyrazin-1- 
yl)cyclopentyl)cyclobutanesulfonam 

ide (prepared using N from 
Preparation #FF.1 and 

cyclobutanesulfonyl chloride 
[Hande], GG with NaOH, A with 

Preparation #9, HATU, and TEA, C 
with TEA) 

N-((1S,3R,4S)-3-Ethy1-4- 
(6H-pyrrolo[2,3- 

e][1,2,4]triazolo[4,3- 
a]pyrazin-l- 

yl)cyclopentyl)cyclobutanes 
ulfonamide and N- 

((1R,3S,4R)-3-Ethy1-4-(6H- 
pyrrolo[2,3- 

e] [1,2,4]triazolo[4,3- 
cdpyrazin-l- 

yl)cyclopentyl)cyclobutanes 
ulfonamide (1:1) 

H.1.19 1.75 (a) 389 

N-3-Ethyl-4-(6-tosyl-6H- 
pynolo[2,3-e][1,2,4]triazolo[4,3- 

c]pyrazin-1- 
yl)cyclopentyl)cyclopentanesulfona 

mide (prepared using N from 
Preparation #FF.1 and 

cyclopentanesulfonyl chloride, GG 
with NaOH, A with Preparation #9, 

HATU, and TEA, C with TEA) 

N-((1S,3R,4S)-3-Ethyl-4- 
(6H-pyrrolo[2,3- 

e] [1,2,4]triazolo[4,3- 
alpyrazin-l- 

yl)cyclopentyl)cyclopentane 
sulfonamide and N- 

((1R,3S,4R)-3-ethy1-4-(6H- 
pyrrolo[2,3- 

e] [1,2,4]triazolo[4,3- 
a]pyrazin-l- 

yl)cyclopentyl)cyclopentane 
sulfonamide (1:1) 

H.1.20 1.82 (a) 403 
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Sulfonamide Product Ex. # 
Rt  min 

(Table 2, 
Method) (M+II)+  

m/z ESI+ 

6-(-3-Ethy1-4-(6-tosy1-6H- 
pyrrolo[2,3-e][1,2,4]triazolo[4,3- 

a]pyrazin-1- 
yl)cyclopentylamino)nicotinonitrile 
(prepared using P from Preparation 
#FF.1 and di-tert-butyl dicarbonate, 
GG with NaOH, A with Preparation 
#9, HATU, and TEA, C with TEA, 
I with 4N HC1 in 1,4-dioxane, 0 

with 6-fluoronicotinonitrile 
[Matrix]) 

641S,3R,4S)-3-Ethyl-4- 
(6H-pyrrolo[2,3- 

e][1,2,4]triazolo[4,3- 
a]pyrazin-1- 

yl)cyclopentylamino)nicotin 
onitrile and 64(1R,3S,4R)- 
3-ethyl-4-(6H-pyrrolo[2,3- 

e][1,2,4]triazolo[4,3- 
a]pyrazin-1- 

yl)cyclopentylamino)nicotin 
onitrile (1:1) 

H.1.21 1.85 (a) 373 

N-(3-Ethyl-4-(6-tosyl-6H- 
pyrrolo[2,3-e][1,2,4]triazolo[4,3- 

a]pyrazin-1- 
yl)cyclopentyl)cyclobutanesulfonam 

ide (prepared using N from 
Preparation #FF.1 and 

cyclobutanesulfonyl chloride 
[Hande], GG with NaOH, A with 

Preparation #9, HATU, and TEA, C 
with TEA) 

N-((1S,3R,4R)-3-Ethy1-4- 
(6H-pyrrolo[2,3- 

e][1,2,4]triazolo[4,3- 
a]pyrazin-1- 

yl)cyclopentyl)cyclobutanes 
ulfonamide and N- 

((1R,33,4S)-3-ethy1-4-(6H- 
pyrrolo[2,3- 

e][1,2,4]triazolo[4,3- 
a]pyrazin-1- 

yl)cyclopentyl)cyclobutanes 
ulfonamide (1:1) 

H.1.22 1.75 (a) 389 

6-(-3-Ethyl-4-(6-tosyl-6H- 
pyrrolo[2,3-e][1,2,4]triazolo[4,3- 

a]pyrazin-1- 
yl)cyclopentylamino)nicotinonitrile 
(prepared using P from Preparation 
#FF.1 and di-tert-butyl dicarbonate, 
GG with NaOH, A with Preparation 
#9, HATU, and TEA, C with TEA, 
I with 4N HCl in 1,4-dioxane, 0 

with 6-fluoronicotinonitrile 
[Matrix]) 

641S,3R,4R)-3-Ethyl-4- 
(6H-pyrrolo[2,3- 

e][1,2,4]triazolo[4,3- 
a]pyrazin-1- 

yl)cyclopentylamino)nicotin 
onitrile and 6-((1 R,3S,4S)- 
3-ethyl-4-(6H-pyrrolo[2,3- 

e][1,2,4]triazolo[4,3- 
a]pyrazin-1- 

yl)cyclopentylamino)nicotin 
onitrile (1:1) 

H.1.23 1.79 (a) 373 

5-Chloro-64(1S,3R)-3-(6-tosy1-6H- 
pyrrolo[2,3-e][1,2,4]triazolo[4,3- 

a]pyrazin-1- 
yl)cyclopentylamino)nicotinonitrile 
(prepared using C from Preparation 
#A.1 with TEA, I with 4 N HC1 in 

1,4-dioxane, 0 with 5,6- 
dichloronicotinonitrile) 

6-((1S,3R)-3-(6H- 
Pyrrolo[2,3- 

e][1,2,4]triazolo[4,3- 
a] pyrazin-1- 

yl)cyclopentylamino)-5- 
chloronicotinonitrile 

H.1.24 1.96 (a) 379 

64(1S,3R)-3-(6-Tosy1-6H- 
pyrrolo[2,3-e][1,2,4]triazolo[4,3- 

a] pyrazin-1-yl)cyclopentylamino)- 
4-(trifluoromethypnicotinonitrile 

(prepared using C from Preparation 
#A.1, I with 4 N HC1 in 1,4- 

dioxane, 0 with Preparation #HH.1) 

641S,3R)-3-(6H- 
Pyrrolo[2,3- 

e] [1,2,4]triazolo[4,3- 
a]pyrazin-1- 

yl)cyclopentylamino)-4- 
(trifluoromethyl)nicotinonit 

rile 

H.1.25 2.05 (a) 413 
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Sulfonamide Product Ex. # 
Rt  min 

(Table 2, 
Method) 

m/z ESI+ 
(M+H)+  

N-((1S,2R,4S,5R)-5-Methy1-4-(6H- 
pyrrolo[2,3-e][1,2,4]triazolo[4,3- 

c]pyrazin-1-yObicyclo[3.1.0]hexan- 
2-ypcyclopropanesulfonamide 
benzenesulfonamide and N- 

((1R,2S,4R,5S)-5-methyl-4-(6H- 
pyrrolo[2,3-e][1,2,4]triazolo[4,3- 

alpyrazin-1-yObicyclo[3.1.0]hexan- 
2-yl)cyclopropanesulfonamide 
benzenesulfonamide (prepared 

using A from Preparation #9 and 
Preparation #11, HATU, and TEA, 

C with TEA) 

N-((lS,2R,4S,5R)-5-Methyl- 
4-(6H-pyrrolo[2,3- 

e][1,2,4]triazolo[4,3- 
alpyrazin-l- 

yObicyclo[3.1.0]hexan-2- 
yl)cyclopropanesulfonamid 
e and N-((lR,2S,4R,5S)-5- 
methy1-4-(6H-pyrrolo[2,3- 

e][1,2,4]triazolo[4,3- 
a]pyrazin-1- 

yObicyclo[3.1.0]hexan-2- 
yl)cyclopropanesulfonamid 

e 

H.1.26 1.51 (a) 373 

N-((1S,3S,4R)-4-Ethy1-3-methyl-3- 
(6-tosyl-6H-pyrrolo[2,3- 

el [1,2,4]triazolo[4,3-a]pyrazin-1- 
yl)cyclopentyl)cyclopropanesulfona 
mide and N-((1R,3R,4S)-4-ethy1-3- 
methy1-3-(6-tosy1-6H-pyrrolo[2,3- 
e][1,2,4]triazolo[4,3-a]pyrazin-1- 

yl)cyclopentyl)cyclopropanesulfona 
mide benzenesulfonamide (prepared 

using A from Preparation #9 and 
Preparation #13, HATU, and TEA, 

C with TEA) 

N-((lS,3S,4R)-4-Ethy1-3- 
methy1-3-(6H-pyrrolo[2,3- 

e][1,2,4]triazolo[4,3- 
a]pyrazin-l- 

yl)cyclopentyl)cyclopropan 
esulfonamide and N- 

((1R,3R,4S)-4-ethy1-3- 
methyl-3-(6H-pyrrolo[2,3- 

e][1,2,4]triazolo[4,3- 
a]pyrazin-1- 

yl)cyclopentyl)cyclopropan 
esulfonamide 

H 1 27 
' 	' 

1.74 (a) 387 

4-Methoxy-N-((1S,3R)-3-(6-tosyl- 
6H-pyrrolo[2,3- 

e][1,2,4]triazolo[4,3-a]pyrazin-1- 
yl)cyclopentyl)benzenesulfonamide 
(prepared using A from Preparation 

#9, (1R,3S)-3-(tert- 
butoxycarbonylamino)cyclopentane 

carboxylic acid [Chem-Impex], 
EDC-HC1, C with TEA, I with 4N 

HC1 in 1,4-dioxane, N with 4- 
methoxybenzene-l-sulfonyl 

chloride and DIEA) 

N-((lS ,3R)-3 -(6H- 
Pyrrolo[2,3- 

e][1,2,4]triazolo[4,3- 
alpyrazin-1- 

yl)cyclopenty1)-4- 
me thox-vbenzenesulfonamid 

e 

H.1.28 1.75 (a) 413 

4-Methyl-N41S,3R)-3-(6-tosyl-6H- 
pyrrolo[2,3-e][1,2,4]triazolo[4,3- 

a]pyrazin-1- 
ypcyclopentypbenzenesulfonamide 
(prepared using A from Preparation 

#9, (1R,3S)-3-(tert- 
butoxycarbonylamino)cyclopentane 

carboxylic acid [Chem-Impex], 
EDC-HC1, C with TEA, I with 4N 

HC1 in 1,4-dioxane, N with 4- 
methylbenzene-1-sulfonyl chloride 

and DIEA) 

N-((lS,3R)-3-(6H- 
Pyrrolo[2,3- 

e][1,2,4]triazolo[4,3- 
alpyrazin-1- 

yl)cyclopenty1)-4- 
methylbenzenesulfonamide 

H.1.29 1.82 (a) 397 
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Sulfonamide Product Ex. # 
Rt  min 

(Table 2, 
Method) 

m/z ESI+ 

( 31+11)+  
2-Chloro-N-((lS,3R)-3-(6-tosy1-6H- 

pyrrolo[2,3-e][1,2,4]triazolo[4,3- 
a]pyrazin-l- 

y1)cyclopentyl)benzenesulfonamide 
(prepared using A from Preparation 

#9, (1R,3S)-3-(tert- 
butoxycarbonylamino)cyclopentane 

carboxylic acid [Chem-Impex], 
EDC•HC1, C with TEA, I with 4N 

HC1 in 1,4-dioxane, N with 2- 
chlorobenzene-1-sulfonyl chloride 

[Lancaster] and DIEA) 

N-((1S,3R)-3-(6H- 
Pyrrolo[2,3- 

e][1,2,4]triazolo[4,3- 
a]pyrazin-1. 

yl)cyclopenty1)-2- 
chlorobenzenesulfonamide 

H.1.30 1.82 (a) 417 

2,3-Dichloro-N-((1S,3R)-3-(6-tosy1- 
6H-pyrrolo[2,3- 

e][1,2,4]triazolo[4,3-a]pyrazin-1- 
yl)cyclopentyl)benzenesulfonamide 
(prepared using A from Preparation 

#9, (1R,3S)-3-(tert- 
butoxycarbonylamino)cyclopentane 
carboxylic acid [Chem-Impex], and 
EDC•FIC1, C with TEA, I with 4N 

HC1 in 1,4-dioxane, N with 2,3- 
dichlorobenzene-l-sulfonyl chloride 

[Lancaster] and DIEA) 

N-((1S,3R)-3-(6H- 
Pyrrolo[2,3- 

e] [1,2,4]triazolo[4,3- 
a]pyrazin-1- 

dich
Y1)c
loro

YcloPen
enetYlfon

1)-2,3- 
benz 
	

su 	id 
e 

H.1.31 1.93 (a) 450 

1-Cyano-N-(((lS,3R)-3-(6-tosyl-6H- 
pyrrolo[2,3-e][1,2,4]triazolo[4,3- 

a]pyrazin-1- 
yl)cyclopentyl)methyl)cyclopropane 

carboxamide (prepared using A 
from Preparation #9, Preparation 

#P.1, and EDC•HC1, C with TEA, I 
with 4N HCl in 1,4-dioxane, L with 

1-cyanocyclopropanecarboxylic 
acid and DIEA) 

N-(((1S,3R)-3-(6H- 
Pyrrolo[2,3- 

e] [1,2,4]triazolo[4,3- 
a]pyrazin-1- 

yl)cyclopentypmethyl)-1- 
cyanocyclopropanecarboxa 

mide 

H.1.32 1.57 (a) 350 

3-Cyano-4-fluoro-N-((1S,3R)-3-(6- 
tosyl-6H-pyrrolo[2,3- 

e][1,2,4]triazolo[4,3-a]pyrazin-l- 
y1)cyclopentyl)benzenesulfonamide 
(prepared using A from Preparation 

#9, (1R,3S)-3-(tert- 
butoxycarbonylamino)cyclopentane 

carboxylic acid [Chem-Impex], 
EDC•HC1, C with TEA, I with 4N 

HC1 in 1,4-dioxane, N with 3- 
cyano-4-fluorobenzene-l-sulfonyl 

chloride and DIEA) 

N-((1S,3R)-3-(6H- 
Pyrrolo[2,3- 

e][1,2,4]triazolo[4,3- 
a]pyrazin-1- 

yOcyclopenty1)-3-cyano-4- 
fluorobenzenesulfonamide 

H.1.33 1.84 (a) 426 
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Sulfonamide Product Ex. # 
Rt  min 

(Table 2, 
Method) 

nez ESI+ 

(M±H)+  
3,4-Difluoro-N-((1S,3R)-3-(6-tosyl- 

6H-pyrrolo[2,3- 
e] [1,2,4]triazolo[4,3-a]pyrazin-1- 

yl)cyclopentyl)benzenesulfonamide 
(prepared using A from Preparation 

#9, (1R,3 S)-3-(tert- 
butoxycarbonylamino)cyclopentane 

carboxylic acid [Chem-Impex], 
EDC•HC1, C with TEA, I with 4N 

HC1 in 1,4-dioxane, N with 3,4- 
difluorobenzene-l-sulfonyl chloride 

[Maybridge] and DIEA) 

N-((1S,3R)-3-(6H- 
Pyrrolo[2,3- 

e] [1,2,4]triazolo[4,3- 
a 1pyrazin-1- 

yl)cyclopenty1)-3,4- 
difluorobenzenesulfonamid 

e 

419  H.1.34 1.86 (a) 

5-(-3-Ethyl-4-(6-tosyl-6H- 
pyrrolo[2,3-e][1,2,4]triazolo[4,3- 

a]pyrazin-1- 
yl)cyclopentylamino)pyrazine-2- 

carbonitrile (prepared using 0 from 
Example #18, Step M and 5- 

chloropyrazine-2-carbonitrile [Ark 
Pharm]) 

541S,3R,4R)-3-Ethyl-4- 
(6H-pyrrolo[2,3- 

e][1,2,4]triazolo[4,3- 
a]pyrazin-l- 

yl)cyclopentylamino)pyrazi 
ne-2-carbonitrile and 5- 

((1R,3S,43)-3-ethy1-4-(6H- 
pyrrolo[2,3- 

e][1,2,4]triazolo[4,3- 
alpyrazin-l- 

y1)cyclopentylamino)pyrazi 
ne-2-carbonitrile 

H.1.35 1.76 (a) 374 

N-Methyl-N-((1S,3R)-3-(6-tosy1- 
6H-pyrrolo[2,3- 

e][1,2,4]triazolo[4,3-a]pyrazin-l- 
y1)cyclopentyl)cyclopropanesulfona 

mide (prepared using A from 
Preparation #9, 4-(tert- 

butoxycarbonylamino)bicyclo[2.2.2 
]octane-l-carboxylic acid [Prime 

Organics], HATU, and TEA, C with 
TEA, I with 4N HC1 in 1,4-dioxane, 

and N with cyclopropanesulfonyl 
chloride [Matrix] and TEA, Z with 

methyl iodide) 

N-((1S,3R)-3-(6H- 
Pyrrolo[2,3- 

e] [1,2,4]triazolo[4,3- 
a]pyrazin-1- 

yl)cyclopentyl)-N- 
methylcyclopropanesulfona 

mide 

H.1.36 1.64 (a) 361 

N-(4-(6-Tosy1-6H-pyrrolo[2,3- 
e][1,2,4]triazolo[4,3-a]pyrazin-1- 

yObicyclo[2.2.1]heptan-1- 
y0cyclopropanesulfonamide 

(prepared using A from Preparation 
#9, Preparation #26, and HATU, C 
with TEA, I with 4N HC1 in 1,4- 

dioxane, N with 
cyclopropanesulfonyl chloride 

[Matrix] and TEA) 

N-(4-(6H-Pyaolo[2,3- 
e][1,2,4]triazolo[4,3- 

a]pyrazin-1- 
yl)bicyclo[2.2.1]heptan-1- 
yl)cyclopropanesulfonamid 

e 

H.1.37 1.56 (a) 373 
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Sulfonamide Product Ex. #  
Rt  min 

(Table 2, 
Method) 

m/z ESI+ 
(M+H)+  

6-(4-(6-Tosy1-6H-pyrrolo[2,3- 
e][1,2,4]triazolo[4,3-a]pyrazin-1- 

yl)bicyclo[2.2.1]heptan-1- 
ylamino)nicotinonitrile (prepared 

using A from Preparation #9, 
Preparation #26, and HATU, C with 
TEA, I with 4N HC1 in 1,4-dioxane, 

0 with 6-fluoronicotinonitrile 
[Matrix] and DIEA) 

6-(4-(6H-Pyrrolo[2,3- 
e] [1,2,4]triazolo[4,3- 

a]pyrazin-1- 
yl)bicyclo[2.2.1]heptan-1- 

ylamino)nicotinonitrile 

H.1.38 1.86 (a) 371 

N-(4-(6-Tosy1-6H-pyrrolo[2,3- 
e][1,2,4]triazolo[4,3-a]pyrazin-1- 

yl)bicyclo[2.2.2]octan-1- 
yl)benzo [d] oxazol-2-amine 

(prepared using 0.1 from Example 
#7, Step B and 2- 

chlorobenzo[d]oxazole [TCI]) 

N-(4-(6H-Pyrrolo[2,3- 
e][1,2,4]triazolo[4,3- 

a]pyrazin-1- 
yl)bicyclo[2.2.2]octan-1- 

yl)benzo[d]oxazol-2-amine 

H.1.39 1.82 (a) 400 

N-((1R,2R,4S,5S)-4-(6-Tosy1-6H- 
pyrrolo[2,3-e][1,2,4]triazolo[4,3- 

a] pyrazin-1-yl)bicyclo[3.1.0]hexan- 
2-yl)cyclopropanesulfonamide 

(prepared using N from Preparation 
#15 with cyclopropylsulfonyl 

chloride and TEA) 

N-((1R,2R,4S,5S)-4-(6H- 
Pyrrolo[2,3- 

e] [1,2,4]triazolo[4,3- 
a]pyrazin-1- 

yl)bicyclo[3.1.0]hexan-2- 
yl)cyclopropanesulfonamid 

e 

H.1.40 1.72 (a) 359 

N-((1S,2R,4S,5R)-4-(6-Tosyl-6H- 
pyrrolo[2,3-e][1,2,4]triazolo[4,3- 

a]pyrazin-l-yl)bicyclo[3.1.0]hexan- 
2-yl)cyclopropanesulfonamide 

(prepared using N from Preparation 
#18 with cyclopropylsulfonyl 

chloride and TEA) 

N-((1S,2R,4S,5R)-4-(6H- 
Pyrrolo[2,3- 

e][1,2,4]triazolo[4,3- 
a]pyrazin-1- 

yl)bicyclo[3.1.0]hexan-2- 
yl)cyclopropanesulfonamid 

e 

H.1.41 1.58 (a) 359 

3,4-Dichloro-N-a1S,3R)-3-(6-tosyl- 
6H-pyrrolo[2,3- 

e][1,2,4]triazolo[4,3-a]pyrazin-1- 
yl)cyclopentyl)benzenesulfonamide 

(prepared using C from Example 
#6, Step A with TEA, I with 4 N 
HC1 in 1,4-dioxane, N from 3,4- 

dichlorobenzene-l-sulfonyl 
chloride) 

N-((1S,3R)-3-(6H- 
Pyrrolo[2,3- 

e][1,2,4]triazolo[4,3- 
a]pyrazin-1- 

yl)cyclopentyl)-3,4- 
dichlorobenzenesulfonamid 

e 

H.1.42 2.00 (a) 451 

3,5-Dichloro-N-((1S,3R)-3-(6-tosyl- 
6H-pyrrolo[2,3- 

e][1,2,4]triazolo[4,3-a]pyrazin-1- 
yl)cyclopentyl)benzenesulfonamide 

(prepared using C from Example 
#6, Step A with TEA, I with 4 N 
HC1 in 1,4-dioxane, N from 3,5- 

dichlorobenzene-l-sulfonyl 
chloride) 

N-((1S,3R)-3-(6H- 
Pyrrolo[2,3- 

e] [1,2,4]triazolo[4,3- 
a]pyrazin-1- 

yl)cyclopentyl)-3,5- 
dichlorobenzenesulfonamid 

e 

H.1.43 2.03 (a) 451 
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Sulfonamide Product Ex. # 
Rt  min 

(Table 2, 
Method) 

miz ESI+ 
(M+II)+  

N-R1S,3R)-3-(6-Tosy1-6H- 
pyrrolo[2,3-e][1,2,4]triazolo[4,3- 

a]pyrazin-1- 
yl)cyclopentyl)piperidine-1- 

sulfonamide (prepared using C from 
Example #6, Step A with TEA, I 
with 4 N HC1 in 1,4-dioxane, N 

from piperidine-l-sulfonyl chloride) 

N-R1S,3R)-3-(6H- 
Pyrrolo[2,3- 

e][1 ,2 , 4]tr i az ol o[4 ,3 - 
alpyrazin-1- 

yl)cyclopentyl)piperidine-1- 
sulfonamide 

H.1.44 1.75 (a) 390 

NA1S,3R)-3-(6-Tosyl-6H- 
pyrrolo[2,3-e][1,2,4]triazolo[4,3- 

a]pyrazin-1- 
yl)cyclopentyl)morpholine-4- 

sulfonamide (prepared using C from 
Example #6, Step A with TEA, I 
with 4 N HCl in 1,4-dioxane, N 

from morpholine-4-sulfonyl 
chloride) 

NA1S,3R)-3-(6H- 
Pyrrolo[2,3- 

e] [1,2,4]triazolo[4,3- 
a]pyrazin-1- 

yl)cyclopentyl)morpholine- 
4-sulfonamide 

H.1.45 1.53 (a) 392 

641R,3S)-3-(6-Tosyl-6H- 
imidazo[1,5-a]pyrrolo[2,3- 

e]pyrazin-1- 
yl)cyclopentylamino)nicotinonitrile 

(prepared using C from Example 
#6, Step A with TEA, I with 4 N 
HC1 in 1,4-dioxane, 0 from 5- 

cyano-2-fluoropyridine [Matrix]) 

64(1R,3S)-3-(6H- 
Imidazo[1,5-a]pyrrolo[2,3- 

e]pyrazin-l- 
yl)cyclopentylamino)nicotin 

onitrile 

H.1.46 1.82 (a) 344 
 

N-(cis-3-Methyl-4-(6-tosy1-6H- 
pyrrolo[2,3-e][1,2,4]triazolo[4,3- 

a]pyrazin-1- 
yl)cyclopentyl)cyclopentanesulfona 

mi d e (prepared using GG from 
Example #14, Step E, P, A from 

Preparation #9, and HATU, C with 
TEA, N with cyclopentanesulfonyl 

chloride [Matrix] and DIEA) 

N-(cis-3-Methy1-4-(6H- 
pyrrolo[2,3- 

e][1,2,4]tr i az ol o[4,3 -
H.1.47 

a]pyrazin-1- 
yl)cyclopentyl)cyclopentane 

sulfonamide 

1.75 (a) 389 

5-(cis-3-Methy1-4-(6-tosy1-6H- 
pyrrolo[2,3-e][1,2,4]triazolo[4,3- 

a]pyrazin-1- 
yl)cyclopentylamino)picolinonitrile 
(prepared using GG from Example 
#14, Step E, P, A from Preparation 

#9, and HATU, C with TEA, 0 
with 5-fluoropicolinonitrile and 

DIEA) 

5-(cis-3-Methy1-4-(6H- 
pyrrolo[2,3- 

e][ 1,2,4]triarolo[4,3- 
a]pyrazin-1- 

yl)cyclopentylamino)picolin 
onitrile 

H.1.48 1.73 (a) 359 

N-(cis-3-Methy1-4-(6-tosy1-6H- 
pyrrolo[2,3-e][1,2,4]triazolo[4,3- 

a]pyrazin-1- 
yl)cyclopentyl)cyclobutanesulfonam 

ide 
(prepared using GG from Example 
#14, Step E, P, A from Preparation 

#9, and HATU, C with TEA, N with 

N-(cis-3-Methy1-4-(6H- 
pyrrolo[2,3- 

e] [1,2,4]triazolo[4,3- 
a]pyrazin-1- 

yl)cyclopentyl)cyclobutanes 
ulfonamide 

H.1.49 1.67 (a) 375 
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Sulfonamide Product Ex. #  
Rt  min 

(Table 2, 
Method) 

m/z ESI+ 

(M+1=1)+  
cyclobutanesulfonyl chloride 

[Hande] and DIEA) 

5-(cis-3-Methyl-4-(6-tosy1-6H- 
pyrrolo[2,3-e][1,2,4]triazolo[4,3- 

a]pyrazin-1- 
yl)cyclopentylamino)pyrazine-2- 

5-(cis-3-Methyl-4-(6H- 
pyrrolo[2,3- 

e][1,2,4]triazolo[4,3- 
a]pyrazin-1- 

yl)cyclopentylamino)pyrazi 
ne-2-carbonitrile 

H.1.50 1.74 (a) 360 
carbonitrile 

(prepared using GG from Example 
#14, Step E, P, A from Preparation 

#9, and HATU, C with TEA, 0 
with 5-chloropyrazine-2-carbonitrile 

and DIEA) 
N-(3a-(6-Tosy1-6H-pyrrolo[2,3- 

e][1,2,4]triazolo[4,3-a]pyrazin-1- 
yDoctahydropentalen-2- 

yl)cyclopropanesulfonamide 
(prepared using EE from ethyl 2- 

oxooctahydropentalene-3 a- 
carboxylate (Tetrahedron Letters 

(1995), 36(41), 7375-8), FF, K with 
acetic anhydride, GG, A from 

Preparation #9, and HATU, C with 
TEA, JJ with 6 N HC1, N with 
cyclopropanesulfonyl chloride 

[Matrix] and DIEA) 

N-(3a-(6H-Pyrrolo[2,3- 
e][1, 

a]pyrazi
2,4]triazolo[4 ,3- 

n-l- 
yl)octahydropentalen-2- 

ypcyclopropanesulfonamid 
e 

H.1.51 1.60 (a) 387 

N-((1S,3R,4S)-3-Methyl-4-(6-tosyl- 
6H-pyrrolo[2,3- 

e][1,2,4]triazolo[4,3-a]pyrazin-1- 
yl)cyclopentyl)cyclopropanesulfona 
mide and N-((1R,3S,4R)-3-methyl- 

4-(6-tosy1-6H-pyrrolo[2,3- 
e] [1,2,4]triazolo[4,3-a]pyrazin-1- 

yl)cyclopentyl)cyclopropanesulfona 
mide (1:1) (prepared using GG 
from Example #14, Step F with 
Li0H, A with Preparation #9, 

HATU and TEA, C with TEA) 

N-((1S,3R,4S)-3-Methyl-4- 
(6H-pyrrolo[2,3- 

e][1,2,4]triazolo[4,3- 
a]pyrazin-1- 

yl)cyclopentyl)cyclopropan 
esulfonamide and N- 

((1R,3S,4R)-3-methy1-4- 
(6H-pyrrolo[2,3- 

e][1,2,4]triazolo[4,3- 
a]pyrazin-1- 

yl)cyclopentyl)cyclopropan 
esulfonamide (1:1) 

H.1'52 1'65 (a) 361 

N-3,3-Dimethyl-4-(6-tosyl-6H- 
pyrrolo[2,3-e][1,2,4]triazolo[4,3- 

a]pyrazin-1- 
yl)cyclopentyl)cyclopropanesulfona 

mide (prepared using EE from 
Preparation #25 with IV,N- 

dibenzylamine, Y with EtOH , FF, 
N with cyclopropylsulfonyl 

chloride, GG with LiOH, A with 
Preparation #9, HATU, and TEA, C 

with TEA) 

N-((1R,4S)-3,3-Dimethy1-4- 
(6H-pyrrolo[2,3- 

e][1,2,4]triazolo[4,3- 
a]pyrazin-l- 

yl)cyclopentyl)cyclopropan 
 

esulfonamide and N- 
((1S,4R)-3,3-dimethy1-4- 

(6H-pyrrolo[2,3- 
e] [1,2,4]triazolo[4,3- 

a]pyrazin-1- 
yl)cyclopentyl)cyclopropan 

esulfonamide (1:1) 

H.1.53 1.76 (a) 375 
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Sulfonamide Product Ex. # 
Rt  min 

(Table 2, 
Method) (M+II)+  

m/z ESI+ 

N-3,3-Dimethyl-4-(6-tosyl-6H- 
pyrrolo[2,3-e][1,2,4]triazolo[4,3- 

a]pyrazin-1- 
yl)cyclopentyl)cyclopropanesulfona 

mide (prepared using EE from 
Preparation #25 with /V,N- 

dibenzylamine, Y with Et0H , FF, 
N with cyclopropylsulfonyl 

chloride, GG with LiOH, A with 
Preparation #9, HATU, and TEA, C 

with TEA) 

N-((1R,4R)-3,3-Dimethy1-4- 
(6H-pyrrolo[2,3- 

e][1,2,4]triazolo[4 ,3- 
a]pyrazin-l- 

yl)cyclopentyl)cyclopropan 
esulfonamide and N- 

((lS,4S)-3,3-dimethy1-4- 
(6H-pyrrolo[2,3- 

e][1,2,4]triazolo[4,3- 
a]pyrazin-1- 

yl)cyclopentyl)cyclopropan 
esulfonamide (1:1) 

H.1.54 1.65 (a) 375 

N-((1S,3R,4S)-3-Ethyl-4-(6-tosyl- 
6H-pyrrolo[2,3- 

e][1,2,4]triazolo[4,3-a]pyrazin-1- 
ypcyclopentyl)cyclopropanesulfona 
mide and N-a1R,3S,4R)-3-ethyl-4- 

(6-tosyl-6H-pyrrolo[2,3- 
e][1,2,4]triazolo[4,3-a]pyrazin-1- 

yl)cyclopentyl)cyclopropanesulfona 
mide (1:1) (prepared using GG 
from Example #15, Step F with 
Li0H, A with Preparation #9, 

HATU, and TEA, C with TEA) 

N-((1S,3R,4S)-3-Ethy1-4- 
(6H-pyrrolo[2,3- 

e][1,2,4]triazolo[4,3- 
a]pyrazin-1- 

yl)cyclopentyl)cyclopropan 
esulfonamide and N- 

((1R,3S,4R)-3-ethy1-4-(6H- 
pyrrolo[2,3- 

e][1,2,4]triazolo[4,3- 
a]pyrazin-1- 

yl)cyclopentyl)cyclopropan 
esulfonamide (1:1) 

H.1.55 1.75 (a) 375 

N-((1S,3R,4S)-3-Methyl-4-(6-tosyl- 
6H-imidazo[1,5-a]pyrrolo[2,3- 

e]pyrazin-1- 
yl)cyclopentyl)cyclopropanesulfona 
mide and N-((1R,3S,4R)-3-methyl- 

4-(6-tosy1-6H-imidazo[1,5- 
a]pyrrolo[2,3-e]pyrazin-1- 

y0cyclopentypcyclopropanesulfona 
mide (1:1) (prepared using GG 
from Example #14, Step F with 

LiOH, L with Example #13, Step F, 
HATU, and TEA, C with TEA) 

N-a1S,3S,4R)-3-(6H- 
Imidazo[1,5-a]pyrrolo[2,3- 

e]pyrazin-l-y1)-4- 
methylcyclopentyl)cyclopro 

panesulfonamide and N- 
((1R,3R,4S)-3-(6H- 

imidazo[1,5-a]pyrrolo[2,3- 
e]pyrazin-l-y1)-4- 

methylcyclopentyl)cyclopro 
panesulfonamide (1:1) 

H.1.56 1.83 (a) 360 

N-((1S,3R,4S)-3-Ethyl-4-(6-tosyl- 
6H-imidazo[1,5-a]pyrrolo[2,3- 

e]pyrazin-1- 
ypcyclopentypcyclopropanesulfona 
mide and N-((1R,3S,4R)-3-ethy1-4- 

(6-tosy1-6H-imidazo[1,5- 
a]pyrrolo[2,3-e]pyrazin-1- 

y0cyclopentyl)cyclopropanesulfona 
mide (1:1) (prepared using GG 
from Example #15, Step F with 

LiOH, L with Example #13, Step F, 
HATU, and TEA, AA with 

Belleau's reagent) 

N-((1S,3S,4R)-3-(6H- 
Imidazo[1,5-a]pyrrolo[2,3- 

e]pyrazin-l-y1)-4- 
ethylcyclopentyl)cycloprop 

anesulfonamide and N- 

. 	
((1R,3R,4S)-3-(6H-

nnidazo[1,5-a]pyrmlo[2,3- 
e]pyrazin-l-y1)-4- 

ethylcyclopentyl)cycloprop 
anesulfonamide (1:1) 

 

H.1.57 1.93 (a) 374 
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Sulfonamide Product Ex. # 
Rt  min 

(Table 2, 
M ethod) 

rtt/z ESI+ 

(M+11)+  
N-3-Isopropy1-4-(6-tosy1-6H- 

pyrrolo[2,3-e][1,2,4]triazolo[4,3- 
c]pyrazin-1- 

yl)cyclopentyl)cyclopropanesulfona 
mide (prepared using BB from ethyl 

4-methyl-3-oxopentanoate with 
methyl 4-chloro-3-oxobutanoate, 
CC with sodium iodide, DD, EE 
with /V,N-dibenzylamine, FF, N 

with cyclopropylsulfonyl chloride, 
GG with LiOH, A with Preparation 
#9, HATU, and TEA, C with TEA) 

N-((IS,3S,4R)-3-Isopropyl- 
4-(6H-pyrrolo[2,3- 

e][1,2,4]triazolo[4,3- 
cdpyrazin-l- 

yl)cyclopentyl)cyclopropan 
esulfonamide and N- 

((1R,3R,43)-3-isopropy1-4- 
(6H-pyrrolo[2,3- 

e] [1,2,4]triazolo[4,3- 
c]pyrazin-l- 

yl)cyclopentyl)cyclopropan 
esulfonamide (1:1) 

H.1.58 1.79 (a) 389 

N-3-Isopropyl-4-(6-tosyl-6H- 
pyrrolo[2,3-e][1,2,4]triazolo[4,3- 

a]pyrazin-1- 
yl)cyclopentyl)cyclopropanesulfona 
mide (prepared using BB from ethyl 

4-methyl-3-oxopentanoate with 
methyl 4-chloro-3-oxobutanoate, 
CC with sodium iodide, DD, EE 
with N,N-dibenzylamine, FF, N 

with cyclopropylsulfonyl chloride, 
GG with LiOH ,A with Preparation 
#9, HATU, and TEA, C with TEA) 

NA1S,3R,43)-3-Isopropyl- 
4-(6H-pyrrolo[2,3- 

e][1,2,4]triazolo[4,3- 
cdpyrazin-l- 

yl)cyclopentyl)cyclopropan 
esulfonamide and N- 

((lR,3S,4R)-3-isopropy1-4- 
(6H-pyrrolo[2,3- 

e] [1,2,4]triazolo[4,3- 
cdpyrazin-l- 

yl)cyclopentyl)cyclopropan 
esulfonamide (1:1) 

H.1.59 1.87 (a) 389 

N-3-Isopropyl-4-(6-tosyl-6H- 
pyrrolo[2,3-e][1,2,4]triazolo[4,3- 

a]pyrazin-1- 
yl)cyclopentyl)cyclopropanesulfona 
mide (prepared using BB from ethyl 

4-methyl-3-oxopentanoate with 
methyl 4-chloro-3-oxobutanoate, 
CC with sodium iodide, DD, EE 
with N,N-dibenzylamine, FF, N 

with cyclopropylsulfonyl chloride, 
GG with LiOH, A with Preparation 
#9, HATU, and TEA, C with TEA) 

N-R1S,3S,4S)-3-Isopropyl- 
4-(6H-pyrrolo[2,3- 

e][1,2,4]triazolo[4,3- 
cdpyrazin-l- 

yl)cyclopentyl)cyclopropan 
esulfonamide and N- 

H.1.60 1.90 (a) 389 
((1R,3R,4R)-3-isopropy1-4- 

(6H-pyrrolo[2,3- 
e][1,2,4]triazolo[4,3- 

cdpyrazin-l- 
yl)cyclopentyl)cyclopropan 

esulfonamide 
N-((1S,3R,4S)-3-Ethy1-4-(3-methyl- 

6-tosyl-6H-imidazo[1,5- 
cdpyrrolo[2,3-e]pyrazin-1- 

yl)cyclopentyl)cyclopropanesulfona 
mide and N-((1R,3S,4R)-3-ethy1-4- 
(3-methy1-6-tosy1-6H-imidazo[1,5- 

a] pyrrolo[2,3-e]pyrazin-1- 
yl)cyclopentyl)cyclopropanesulfona 
mide (1:1) (prepared using N from 

Preparation #FF.1 and 
cyclopropylsulfonyl chloride with 

TEA, GG with LiOH, L with 
Preparation #24, HATU, and TEA, 

AA with Lawesson's reagent) 

N-((IS,3R,4S)-3-Ethyl-4-(3- 
methy1-6H-imidazo[1,5- 

cdpyrrolo[2,3-e]pyrazin-1- 
yl)cyclopentyl)cyclopropan 

esulfonamide and N- 
((lR,3S,4R)-3-ethy1-4-(3- 
methy1-6H-imidazo[1,5- 

cdpyrrolo[2,3-e]pyrazin-1- 
yl)cyclopentyl)cyclopropan 

esulfonamide (1:1) 

H.1.61 1.93 (a) 388 
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Sulfonamide Product Ex. # 
Rt  min 

(Table 2, 
Method) 

nilz ESI+
+ 

 

(1‘11+11)  
Cyclopropanesulfonic acid 
{(3R,7S)-5-[6-(tosyl)-6H- 

pyrrolo[2,3-e][1,2,4]triazolo[4,3- 
a]pyrazin-1-y1]-adamantan-2-yll- 

amide (prepared using A from 
Preparation #9 and Preparation #22, 

C with DIEA, JJ, N with 
cyclopropylsulfonyl chloride 

[Matrix], and DIEA 

Cyclopropanesulfonic acid 
[(3R,7S)-5-(6H-pyrrolo[2,3- 

e][1,2,4]triazolo[4,3- 
a]pyrazin-1-y1)-adamantan- 

2-y1]-amide 

H.1.62 1.70 (a) 413 

4-Cyano-N-((1R,3S)-2,2-dimethy1- 
3-(6-tosyl-6H-pyrrolo[2,3- 

e][1,2,4]triazolo[4,3-a]pyrazin-1- 
yOcyclobutyl)benzenesulfonamide 
(prepared using A from (1S,3R)-3- 

acetamido-2,2- 
dimethylcyclobutanecarboxylic acid 

[prepared as described in 
Tetrahedron:Asymmetry 2008, 19, 
302-308] and Preparation #9 with 
EDC, C with DIEA, JJ, N with 4- 
cyanobenzene- 1-sulfonyl chloride 

[Maybridge] and DIEA) 

4-(N-((1R,3S)-2,2- 
Dimethyl-3-(6H- 

pyrrolo[2,3- 
e] [1,2,4]triazolo[4,3- 

a]pyrazin-1 - 
yl)cyclobutyl)sulfamoyl)be 

nzamide 

H.1.63 1.57 (a) 440 

5-Cyano-N-((1R,3S)-2,2-dimethyl- 
3-(6-tosyl-6H-pyrrolo[2,3- 

e][1,2,4]triazolo[4,3-a]pyrazin-1- 
yl)cyclobutyl)pyridine-2- 

sulfonamide (Preparation #21) 

6-(N-R1R,3S)-2,2- 
Dimethy1-3-(6H- 

pyrrolo[2,3- 
e][1,2,4]triazolo[4,3- 

a]pyrazin-l- 
yl)cyclobutyl)sulfamoyl) 

nicotinamide 

H.1.64 1.45 (a) 441 

5-Cyano-N-((1R,35)-2,2-dimethyl- 
3-(6-tosyl-6H-pyrrolo[2,3- 

e][1,2,4]triazolo[4,3-a]pyrazin-1- 
yl)cyclobutyl)pyridine-2- 

sulfonamide (Preparation #21) 

5-Cyano-N-((1R,3S)-2,2- 
dimethyl-3-(6H- 

pyrrolo[2,3- 
e] [1,2,4]triazolo[4,3- 

a]pyrazin-1- 
yl)cyclobutyl)pyridine-2- 

sulfonamide 

H.1.65 1.81 (a) 423 

2-Cyano-N-((1S,3R)-3-(6-tosyl-6H- 
pyrrolo[2,3-e][1,2,4]triazolo[4,3- 

a]pyrazin-1- 
yl)cyclopentyl)benzenesulfonamide 
(prepared using I from Preparation 

#C.1, N with 2- 
cyanobenzenesulfonyl chloride and 

DIEA) 

N-a1S,3R)-3-(6H- 
Pyrrolo[2,3- 

e][1,2,4]triazolo[4,3- 
a]pyrazin-1- 

yl)cyclopenty1)-2- 
cyanobenzenesulfonamide 

H.1.66 1.24 (d) 408 
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Sulfonamide Product Ex. # 
Rt  min 

(Table 2, 
Method) (M+II)+  

m/z ESI+ 

3-(Difluoromethoxy)-N-((18,3R)-3- 
(6-tosy1-6H-pyrrolo[2,3- 

e][1,2,4]triazolo[4,3-a]pyrazin-1- 
yl)cyclopentyl)benzenesulfonamide 
(prepared using I from Preparation 

#C.1, N with 3- 
(difluoromethoxy)benzenesulfonyl 

chloride and DIEA) 

N-((1S,3R)-3-(6H- 
Pyrrolo[2,3- 

e] [1,2,4]triazolo[4,3- 
a]pyrazin-1- 

ypcyclopenty1)-3- 
(difluoromethoxy)benzenes 

ulfonamide 

H.1.67 1.32 (d) 449 

3,4,5-Trifluoro-N-((1S,3R)-3-(6- 
tosyl-6H-pyrrolo[2,3- 

e][1,2,4]triazolo[4,3-a]pyrazin-1- 
yl)cyclopentyl)benzenesulfonamide 
(prepared using I from Preparation 

#C.1, N with 3,4,5- 
trifluorobenzenesulfonyl chloride 

and DIEA) 

N-((1S,3R)-3-(6H-
Pyrrolo[2,3- 

e][1,2,4]triazolo[4 '3- 
a]pyrazin-1- 

ypcyclopenty1)-3,4,5- 
trifluorobenzenesulfonamid 

e 
 

H.1.68 1.34 (d) 437 

5-Chloro-N-((1S,3R)-3-(6-tosy1-6H- 
pyrrolo[2,3-e][1,2,4]triazolo[4,3- 

a]pyrazin-1- 
yl)cyclopentyl)thiophene-2- 

sulfonamide (prepared using I from 
Preparation #C.1, N with 5- 

chlorothiophene-2-sulfonyl chloride 
and DIEA) 

NA1S,3R)-3-(6H- 
Pyrrolo[2,3- 

e][1,2,4]triazolo[4,3- 
a]pyrazin-1- 

ypcyclopenty1)-5- 
chlorothiophene-2- 

sulfonamide 

H.1.69 1.33 (d) 423 

5-(Dimethylamino)-N-((1S,3R)-3- 
(6-tosyl-6H-pyrrolo[2,3- 

e][1 ,2,4]triazolo[4 ,3 -a]pyr azin-1- 
ypcyclopentypnaphthalene-1- 

sulfonamide (prepared using I from 
Preparation #C.1, N with dansyl 

chloride and DIEA) 

N-((1S,3R)-3-(6H- 
Pyrrolo[2,3 - 

e][1,2,4]triazolo[4,3- 
a]pyrazin-1- 

yl)cyclopentyl)-5- 
(dimethylamino)naphthalen 

e-l-sulfonamide 

H.1.70 1.36 (d) 476 

2,2,4,6,7-Pentamethyl-N-((1 S ,3 R)- 
3-(6-tosy1-6H-pyrrolo[2,3- 

e][1,2,4]triazolo[4,3-a]pyrazin-1- 
ypcyclopenty1)-2,3- 

dihydrobenzofuran-5-sulfonamide 
(prepared using I from Preparation 

#C.1, N with 2,2,4,6,7-pentamethyl- 
2,3-dihydrobenzofuran-5-sulfonyl 

chloride and DIEA) 

N-((1S,3R)-3-(6H- 
Pyrrolo[2,3- 

e] [1,2,4]triazolo[4,3- 
a]pyrazin-1- 

ypcyclopenty1)-2 ,2,4, 6,7- 
pentamethy1-2,3- 

dihydrobenzofuran-5- 
sulfonamide 

H.1.71 1.41 (d) 495 

4-(Difluoromethoxy)-N-((1S,3R)-3- 
(6-tosy1-6H-pyrrolo[2,3- 

e][1,2,4]triazolo[4,3-a]pyrazin-1- 
yl)cyclopentyl)benzenesulfonamide 
(prepared using I from Preparation 

#C.1, N with 4- 
(difluoromethoxy)benzenesulfonyl 

chloride and DIEA) 

N-((lS,3R)-3-(6H- 
Pyrrolo[2,3- 

e] [1,2,4]triazolo[4,3- 
a]pyrazin-1- 

yl)cyclopenty1)-4- 
(difluoromethoxy)benzenes 

ulfonamide 

H.1.72 1.32 (d) 449 
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Sulfonamide Product Ex. # 
Rt  min 

(Table 2, 
Method) 

m/z ESI+ 
fivr,m+ 
'-'-` ' 	' 

4-Bromo-3-fluoro-N-((IS,3R)-3-(6- 
tosyl-6H-pyrrolo[2,3- 

e][1,2,4]triazolo[4,3-a]pyrazin-1- 
yl)cyclopentyl)benzenesulfonamide 
(prepared using I from Preparation 

#C.1, N with 4-bromo-3- 
fluorobenzenesulfonyl chloride and 

DIEA) 

N-a1S,3R)-3-(6H- 
Pyrrolo[2,3- 

e][1,2,4]triazolo[4,3- 
a]pyrazin-1- 

yl)cyclopentyl)-4-bromo-3- 
fluorobenzenesulfonamide 

H.1.73 1.33 (d) 479 

3-Chloro-2-fluoro-N-a1S,3R)-3-(6- 
tosyl-6H-pyrrolo[2,3- 

e][1,2,4]triazolo[4,3-a]pyrazin-1- 
yl)cyclopentyl)benzenesulfonamide 
(prepared using I from Preparation 

#C.1, N with 3-chloro-2- 
fluorobenzenesulfonyl chloride and 

DIEA) 

N-a1S,3R)-3-(6H- 
Pyrrolo[2,3- 

e][1,2,4]triazolo[4,3- 
a]pyrazin-1- 

yl)cyclopentyl)-3-chloro-2- 
fluorobenzenesulfonamide 

H.1.74 1.31 (d) 435 

3-Methoxy-NA1S,3R)-3-(6-tosyl- 
6H-pyrrolo[2,3- 

e][1,2,4]triazolo[4,3-a]pyrazin-1- 
ypcyclopentypbenzenesulfonamide 
(prepared using I from Preparation 

#C.1, N with 3- 
methoxybenzenesulfonyl chloride 

and DIEA) 

NA1S,3R)-3-(6H- 
Pyrrolo[2,3- 

e][1,2,4]triazolo[4,3- 
a]pyrazin-1-yl)cyclopenty1)- 

3  
methoxybenzenesulfonamid 

e 
 

H.1.75 1.29 (d) 413 

4-Acetyl-N-((1S,3R)-3-(6-tosy1-6H- 
pyrrolo[2,3-e][1,2,4]triazolo[4,3- 

a]pyrazin-1- 
yl)cyclopentypbenzenesulfonamide 
(prepared using I from Preparation 

#C.1, N with 4- 
acetylbenzenesulfonyl chloride and 

DIEA) 

N-((1S,3R)-3-(6H- 
Pyrrolo[2,3- 

e][1,2,4]triazolo[4,3- 
a]pyrazin-1- 

yl)cyclopentyl)-4- 
acetylbenzenesulfonamide 

H.1.76 1.26 (d) 425 

3-Methyl-N-((lS,3R)-3-(6-tosyl-6H- 
pyrrolo[2,3-e][1,2,4]triazolo[4,3- 

a]pyrazin-1- 
yl)cyclopentyl)benzenesulfonamide 
(prepared using I from Preparation 

#C.1, N with m-toluenesulfonyl 
chloride and DIEA) 

N-a1S,3R)-3-(6H- 
Pyrrolo[2,3- 

e] [1,2,4]triazolo[4,3- 
a]pyrazin-1- 

yl)cyclopenty1)-3- 
methylbenzenesulfonamide 

H.1.77 1.30 (d) 397 

3,5-Difluoro-NA1S,3R)-3-(6-tosyl- 
6H-pyrrolo[2,3- 

e][1,2,4]triazolo[4,3-a]pyrazin-1- 
yl)cyclopentypbenzenesulfonamide 
(prepared using I from Preparation 

#C.1, N with 3,5- 
difluorobenzenesulfonyl chloride 

and DIEA) 

N-((1S,3R)-3-(6H-
Pyrrolo[2,3- 

e][1,2,4]triazolo[4,3- 
a]pyrazin-1- 

yl)cyclopenty1)-3,5- 
difluorobenzenesulfonamid 

e 
 

H.1.78 1.31 (d) 419 
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Sulfonamide Product Ex. #  
R, min 

(Table 2, 
Method) 

nilz ESI+ 

(1‘1"1)+  
3-Chloro-2-methyl-N-a1S,3R)-3-(6- 

tosyl-6H-pyrrolo[2,3- 
e][1,2,4]triazolo[4,3-a]pyrazin-1- 

yl)cyclopentyl)benzenesulfonamide 
(prepared using I from Preparation 

#C.1, N with 3-chloro-2- 
methylbenzenesulfonyl chloride and 

DIEA) 

N-((lS,3R)-3-(6H- 
Pyrrolo[2,3- 

e] [1,2,4]triazolo[4,3- 
a]pyrazin-1- 

yl)cyclopentyl)-3-chloro-2- 
methylbenzenesulfonamide 

H.1.79 1.35 (d) 431 

3,5-Dimethyl-N-((lS,3R)-3-(6-tosyl- 
6H-pyrrolo[2,3- 

e][1,2,4]triazolo[4,3-a]pyrazin-1- 
yl)cy clop entyl)benzenesulf onami de 
(prepared using I from Preparation 

#C.1, N with 3,5- 
dimethylbenzenesulfonyl chloride 

and DIEA) 

N-((lS ,3 R)-3-(6H- 
Pyrrolo[2,3- 

e][1,2 ,4]triazolo[4 ,3 - 
a]pyrazin-1- 

yl)cyclopenty1)-3,5- 
dimethylbenzenesulfonamid 

e  

H.1.80 1.31 (d) 411 

3-Fluoro-N-((1S,3R)-3-(6-tosyl-6H- 
pyrrolo[2,3-e][1,2,4]triazolo[4,3- 

a]pyrazin-1- 
yl)cyclopentyl)benzenesulfonamide 
(prepared using I from Preparation 

#C.1, N with 3- 
fluorobenzenesulfonyl chloride and 

DIEA) 

N-((18,3R)-3-(6H- 
Pyrrolo[2,3- 

e] [1,2,4]triazolo[4,3- 
a]pyrazin-1- 

yl)cyclopentyl)-3- 
fluorobenzenesulfonamide 

H.1.81 1.29 (d) 401 

3-Chloro-4-methyl-N-((1S,3R)-3-(6- 
tosyl-6H-pyrrolo[2,3- 

e][1,2,4]triawlo[4,3-a]pyrazin-1- 
yl)cyclopentyl)benzenesulfonamide 
(prepared using I from Preparation 

#C.1, N with 3-chloro-4- 
methylbenzenesulfonyl chloride and 

DIEA) 

N-((1S,3R)-3-(6H- 
Pyrrolo[2,3- 

e][1,2,4]triazolo[4,3- 
a]pyrazin-1- 

yl)cyclopentyl)-3-chloro-4- 
methylbenzenesulfonamide 

H.1.82 1.34 (d) 431 

2,4-Dichloro-N-((1S,3R)-3-(6-tosyl- 
6H-pyrrolo[2,3- 

e][1,2,4]triazolo[4,3-a]pyrazin-1- 
yl)cyclopentyl)benzenesulfonamide 
(prepared using I from Preparation 

#C.1, N with 2,4- 
dichlorobenzenesulfonyl chloride 

and DIEA) 

N-((1S,3R)-3-(6H- 
Pyrrolo[2,3 - 

e][1,2,4]triazolo[4,3- 
a]pyrazin-1- 

yl)cyclopenty1)-2,4- 
dichlorobenzenesulfonamid 

e 

H.1.83 1.35 (d) 451 

2,5-Difluoro-NA1S,3R)-3-(6-tosyl- 
6H-pyrrolo[2,3- 

e][1,2,4]triazolo[4,3-a]pyrazin-1- 
yl)cyclopentypbenzenesulfonamide 
(prepared using I from Preparation 

#C.1, N with 2,5- 
difluorobenzenesulfonyl chloride 

and DIEA) 

N-((lS 3R)-3-(6H- 
Pyrrolo[2,3- 

e] [1,2,4]triazolo[4,3- 
alpyrazin-1- 

yl)cyclopenty1)-2,5- 
difluorobenzenesulfonamid 

e 

H.1.84 1.29 (d) 419 

165 



Sulfonamide Product Ex. # 
Rt  min 

(Table 2, 
Method) 

m/z ESI+ 

( 1‘1+11)+  
4-Bromo-3-methyl-N-((1S,3R)-3-(6- 

tosyl-6H-pyrrolo[2,3- 
e][1 ,2, 4]tr iazol o[4 ,3 - a]py r azin - 1- 

yl)cyclopentyl)benzenesulfonamide 
(prepared using I from Preparation 

#C.1, N with 4-bromo-3- 
methylbenzenesulfonyl chloride and 

DIEA) 

N-((1S,3R)-3-(6H- 
Pyrrolo[2,3- 

e][ 1,2,4]triazolo[4,3- 
a]pyrazin-1- 

yl)cyclopentyl)-4-bromo-3- 
methylbenzenesulfonamide 

H.1.85 1.36 (d) 475 

2,3,4-Trifluoro-N-((1S,3R)-3-(6- 
tosyl-6H-pyrrolo[2,3- 

e][1,2,4]triazolo[4,3-a]pyrazin-1- 
y0cyclopentyl)benzenesulfonamide 
(prepared using I from Preparation 

#C.1, N with 2,3,4- 
trifluorobenzenesulfonyl chloride 

and DIEA) 

NA1S,3R)-3-(6H- 
Pyrrolo[2,3- 

e] [1,2,4]triazolo[4,3- 
a]pyrazin-1- 

yl)cyclopenty1)-2,3,4- 
trifluorobenzenesulfonamid 

e 

H.1.86 1.31 (d) 437 

2,6-Difluoro-N-((1S,3R)-3-(6-tosyl- 
6H-pyrrolo[2,3- 

e][1 ,2 , 4]tr i az ol o[4 ,3 - a]py r azin- 1- 
y0cyclopentyl)benzenesulfonamide 
(prepared using I from Preparation 

#C.1, N with 2,6- 
difluorobenzenesulfonyl chloride 

and DIEA) 

NA1S,3R)-3-(6H- 
Pyrrolo[2,3 - 

e] [1,2,4]triazolo[4,3- 
alpyrazin-1- 

yl)cyclopenty1)-2,6- 
difluorobenzenesulfonamid 

e 

H.1.87 1.28 (d) 419 

4-(Methylsulfony1)-N-((1S,3R)-3- 
(6-tosy1-6H-pyrrolo[2,3- 

e][1,2,4]triazolo[4,3-a]pyrazin-1- 
yl)cyclopentyl)benzenesulfonamide 
(prepared using I from Preparation 

#C.1, N with 4- 
(methylsulfonyl)benzenesulfonyl 

chloride and DIEA) 

N-((1S,3R)-3-(6H- 
Pyrrolo[2,3- 

e][ 1,2,4]triazolo[4,3- 
a]pyrazin-1- 

yl)cyclopenty1)-4- 
(methylsulfonyl)benzenesul 

 
fonamide 

H.1.88 1.23 (d) 461 

N-((18,3R)-3-(6-Tosy1-6H- 
pyrrolo[2,3-e][1,2,4]triazolo[4,3- 

a]pyrazin-1- 
yl)cyclopentyl)ethanesulfonamide

e][1,2,4]triazolo[4,3- 

(prepared using I from Preparation 
#C.1, N with ethanesulfonyl 

chloride and DIEA) 

N-a1S,3R)-3-(6H- 
Pyrrolo[2,3- 

a]pyrazin-1- 
yl)cyclopentyl)ethanesulfon 

amide 

H.1.89 1.20 (d) 335 

2,4-Difluoro-NA1S,3R)-3-(6-tosyl- 
6H-pprolo[2,3-i][1,2,4]triazolo[4,3- 

a]pyrazin-l- 
y0cyclopentyl)benzenesulfonamide 
(prepared using I from Preparation 

#C.1, N with 2,4- 
difluorobenzenesulfonyl chloride 

and DIEA) 

NA1S,3R)-3-(6H- 
P yrrolo[2,3- 

e][1,2,4]triazolo[4,3- 
a]pyrazin-1- 

yl)cyclopenty1)-2,4- 
difluorobenzenesulfonamid 

e 

H.1.90 1.30 (d) 419 
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Sulfonamide Product Ex. # 
Rt  min 

(Table 2, 
Method) 

m/z ESI+
F 

 

(M+11)  
N-((1S,3R)-3-(6-Tosyl-6H- 

pyrrolo[2,3-e][1,2,4]triazolo[4,3- 
a] pyrazin-1-yl)cyclopentyl)propane- 

1-sulfonamide (prepared using 1 
from Preparation #C.1, N with 1- 

propanesulfonyl chloride and 

N-((1S,3R)-3-(6H- 
Pyrrolo[2,3 

e][ 1,2,4]triazolo[4
'
3- 

a]pyrazin-1- 
yl) cyclopentyl)propane-l- 

sulfonamide 

H.1.91 1.23 (d) 349 

2,5-Dichloro-N-((1S,3R)-3-(6-tosyl- 
6H-pyrrolo[2,3- 

e][1 ,2 , 4]tr i az ol o [4 ,3 - a]p y r azin - 1- 
y 1) cy cl o p enty 1)b e nz e ne s ulf o nami d e 
(prepared using I from Preparation 

#C.1, N with 2,5- 
dichlorobenzenesulfonyl chloride 

and DIEA) 

N-((1S,3R)-3-(6H- 
Pyrrolo[2,3 - 

e][1 ,2 , 4]tr i arol o [4 ,3 - 
a]pyrazin-1- 

yl)cyclopenty1)-2,5- 
id chlorobenzenesulfonamid 

e 

H.1.92 1.35 (d) 451 

1-Phenyl-N-((1S,3R)-3-(6-tosyl-6H- 
pyrrolo[2,3-e][1,2,4]triazolo[4,3- 

a]pyrazin-1- 
y 1) c y el o p e nty 1) m eth an e sulf o nami d e 
(prepared using I from Preparation 

#C.1, N with a-toluenesulfonyl 
chloride and DIEA) 

N-((1S,3R)-3-(6H- 
Pyrrolo[2,3- 

e][1,2,4]t r i az 01 o [4,3 -
H.1.93 

a]pyrazin-1- 
yl)cyclopenty1)-1- 

phenylmethanesulfonamide 

1.28 (d) 397 

4-chloro-3-nitro-N-((1S,3R)-3-(6- 
tosyl-6H-pyrrolo[2,3- 

e][ 1,2,4]triazolo[4,3-a]pyrazin-1- 
yl)cyclopentyl)benzenesulfonamide 
(prepared using I from Preparation 

#C.1, N with 4-chloro-3- 
nitrobenzenesulfonyl chloride and 

DIEA) 

N-((lS,3R)-3-(6H- 
Pyrrolo[2,3- 

e] [1,2,4]triazolo[4
' 
 3- 

a]pyrazin-1- 
yl)cyclopentyl)-4-chloro-3- 
nitrobenzenesulfonamide 

H.1.94 1.33 (d) 462 

4-Nitro-N-((1S,3R)-3-(6-tosy1-6H- 
pyrrolo[2,3-e][1,2,4]triazolo[4,3- 

a]pyrazin-1- 
yl)cyclopentyl)benzenesulfonamide 
(prepared using I from Preparation 

#C.1, N with 4- 
nitrobenzenesulfonyl chloride and 

DIEA) 

N-((1S,3R)-3-(6H- 
Pyrrolo[2,3- 

e][ 1,2,4]triazolo[4
' 
 3- 

a]pyrazin-1- 
yl)cyclopentyl)-4- 

nitrobenzenesulfonamide 

H.1.95 1.32 (d) 428 

N-((1S,3R)-3-(6-Tosyl-6H- 
pyrrolo[2,3-e][1,2,4]triazolo[4,3- 

a]pyrazin-1- 
yl)cyclopentyl)thiophene-2- 

sulfonamide (prepared using I from 
Preparation #C.1, N with thiophene- 

2-sulfonyl chloride and DIEA) 

N-((1S,3R)-3-(6H- 
Pyrrolo[2,3- 

e][1 ,2 , 4]tr i az ol o [4'3- 
a]pyrazin-1- 

ypcyclopentyl)thiophene-2- 
sulfonamide 

H.1.96 1.26 (d) 389 
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Sulfonamide Product Ex. # 
Rt  min 

(Table 2, 
Method) 

m/z ESI+ 
(M+H)+  

5-Fluoro-2-methyl-N-((1S,3R)-3-(6- 
tosyl-6H-pyrrolo[2,3- 

e][1 ,2 ,4]tr iazolo[4 ,3 -a]py r azin-1- 
yl)cyclopentyl)benzenesulfonamide 
(prepared using I from Preparation 

#C.1, N with 5-fluoro-2- 
methylbenzenesulfonyl chloride and 

DIEA) 

N-((1S,3R)-3-(6H- 
Pyrrolo[2,3- 

e] [1,2,4]triazolo[4,3- 
a]pyrazin-1- 

yl)cyclopentyl)-5-fluoro-2- 
methylbenzenesulfonamide 

H.1.97 1.32 (d) 415 

3-Nitro-N-((1S,3R)-3-(6-tosyl-6H- 
pyrrolo[2,3-e][1,2,4]triazolo[4,3- 

alpyrazin-1- 
yl)cyclopentyl)benzenesulfonamide 
(prepared using I from Preparation 

#C.1, N with 3- 
nitrobenzenesulfonyl chloride and 

DIEA) 

N-((1S,3R)-3-(6H- 
Pyrrolo[2,3- 

e][1,2,4]triazolo[4,3- 
a]pyrazin-1- 

yl)cyclopentyl)-3- 
nitrobenzenesulfonamide 

H.1.98 1.29 (d) 428 

N-(4-(NA1S,3R)-3-(6-Tosyl-6H- 
pyrrolo[2,3-e][1,2,4]triazolo[4,3- 

a]pyrazin-1- 
y 1) cy clop entypsulf amoy 1)pheny 1) ac 

etamide (prepared using I from 
Preparation #C.1, N with N- 

acetylsulfanilyl chloride and DIEA) 

N-(4-(N-((1S,3R)-3-(6H- 
Pyrrolo[2,3- 

e][1,2, 4]tri az olo[4,3 -
H.1.99 

a]pyrazin-l- 
yl)cyclopentyl)sulfamoyl)p 

henyl)acetamide 
 

1.19 (d) 440 

2-Fluoro-N-a1S,3R)-3-(6-tosyl-6H- 
pyrrolo[2,3-e][1,2,4]triazolo[4,3- 

a]pyrazin-1- 
yl)cyclopentyl)benzenesulfonamide 
(prepared using I from Preparation 

#C.1, N with 2- 
fluorobenzenesulfonyl chloride and 

DIEA) 

N-((1S,3R)-3-(6H- 
Pyrrolo[2,3- 

e][1,2,4]triazolo[4,3- 
a]pyrazin-1- 

yl)cyclopentyl)-2- 
fluorobenzenesulfonamide 

H.1.100 1.25 (d) 401 

5-Chloro-2-fluoro-N-((1S,3R)-3-(6- 
tosyl-6H-pyrrolo[2,3- 

e][1,2,4]triazolo[4,3-a]pyrazin-1- 
yl)cyclopentyl)benzenesulfonamide 
(prepared using I from Preparation 

#C.1, N with 5-chloro-2- 
fluorobenzenesulfonyl chloride and 

DIEA) 

N-((1S,3R)-3-(6H- 
Pyrrolo[2,3- 

e][1,2,4]triazolo[4,3- 
a]pyrazin-1- 

yl)cyclopentyl)-5-chloro-2- 
fluorobenzenesulfonamide 

H.1.101 1.31 (d) 435 

3-Fluoro-4-methyl-N-((1S,3R)-3-(6- 
tosyl-6H-pyrrolo[2,3- 

e] [1,2,4]triazolo[4,3-a]pyrazin-1- 
yl)cyclopentyl)benzenesulfonamide 
(prepared using I from Preparation 

#C.1, N with 3-fluoro-4- 
methylbenzenesulfonyl chloride and 

DIEA) 

N-((18,3R)-3-(6H- 
Pyrrolo[2,3- 

e][1,2,4]triazolo[4,3- 
a]pyrazin-1- 

yl)cyclopentyl)-3-fluoro-4- 
methylbenzenesulfonamide 

H.1.102 1.30 (d) 415 
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Sulfonamide Product Ex. # 
Rt  min 

(Table 2, 
Method) 

nez ESI+ 
01+11)+  

4-Fluoro-N-((1S,3R)-3-(6-tosy1-6H- 
pyrrolo[2,3-e][1,2,4]triazolo[4,3- 

a]pyrazin-1- 
yl)cyclopentyl)benzenesulfonamide 
(prepared using I from Preparation 

#C.1, N with 4- 
fluorobenzenesulfonyl chloride and 

DIEA) 

N-((18,3R)-3-(6H- 
Pyrrolo[2,3- 

e][ 1,2,4]triazolo[4,3- 
a]pyrazin-1- 

yl)cyclopenty1)-4- 
fluorobenzenesulfonamide 

H.1.103 1.27 (d) 401 

N-((1S,3R)-3-(6-Tosy1-6H- 
pyrrolo[2,3-e][1,2,4]triazolo[4,3- 

a]py r azin- 1- 
yl)cyclopentyl)naphthalene-1- 

sulfonamide (prepared using I from 
Preparation #C.1, N with 1- 

naphthalenesulfonyl chloride and 
DIEA) 

N - ((1 S ,3 R) - 3 - (6H - 
Pyrrolo[2,3- 

e][1,2,4]triazolo[4,3- 
a]pyrazin-1- 

yl)cyclopentyl)naphthalene- 
1-sulfonamide 

H.1.104 1.30 (d) 433 

N-((1S,3R)-3-(6-Tosy1-6H- 
pyrrolo[2,3-e][1,2,4]triazolo[4,3- 

a]pyrazin-1- 
yl)cyclopentyl)naphthalene-2- 

sulfonamide (prepared using I from 
Preparation #C.1, N with 2- 

naphthalenesulfonyl chloride and 
DIEA) 

N - ((1 S ,3R)-3-(6H- 
Pyrrolo[2,3- 

e][1,2,4]triazolo[4,3- 
a]pyrazin-1- 

yl)cyclopentyl)naphthalene- 
2-sulfonamide 

H.1.105 1.31 (d) 433 

4-Chloro-2-fluoro-N-((1S,3R)-3-(6- 
tosyl-6H-pyrrolo[2,3- 

e][1,2,4]triazolo[4,3-a]pyrazin-1- 
yl)cyclopentyl)benzenesulfonamide 
(prepared using I from Preparation 

#C.1, N with 4-chloro-2- 
fluorobenzenesulfonyl chloride and 

DIEA) 

N-((13,3R)-3-(6H- 
Pyrrolo[2,3- 

e][ 1,2,4]triazolo[4,3- 
a]pyrazin-1- 

yl)cyclopentyl)-4-chloro-2- 
fluorobenzenesulfonamide 

H.1.106 1.31 (d) 435 

4-Fluoro-2-methyl-N-((1S,3R)-3-(6- 
tosyl-6H-pyrrolo[2,3- 

e][1,2,4]triazolo[4,3-a]pyrazin-1- 
yl)cyclopentyl)benzenesulfonamide 
(prepared using I from Preparation 

#C.1, N with 4-fluoro-2- 
methylbenzenesulfonyl chloride and 

DIEA) 

N-((lS,3R)-3-(6H- 
Pyrrolo[2,3- 

e] [1,2,4]triazolo[4,3- 
a]pyrazin-1- 

yl)cyclopentyl)-4-fluoro-2- 
methylbenzenesulfonamide 

H.1.107 1.29 (d) 415 

2-Fluoro-5-methyl-N-((1S,3R)-3-(6- 
tosyl-6H-pyrrolo[2,3- 

e][ 1,2,4]triazolo[4,3-a]pyrazin-1- 
yl)cyclopentyl)benzenesulfonamide 
(prepared using I from Preparation 

#C.1, N with 2-fluoro-5- 
methylbenzenesulfonyl chloride and 

DIEA) 

N-((lS,3R)-3-(6H- 
Pyrrolo[2,3- 

e] [1,2,4]triazolo[4,3- 
a]pyrazin-1- 

ypcyclopenty1)-2-fluoro-5- 
methylbenzenesulfonamide 

H.1.108 1.28 (d) 415 
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Sulfonamide Product Ex. #  
Rt  min 

(Table 2, 
Method) 

nez ESI+ 
(M+H)+  

2,5-Dichloro-N-a1S,3R)-3-(6-tosyl- 
6H-pyrrolo[2,3- 

e] [1,2,4]triazolo[4,3-a]pyrazin-1- 
y 1) cy cl o p e nty 1) thi o ph e n e - 3 - 

sulfonamide (prepared using I from 
Preparation #C.1, N with 2,5- 
dichlorothiophene-3-sulfonyl 

chloride and DIEA) 

N-((1S,3R)-3-(6H- 
Pyrrolo[2,3- 

e][1 ,2 , 4]-tr i az ol o [4 ,3 - 
a]pyrazin-1- 

ypcyclopenty1)-2,5- 
dichlorothiophene-3- 

sulfonamide 

H.1.109 1.34 (d) 457 

General Procedure I: Acidic cleavage of a Boc-protected amine 

To a solution of a Boc-protected amine (preferably 1 equiv) in an organic solvent (such as DCM, 

1,4-dioxane, or Me0H) is added TFA or HC1 (preferably 4 N HC1 in 1,4-dioxane solution, 2-35 

	

5 	equiv, preferably 2-15 equiv). The reaction is stirred at about 20-100 °C (preferably ambient 

temperature to about 60 °C) for about 1-24 h (preferably about 1-6 h). Optionally additional TFA 

or HCl (preferably 4 N HC1 in 1,4-dioxane solution, 2-35 equiv, preferably 2-15 equiv) may be 

added to the reaction mixture in cases where the reaction does not proceed to completion as 

monitored by TLC, LC/MS, or HPLC. The reaction is then continued at ambient temperature or 

	

10 	optionally heated up to about 100 °C (preferably heated at about 60 °C) for about 1-24 h 

(preferably about 1-6 h). If a solid is present in the reaction mixture, the reaction mixture may be 

filtered and the solid washed with an organic solvent such as 1,4-dioxane or Et20. The resulting 

solid is then optionally dried under reduced pressure. Alternatively, the filtered material may be 

partitioned between an organic solvent (such as EtOAc, DCM or 1,4-dioxane) and an aqueous 

	

15 	base (such as as saturated aqueous NaHCO3  or saturated aqueous Na2CO3, preferably saturated 

aqueous NaHCO3). The mixture is stirred for about 1-5 h (preferably about 1 h). Any insoluble 

material is collected by filtration and may be washed with a suitable solvent (such as cold water 

and/or Et20) then may be optionally dried under reduced pressure. The organic layer may 

optionally be washed with brine, dried over anhydrous Na2SO4  or MgSO4, then decanted or 

	

20 	filtered, prior to concentrating under reduced pressure to give the target compound. Alternatively, 

the reaction is partitioned between a basic aqueous solution (such as Na2CO3, NaHCO3  or NaOH, 

preferably NaOH) and an organic solvent (such as EtOAc or DCM). The aqueous layer is then 

optionally extracted with additional organic solvent such as EtOAc or DCM. The combined 

organic layers may optionally be washed with brine, dried over anhydrous Na2SO4  or MgSO4, 

	

25 	then decanted or filtered, prior to concentrating under reduced pressure to give the target 

compound. Optionally, the crude material is purified by chromatography, trituration with an 

appropriate solvent, or crystallization from one or more solvents to give the target compound. 
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Example #1.1.1 (R)-4-(Piperidin-3-y1)-6H-pyrrolo[2,3-e][1,2,4]triazolo[4,3-a]pyrazine 

hydrochloride 

 

NH 

 

  

0 
N N 

 

HCI 

 

  

A round bottom flask was charged with (R)-tert-butyl 3-(6H-pyrrolo[2,3-e][1,2,4]triazolo[4,3- 

	

5 	a]pyrazin-l-yl)piperidine-1-carboxylate (0.92 g, 2.68 mmol; prepared using A from Preparation 

#9, (R)-1-(tert-butoxycarbonyl)piperidine-3-carboxylic acid [CNH Technologies], EDC and TEA, 

and E using SOC12, TEA, and saturated aqueous Na2CO3), HC1 (4 N in 1,4-dioxane, 2.9 mL, 11.5 

mmol), and 1,4-dioxane (20 mL). The reaction mixture was heated at about 60 °C for about 3 h. 

The reaction mixture was cooled to ambient temperature then filtered under vacuum and washed 

	

10 	with Et20 (35 mL). The solid was then dried for about 16 h in a heated vacuum oven (at about 70 

°C) to give (R)-1-(piperidin-3-y0-6H-pyrrolo[2,3-e][1,2,4]triazolo[4,3-akyrazine hydrochloride 

as a brown solid (0.69 g, 82%): LC/MS (Table 2, Method a) Rt  = 0.45 min; MS m/z 243 (M+H)+. 

Table I.1 Examples prepared using General Procedure I 

Boc-protected Amine Product Example # 
Rt  min 

(Table 2, 
Method) (M+II)+  

m/z E SI+ 

tert-Butyl (1S,3S)-3-(6H-pyrrolo[2,3- 
e][1,2,4]-triazolo[4,3-a]pyrazin-1- 

yl)cyclopentylcarbamate (prepared 
using A from (1S,3S)-3-(tert- 

butoxycarbonylamino)cyclopentanec 
arboxylic acid [Acros] and 

Preparation #9, E) 

(1S,3S)-3-(6H- 
Pyrrolo[2,3- 

34]triazolo[4 e][1, 2, 	, 

-
a]pyrazin-l-

yl)cyclopentanamin 
 

e hydrochloride 
 

1.1.2 0.50 (d) 243 

(S)-tert-Butyl 3-(6H-pyrrolo[2,3- 
e][1,2,4]triazolo[4,3-a]pyrazin-1- 

yl)piperidine-l-carboxylate (prepared 
using A from Preparation #3 and (S)- 
1-(tert-butoxycarbonyl)piperidine-3- 
carboxylic acid, EDC•HC1, and TEA, 

C with DIEA, and H) 

(s) 	Piperidin- 
' -1- 	

- ( 
' 	3  y1)-6H-pyrrolo[2,3- 

e] [1,2,4]triazolo[4,3 

-
a]pyrazine 

1.1.3 0.86 (a) 243 

tert-Butyl trans-3-(6H-pyrrolo [2,3- 
e] [1,2,4]triazolo[4,3-a]pyrazin-1- 
y0cyclobutylcarbamate, (prepared 

using A from 3-(tert- 
butoxycarbonylamino)cyclobutaneca 

rboxylic acid [AMRI] and 
Preparation # 9, E) 

trans-3-(6H 

e] 
[1Pyrrolo[2,3- 

24]triazolo[43 , , 	, 

-
a]pyrazin-l-

yl)cyclobutanamine 
 

hydrochloride 
 

1.1.4 0.70 (a) 229 
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Boc-protected Amine Product Example # 
Rt  min 

(Table 2, 
Method) 

m/z ESI+ 
(M+H)+  

(R)-tert-Butyl 3-(6H-pyrrolo[2,3- 
e][1,2,4]triazolo[4,3-a]pyrazin-1- 

yl)pyrrolidine-l-carboxylate, 
(prepared using A from (R)-1-(tert- 

butoxycarbonyl)pyrrolidine-3- 
carboxylic acid [Astatech] and 

Preparation # 9, E) 

(R)-1-(Pyrrolidin-3- 
y1)-6H-pyrrolo[2,3- 
e] [1,2,4]triazolo[4,3 

-a]pyrazine 
hydrochloride 

1.1.5 0.67 (a) 229 

tert-Butyl 4-methyl-3-(6H- 
pyrrolo[2,3-e][1,2,4]triazolo[4,3- 

a]pyrazin-l-yl)piperidine-1- 
carboxylate (prepared using Y from 
4-methylnicotinic acid, R, P, S, T, 

and G from Preparation #9) 

1-(4- 
Methylpiperidin-3- 
y1)-6H-pyrrolo[2,3- 
e][1,2,4]triazolo[4,3 

-a]pyrazine 
hydrochloride 

1.1.6 1.01 (a) 257 

(,S')-tent-Butyl 3-(6H-pyrrolo[2,3- 
e][1,2,4]triazolo[4,3-a]pyrazin-1- 

yppyrrolidine-l-carboxylate 
(prepared using A from Preparation 

#9, (S)-1-(tert- 
butoxycarbonyl)pyrrolidine-3- 

carboxylic acid [CHEM-IMPEX] and 
EDC•HC1, E with TEA and NaOH) 

(S)-1-(Pyrrolidin-3- 
y1)-6H-pyrrolo[2,3- 
e][1,2,4]triazolo[4,3 

-a]pyrazine 
hydrochloride 

1.1.7 0.85 (a) 227 

tent-Butyl 2-(6H-imidazo[1,5- 
a]pyrrolo[2,3-e]pyrazin-1- 

yl)ethylcarbamate (prepared using L 
from Example #13, Step F and 3- 

(tert- 
butoxycarbonylamino)propanoic acid 

with HATU and TEA, AA with 
Belleau's reagent, H, I with HC1 (g)) 

2-(6H-Imidazo[1,5-
a]pyrrolo[2,3- 
e]pyrazin-1 - 

yl)ethanamine 
hydrochloride 

 

1.1.8 0.84 (d) 202 

tert-Buty1-2-methy1-3-(6H- 
pyrrolo[2,3-e][1,2,4]triazolo[4,3- 

a]pyrazin-1-yppiperidine-1- 
carboxylate (prepared using R from 
ethyl 2-methylnicotinate, P, S, T, G 

from Preparation #9) 

1-(2- 
Methylpiperidin-3- 
yl)-6H-pyrrolo[2,3- 
e] [1,2,4]triazolo [4,3 

-a]pyrazine 
hydrochloride 

1.1.9 0.81 (a) 257 

tert-Butyl 3-methyl-5-(6H- 
pyrrolo[2,3-e][1,2,4]triazolo[4,3- 

a]pyrazin-l-yl)piperidine-1- 
carboxylate (prepared using R from 
methyl 5-methylnicotinate [Alfa], P. 

S, T, G from Preparation #9) 

1-(5- 
Methylpiperidin-3- 
yl)-6H-pyrrolo[2,3- 
e][1,2,4]triazolo[4,3 

-a]pyrazine 
hydrochloride 

1.1.10 1.05 (a) 257 

General Procedure J: Deprotection of a Cbz-protected amine 

A mixture of an O-benzylcarbamate (preferably 1 equiv) and 10% Pd on carbon (0.05-0.30 equiv, 

preferably 0.10 equiv) in a protic solvent (such as Me0H, EtOH, AcOH, preferably EtOH) is 

5 	shaken or stirred under hydrogen at about 15-100 psi (preferably about 60 psi) for about 4-48 h 
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(preferably about 4-16 h) at ambient temperature. The reaction is filtered through Celite®  and 

concentrated to dryness under reduced pressure. The crude material is optionally purified by 

precipitation, crystallization, and/or trituration from an appropriate solvent or solvents and/or by 

chromatography to give the target compound. 

5 

Illustration of General Procedure J 

Example #J.1.1: 1-(Piperidin-4-y1)-6H-pyrrolo[2,3-e][1,2,4]triazolo[4,3-a]pyrazine 

N5-0 
 

N N 
H 

Benzyl 4-(6H-pyrrolo[2,3-e][1,2,4]triazolo[4,3-a]pyrazin-l-yl)piperidine-1-carboxylate (0.34 g, 

10 

	

	0.90 mmol, Example #2, Step A) and 10% Pd on carbon (0.10 g, 0.09 mmol) in Me0H (30 mL) 

was shaken under hydrogen at about 60 psi for about 5 h at ambient temperature. The reaction 

was filtered through Celite®  and concentrated under reduced pressure to constant weight to afford 

1-(piperidin-4-y1)-6H-pyrrolo[2,3-e] [1,2,4ftriazolo[4,3-a]pyrazine as a yellow solid (0.18 g, 

77%): LC/MS (Table 2, Method a) Rt  = 0.70 min; MS m/z: 243 (M+H)+. 

15 

Table J.1 Examples prepared using General Procedure J 

Cbz-protected Amine Product Example # 
Rt  min 

(Table 2, 
Method) 

m/z ESI+ 
(M+11)±  

Benzyl 4-methy1-3-(6H- 
pyrrolo[2,3-e][1,2,4]triazolo[4,3- 

a]pyrazin-l-yDpiperidine-1- 
carboxylate (prepared using R 

from 4-methylnicotinic acid, Q, 
W and B from Preparation #3) 

1-(4-Methylpiperidin-3- 
y1)-6H-pyrrolo[2,3- 

e][1,2,4]triazolo[4,3- 
a]pyrazine [major 

 
product] 

J.1.2 1.03 (a) 257 

Benzyl 4-methyl-3-(6H- 
pyrrolo[2,3-e][1,2,4]triazolo[4,3- 

a]pyrazin-1-yl)piperidine-1- 
carboxylate (prepared using R 

from 4-methylnicotinic acid, Q, 
W and B from Preparation #3) 

1-(1,3- 
Dimethylpiperidin-4- 
y1)-6H-pyrrolo[2,3- 

e][1,2,4]triazolo [4,3- 
a]pyrazine acetate 
[minor product] 

J.1.3 0.71 (a) 271 

Benzyl cis-3-(6H-pyrrolo[2,3- 
e][1 ,2 , 4]t r i az ol o [4 ,3 - a]p y r azin- 1- 

yl)cyclobutylcarbamate 
(prepared using Q from 3- 

aminocyclobutanecarboxylic acid 
hydrochloride [Enamine], A 

from Preparation # 9, E) 

cis-3-(6H-Pyrrolo[2,3- 
e][1,2,4]triazolo[4,3- 

a]pyrazin-l- 
yl)cyclobutanamine 

J.1.4 0.56 (a) 229 
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CN 

,NH2  

General Procedure K: Formation of an amide from an activated acid and an amine 

To a round-bottomed flask containing an amine or an amine salt (preferably 1 equiv) in an organic 

solvent (such as DCM, DMF, or 1,4-dioxane, preferably DCM or DMF) is added an organic base 

such as DIEA or TEA (0-5 equiv, preferably 3 equiv). The reaction mixture is optionally made 

	

5 	homogeneous by heating or sonicating (preferably by sonicating). To the reaction mixture is 

added an activated acid (such as a perfluorophenyl ester derivative or an acid chloride). The 

resulting mixture is stirred at ambient temperature for about 1-24 h (preferably about 16 h). The 

reaction mixture may be directly purified by chromatography. Alternatively, the solvent is 

concentrated under reduced pressure or a suitable organic solvent (such as EtOAc or DCM) is 

	

10 	added and the solution is washed with water or brine. The layers are separated and the organic 

solution is optionally dried over anhydrous Na2SO4  or MgSO4, filtered or decanted, and 

concentrated to dryness under reduced pressure. The crude material is optionally purified by 

precipitation, crystallization, and/or trituration from an appropriate solvent or solvents and/or by 

chromatography to give the target compound. 

15 

Illustration of General Procedure K 

Example #K.1.1: N-(cis-4-(6H-Pyrrolo[2,3-e][1,2,4]triazolo[4,3-a]pyrazin-1-y0cyclohexyl)-2-

cyanoacetamide 

20 	To a suspension of cis-4-(6H-pyrrolo[2,3-e][1,2,4]triazolo[4,3-a]pyrazin-l-yl)cyclohexanamine 

hydrochloride (0.106 g, 0.206 mmol, Example #D.1.1) in DCM (4 mL) was added TEA (0.086 

mL, 0.62 mmol). The reaction mixture was sonicated until the reaction was homogeneous. To the 

reaction solution was added perfluorophenyl 2-cyanoacetate (0.078 g, 0.31 mmol, Preparation 

#6). The resulting solution was stirred at ambient temperature for about 16 h. The crude reaction 

25 	mixture was purified by silica gel chromatography (40 g) eluting with a gradient of 0-20% EtOAc 

in DCM and then further purified by RP-HPLC (Table 2, Method e) to give N-(cis-4-(6H-

pyrrolo[2,3-e][1,2,4firiazolo[4,3-akyrazin-l-y1)cyclohexyl)-2-cyanoacetamide with 3 equiv 

NH4OAc as an excipient (0.025 g, 22%). LC/MS (Table 2, Method a) Rt  = 1.33 min; MS m/z: 324 

(M+H)4. 

30 
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Table K.1 Examples prepared from perfluorophenyl 2-cyanoacetate (Preparation #6) using 

General Procedure K 

Amine Product Ex. # 
Rt  min 

(Table 2, 
Method) 

nez E SI+ 
(M+11)+ 

(1R,35)-3-(6H-Pyrrolo[2,3- 
e][1,2,4]triazolo[4,3-a]pyrazin-1- 

yl)cyclopentanamine 
hydrochloride (Example #D.1.2) 

N-((1R,35)-3 -(6H- 
Pyrrolo[2,3- 

e] [1,2,4]triazolo[4,3- 
a]pyrazin-1- 

yl)cyclopentyl)-2- 
cyanoacetamide 

K.1.2 1.27 (a) 310 

trans-4-(6H-Pyrrolo[2,3- 
e][1,2,4]triazolo[4,3-a]pyrazin-1- 

yl)cyclohexanamine 
hydrochloride (Example #D.1.3) 

N-(trans-4-(6H- 
Pyrrolo[2,3- 

e] [1,2,4]triazolo[4,3- 
alpyrazin-1- 

yl)cyclohexyl)-2- 
cyanoacetamide 

K.1.3 1.35 (a) 324 

(1R,3R)-3-(6H-Pyrrolo[2,3- 
e][1,2,4]triazolo[4,3-a]pyrazin-1- 

yl)cyclopentanamine 
hydrochloride (Example #D.1.4) 

N-((1R,3R)-3-(6H- 
Pyrrolo[2,3- 

e] [1,2,4]triazolo[4,3- 
a]pyrazin-1- 

yl)cyclopentyl)-2- 
cyanoacetamide 

K.1.4 1.39 (a) 310 

((1S,3R)-3-(6H-Pyrrolo[2,3- 
e][1,2,4]triazolo[4,3-a]pyrazin-1- 

yl)cyclopentanamine 
hydrochloride (Example #6, Step 

C) 

N-R1S,3R)-3-(6H- 
Pyrrolo[2,3- 

e][1,2,4]triazolo[4,3- 
a]pyrazin-1- 

yl)cyclopenty1)-2- 
cyanoacetamide 

K.1.5 1.38 (a) 310 

(1S,3S)-3-(6H-Pyrrolo[2,3- 
e][1,2,4]triazolo[4,3-a]pyrazin-1- 

yl)cyclopentanamine 
hydrochloride (Example # 1.1.2) 

N-((1S,35)-3-(6H- 
Pyrrolo[2,3- 

e][1,2,4]triazolo[4,3- 
a]pyrazin-1- 

yl)cyclopentyl)-2- 
cyanoacetamide 

K.1.6 1.05 (d) 310 

General Procedure L: Formation of an amide from a carboxylic acid and an amine 

	

5 	To a solution or suspension of a carboxylic acid (1-5 equiv, preferably 1.5 equiv) and an amine 

(1-5 equiv, preferably 1 equiv) in an organic solvent (such as DCM, DCE, THF, or 1,4-dioxane, 

preferably DCM) is added a peptide coupling reagent (such as BOP-Cl, IBCF, HATU, or 

EDC•FICI, preferably EDC•FIC1, 1-10 equiv, preferably 1-10 equiv), a base (such as TEA, DIEA, 

or pyridine, preferably TEA, 0-20 equiv, preferably 2 equiv) and HOBt (0-5 equiv, preferably 0-1 

	

10 	equiv when EDC.HC1 is used). The reaction mixture is then stirred at ambient temperature for 

about 15 min to 24 h (preferably about 16 h). The reaction mixture is then worked up using one 

of the following methods. Method 1: The reaction mixture is diluted with water or saturated 

aqueous NaHCO3. The layers are separated. The aqueous layer is optionally extracted with 
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additional organic solvent such as EtOAc or DCM. The organic layer is (or combined layers are) 

optionally washed with water, saturated aqueous NaHCO3  and/or brine, dried over anhydrous 

MgSO4  or Na2SO4, filtered or decanted, and concentrated under reduced pressure. Method 2: The 

crude reaction mixture is filtered through a pad of silica gel, washing with a suitable solvent (such 

5 as EtOAc, Me0H, or DCM, preferably Me0H), and concentrated under reduced pressure. 

Method 3: The crude reaction mixture is directly purified by chromatography without a work up. 

In all cases, the crude material is optionally further purified by precipitation, crystallization, 

and/or trituration from an appropriate solvent or solvents and/or by chromatography to give the 

target compound. 

10 

Illustration of General Procedure L 

Example #L.1.1: (R)-3-(3-(6H-Pyrrolo [2,3-e] [1,2,4] triazolo [4,3-a] pyrazin-1-yppiperidin-1-

y1)-3-oxopropanenitrile 

OH HCI 

Niy\ N 
	

NC 0 

H 

15 To a suspension of (R)-1-(piperidin-3-y1)-6H-pyrrolo[2,3-e][1,2,4]triazolo[4,3-a]pyrazine 

hydrochloride (0.074 g, 0.265 mmol; Example #I.1.1) and 2-cyanoacetic acid (0.034 g, 0.398 

mmol) in DMF (3 mL) was added HOBt (0.041 g, 0.265 mmol), EDC•HC1 (0.051 g, 0.265 mmol) 

and DIEA (0.093 mL, 0.531 mmol). The reaction mixture was stirred at ambient temperature for 

about 16 h. The crude reaction mixture was purified by RP-HPLC (Table 2, Method f). The 

20 	appropriate fractions were concentrated in vacuo and lyophilized to afford (R)-3-(3-(6H-

pyrrolo[2,3-e][1,2,4]iriazolo[4,3-cdpyrazin-l-Apiperidin-l-y1)-3-oxopropanenitrile as a white 

solid (0.052 g, 63%): LC/MS (Table 2, Method a) Rt  = 1.30 min; MS m/z: 310 (M+H)+. 

OH 
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Table L.1 Examples prepared from (R)-1-(piperidin-3-y1)-6H-pyrrolo[2,3-

e] [1,2,4]triazolo[4,3-a]pyrazine (Example #I.1.1) using General Procedure L 

Carboxylic Acid Product Ex. # 
Rt  min 

(Table 2, 
Method) 

m/z ESI+ 
(M+11)4- 

3,3,3- 
Trifluoropropanoic 

acid 

(R) - 1-(3-(6H-Pyrrolo[2,3- 
e] [1,2,4]triazolo[4,3-a]pyrazin-l- 

yl)piperidin-1-y1)-3,3,3- 
trifluoropropan-l-one 

L.1.2 1.53 (a) 353 

1- 
Cyanocyclopropaneca 

rboxylic acid 

(R) - 1-(3-(6H-Pyrrolo[2,3- 
e][1 ,2 , 4]tri az ol o [4 ,3 - a]py r azin - 1- 

yl)piperidine-l- 
carbonyl)cyclopropanecarbonitrile 

L.1.3 1.48 (a) 336 

(R)-2- 
Oxothiazolidine-4- 

carboxylic acid 

(R)-4-((R)-3-(6H-Pyrrolo[2,3- 
e][ 1,2,4]triazolo[4,3-a]pyrazin-1- 

yl)piperidine-1- 
carbonyl)thiazolidin-2-one 

L.1.4 1.33 (a) 372 

4-Cyanobenzoic acid 

(R)-4-(3-(6H-Pyrrolo[2,3 - 
e] [1,2,4]triazolo[4,3-a]pyrazin-1- 

yl)piperidine-l- 
carbonyl)benzonitrile 

L.1.5 1.53 (a) 372 

Table L.2 Examples prepared from cis-3-(6H-pyrrolo[2,3-e][1,2,4]triazolo[4,3-a]pyrazin-1- 

5 	yl)cyclohexanamine acetate (prepared using A from Preparation #3 and cis-3-(tert-

butoxycarbonylamino)cyclohexanecarboxylic acid [AMR* F) using General Procedure L 

Carboxylic Acid Product Ex. # 
Rt  min 

(Table 2, 
Method) 

m/z ESI+ 
(M+H)+  

2-Cyanoacetic acid 
N-(cis-3-(6H-Pyrrolo[2,3- 

e][ 1,2,4]triazolo[4,3-a]pyrazin-1- 
yl)cyclohexyl)-2-cyanoacetamide 

L.2.1 1.40 (a) 324 

Acetic acid 
N-(cis-3-(6H-Pyrrolo[2,3- 

e] [1,2,4]triazolo[4,3-a]pyrazin-1- 
yl)cyclohexyl)acetamide 

L.2.2 1.32 (a) 299 
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Table L.3 Additional examples prepared from 2-cyanoacetic acid using General Procedure 

L 

Amine Product Ex. # 
Rt  min 

(Table 2, 
Method) 

m/z ESI+ 
(M+H)+ 

(5)-1-(Piperidin-3-y1)-6H- 
pyrrolo[2,3- 

e] [1,2,4]triazolo[4,3- 
a]pyrazine (Example # 1.1.3) 

(S)-3-(3-(6H-Pyrrolo[2,3- 
e][1,2,4]triazolo[4,3- 

c]pyrazin-1-yl)piperidin-l- 
yl)-3-oxopropanenitrile 

L.3.1 1.34 (a) 310 

1-(4-Methylpiperidin-3-y1)- 
6H-pyrrolo[2,3- 

e] [1,2,4]triazolo[4,3- 
a]pyrazine (Example #1.1.2) 

3-(4-Methyl-3-(6H- 
pyrrolo[2,3- 

e] [1,2,4]triazolo[4,3- 
cdpyrazin-1-yppiperidin-1- 

y1)-3-oxopropanenitrile 

L.3.2 1.42 (a) 342 

cis-3-(6H-Pyrrolo[2,3- 
e][1,2,4]triazolo[4,3- 

a]pyrazin-1- 
ypcyclobutanamine (Example 

#J.1.4) 

N-(cis-3-(6H-Pyrrolo[2,3- 
e][1,2,4]triazolo[4,3- 

a]pyrazin-1-yl)cyclobutyl)- 
2-cyanoacetamide 

L.3.3 1.23 (a) 296 

trans-3-(6H-Pyrrolo[2,3- 
e][1,2,4]triazolo[4,3- 

c]pyrazin-1- 
yl)cyclobutanamine 

hydrochloride (Example 
#1.1.4) 

N-(trans-3-(6H-Pyrrolo[2,3- 
e] [1,2,4]triazolo[4,3- 

alpyrazin-1-ypcyclobuty1)- 
2-cyanoacetamide 

L.3.4 1.05 (a) 296 

(R)-1-(Pyrrolidin-3-y1)-6H- 
pyrrolo[2,3- 

e] [1,2,4]triazolo[4,3- 
c]pyrazine hydrochloride 

(Example #1.1.5) 

(R)-3-(3-(6H-Pyrrolo[2,3- 
e] [1,2,4]triazolo[4,3- 

alpyrazin-1-yl)pyrrolidin-l- 
y1)-3-oxopropanenitrile 

L.3.5 1.00 (a) 296 

(5)-1-(Pyrrolidin-3-y1)-6H- 
pyrrolo[2,3- 

e][1,2,4]triazolo[4,3- 
c]pyrazine hydrochloride 

(Example #11.7) 

(S)-3-(3-(6H-Pyrrolo[2,3- 
e][1,2,4]triazolo[4,3- 

cdpyrazin-1-yppyrrolidin-1- 
yl)-3-oxopropanenitrile 

L.3.6 1.19 (a) 296 

(R)-1-(Piperidin-3-y1)-6H- 
imidazo[1,5-a]pyrrolo[2,3- 

e]pyrazine (prepared using L 
from Example #13, Step F 

and (R)-1-(tent- 
butoxycarbonyppiperidine-3- 
carboxylic acid, HATU and 

TEA, AA with Belleau's 
reagent, H, I with 4 N HC1 in 

1,4-dioxane) 

(R)-1-(3-(6H-Imidazo[1,5-
aThyrrolo[2,3-e]pyrazin-1- 

yl)piperidine-1- 
carbonyl)cyclopropanecarb 

onitrile 

L.3.7 1.61 (a) 335 
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Amine Product Ex. # 
Rt  min 

(Table 2, 
Method) 

m/z ESI+ 
(M+H)+  

2-(6H-Imidazo[1,5- 
a]pyrrolo[2,3-e]pyrazin-1- 

yl)ethanamine hydrochloride 

N-(2-(6H-Imidazo[1,5- 
a]pyrrolo[2,3-e]pyrazin-l- 

yl)ethyl)-1- 
cyanocyclopropanecarboxa 

mide 

L.3.8 1.39 (a) 295 

(Example #I.1.8) 

1-(5-Methylpiperidin-3-y1)- 
6H-pyrrolo[2,3- 

e] [1,2,4]triazolo[4,3- 
a]pyrazine hydrochloride 

(Example #1.1.10) 

3-(3-Methyl-5-(6H- 
pyffolo[2,3 - 

e][1,2,4]triazolo[4,3- 
a]pyrazin-1-yl)piperidin-1- 

yl)-3-oxopropanenitrile 

L.3.9 1.52 (a) 324 

1-(4-Methylpiperidin-3-y1)- 
6H-imidazo[1,5- 

a]pyffolo[2,3-e]pyrazine 
hydrochloride (Example #13, 

Step K) 

3-(3-(6H-Imidazo[1,5- 
a]pyrrolo[2,3.-e]pyr

.
azin-l- 

y1)-4-methylpiperid
.
m71-y1)- 

3-oxopropanenitrile 

L.3.10 1.42 (a) 323 

Table L.4 Examples prepared from 1-cyanocyclopropanecarboxylic acid using General 

Procedure L 

Amine Product Ex. # 
Rt  min 

(Table 2, 
Method) 

nez ESI+ 
(M+H)+  

((lR,3R)-3-(6H-Pyrrolo[2,3- 
e][ 1,2,4]triazolo[4,3- 

a]pyrazin-1- 
yl)cyclopentyl)methanamine 

hydrochloride (Example 
#F.1.1) 

NA(1R,3R)-3-(6H- 
Pyffolo[2,3- 

e] [1,2,4]triazolo[4,3- 
a]pyrazin-1- 

yl)cyclopentypmethyl)-1- 
cyanocyclopropanecarbox 

amide 

L.4.1 1.56 (a) 350 

1-(4-Methylpiperidin-3-y1)- 
6H-pyrrolo[2,3- 

e] [1,2,4]triazolo[4,3- 
a]pyrazine hydrochloride 

(Example #I.1.6) 

14(3S,45)-4-Methy1-3- 
(6H-pyrrolo[2,3- 

e] [1,2,4]triazolo[4,3- 
I a pyrazin-l-yppiperidine- 

1-carbonyl)cyclopropane- 
carbonitrile 

L.4.2 1.61 (a) 350 

1-(4-Methylpiperidin-3-y1)- 
6H-pyrrolo[2,3- 

e][1,2,4]triazolo[4,3- 
a]pyrazine hydrochloride 

(Example #1.1.6) 

1-((3R,4R)-4-Methyl-3- 
(6H-pyrrolo[2,3- 

e] [1,2,4]triazolo[4,3- 
cdpyrazin-1-yppiperidine- 
1-carbonyl)cyclopropane- 

carbonitrile 

L
.
4
.
3 1.61 (a) 350 
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Amine Product Ex. # 
Rt  min 

(Table 2, 
Method) 

m/z ESI+ 
(M+H)+  

1-(4-Methylpiperidin-3-y1)- 
6H-pyrrolo[2,3- 

e] [1,2,4]triazolo[4,3- 
a]pyrazine hydrochloride 

(Example #I.1.6) 

143S,4R)-4-Methy1-3- 
(6H-pyrrolo[2,3 

e] [1,2,4]triazolo[4,3- 
a]pyrazin-1-yl)piperidine- 
1-carbonyl)cyclopropane- 

carbonitrile 

L.4.4 1.61 (a) 350 

1-(4-Methylpiperidin-3-y1)- 
6H-pyrrolo[2,3- 

e] [1,2,4]triazolo[4,3- 
a]pyrazine hydrochloride 

(Example #I.1.6) 

14(3R,45)-4-Methyl-3- 
(6H-pyrrolo[2,3- 

e][1,2,4]triazolo[4,3- 
a]pyrazin-1-yDpiperidine- 
1-carbonyl)cyclopropane- 

carbonitrile 

L.4.5 1.61 (a) 350 

8-((3S,4S)-4-Methylpiperidin- 
3-y1)-3H-imidazo[1,2- 

a]pyrrolo[2,3-e]pyrazine and 
8-((3R,4R)-4-methylpiperidin- 

3-yl)-3H-imidazo[1,2- 
a]pyrrolo[2,3-e]pyrazine 
(prepared using H from 

Preparation #19) 

3-((3S,4S)-3-(3 H- 
Imidazo[1,2- 

a]pyrrolo[2,3-e]pyrazin- 
8-yl)-4-methylpiperidin- 
1-y1)-3-oxopropanenitrile 

and -((3R,4R)-3-(3H- 
imidazo[1,2- 

a]pyrrolo[2,3-e]pyrazin- 
8-y1)-4-methylpiperidin- 
1-y1)-3 -oxopropanenitrile 

L.4.6 1.35 (a) 323 

1-(2-Methylpiperidin-3-y1)- 
6H-pyrrolo[2,3- 

e][1,2,4]triazolo[4,3- 
a]pyrazine hydrochloride 

(Example #I.1.9) 

1-(2-Methy1-3-(6H- 
pyrrolo[2,3- 

e][1 ,2 ,4]triazolo[4 ,3 - 
alpyrazin-l-yl)piperidine- 
l-carbonyl)cyclopropane 

carbonitrile 

L.4.7 1.57 (a) 350 

Table L.5 Examples prepared from trans-3-(6H-pyrrolo[2,3-e][1,2,4]triazolo[4,3-cdpyrazin-

1-ypcyclohexanamine acetate (Example #F.1.2) using General Procedure L 

Carboxylic Acid Product Ex. # 
Rt  min 

(Table 2, 
Method) 

m/z ESI+ 
(144:u
;  '''''' — 

2-Cyanoacetic acid 
N-(trans-3-(6H-Pyrrolo[2,3- 

e] [1,2,4]triazolo[4,3-a]pyrazin-1- 
yl)cyclohexyl)-2-cyanoacetamide 

L.5.1 1.42 (a) 324 

Acetic acid 
N-(trans-3-(6H-Pyrrolo[2,3- 

e][1 ,2 ,4]triazolo[4 ,3 - a]py r azin- 1- 
yl)cyclohexyl)acetamide 

L.5.2 1.33 (a) 299 

180 

5 



Table L.6 Example prepared from (R)-1-(1-methylpiperazin-2-y1)-6H-pyrrolo[2,3-

e][1,2,4]triazolo[4,3-a]pyrazine hydrochloride (prepared using A from Preparation #9 and 

Preparation #16, C with TEA, H, I with 4 N HCI in 1,4-dioxane) using General Procedure L 

Carboxylic 
acid Product Ex. # 

Rt min 
(Table 2, 
Method) 

m/z ESI+ 
(M+H)+  

2- 
Cyanoacetic 

acid 

(R)-3-(4-Methy1-3-(6H-pyrrolo[2,3- 
e] [1,2,4]triazolo[4,3-a]pyrazin-1- 

yl)piperazin-l-y1)-3-oxopropanenitrile 
L.6.1 1.30 (a) 325 

5 
General Procedure M: Formation of a urea from an amine and a carbamoyl chloride 

To a flask containing an amine or an amine salt (1 equiv) in an organic solvent (such as THF, or 

1,4-dioxane, preferably THF) is added a base (such as DIEA or TEA, preferably TEA (3-5 equiv, 

preferably 3 equiv) and stirred at ambient temperature for about 0-30 min (preferably about 5 

10 	min) then added a carbamoyl chloride (0.5-2 equiv, preferably 0.75 equiv). The mixture is stirred 

at about 0-90 °C (preferably about 60-65 °C) for about 2-24 h (preferably about 16 h). The 

reaction mixture is allowed to reach ambient temperature. The organic solvent is optionally 

removed under reduced pressure. The crude material can be partitioned between an organic 

solvent (such as EtOAc or DCM) and water, an aqueous base (such as saturated aqueous 

15 	NaHCO3) or brine. The layers are separated and the organic layer is optionally washed with 

water, an aqueous base (such as saturated aqueous NaHCO3) and/or brine, dried over anhydrous 

Na2SO4  or MgSO4, filtered, and concentrated under reduced pressure to give the target compound. 

The crude material is optionally purified by precipitation crystallization or trituration from an 

appropriate solvent or solvents or by chromatography to give the target compound. 

20 

Illustration of General Procedure M 

Example #M.1.1: N-01R,3R)-3-(6H-pyrrolo [2,3-e] [1,2,4] triazolo [4,3-a] pyrazin-1-

yl)cyclopentyl)pyrrolidine-1-ca rboxamide 

NH 2  

HCI 

O 

C I 	N 

 

0 

" N 

 

   

25 	A round bottom flask was charged with (1R,3R)-3-(6H-pyrrolo[2,3-e][1,2,4]triazolo[4,3- 

c]pyrazin-l-ypcyclopentanamine hydrochloride (0.150 g, 0.62 mmol, Example #D.1.4) and TEA 

(0.26 mL, 1.9 mmol) in THF (5.7 mL). The reaction mixture was stirred for about 5 min at 

ambient temperature before pyrrolidine-1 -carbonyl chloride (0.052 mL, 0.46 mmol) was added. 
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The reaction was heated at about 60 °C for about 16 h, cooled to ambient temperature, and 

concentrated under reduced pressure. The crude product was dissolved in DCM (40 mL) and 

washed with saturated aqueous NaHCO3  (20 mL), brine (20 mL), dried over anhydrous MgSO4, 

filtered and concentrated under reduced pressure. The material was purified by RP-HPLC (Table 

	

5 	2, Method i). The appropriate fractions were combined, the solvent was mostly removed under 

reduced pressure, and the solid was filtered and dried under lyophilization to give N-((I R,3R)-3-

(6H-pyrrolo [2, 3-e] [1,2,4firiazolo [4, 3-a]pyrazin-1 -y0eyelopentyl)pyrrolidine- -carboxamide 

(0.018 g, 8%): LC/MS (Table 2, Method a) Rt  = 1.40 min; MS m/z 340 (M+H)+. 

	

10 	Table M.1 Examples prepared from pyrrolidine-l-carbonyl chloride using General 

Procedure M 

Amine Product Ex. # 
Rt  min 

(Table 2, 
Method) 

m/z ESI+ (nap+  
` 	1  

(R)-1-(Piperidin-3-y1)-6H- 
pyrrolo[2,3- 

e][1,2,4]triazolo[4,3- 
a]pyrazine hydrochoride 

(Example #I.1.1) 

(R)-(3-(6H-Pyrrolo[2,3- 
e][1,2,41triazolo[4,3- 

a]pyrazin-l-yl)piperidin-1- 
yl)(pyrrolidin-l-y1)methanone 

M.1.2 1.44 (a) 340 

(1S,3R)-3-(6H-Pyrrolo[2,3- 
e] [1,2,4]triazolo[4,3- 

a]pyrazin-1- 
yl)cyclopentanamine 

hydrochloride (Example #6, 
Step C) 

N-(( 1 S,3R)-3 -(6H- 
Pyrrolo[2,3- 

e][1,2,4]triazolo[4,3- 
a]pyrazin-1- 

yl)cyclopentyl)pyrrolidine-1- 
carboxamide 

M.1.3 1.47 (a) 340 

General Procedure N: Formation of a sulfonamide from an amine 

To a mixture or a solution (preferably a solution) of an amine or an amine salt (preferably 1 

15 	equiv) in a solvent such as THF, DCM or DMF (preferably DMF) is added an organic base such 

as TEA or DIEA (1-10 equiv, preferably 2-4 equiv) or an aqueous base such as saturated aqueous 

NaHCO3  (5-20 equiv, preferably 5-10 equiv) (preferably an organic base) and a sulfonyl chloride 

(0.85-3 equiv, preferably 1-1.5 equiv). The reaction is stirred at -10 — 80 °C (preferably at 

ambient temperature) for about 0.5-72 h (preferably about 1-2 h). Optionally, additional base (1- 

20 	10 equiv) and/or sulfonyl chloride (0.4-2 equiv) may be added at any point during the reaction 

time. The reaction is worked up using one of the following methods. Method 1: The reaction is 

diluted with water and extracted with an organic solvent such as DCM or EtOAc. The combined 

organic layers are optionally washed with brine, dried over anhydrous Na2SO4  or MgSO4, filtered 

or decanted, and concentrated under reduced pressure. Method 2: The crude reaction mixture is 

25 	purified by preparative HPLC directly or after the addition of organic solvent such as Me0H or 

DMF or an aqueous buffer such as 50 mM NH4OAc with or without concentrating the mixture 
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under reduced pressure first. Method 3: The reaction is diluted with an organic solvent such as 

DCM or EtOAc and washed with water and/or brine. The organic layer is optionally dried over 

anhydrous Na2SO4  or MgSO4, filtered or decanted, and concentrated under reduced pressure. 

Method 4: The reaction is diluted with water and the resulting solid is collected by vacuum 

	

5 	filtration. In all cases, the crude material is optionally purified by precipitation, crystallization, 

and/or trituration from an appropriate solvent or solvents and/or by chromatography to give the 

target compound. 

Illustration of General Procedure N 

	

10 	Example #N.1.1: N-a1S,3R)-3-(6H-Pyrrolo [2,3-e] [1,2,4] triazolo [4,3-a] pyrazin-1- 

yl)cyclopentyl)cyclopropanesulfonamide 

NH2  

HCI 
N N 

 

  

  

To a mixture of (1S,3R)-3-(6H-pyrrolo[2,3-e][1,2,4]triazolo[4,3-c]pyrazin-1-y1)cyclopentanamine 

hydrochloride (0.300 g, 0.952 mmol, Example #6, Step C) in DMF (9 mL) was added TEA (0.462 

15 	mL, 3.33 mmol) and cyclopropanesulfonyl chloride (0.097 mL, 0.95 mmol). After about 1.5 h at 

ambient temperature, the reaction was diluted with water (10 mL) and extracted with DCM (3 x 

15 mL). The combined organic layers were washed with brine, dried over anhydrous Na2SO4, 

filtered, and concentrated under reduced pressure. To the crude material was added Me0H (-50 

mL) and a small amount of insoluble material (<0.01 g) was removed by filtration. Silica gel (2 

20 	g) was added to the filtrate and the mixture was concentrated under reduced pressure. The 

mixture was purified by silica gel chromatography eluting with a step-wise gradient of 

DCM/Me0H/NRIOH 990:9:1 to 980:18:2 to give an off-white solid that was dried in a vacuum 

oven at about 70 °C. The solid was dissolved in hot Me0H, filtered while hot to remove 

particulates and then the filtrate was sonicated while cooling to provide a fine suspension which 

25 	was concentrated under reduced pressure and dried in a vacuum oven at about 100 °C to give N-

((18,3R)-3-(6H-pyrrolo[2,3-e] [1,2,41triazolo[4,3-alpyrazin-l-yl)cyclopentyl)cyclopropane-

sulfonamide (0.21 g, 64%): LC/MS (Table 2, Method a) Rt  = 1.51 min; MS m/z: 347 (M+H)±. 
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Table N.1 Examples prepared with cyclopropylsulfonyl chloride using General Procedure N 

Amine Product Ex. # 
Rt  min 

(Table 2, 
Method)  

m/z ESI+ 
(M+11)+  

(R)-1-(6H-Pyrrolo[2,3 - 
e][1,2,4]triazolo[4,3- 

a]pyrazin-1-yl)pyrrolidin-3- 
amine (prepared using U from 

Preparation #9 and 
Preparation #10, V, H) 

(R)-N-(1-(6H-Pyrrolo[2,3- 
e] [1,2,4]triazolo[4,3- 

a]pyrazin-1-yl)pyrrolidin-3- 
yl)cyclopropane-sulfonamide 

N.1.2 1.42 (a) 348 

trans-4-(6H-Pyrrolo[2,3- 
e] [1,2,4]triazolo[4,3- 

a]pyrazin-1- 
yl)cyclohexanamine 

hydrochloride (Example 
#D.1.3) 

N-(trans-4-(6H-Pyrrolo[2,3- 
e][1,2,4]triazolo[4,3- 

a]pyrazin-1- 
yl)cyclohexyl)cyclopropanesu 

lfonamide 

N.1.3 1.24 (a) 361 

cis-4-(6H-Pyrrolo[2,3- 
e] [1,2,4]triazolo[4,3- 

a]pyrazin-1- 
yl)cyclohexanamine 

hydrochloride (Example 
#D.1.1) 

N-(cis-4-(6H-Pyrrolo[2,3- 
e][1,2,4]triazolo[4,3- 

a]pyrazin-1- 
yl)cyclohexyl)cyclopropanesu 

lfonamide 

N.1.4 1.54 (a) 361 

(1R,3S)-3-(6H-Pyrrolo[2,3- 
e] [1,2,4]triazolo[4,3- 
a]pyrazin-1-yl)cyclo- 

pentanamine hydrochloride 
(Example #D.1.2) 

N-((1R,35)-3-(6H- 
Pyrrolo[2,3- 

e][1,2,4]triazolo[4,3- 
a]pyrazin-l- 

yl)cyclopentyl)cyclopropanes 
ulfonamide 

N.1.5 1.20 (a) 347 

(1R,3R)-3-(6H-Pyrrolo[2,3- 
e][1,2,4]triazolo[4,3- 

a]pyrazin-1- 
yl)cyclopentanamine 

hydrochloride (Example 
#D.1.4) 

N-((1R,3R)-3-(6H- 
Pyrrolo[2,3- 

e][1,2,4]triazolo[4,3- 
a]pyrazin-1- 

yl)cyclopentyl)cyclopropanes 
ulfonamide 

N.1.6 1.48 (a) 347 

(1S,3S)-3-(6H-Pyrrolo[2,3- 
e] [1,2,4]triazolo[4,3- 

a]pyrazin-1- 
yl)cyclopentanamine 

hydrochloride (Example # 
1.1.2) 

N-((1S,38)-3-(6H-Pyrrolo[2,3- 
e] [1,2,4]triazolo[4,3- 

a]pyrazin-1- 
yl)cyclopentyl)cyclopropanes 

ulfonamide 

N.1.7 1.11 (d) 347 

trans-3-(6H-Pyrrolo[2,3- 
e] [1,2,4]triazolo[4,3- 

a]pyrazin-1- 
yl)cyclohexanamine acetate 

(Example #F.1.2) 

N-(trans-3-(6H-Pyrrolo[2,3- 
e][1,2,4]triazolo[4,3- 

alpyrazin-1- 
yl)cyclohexyl)cyclopropanesu 

lfonamide 

N.1.8 1.34 (a) 361 
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Amine Product Ex. # 
Rt  min 

(Table 2, 
Method) 

/fez ESI
+
+ 

(M+H) 

(R)-1-(Piperidin-3-y1)-6H- 
pyrrolo[2,3- 

e][1 ,2 , 4]tr i az ol or4 ,3 - 
a]pyrazine hydrochloride 

(Example #1.1.1) 

(R) - 1 - (1 - 
(Cyclopropylsulfonyl)piperidi 

n-3-y1)-6H-pyrrolo[2,3- 
e][1,2,4]triazolo[4,3- 

a]pyrazine 

N.1.9 1.51 (a) 347 

1-(4-Methylpiperidin-3-y1)- 
6H-pyrrolo[2,3- 

e][ 1,2,4]triazolo[4,3- 
a]pyrazine (Example 0.1.2) 

1-(1-(Cyclopropylsulfony1)-4- 
methylpiperidin-3-y1)-6H- 

pyrrolo[2,3- 
e] [1,2,4]triazolo[4,3- 

a]pyrazine 

N.1.10 1.62 (a) 361 

cis-3-(6H-Pyrrolo[2,3- 
e][1,2,4]triazolo[4,3- 

a]pyrazin-1- 
yl)cyclobutanamine (Example 

0.1.4) 

N-(cis-3-(6H-Pyrrolo[2,3- 
e] [1,2,4]triazolo[4,3- 

a]pyrazin-1- 
yl)cyclobutyl)cyclopropanesul 

fonamide 

N.1.11 1.43 (a) 333 

trans-3-(6H-Pyrrolo[2,3- 
e] [1,2,4]triazolo[4,3- 

a]pyrazin-1- 
yl)cyclobutanamine 

hydrochloride (Example 
#1.1.4) 

N-(trans-3-(6H-Pyrrolo[2,3- 
e][1,2,4]triazolo[4,3- 

a]pyrazin-1- 
yl)cyclobutyl)cyclopropanesul 

fonamide 

N.1.12 1.25 (a) 333 

(R) -1-(Pyrrolidin-3-y1)-6H- 
pyrrolo[2,3- 

e] [1,2,4]triazolo[4,3- 
a] pyrazine hydrochloride 

(Example #1.1.5) 

(R)- 1-(1- 
(Cyclopropylsulfonyl)pyrrolid 

in-3-yl)-6H-pyrrolo[2,3- 
e] [1,2,4]triazolo[4,3- 

a]pyrazine 

N.1.13 1.37 (a) 333 

((1R,3R)-3-(6H-Pyrrolo[2,3- 
e][ 1,2,4]triazolo[4,3- 

a]pyrazin-1- 
yl)cyclopentyl)methanamine 

hydrochloride (Example 
#F.1.1) 

N-(((1R,3R)-3-(6H- 
Pyrrolo[2,3- 

e][1 ,2 ,4]tr iaz ol o [4 ,3 - 
a]pyrazin-1- 

yl)cyclopentyl)methyl)cyclopr 
opanesulfonamide 

N.1.14 1.59 (a) 361 

(5)-1-(Pyrrolidin-3-y1)-6H- 
pyrrolo[2,3- 

e][1 ,2 , 4]tr i az ol o [4 ,3 - 
a] pyrazine hydrochloride 

(Example #1.1.7) 

(5)- 1 - (1 - 
(Cyclopropylsulfonyl)pyrrolid 

in-3-yl)-6H-pyrrolo[2,3- 
e] [1,2,4]triazolo[4,3- 

a]pyrazine 

N.1.15 1.49 (a) 333 

(1S,3R,4R)-4-Ethyl-3-methyl- 
3-(6H-pyrrolo[2,3- 

e][1 ,2 , 4]tr i az 010[4 ,3 - 
a]pyrazin-1- 

yl)cyclopentanamine and 
(1R,3S,4S)-4-ethy1-3- 

methyl-3-(6H- 

N-((1S,3R,4R)-4-Ethyl-3-
methyl-3-(6H-

pyrrolo[2,3- 
e][1,2,4]triazolo[4,3- 

alpyrazin-1- 
yl)cyclopentyl)cyclopropa 

nesulfonamide and N - 

N.1.16 1.68 (a) 389 
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Amine Product Ex. # 
Rt  min 

(Table 2, 
Method) 

m/z ESI+ 
(M+H)±  

pyrrolo[2,3- 
e][1,2,4]triazolo[4,3- 

a]pyrazin-1- 
yl)cyclopentanamine 

(prepared using A from 
Preparation #9 and 

Preparation #12, HATU, 
and TEA, F with TEA) 

((1R,3S,4S)-4-ethy1-3- 
methyl-3-(6H- 

pyrrolo[2,3- 
e] [1,2,4]triazolo[4,3- 

alpyrazin-1- 
yl)cyclopentyl)cyclopropa 

nesulfonamide 

(R)-1-(1-Methylpiperazin-2- 
y1)-6H-pyrrolo[2,3- 

el [1,2,4]triazolo[4,3- 
cdpyrazine hydrochloride 
(prepared using A from 

Preparation #9 and 
Preparation #16, HATU, 

TEA, C with TEA, H, I with 
4 N HC1 in 1,4-dioxane) 

(R)-1-(4- 
(Cyclopropylsulfony1)-1- 

methylpiperazin-2-y1)-6 H- 
pyrrolo[2,3- 

e] [1,2,4]triazolo[4,3- 
a]pyrazine 

N.1.17 1.55 (a) 362 

(5)-1-(Piperidin-3-y1)-6H- 
pyrrolo[2,3- 

e][1,2,4]triazolo[4,3- 
a]py r azine (Example # 1.1.3) 

(5)-1-(1- 
(Cyclopropylsulfonyl)piperidi 

n-3-y1)-6H-pyrrolo[2,3- 
e][1,2,4]triazolo[4 ,3 - 

a]pyrazine 

N.1.18 1.57 (a) 347 

Table N.2 Examples prepared from (1S,3R)-3-(6H-pyrrolo[2,3-e][1,2,4]triazolo[4,3-

a]pyrazin-l-y1)cyclopentanamine hydrochloride (Example #6, Step C) using General 

Procedure N 

Sulfonyl 
Chloride Product 

Rt  min  
Ex. # (Table 2, 

Method) 

m/z ESI+ 
(M+H)+  

Cyclobutanesulfo 
nyl chloride 

[Handel 

N-((1S,3R)-3-(6H-Pyrrolo[2,3- 
e][1,2,4]triazolo[4,3-a]pyrazin-1- 

yl)cyclopentyl)cyclo- 
butanesulfonamide 

N.2.1 1.68 (a) 361 

Cyclopentanesulf 
onyl chloride 

N-((1S,3R)-3-(6H-Pyrrolo[2,3- 
e][1 ,2 ,4]triazolo[4 ,3 - a]py r azin-1- 

yl)cyclopentyl)cyclo- 
pentanesulfonamide 

N.2.2 1.65 (a) 375 

4- 
(Trifluoromethyl) 

benzene-1- 
sulfonyl chloride 

[Lancaster] 

N-((1S,3R)-3-(6H-Pyrrolo[2,3- 
e][1,2,4]triazolo[4 ,3 - a]py r azin-1- 

yl)cyclopentyl)-4- 
(trifluoromethyl)benzene- 

sulfonamide 

N.2.3 1.95 (a) 451 
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Sulfonyl 
Chloride Product Ex. # 

Rt  min 
(Table 2, 
Method) 

m/z ESI+ 
(M+H)±  

3-  
(Trifluoromethyl) 

benzene-1- 
sulfonyl chloride 

N - a 1S,3R)-3-(6H-Pyrrolo[2,3- 
e][1,2,4]triazolo[4,3-a]pyrazin-1- 

yl)cyclopentyl)-3- 
(trifluoromethyl)benzene- 

sulfonamide 

N.2.4 1.93 (a) 451 

4-  
Chlorobenzenesul 

fonyl chloride 

N-((1S,3R)-3-(6H-Pyrrolo[2,3- 
e][1,2,4]triazolo[4,3-a]pyrazin-1- 

yl)cyclopentyl)-4-chloro- 
benzenesulfonamide 

N.2.5 1.88 (a) 417 

3- 
Chlorobenzenesul 

fonyl chloride 

N-((1S,3R)-3-(6H-Pyrrolo[2,3- 
e][ 1,2,4]triazolo[4,3-a]pyrazin-1- 

yl)cyclopentyl)-3-chloro- 
benzenesulfonamide 

N.2.6 1.85 (a) 417 

Benzenesulfonyl 
chloride 

N-q1S,3R)-3-(6H-Pyrrolo[2,3- 
e][1 ,2 ,4]triazolo[4 ,3 - a]py r azin- 1- 

yl)cyclopentyl)benzenesulfonamide 
N.2.7 1.71 (a) 383 

Cyclohexanesulfo 
nyl chloride 

N-a1S,3R)-3-(6H-Pyrrolo[2,3- 
e][ 1,2,4]triazolo[4,3-a]pyrazin-1- 

yl)cyclopentyl)cyclohexanesulfona 
mide 

N.2.8 1.28 (d) 389 
 

4-Cyanobenzene- 
1-sulfonyl 
chloride 

[Maybridge] 

N-((1S,3R)-3-(6H-Pyrrolo[2,3- 
e][1 ,2 ,4]triazolo[4 ,3 - a]py r azin- 1- 

yl)cyclopenty1)-4- 
cyanobenzenesulfonamide 

N.2.9 1.78 (a) 408 

3-Cyanobenzene- 
1-sulfonyl 
chloride 

[Maybridge] 

N-((1S,3R)-3-(6H-Pyrrolo[2,3- 
e][ 1,2,4]triazolo[4,3-a]pyrazin-1- 

yl)cyclopenty1)-3- 
cyanobenzenesulfonamide 

N.2.10 1.74 (a) 408 

3-Chloro-4- 
fluorobenzene-1- 
sulfonyl chloride 

[Lancaster] 

N-((lS,3R)-3-(6H-Pyrrolo[2,3- 
e] [1,2,4]triazolo[4,3-a]pyrazin-1- 

yl)cyclopentyl)-3-chloro-4- 
fluorobenzene-sulfonamide 

N.2.11-  1.91 (a) 435 
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Table N.3 Examples prepared from (S)-1-(piperidin-3-y1)-6H-pyrrolo[2,3-

e] [1,2,4]triazolo[4,3-a]pyrazine hydrochloride (prepared using A from Preparation #3 and 

(S)-1-(tert-butoxycarbonyl)piperidine-3-carboxylic acid, EDC•HCI, and TEA, C, H, and I) 

using General Procedure N 

Sulfonyl 
Chloride Product Ex. # 

Rt min 
(Table 2, 
Method) 

m/z ESI+ 
(M+11)± 

Propane-1- 
sulfonyl chloride 

(S)-1-(1- 
(Propylsulfonyl)piperidin-3-yl)- 

6H-pyrrolo[2,3- 
e][1 ,2 ,4]tr iazolo[4 ,3 - a]py r azine 

N.3.1 1.61 (a) 349 

Benzenesulfonyl 
chloride 

(S)- 1 - (1 - 
(Phenylsulfonyl)piperidin-3-yl)- 

6H-pyrrolo[2,3- 
e][1 ,2 ,4]triazolo[4 ,3 - a]py r azine 

N.3.2 1.76 (a) 383 

4-Cyanobenzene- 
1-sulfonyl 
chloride 

(S)-4-(3-(6H-Pyrrolo[2,3- 
e][1,2,4]triazolo[4,3-a]pyrazin-1- 

yppiperidin-1- 
ylsulfonyl)benzonitrile 

N.3.3 1.78 (a) 408 

Ethanesulfonyl 
chloride 

(5)- 1 -(1-(Ethylsulfonyl)piperidin- 
3-y1)-6H-pyrrolo[2,3- 

e][1 ,2 , 4]tr i azol o [4 ,3 - a]py r azine 
N.3.4 1.49 (a) 335 

Methanesulfonyl 
chloride 

(S)-1-(1- 
(Methylsulfonyl)piperidin-3-yl)- 

6H-pyrrolo[2,3- 
e][1 ,2 , 4]tr i az ol o [4 ,3 - a]py r azine 

N.3.5 1.43 (a) 321 

Table N.4 Examples prepared from cis-3-(6H-pyrrolo[2,3-e][1,2,4]triazolo[4,3-a]pyrazin-1-

ypcyclohexanamine hydrochloride (Example #F.1.3) using General Procedure N 

Sulfonyl 
Chloride Product Ex. # 

Rt min 
(Table 2, 
Method) 

m/z ESI+ 
im+H)+ 
' 

Cyclopropanesulf 
onyl chloride 

N-(cis-3-(6H-Pyrrolo[2,3- 
e][1,2,4]triazolo[4,3-a]pyrazin-1- 
yl)cyclohexyl)cyclopropanesulfon 

amide 

N.4.1 1.45 (a) 361 

Benzenesulfonyl 
chloride 

N-(cis-3-(6H-Pyrrolo[2,3:  
e][1,2,4]triazolo[4,3-a]pyrazin-1- 

Y1) 
cyclohexypbenzenesulfonamide 

N.4.2 1.68 (a) 397 
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Sulfonyl 
Chloride 

Product Ex. # 
Rt min 

(Table 2, 
Method) 

m/z ESI+ 
(1V1+11)

+ 

4-Cyanobenzene- 
1-Sulfonyl 
chloride 

N-(cis-3-(6H-Pyrrolo[2,3- 
e][1,2,4]triazolo[4,3-a]pyrazin-1- 

yl)cyclohexyl)-4- 
cyanobenzenesulfonamide 

N.4.3 1.70 (a) 422 

Ethanesulfonyl 
chloride 

N-(cis-3-(6H-Pyrrolo[2,3- 
e][1,2,4]triazolo[4,3-a]pyrazin-1- 
yl) cyclohexyl)ethanesulfonamide 

N.4.4 1.47 (a) 349 

Propane-1- 
sulfonyl chloride 

N-(cis-3-(6H-Pyrrolo[2,3- 
e][1,2,4]triazolo[4,3-a]pyrazin-1- 

yl)cyclohexyl)propane-1- 
sulfonamide 

N.4.5 1.51 (a) 363 

Methanesulfonyl 
chloride 

N-(cis-3-(6H-Pyrrolo[2,3- 
e][1,2,4]triazolo[4,3-a]pyrazin-1- 

yl) 
cyclohexyl)methanesulfonamide 

N.4.6 1.41 (a) 335 

Table N.5 Examples prepared from cis-3-(6H-pyrrolo[2,3-e][1,2,4]triazolo[4,3-a]pyrazin-1-

yl)cyclobutanamine (Example #J.1.4) using General Procedure N 

Sulfonyl 
Chloride Product 

Rt  min  
Ex. # (Table 2, 

Method) 

m/z ESI+ 
(M+H)+  

4-Cyanobenzene- 
1-sulfonyl 
chloride 

[Maybridge] 

N-((1,5,3S)-3-(61-1-Pyrrolo[2,3- 
e][1,2,4]triazolo[4,3-a]pyrazin-1- 

yl)cyclobuty1)-4-cyan- 
benzenesulfonamide 

N.5.1 1.76 (a) 394 

	

5 	General Procedure 0: Displacement of an aryl or heteroaryl halide with an amine 

To a microwave vessel is added an amine or an amine salt (preferably 1 equiv), an aryl or 

heteroaryl halide (1-10 equiv, preferably 1.5 equiv) , a solvent such as MeCN, n-PrOH, n-BuOH, 

toluene, DMSO, or EtOH (preferably EtOH), and a base such as K2CO3, Na2CO3, TEA or DIEA, 

preferably TEA or DIEA (1-5 equiv, preferably 2-4 equiv). The reaction mixture is subjected to 

	

10 	microwave heating at about 100-200 °C (preferably about 130-150 °C) for about 0.5-8 h 

(preferably about 1-2 h). In cases where the reaction did not proceed to completion as monitored 

by TLC, LC/MS, or HPLC, the reaction may be resubjected to a microwave at about 120-200 °C 

(preferably about 130-150 °C) for an additional about 1-8 h (preferably about 1-2 h) with the 

optional addition of more aryl or heteroaryl halide (1-10 equiv, preferably 1.5 equiv) and/or base 

	

15 	such as K2CO3, Na2CO3, TEA or DIEA, preferably TEA or DIEA (1-5 equiv, preferably 2-4 

equiv). This process is repeated until the reaction proceeds no further. After cooling to ambient 
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temperature, the reaction is worked up using one of the following methods. Method 1: The 

reaction is concentrated under reduced pressure. Method 2: A reaction mixture containing a 

precipitate may be filtered to collect the target compound, while optionally washing with organic 

solvent or solvents such as Et20, DCM and/or petroleum ether. Method 3: The reaction mixture 

	

5 	is diluted with an organic solvent such as Me0H, silica gel is added, and the mixture is 

concentrated under reduced pressure to prepare for separation by chromatography. Method 4: 

The reaction mixture is concentrated under reduced pressure prior to the addition of an organic 

solvent such as EtOAc or DCM and is then optionally washed with water and/or brine, dried over 

anhydrous Na2SO4  or MgSO4, filtered or decanted, and concentrated under reduced pressure. 

	

10 	Method 5: An organic solvent such as EtOAc or DCM is added with the optional addition of 

water or brine and the layers are separated. The aqueous layer is then optionally extracted with 

additional organic solvent such as EtOAc or DCM. The combined organic layers are optionally 

washed with brine or water, dried over anhydrous MgSO4  or Na2SO4, filtered or decanted, and 

concentrated under reduced pressure. In all cases, the crude material is optionally purified by 

	

15 	precipitation, crystallization, and/or trituration from an appropriate solvent or solvents and/or by 

chromatography to give the target compound. 

Illustration of General Procedure 0 

Example #0.1.1: 6-41S,3R)-3-(6H-Pyrrolo [2,3-e] [1,2,4]triazolo [4,3-a]pyrazin-1- 

	

20 	yl)cyclopentylamino)nicotinonitrile 

.,,NH, 

HCI 

H 

To a microwave vessel was added (1S,3R)-3-(6H-pyrrolo[2,3-e][1,2,4]triazolo[4,3-a]pyrazin- 1-

ypcyclopentanamine hydrochloride (0.0979 g, 0.311 mmol, Example #6, Step C), EtOH (2 mL), 

6-chloronicotinonitrile (0.057 g, 0.41 mmol), and TEA (0.130 mL, 0.932 mmol). The reaction 

25 	mixture was heated in a CEMTNI  microwave at about 130 °C for about 1 h (250 psi maximum 

pressure, 5 min maximum ramp, 300 maximum watts). After cooling to ambient temperature, the 

reaction was concentrated under reduced pressure and purified by silica gel chromatography 

eluting with DCM/Me0H/Et2NH (970:27:3) to give 6-((1S,3R)-3-(6H-pyrrolo12,3-

e][1,2,41triazolo[4,3-alpyrazin-1-Acyclopentylamino)nicotinonitrile (0.027 g, 25%): LC/MS 

30 	(Table 2, Method a) Rt  = 1.24 min; MS m/z: 345(M+H)+. 
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Table 0.1 Examples prepared from (1S,3R)-3-(6H-pyrrolo[2,3-e][1,2,4]triazolo[4,3-

a] pyrazin-l-yl)cyclopentanamine hydrochloride (Example #6, Step C) using General 

Procedure 0 

Aryl or Heteroaryl 
Halide Product Ex. # 

Rt  min 
(Table 2, 
Method) 

m/z ESI+ 
(M+H)+  

6-Chloropyridazine- 
3-carbonitrile (Ark 

Pharm) 

64(1S,3R)-3-(6H-Pyrrolo[2,3-e][1,2,4] 
 

triazolo[4,3-a]pyrazin-l-y1) 
cyclopentylamino)-pyridazine-3- 

carbonitrile 

0.1.2 1.56 (a) 346 

4-Fluorobenzonitrile 
4-((1S,3R)-3-(6H-Pyrrolo[2,3- 

e][1 ,2 , 4]tr i az ol o [4 ,3 - a]py r azin- 1-y1) 
cyclopentylamino)-benzonitrile 

0.1.3 1.79 (a) 344 

2-Chloroquinazoline 
N-((1S,3R)-3-(6H-Pyrrolo[2,3- 

e][ 1,2,4]triazolo[4,3-a] pyrazin-1-y1) 
cyclopentyl)quinazolin-2-amine 

0.1.4 1.72 (a) 371 

2-Chloro-5- 
(trifluoromethyl) 

pyridine 

N-((1S,3R)-3-(6H-Pyrrolo[2,3-e][1,2,4] 
triazolo[4,3-a] pyrazin-l-yl)cyclopenty1)- 

5-(trifluoromethyl)pyridin-2-amine 
0.1.5 1.98 (a) 388 

6-Chloro-5- 
fluoronicotinonitrile 

641S,3R)-3-(6H-Pyrrolo[2,3-e][1,2,4] 
triazolo[4,3-a]pyrazin-l-y1) 

cyclopentylamino)-5-fluoronicotinonitrile 
0.1.6 1.88 (a) 363 

6-Chloro-5- 
methylnicotinonitrile 

64(1S,3R)-3-(6H-Pyrrolo[2,3-e][1,2,4] 
triazolo[4,3-a]pyrazin-1-y1) 

cyclopentylamino)-5-methylnicotinonitrile 
0.1.7 1.78 (a) 359 

5 	Table 0.2 Examples prepared from (R)-1-(piperidin-3-y1)-6H-pyrrolo[2,3-e][1,2,4]triazolo 

[4,3-a]pyrazine hydrochoride (Example #I.1.1) and a heteroaryl halide using General 

Procedure 0 

Aryl or Heteroaryl 

Halide 
Product Ex. # 

Rt  min 

Method) 
nilz 

ESI+ 
(M+H)+  

6-Chloronicotinonitrile 
(R)-6-(3-(6H-Pyrrolo[2,3-e][1,2,4] 

triazolo[4,3 -a] pyrazin-1-yl)piperidin-1- 
yl)nicotinonitrile 

0.2.1 1.76 (a) 345 

6-Chloropyridazine-3- 
(R)-6-(3-(6H-Pyrrolo[2,3-e][1,2,4] 

triazolo[4,3-a]pyrazin-1-yl)piperidin-1- 
yl)pyridazine-3-carbonitrile 

0.2.2 1.57 (a) 346 
carbonitrile [Ark Pharm] 

2-Chloro-5- 
(trifluoromethyl)pyridine 

(R)- 1 -(1-(5-(Trifluoromethyl)pyridin-2- 
yl)piperidin-3-y1)-6H-pyrrolo[2,3- 

e][1 ,2 ,4]tr i az ol o[4 ,3 -a] pyrazine 

0.2.3 2.04 (a) 388 
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Table 0.3 Examples prepared from (1R,3R)-3-(6H-pyrrolo[2,3-e][1,2,4]triazolo[4,3-alpyrazin-

1-yl)cyclopentanamine hydrochloride (Example #D.1.4) using General Procedure 0 

Aryl or Heteroaryl 
Halide Product Ex. # 

Rt  min 
(Table 2, 
Method) 

m/z ESI+ 
(M+H)+  

6- 
Chloronicotinonitrile 

6-((1R,3R)-3-(6H-Pyrrolo[2,3- 
e][1,2,4] triazolo[4,3-a]pyrazin-1- 

yl)cyclopentylamino)nicotinonitrile 
0.3.1 1.65 (a) 345 

6-Chloropyridazine- 
3-carbonitrile 

6-((1R,3R)-3-(6H-Pyrrolo[2,3- 
e][1,2,4] triazolo[4,3-a]pyrazin-1- 
yl)cyclopentylamino)pyridazine-3- 

carbonitrile 

0.3.2 1.53 (a) 346 

4-Fluorobenzonitrile 
441R,3R)-3-(6H-Pyrrolo[2,3- 

e][1,2,4] triazolo[4,3-a]pyrazin-1- 
yl)cyclopentylamino)benzonitrile 

0.3.3 1.81 (a) 344 

Table 0.4 Examples prepared from cis-3-(6H-pyrrolo[2,3-e][1,2,4]triazolo[4,3-a]pyrazin-1- 

5 	yl)cyclohexanamine hydrochloride (Example #F.1.3) using General Procedure 0 

Heteroaryl 
Halide Product Ex. # 

Rt  min 
(Table 2, 
Method) 

m/z ESI+ 
(M+11)+  

2-Chloro-5- 
(trifluoromethyl) 

pyridine 

N-(cis-3-(6H-Pyrrolo[2,3-e][1,2,4] 
triazolo[4,3 -a] pyrazin-l-y1) cyclohexyl)-5- 

(trifluoromethyl) pyridin-2-amine 

0.4.1 1.66 (a) 402 

Table 0.5 Examples prepared from 4-(6-tosy1-6H-pyrrolo[2,3-e][1,2,4]triazolo[4,3- 

a] pyrazin-1-yl)bicyclo[2.2.2]octan-1-amine (prepared using A from Preparation #9, 4-(tert- 

butoxycarbonylamino)bicyclo[2.2.2]octane-l-carboxylic acid [Prime Organics], HATU, and 

10 

	

	TEA, C with TEA, and I with 4N HCI in 1,4-dioxane) and a heteroaryl halide using General 

Procedure 0 

Rt  min m/z ESI+ 
Heteroaryl halide Product Ex. # 

(method) (M+H)+  

6-Fluoronicotinonitrile 
6-(4-(6H-Pyrrolo[2,3 - e][1,2,4]triazolo 

[Matrix] 
[4,3-a]pyrazin-1-yl)bicyclo[2.2.2]octan- 

1-ylamino)nicotinonitrile 
0.5.1 1.48 (a) 385 
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Table 0.6 Example prepared from (1S,3R)-3-(6-tosy1-6H-pyrrolo[2,3-e] [1,2,4]triazolo[4,3-

a] pyrazin-1-yl)cyclopentanamine hydrochloride (prepared using C from Preparation #A.1 

with TEA, I with 4 N HCI in 1,4-dioxane) using General Procedure 0 

Rt min  m/z ESI+ Aryl or Heteroaryl halide Product Ex. # (Table 2, 
Method) 

(M+H)+ 

6-Fluoro-4- 
methylnicotinonitrile 

(prepared using HH from 
Preparation #23) 

6-((1S,3R)-3-(6H-Pyrrolo[2,3- 
e][1,2,4]triazolo[4 ,3 - a]py razin-1- 

yl)cyclopentylamino)-4- 
methylnicotinonitrile 

0.6.1 1.81 (a) 359 

	

5 	Table 0.7 Example prepared from (1R,4S)-3,3-Dimethy1-4-(6H-pyrrolo[2,3- 

e][1,2,4]triazolo[4,3-a]pyrazin-1-yl)cyclopentanamine hydrochloride and (1S,4R)-3,3-

dimethy1-4-(6H-pyrrolo[2,3-e][1,2,4]triazolo[4,3-a]pyrazin-1-yl)cyclopentanamine 

hydrochloride (prepared using prepared using EE from Preparation #25 and N,N-

dibenzylamine, Y with Me0H, FF, P, GG with LiOH, A from Preparation #9 with HATU 

	

10 	and TEA, C with TEA, H, I with 4 N HCI in 1,4-dioxane) using General Procedure 0 

or Heteroaryl 
Halide Product 

Rt min
Aryl 

Ex. # (Table 2, 
Method) 

m/z ESI+ 
(M+11)÷  

5-Chloropyrazine-2- 
carbonitrile 

(1R,45)-3,3-Dimethy1-4-(6H- 
pyrrolo[2,3 - 

e][1,2,4]triazolo[4,3-a]pyrazin- 
1-yl)cyclopentanamine and 

(1S,4R)-3,3-dimethy1-4-(6H- 
pyrrolo[2,3- 

e] [1,2,4]triazolo[4,3-a]pyrazin- 
1-yl)cyclopentanamine 

0.7.1 0.92 (d) 271 

Table 0.8 Example prepared from (R)-1-(1-methylpiperazin-2-y1)-6H-pyrrolo[2,3-

e][1,2,4]triazolo[4,3-a]pyrazine hydrochloride (prepared using A from Preparation #9 and 

Preparation #16, C, H, I) using General Procedure 0 

Heteroaryl Halide Product Ex. # 
Rt  min 

(Table 2, m/z ESI+ 

Method) 
(M+H)÷ 

6-Chloronicotinonitrile 

(R)-6-(4-Methy1-3-(6H- 
pyrrolo[2,3-e][1,2,4]triazolo[4,3- 

a]pyrazin-1-yppiperazin-l- 
y1)nicotinonitrile 

0.8.1 1.70 (a) 360 

15 
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General Procedure 0.1: Displacement of an aryl or heteroaryl halide with an amine (under 

thermal conditions) 

A round bottom flask is charged with a mixture of an amine or an amine salt (preferably 1 equiv), 

an aryl or heteroaryl halide (1-10 equiv, preferably 1.5 equiv), a solvent such as MeCN, toluene, 

	

5 	DMSO, EtOH, or DMF (preferably DMF), and a base such as K2CO3, Na2CO3, TEA or DIEA, 

preferably TEA or K2CO3  (1-5 equiv, preferably 2-4 equiv). The reaction mixture is heated at 

about 40-220 °C (preferably about 65 °C) for about 0.5-16 h (preferably about 8.5 h). In cases 

where the reaction did not proceed to completion as monitored by TLC, LC/MS, or HPLC, the 

reaction may be resubjected heating at about 40-220 °C (preferably about 65 °C) for an additional 

	

10 	about 1-12 h (preferably about 1-2 h) with the optional addition of more aryl or heteroaryl halide 

(1-10 equiv, preferably 1.5 equiv) and/or base such as K2CO3, Na2CO3, TEA or DIEA, preferably 

TEA or K2CO3  (1-5 equiv, preferably 2-4 equiv). This process is repeated until the reaction 

proceeds no further. After cooling to ambient temperature, the reaction mixture is subjected to 

one of the following methods. Method 1: The reaction is concentrated to dryness under reduced 

	

15 	pressure. Method 2: A reaction mixture containing a precipitate may be filtered to collect the 

target compound, while optionally washing with organic solvent or solvents such as Et20, DCM 

and/or petroleum ether. Method 3: The reaction mixture is diluted with an organic solvent (such 

as Me0H) silica gel is added, and the mixture is concentrated under reduced pressure to prepare 

for separation by chromatography. Method 4: The reaction mixture is concentrated under 

	

20 	reduced pressure prior to the addition of an organic solvent such as EtOAc or DCM and is then 

optionally washed with water and/or brine, dried over anhydrous Na2SO4  or MgSO4, filtered or 

decanted, and concentrated under reduced pressure. Method 5: An organic solvent such as 

EtOAc or DCM is added with the optional addition of water or brine and the layers are separated. 

The aqueous layer is then optionally extracted with additional organic solvent such as EtOAc or 

	

25 	DCM. The combined organic layers are optionally washed with brine or water, dried over 

anhydrous MgSO4  or Na2SO4, filtered or decanted, and concentrated under reduced pressure. In 

all cases, the crude material is optionally purified by precipitation, crystallization, and/or 

trituration from an appropriate solvent or solvents and/or by chromatography to give the target 

compound. 

30 
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Illustration of General Procedure 0.1 

Preparation #0.1.1: N-(4-(6-Tosy1-6H-pyrrolo [2,3-e] [1,2,4] triazolo [4,3-a] pyrazin-1- 

yl)bicyclo [2.2.2] octan-1-yObenzo[d]oxazol-2-amine 

	

5 	A pear shaped flask was charged with 4-(6-tosy1-6H-pyiTolo[2,3-e][1,2,4]triazolo[4,3-a]pyrazin- 

1-yl)bicyclo[2.2.2]octan- 1 -amine (0.20 g, 0.46 mmol, Example #7, Step B) and 2-

chlorobenzo[d]oxazole (0.18 g, 1.1 mmol, TCI) in DMF (5.0 mL). To the suspension was added 

K2CO3  (0.16 g, 1.1 mmol) and the mixture was heated to about 65 °C for about 8.5 h. The 

mixture was cooled to room temperature and the solvent was removed under reduced pressure. 

	

10 	The residue was dissolved into EtOAc (25 mL) and washed with water and brine (25 mL each). 

The organic solution was dried over anhydrous MgSO4, filtered, and concentrated to dryness 

under reduced pressure to give N-(4-(6-tosy1-611-pyrrolo[2,3-e] [1,2,41triazolo[4,3-a]pyrazin-l-

Abicyclo[2.2.2Joctan-l-Abenzo[d]oxazol-2-amine (0.26 g, 95%, 95% purity by ELSD): LC/MS 

(Table 2, Method d) Rt  = 1.48 min; MS m/z: 554 (M+H)±. 

15 

General Procedure P: Boc-protection of an amine 

To a solution of an amine (preferably 1 equiv) in an organic solvent (for example MeCN, 1,4-

dioxane or THF, preferably THF) is optionally added an aqueous base such as Na2CO3, NaOH, 

K2CO3  or NaHCO3  (2-20 equiv, preferably 10 equiv of Na2CO3) or an organic base such as TEA 

	

20 	or DIEA (1-5 equiv, preferably 1-2 equiv) followed by addition of di-tent-butyl dicarbonate (1-1.5 

equiv, preferably 1.2 equiv). The reaction is stirred at about 10-40 °C (preferably ambient 

temperature) for about 2-24 h (preferably about 2-6 h) and worked up using one of the following 

methods. Method 1: An organic solvent (such as Et20, EtOAc or DCM) and water are added and 

the layers are separated. The aqueous layer is extracted with additional organic solvent and the 

	

25 	combined organic layers may be optionally washed with brine, dried over anhydrous Na2SO4  or 

MgSO4, and then decanted or filtered prior to concentrating under reduced pressure. Method 2: 

The reaction mixture is partitioned between an organic solvent (such as Et20, EtOAc or DCM) 

and aqueous acid (such as HC1). The acidic layer is extracted with additional organic solvent and 

the combined organic layers may be optionally washed with brine. The organic layer is optionally 

	

30 	dried over anhydrous Na2SO4  or MgSO4, and then decanted or filtered prior to concentrating 

under reduced pressure. Method 3: An organic solvent (such as Et20, EtOAc or DCM) and water 

are added and the layers are separated. The aqueous layer is acidified using an acid (such as 
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AcOH) which forms a precipitate, which can then be decanted or filtered with optionally washing 

with excess water. The crude material is optionally purified by precipitation, crystallization, 

and/or trituration from an appropriate solvent or solvents and/or by chromatography to give the 

target compound. 

5 

Illustration of General Procedure P 

Preparation #P.1: (1R,3S)-3-((tert-Butoxycarbonylamino)methyl)cyclopentanecarboxylic 

acid 

0 

HO 

 

0 

HO 

  

=NH2 	
=NH ,.., 

0\  

10 	To a solution of (1R,35)-3-(aminomethyl)cyclopentanecarboxylic acid (0.500 g, 3.49 mmol, 

AFID) in THE (4 mL) and water (4 mL) was added Na2CO3  (1.11 g, 10.5 mmol) and di-tert-butyl 

dicarbonate (0.915 g, 4.19 mmol). The reaction was stirred at ambient temperature for about 4 h. 

EtOAc (15 mL) and aqueous HC1 (1N, 15 mL) were added and the layers were separated. The 

aqueous layer was extracted with EtOAc (2 x 10 mL) and the combined organic layers were 

15 	washed with brine (10 mL). The organic layer was dried over anhydrous Na2SO4, filtered, and 

concentrated under reduced pressure to give (1R,3S)-3-((tert-butoxycarbonylamino)methyl) 

cyclopentanecarboxylic acid (0.300 g, 35% yield). 1H NMR (DMSO-d6) 5 11.97 (s, 1H), 6.83 (s, 

1H), 2.87 (t, J= 6.4, 2H), 2.73-2.58 (m, 1H), 2.04-1.87 (m, 2H), 1.82-1.68 (m, 2H), 1.68-1.58 (m, 

1H), 1.37 (s, 9H), 1.34-1.19 (m, 2H). 

20 

General Procedure Q: Cbz-protection of an amine 

To a solution of an amine (preferably 1 equiv) and a base (for example, Na2CO3, 1-3 equiv, 

preferably 3 equiv) in water or aqueous organic solvent (for example, water/MeCN) is added a 

solution of benzyl 2,5-dioxopyrrolidin-l-y1 carbonate (1-2 equiv, preferably 1.3 equiv) in an 

25 	organic solvent such as MeCN. The reaction is stirred at ambient temperature for about 8- 24 h 

(preferably about 16 h) and then concentrated under reduced pressure. The resulting aqueous 

solution is acidified by adding an acid such as aqueous NH4C1 or HC1 and is then extracted with 

an organic solvent (such as EtOAc or DCM). The combined organic extracts are optionally 

washed with water and/or brine, dried over anhydrous Na2SO4  or MgSO4, filtered or decanted, 

30 	and concentrated under reduced pressure. The crude material is optionally further purified by 
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precipitation, crystallization, and/or trituration from an appropriate solvent or solvents and/or by 

chromatography to give the target compound. 

Illustration of General Procedure Q 

5 	Preparation #Q.1: 1-(Benzyloxycarbonyl)piperidine-4-carboxylic acid 

  

OH 

 

To a solution of piperidine-4-carboxylic acid (10.0 g, 77.4 mmol) and Na2CO3  (8.21 g, 77.4 

mmol) in water (100 mL) was added a solution of benzyl 2,5-dioxopyrrolidin-l-y1 carbonate (19.3 

g, 77.4 mmol) in MeCN (100 mL). The reaction was stirred at ambient temperature for about 16 

10 	h and then concentrated under reduced pressure. The resulting aqueous solution was quenched 

with aqueous NH4C1 and was then extracted with EtOAc (2 x 100 mL). The combined organic 

extracts were dried over anhydrous Na2SO4, filtered, and concentrated under reduced pressure to 

give 1-(benzyloxycarbonyl)piperidine-4-carboxylic acid as a white solid (4.56 g, 22%): LC/MS 

(Table 2, Method a) Rt  = 1.93 min; MS m/z: 262 (M-1-1)-. 

15 

General Procedure R: Reduction of a pyridine 

A substituted pyridine (preferably 1 equiv) and platinum(IV) oxide (0.05-0.20 equiv, preferably 

0.09 equiv) in AcOH are shaken under hydrogen at about 15-90 psi (preferably about 60 psi) for 

about 1-10 days (preferably about 3-5 days). The reaction is filtered through Celite®  then 

20 concentrated under reduced pressure and optionally further purified by precipitation, 

crystallization, and/or trituration from an appropriate solvent or solvents and/or by 

chromatography to give the target compound. 

Illustration of General Procedure R 

25 	Preparation #R.1: 4-Methylpiperidine-3-carboxylic acid acetate 

0 0 

N 
H HOAc 

4-Methylnicotinic acid (2.00 g, 14.6 mmol) and platinum(IV) oxide (0.30 g, 1.3 mmol) in AcOH 

(70 mL) were shaken under hydrogen at about 60 psi for about 3 days. The reaction was filtered 

through Celite®  then concentrated under reduced pressure to afford 4-methylpiperidine-3- 

30 	carboxylic acid acetate as an oil (2.9 g, 98%): LC/MS (Table 2, Method a) Rt  = 0.55 min; MS 

in/z: 144 (M+H)4. 
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General Procedure S: Reduction of an ester to an alcohol 

A reducing agent (2.0-2.5 equiv, preferably 2.1 equiv), such as a solution of DIBAL-H, is added 

drop-wise to a solution of an ester (preferably 1 equiv) in an organic solvent (such as THF or 

	

5 	Et20, preferably THF) at about 0-25 °C (preferably about 0 °C). The reaction is stirred for about 

1-3 h (preferably about 1 h) before quenching with 10% aqueous potassium sodium tartrate 

solution in water. The reaction is allowed to stir for about 1 h before it is concentrated under 

reduced pressure. The residue is partitioned with an organic solvent (such as EtOAc or DCM, 

preferably EtOAc) and then is washed with brine. The organic layer is dried over anhydrous 

	

10 	Na2SO4  or MgSO4, filtered, and concentrated to constant weight. The crude material is optionally 

further purified by precipitation, crystallization, and/or trituration from an appropriate solvent or 

solvents and/or by chromatography to give the target compound. 

Illustration of General Procedure S 

	

15 	Preparation #S.1: tert-Butyl 3-(hydroxymethyl)-4-methylpiperidine-1-carboxylate 

0 	

) 0H 

00 
	

0 0 

DIBAL-H (1 M in toluene, 27.3 mL, 27.3 mmol) was added drop-wise to a solution of 1-tert-

butyl 3-methyl 4-methylpiperidine-1,3-dicarboxylate (3.35 g, 13.02 mmol, prepared using R from 

Preparation #Y.1 and P) in THF (40 mL) at about 0 °C. The reaction mixture was stirred for 

	

20 	about 1 h before quenching with 10% aqueous potassium sodium tartrate solution in water (50 

mL). The reaction mixture was allowed to stir for about 1 h before it was concentrated under 

reduced pressure. The residue was partitioned with EtOAc (200 mL) and brine (3 x 100 mL). 

The organic layer was dried over anhydrous Na2SO4, filtered, and concentrated to constant weight 

to afford tert-butyl 3-(hydroxymethyl)-4-methylpiperidine-1-earboxylate as a clear oil (2.58 g, 

	

25 	86%): LC/MS (Table 2, Method a) Rt  = 2.10 min; MS m/z: 230 (M+H)+. 

General Procedure T: Oxidation of an alcohol to an aldehyde 

To a solution of an alcohol (preferably 1 equiv) in DCM is added Dess-Martin periodinane (1.0- 

1.5 equiv, preferably 1.2 equiv). The reaction is stirred at ambient temperature for about 4-24 h 

	

30 	(preferably about 8-16 h). The reaction is partitioned between an organic solvent such as EtOAc 

or DCM (preferably EtOAc) and an aqueous base such as saturated aqueous NaHCO3  or Na2CO3  

(preferably Na2CO3). The organic layer is separated, filtered through Celite, and washed with an 

aqueous base such as saturated aqueous NaHCO3  or Na2CO3  (preferably Na2CO3). The organic 

layer is dried over anhydrous Na2SO4  or MgSO4, filtered, and concentrated under reduced 
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pressure to a constant weight. The crude material is optionally purified by precipitation, 

crystallization, and/or trituration from an appropriate solvent or solvents and/or by 

chromatography to give the target compound. 

5 	Illustration of General Procedure T 

Preparation #T.1: tert-Butyl 3-formyl-4-methylpiperidine-1-carboxylate 

To a solution of tert-butyl 3-(hydroxymethyl)-4-methylpiperidine-1-carboxylate (2.58 g, 11.2 

mmol, Preparation #S.1) in DCM (50 mL) was added Dess-Martin periodinane (5.73 g, 13.5 

10 	mmol). The reaction was stirred at ambient temperature for about 16 h before it was partitioned 

between EtOAc (150 mL) and saturated aqueous NaHCO3  (150 mL). The organic layer was 

filtered through Celite®  then washed with saturated aqueous Na2CO3  (2 x 150 mL). The organic 

layer was separated and dried over anhydrous Na2SO4, filtered, and concentrated under reduced 

pressure to a constant weight to afford tert-butyl 3-formy1-4-rnethylpiperidine-l-carboxylate as a 

15 	clear oil (1.49 g, 58%): LC/MS (Table 2, Method a) Rt  = 2.39 min; MS m/z: 228 (M-FH)1. 

General Procedure U: Formation of a semicarbazide 

To a flask containing a hydrazine (preferably 1 equiv) in an organic solvent (such as CHC13, THF, 

or DCM, preferably CHC13) is added an organic base (1-3 equiv, preferably 1 equiv) such as TEA, 

20 	DIEA, NMM, or pyridine (preferably TEA). The reaction mixture is optionally cooled to about -

10 to 10 °C (preferably about 0 °C) and a carbamoyl chloride (neat or as a solution in a suitable 

organic solvent as listed above, preferably as a solution in a suitable organic solvent) (1-2 equiv, 

preferably 1.2 equiv) is added. The reaction mixture is stirred at about 0-60 °C (preferably about 

45 °C) for about 1-24 h (preferably about 16 h). A suitable organic solvent (such as EtOAc or 

25 	DCM) is added and the solution is washed with water and brine. The layers are partitioned and 

the organic solution is dried over anhydrous Na2SO4  or MgSO4, filtered, and concentrated to 

dryness under reduced pressure to give the target compound. The crude material is optionally 

further purified by precipitation, crystallization, or trituration from an appropriate solvent or 

solvents or by chromatography to give the target compound. 

30 
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Illustration of General Procedure U 

Preparation #U.1: AP-(5-Tosy1-5H-pyrrolo[2,3-b]pyrazin-2-yl)piperidine-l-carbohydrazide 

HN 	r\J 

 

0\NH 
FIN 

0 

 

A 25 mL round-bottomed flask was charged with 2-hydraziny1-5-tosy1-5H-pyrrolo[2,3-b]pyrazine 

	

5 	(0.075 g, 0.25 mmol, Preparation #9) and TEA (0.041 mL, 0.29 mmol) in CHC13  (1.2 mL) to give 

a brown suspension. Piperidine-l-carbonyl chloride (0.040 g, 0.27 mmol) was added and the 

reaction was stirred at ambient temperature for about 3 h. The reaction mixture was heated to 

about 45 °C for about 16 h. The mixture was cooled to ambient temperature, DCM (25 mL) was 

added, and the solution was washed with water and brine (about 5 mL each). The layers were 

	

10 	separated and the organic solution was dried over anhydrous MgSO4, filtered, and concentrated to 

dryness under reduced pressure to give N'-(5-tosy1-5H-pyrrolo[2,3-b]pyrazin-2-Apiperidine-1-

carbohydrazide (0.11 g, 100%): LC/MS (Table 2, Method a) Rt  = 2.09 min; MS m/z: 415 

(M+H)+. 

	

15 	General Procedure V: Cyclization of a semicarbazide 

To a flask containing a semicarbazide (preferably 1 equiv) is added POC13  (10-100 equiv, 

preferably 50 equiv). The reaction mixture is stirred at about 25-120 °C (preferably about 70-100 

°C) for about 1-10 h (preferably about 2-4 h). Optionally, the reaction mixture is stirred at 

ambient temperature for about 1-48 h (preferably about 24-36 h). If the mixture had been heated 

	

20 	at an elevated temperature, it is cooled to ambient temperature before pouring over ice or ice 

water. A suitable organic solvent (such as EtOAc or DCM) and an aqueous base (such as 

Na2CO3, NaHCO3, or NaOH) are added to the mixture and the organic layer is separated. 

Optionally, the aqueous solution is further extracted with a suitable organic solvent (such as 

EtOAc or DCM). The combined organic extracts are dried over anhydrous Na2SO4  or MgSO4, 

	

25 	filtered, and concentrated to dryness under reduced pressure to give the target compound. The 

crude material is optionally purified by precipitation, crystallization, or trituration from an 

appropriate solvent or solvents or by chromatography to give the target compound. 
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Illustration of General Procedure V 

Preparation #V.1: 1-(Piperidin-1-y1)-6-tosy1-6H-pyrrolo[2,3-e][1,2,4]triazolo[4,3-alpyrazine 

0 
NH 

o- 

A flask was charged with N-(5-tosy1-5H-pyrrolo[2,3-b]pyrazin-2-yDpiperidine-1-carbohydrazide 

	

5 	(0.18 g, 0.43 mmol, Preparation #U.1) followed by the addition of POC13  (2.0 mL, 21.5 mmol). 

The mixture was heated to about 100 °C for about 2 h. The reaction mixture was cooled to 

ambient temperature and stirred for about 36 h at ambient temperature. The mixture was slowly 

poured over ice (about 15 g), followed by the addition of DCM (50 mL) and a solution of 

saturated aqueous Na2CO3  (25 mL) to the resulting suspension. The layers were separated and the 

	

10 	organic solution was dried over anhydrous MgSO4, filtered, and concentrated to dryness under 

reduced pressure to give 1-6)iperidin-1-y1)-6-tosyl-6H-pyrrolo[2,3-e][1,2,41triazolo[4,3-

akyrazine (0.11 g, 63%) as a brown solid: LC/MS (Table 2, Method a) Rt  = 2.36 min; MS m/z: 

397 (M+H)+. 

	

15 	General Procedure W: Formation of an acid chloride 

To a solution of a carboxylic acid (preferably 1 equiv) in an organic solvent (preferably DCM) is 

added oxalyl chloride (1.2-2.0 equiv, preferably 2 equiv) followed by DMF (0.01-0.10 equiv, 

preferably about 0.05 equiv). The reaction is stirred at about 0-40 °C (preferably ambient 

temperature) for about 3-6 h (preferably about 4 h) before it is concentrated under reduced 

	

20 	pressure to a constant weight to give the target compound. 

Illustration of General Procedure W 

Preparation #W.1: 2-Methylcyclohexanecarbonyl chloride 

OH 	 CI 

25 	To a solution of 2-methylcyclohexanecarboxylic acid (6.00 mL, 42.6 mmol, mixture of cis and 

trans) in DCM (60 mL) was added oxalyl chloride (4.80 mL, 55.3 mmol) followed by DMF (0.03 

mL, 0.4 mmol). The reaction was stirred at ambient temperature for about 4 h before it was 

concentrated under reduced pressure to a constant weight to afford 2-methylcyclohexanecarbonyl 

chloride (mixture of diastereomers) as a yellow oil (7.0 g, 97%): 1H NMR (400 MHz, CDC13) 8 
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2.98-2.94 (m, 1H), 2.39-2.35 (m, 1H), 1.91-1.82 (m, 1H), 1.79-1.72 (m, 1H), 1.69-1.60 (m, 2H), 

1.57-1.47 (m, 2H), 1.42-1.36 (m, 1H), 1.34-1.26 (m, 1H), 1.04-0.96 (m, 3H). 

General Procedure X: Formation of a urea using CDI 

	

5 	To a flask containing an amine or an amine salt (preferably 1 equiv) is added CDI (1-2 equiv, 

preferably 1.10 equiv) and an organic solvent (such as 1,4-dioxane, THF, DCM, DMF, or 

pyridine, preferably pyridine). If an amine salt is used, pyridine is used as the solvent. The 

reaction mixture is stirred at ambient temperature for about 2-24 h (preferably about 16 h). A 

second amine (1-3 equiv, preferably 1.10 equiv) is then added to the mixture which is stirred at 

	

10 	ambient temperature for about 2-24 h (preferably about 16 h). The organic solvent is optionally 

removed under reduced pressure. The crude material can be partitioned between an organic 

solvent (such as EtOAc or DCM) and water, an aqueous base (such as saturated aqueous 

NaHCO3) or brine. The layers are separated and the organic solution is optionally washed with 

water, an aqueous base (such as saturated aqueous NaHCO3) and/or brine, dried over anhydrous 

	

15 	Na2SO4  or MgSO4, filtered, and concentrated under reduced pressure to give the target compound. 

The crude material is optionally purified by precipitation, crystallization, or trituration from an 

appropriate solvent or solvents or by chromatography to give the target compound. 

Illustration of General Procedure X 

	

20 	Example #X.1.1: N-(cis-3-(6H-Pyrrolo [2,3-e] [1,2 ,4] triazolo [4,3-a] pyrazin-1- 

Acyclohexyppyrrolidine-1-carboxamide 

NH2  

HCI 

 

	10- 

 

H 
	

H 

To a flask containing cis-3-(6H-pyrrolo[2,3-e][1,2,4]triazolo[4,3-a]pyrazin-l-yl)cyclohexanamine 

hydrochloride (0.050 g, 0.171 mmol, Example #F.1.3) was added CDI (0.030 g, 0.188 mmol) and 

25 	pyridine (2 mL). The reaction mixture was stirred at ambient temperature for about 16 h. 

Pyrrolidine (0.016 mL, 0.188 mmol) was added to the reaction mixture and stirred for about 16 h. 

The solvent was removed under reduced pressure and the crude material was purified by RP-

HPLC (Table 2, Method j). The appropriate fractions were combined, the solvent was mostly 

removed under reduced pressure, and the solid was filtered and dried under lyophilization to give 

30 N-(cis-3-(6H-pyrrolo[2,3-07,2,4]triazolo[4,3-alpyrazin-1-Acyclohexyl)pyrrolidine-1- 

carboxamide (0.010 g, 16%): LC/MS (Table 2, Method a) Rt  = 1.45 min; MS m/z 354 (M+H)+. 
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General Procedure Y: Formation of an ester from a carboxylic acid 

A solution of a carboxylic acid (preferably 1 equiv) and a mineral acid (such as H2SO4  or HC1, 

preferably 0.2-3 equiv of H2SO4, preferably a saturated solution of HCl in an alcohol (such as 

Me0H or EtOH, preferably Me0H) is stirred at about 0-80 °C (preferably about 60 °C when 

	

5 	using H2SO4  or preferably ambient temperature when using HC1) for about 8-24 h (preferably 

about 16 h). The reaction is concentrated under reduced pressure and then is partitioned with 

EtOAc or DCM (preferably EtOAc) and saturated aqueous NaHCO3. The organic layer is dried 

over anhydrous Na2SO4  or MgSO4, filtered, and concentrated under reduced pressure to a constant 

weight. The crude material is optionally purified by precipitation, crystallization, and/or 

	

10 	trituration from an appropriate solvent or solvents and/or by chromatography to give the target 

compound. 

Illustration of General Procedure Y 

Preparation #Y.1 Methyl 4-methylnicotinate 

0 	 IR 

OH 
	

I 

	

15 	 M \1 

A solution of 4-methylnicotinic acid (2.00 g, 14.6 mmol) and concentrated H2SO4  (4.66 mL, 87.6 

mmol) in Me0H (50 mL) was heated at about 60 °C for about 16 h. The reaction was 

concentrated under reduced pressure then partitioned with EtOAc (150 mL) and saturated aqueous 

NaHCO3  (200 mL). The organic layer was dried over anhydrous Na2SO4, filtered, and 

	

20 	concentrated under reduced pressure to a constant weight to afford methyl 4-methylnicotinate as a 

clear liquid (2.30 g, 94 %): LC/MS (Table 2, Method a) Rt  = 1.67 min; MS m/z: 152 (M+H)±. 

General Procedure Z: N-Alkylation using an alkyl halide or a-haloketone 

A round bottom flask is charged with a base (such as NaH, 60% dispersion in mineral oil), 

	

25 	K2CO3, or Cs2CO3, preferably NaH, (60% dispersion in mineral oil), 1-1.5 equiv, preferably 1.2 

equiv) and an organic solvent (such as DMF or NMP, preferably DMF). The mixture is cooled to 

about -10-10 °C (preferably about 0 °C) and a solution of an appropriately substituted amine 

(preferably 1 equiv) in an organic solvent (such as DMF) is added. The reaction mixture is stirred 

for about 5-90 min (preferably about 15 min) at about -10 °C-ambient temperature (preferably 

	

30 	about 0 °C) followed by the addition of an alkyl halide or a-haloketone (1-2 equiv, preferably 1.5 

equiv). The reaction mixture is stirred at about -10 °C-ambient temperature (preferably about 0 

°C) for about 0.5-2 h (preferably about 0.5 h), and is then warmed to room temperature (in cases 

where the mixture had been cooled throughout the reaction duration). The reaction mixture is 

stirred at room temperature for about 1-20 h (preferably about 2 h). The organic solvent is 

	

35 	removed under reduced pressure and the mixture can be purified by one of the following methods. 
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Method 1) The mixture may be diluted with water and an organic solvent (for example, EtOAc or 

DCM). The layers are separated and the aqueous is extracted with organic solvent (such as 

EtOAc and/or DCM). The combined organic layers are optionally washed with brine, dried over 

anhydrous MgSO4, filtered, and concentrated to dryness under reduced pressure. Method 2) The 

	

5 	crude material is optionally purified by precipitation, crystallization, and/or trituration from an 

appropriate solvent or solvents and/or by chromatography to give the target compound. 

Illustration of General Procedure Z 

Preparation #Z.1 N-Methyl-N-(4-(6-tosyl-6H-pyrrolo[2,3-e] [1,2,4]triazolo [4,3-a] pyrazin-1- 

	

10 	yl)bicyclo[2.2.2]octan-l-y1)cyclopropanesulfonamide 

A round bottom flask was charged with sodium hydride (60% dispersion in mineral oil, 0.013 g, 

0.33 mmol) and DMF (1 mL) to give a white suspension. The suspension was cooled to about 0 

°C followed by the addition of a solution of N-(4-(6-tosy1-6H-pyrrolo[2,3-e][1,2,4]triazolo[4,3- 

15 	a]pyrazin-1-yObicyclo[2.2.2]octan-1-y1)cyclopropanesulfonamide (0.15 g, 0.27 mmol, Example 

#7, Step C) in DMF (2 mL). The reaction mixture was stirred for about 15 min and iodomethane 

(0.06 g, 0.41 mmol) was added. The reaction mixture was stirred at about 0 °C for about 30 min, 

warmed to room temperature, and stirring was continued for about 2 h. The solvent was removed 

under reduced pressure. The residue was dissolved in DCM (5 mL) then purified by flash silica 

20 	gel chromatography using EtOAc as the eluant to give N-methyl-N-(4-(6-tosy1-6H-pyrrolo[2,3-

e][1,2,4firiazolo[4,3-cdpyrazin-1-Abicyclo[2.2.2Joctan-1-Acyclopropanesulfonamide (0.068 g, 

45%) as a yellow solid: LC/MS (Table 1, Method a) Rt  = 2.35 min; LC/MS m/z 555 (M+H)±. 

General Procedure AA: Cyclization of an amide using a dithiadiphosphetane reagent 

25 	To a solution of an amide (preferably 1 equiv) in an organic solvent (preferably 1,4-dioxane) is 

added a thiolating reagent such as Lawesson's reagent or Belleau's reagent (2,4-bis(4-

phenoxypheny1)-1,3-dithia-2,4-diphosphetane-2,4-disulfide) (preferably Lawesson's reagent) 

(0.5-2.0 equiv, preferably 0.6 equiv). The reaction is heated at about 25-120 °C (preferably about 

80 °C) for about 0.5-10 h (preferably about 1 h). The reaction mixture is allowed to cool to 

30 	ambient temperature and a Lewis acid, such as diacetoxymercury, mercury dichloride, silver 

nitrate, copper bromide (preferably diacetoxymercury) (1-3 equiv, preferably 1 equiv) is added. 

The reaction mixture is stirred at about 20-60 °C (preferably ambient temperature) for about 0.5-4 
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h (preferably about 1 h). Optionally, additional Lewis acid (preferably diacetoxymercury) (0.2-1.0 

equiv, preferably 0.5 equiv) is added and the reaction is continued for about 10 min-3 h 

(preferably about 15 min). The reaction mixture is added to an organic solvent (preferably EtOAc) 

and filtered, preferably through a pad of Celite®. The filtrate is concentrated under reduced 

	

5 	pressure to give the target compound. Optionally, the product can be purified by crystallization or 

trituration from an appropriate solvent or solvents, or by chromatography to give the target 

compound. 

Illustration of General Procedure AA 

	

10 	Preparation #AA.1: tert-Butyl 4-m ethyl-3-(6-tosy1-6H-imidazo 	pyrrolo [2,3-el pyrazin- 

1-yl)piperidine-1-carboxylate 

To a solution of tert-butyl 4-methy1-34(5-tosyl-5H-pyrrolo[2,3-b]pyrazin-2-

yOmethylcarbamoyDpiperidine- 1 -carboxylate (44 g, 83 mmol, Example #13, Step H) in 1,4- 

15 	dioxane (500 mL) was added Lawesson's reagent (20.2 g, 50.0 mmol). The reaction was heated at 

about 80 °C for about 1 h. The reaction was allowed to cool to ambient temperature followed by 

the addition of diacetoxymercury (26.6 g, 83.0 mmol). 	After about 1 h, additional 

diacetoxymercury (13.3 g, 42.0 mmol) was added. After about 15 min, the reaction was poured 

into stirred EtOAc (2 L). After about 15 min the reaction was filtered through Celite®  and the 

20 	filtrate was concentrated under reduced pressure. The resulting residue was triturated with EtOAc 

(500 mL) and filtered. The filtrate was concentrated under reduced pressure and purified by silica 

gel chromatography (330 g column) eluting with a gradient of 10-50% EtOAc in heptane to 

provide tert-butyl 4-methyl-3-(6-tosy1-6H-imidazo[1,5-a]pyrrolo[2,3-e]pyrazin-1-Apiperidine-1-

carboxylate (19 g, 44%) as a white solid: LC/MS (Table 2, Method a) Rt  = 2.57 min; MS m/z: 

25 	510 (M+H)+. 

General Procedure BB: Knoevenagel condensation to form a substituted cyclopentadiene 

A round-bottom flask is charged with an organic solvent (for example THF or diethylene glycol 

30 	dimethyl ether; preferably THF), followed by the portion-wise addition of sodium hydride (60% 
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dispersion in mineral oil) (preferably 1 equiv). An organic solvent can optionally be added. The 

reaction mixture is cooled to about —10 °C to 0 °C (preferably about 0 °C). A f3-keto ester 

(preferably 1 equiv) is added drop-wise at a rate to keep the internal temperature below about 10 

°C. The resulting mixture is stirred at about 0-25 °C (preferably about 25 °C) for about 0.5-2 h 

	

5 	(preferably about 0.5 h), followed by drop-wise addition of an a-halo ketone (preferably 0.45 — 

0.55 equiv). The resulting mixture is heated to about 40-80 °C (preferably about 50 °C) for about 

3-24 h (preferably about 19 h). The organic solvent is removed under reduced pressure and the 

resulting crude material is treated with water and placed in an ice bath. The resulting suspension is 

filtered after about 1-3 h (preferably about 2 h) and the filter cake is washed with water and dried 

	

10 	under vacuum for about 1-3 h (preferably about 1 h). The resulting solid is suspended in an 

organic solvent (preferably Et20) and is collected by vacuum filtration, washed with an organic 

solvent (preferably Et20), and dried under vacuum to give the desired product as a sodium salt of 

the enolate. 

	

15 	Illustration of General Procedure BB 

Preparation #BB.1: Sodium 4-(ethoxycarbony1)-3-ethy1-2-(methoxycarbonyl)cyclopenta-1,3-

dienolate 

  

0 0 	0 0 

 

A round bottom flask was charged with THF (1.5 L) followed by the portion-wise addition of 

20 	sodium hydride (60% dispersion in mineral oil, 70.0 g, 1.75 mol). Additional THF (500 mL) was 

added and the resulting mixture was cooled to about —10 ° and ethyl propionylacetate (250 mL, 

1.80 mol) was added drop-wise over about 1 h in order to keep internal temperature below about 

10 °C. The resulting mixture was stirred at ambient temperature for about 0.5 h to give a clear 

yellow solution, and methyl 4-chloroacetoacetate (100 mL, 0.88 mol) was added drop-wise over 

25 	about 5 min. The resulting mixture was heated at about 50 °C for about 19 h to give a reddish 

orange suspension. The reaction mixture was cooled to ambient temperature, concentrated under 

reduced pressure and the resulting liquid was transferred to a beaker and diluted with water (350 

mL). The mixture was stirred and placed in an ice bath for about 2 h. The solid was collected by 

vacuum filtration and the filter cake was rinsed with water (150 mL) and dried under vacuum for 

30 	about 1 h. The solid was suspended in Et20 (1.5 L), filtered, washed with Et20 (1.5 L), and dried 

under vacuum. The resulting solid was azeotroped with toluene (1 L) to give a solid that was re-

suspended in Et20 (1 L) and collected by vacuum filtration. The filter cake was washed with Et20 

(500 mL) and dried under vauum to give sodium 4-(ethoxycarbony1)-3-ethy1-2- 
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(methoxycarbonyl)cyclopenta-1,3-dienolate (204.2 g, 89 %) as beige solid: 1H NMR (DMSO-d6) 

8 3.94 (q, J=7.1 Hz, 2H), 3.46 (s, 3H), 3.04 (q, J=7.2 Hz, 2H), 2.66 (s, 2H), 1.13 (t, J=7.1 Hz, 

3H), 0.99 (t, J7.3 Hz, 3H). 

	

5 	General Procedure CC: Decarboxylation of a f3-ketoester enolate 

A round-bottom flask is charged with an appropriate P-keto ester or its sodium enolate 

(preferably 1 equiv), an organic solvent (for example diethylene glycol dimethyl ether), and 

AcOH (2-5 equiv, preferably 2.5 equiv). To the resulting mixture is added sodium iodide (2-5 

equiv, preferably 3.5 equiv) portion-wise. The reaction is heated to reflux for about 1-5 h 

	

10 	(preferably about 3 h). The reaction is cooled to ambient temperature and is poured into a mixture 

of ice and saturated sodium bicarbonate solution. The resulting mixture is extracted with an 

organic solvent (preferably Et20). The combined organic layers are dried over anhydrous Na2SO4  

or MgSO4, filtered, and concentrated to dryness under reduced pressure. The crude material is 

optionally purified by vacuum distillation, precipitation, crystallization, and/or trituration from an 

	

15 	appropriate solvent or solvents and/or by chromatography to give the target compound. 

Illustration of General Procedure CC 

Preparation # CC.1: Ethyl 2-ethyl-4-oxocyclopent-2-enecarboxylate 

0 
NaO 

20 A round-bottom flask was charged with sodium 4-(ethoxycarbony1)-3-ethy1-2-

(methoxycarbonyl)cyclopenta-1,3-dienolate (250 g, 0.94 mol, Preparation #BB.1) and diglyme 

(1.1 L) to give a green suspension, followed by AcOH (140 mL, 2.4 mol). To the resulting 

mixture was added sodium iodide (490 g, 3.3 mol) portion-wise over about 5-10 min. Upon 

addition, the temperature rose from about 16 °C to about 36 °C. The reaction mixture was then 

25 	heated to reflux for about 3 h, cooled to room temperature, and poured over a mixture of ice (2 L) 

and saturated aqueous NaHCO3  (4 L). The resulting material was extracted with Et20 (4 x 1.2 L) 

and the combined organic layers were dried over anhydrous MgSO4  and filtered. The solvent was 

removed under reduced pressure to give a brown liquid (250 mL) that was purified by vacuum 

distillation (80-92 °C, 0.3 Torr) to give ethyl 2-ethyl-4-oxocyclopent-2-enecarboxylate (95.7 g, 56 

30 	%) as a yellow syrup: 1H NMR (CDC13) 8 6.04 (m, 1H), 4.26-4.15 (m, 2H), 3.76-3.69 (m, 1H), 

2.75-2.57 (m, 2H), 2.56-2.44 (m, 2H), 1.32-1.26 (m, 3H), 1.23-1.18 (m, 3H). 
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General Procedure DD: Hydrogenation of an alkene 

A round-bottom flask is charged with 10% palladium on carbon (about 0.02-0.05 equiv, 

preferably 0.02 equiv). The flask is evacuated then flushed with nitrogen 2-5 times (preferably 3 

times), then is optionally cooled to about -10-10 °C (preferably about 0 °C) prior to addition of an 

	

5 	organic solvent (preferably EtOAc) under a nitrogen atmosphere. The cooling bath is removed 

and to the mixture is added an alkene (preferably 1 equiv) neat or optionally as a solution in an 

organic solvent (preferably EtOAc). Hydrogen gas is bubbled through the reaction mixture for 

about 5-20 min (preferably about 5 min) and the mixture is stirred under a hydrogen atmosphere 

for about 12-60 h (preferably about 48 h). In cases where the reaction does not proceed to 

10 completion as monitored by TLC, LC/MS, or HPLC, the hydrogen source is removed, the 

reaction mixture is bubbled with nitrogen for about 5-20 min (preferably about 5 min) and then 

filtered through a pad of Celite®,  and the filtrate is concentrated under reduced pressure. The 

crude material is re-subjected to the previously described reaction conditions for about 2-20 h 

(preferably about 5 h). The hydrogen source is removed and the mixture is bubbled with nitrogen 

	

15 	for about 5-20 min (preferably about 5 min) and then filtered through a pad of Celite®. The filter 

cake is rinsed with an organic solvent (preferably EtOAc) and the filtrate is concentrated under 

reduced pressure to give the crude product. The crude material is optionally purified by 

precipitation, crystallization, and/or trituration from an appropriate solvent or solvents and/or by 

chromatography to give the target compound. 

20 

Illustration of General Procedure DD 

Preparation # DD.1: Ethyl 2-ethyl-4-oxocyclopentanecarboxylate 

0 	 0 

A round-bottom flask was charged with 10% palladium on carbon (10 g, 9.4 mmol). The flask 

25 	was cooled to about 0 °C and EtOAc (400 mL) was added under a nitrogen atmosphere. The 

cooling bath was removed and ethyl 2-ethyl-4-oxocyclopent-2-enecarboxylate (47.8 g, 263 mmol, 

Preparation #CC.1) was added. Hydrogen gas was bubbled through the mixture for about 5 min 

and the mixture was then stirred under a hydrogen atmosphere for about 48 h. The hydrogen 

source was removed and the mixture was bubbled with nitrogen for about 5 min and was filtered 

30 	through a pad of Celite®. The filter cake was rinsed with EtOAc (400 mL). The filtrate was 

concentrated under reduced pressure to give ethyl 2-ethyl-4-oxocyclopentanecarboxylate (about 

9:1 mixture cis: trans) (48.0 g, 99%) as a yellow liquid: 1H NMR (CDC13) 5 4.23-4.10 (m, 2H), 

3.22 (m, 1H), 2.59-2.50 (m, 1H), 2.44-2.28 (m, 3H), 2.26-2.16 (m, 1H), 1.58-1.46 (m, 1H), 1.41-

1.30 (m, 1H), 1.30-1.23 (m, 3H), 1.02-0.91 (m, 3H). 
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General Procedure EE: Reductive amination of a ketone or an aldehyde 

A round-bottom flask is charged with a ketone or an aldehyde (1-40 equiv; preferably 1 equiv) in 

an organic solvent (such as DCE, MeCN, Me0H, or MeCN/Me0H; preferably DCE). The 

	

5 	mixture is optionally cooled to about -10-10 °C (preferably about 0 °C) and AcOH (1-3 equiv; 

preferably 1.5 equiv) and an amine (1-3 equiv, preferably 1 equiv) are added drop-wise, followed 

by the portion-wise addition of a suitable reducing agent such as sodium triacetoxyborohydride, 

sodium cyanoborohydride, sodium borohydride, preferable sodium triacetoxy borohydride (1-6 

equiv, preferably 1.5 equiv). Alternatively, to a solution of an amine (1-3 equiv, preferably 1 

	

10 	equiv) in an organic solvent (such as DCE, MeCN, or Me0H; preferably DCE) is added a ketone 

or an aldehyde (1-40 equiv; preferably 1 equiv) followed by subsequent portion-wise addition of 

an appropriate reducing agent such as sodium triacetoxyborohydride, sodium cyanoborohydride, 

sodium borohydride, preferable sodium triacetoxyborohydride (1-6 equiv, preferably 1.5 equiv). 

The mixture is stirred for about 5-20 min (preferably about 15 min) followed by the drop-wise 

	

15 	addition of AcOH (1-3 equiv; preferably 1.5 equiv). If the reaction mixture becomes too viscous 

to stir freely, additional organic solvent (such as DCE, MeCN, Me0H, or MeCN/Me0H mixture; 

preferably DCE) is optionally added to aid stirring. The reaction mixture is stirred at room 

temperature for about 1-48 h (preferably about 20 h). The reaction mixture is slowly poured into 

a solution of aqueous base (such as saturated aqueous NaHCO3) followed by optional addition of 

	

20 	solid NaHCO3  and stirred for about 0.5-3 h (preferably about 2 h). The layers are separated and 

the organic solution is dried over anhydrous Na2SO4  or MgSO4, filtered, and concentrated to 

dryness under reduced pressure. The crude material is optionally purified by precipitation, 

crystallization, and/or trituration from an appropriate solvent or solvents and/or by 

chromatography to give the target compound. 

25 

Illustration of General Procedure EE 

Preparation # EE.1: Ethyl 4-(dibenzylamino)-2-ethylcyclopentanecarboxylate 

g0— 

c
o 

  

 

O  

10 o 
A round-bottom flask was charged with ethyl 2-ethyl-4-oxocyclopentanecarboxylate (95.9 g, 521 

30 

	

	mmol, Preparation #DD.1) and DCE (1.8 L). The solution was cooled to about 0 °C and AcOH 

(45 mL, 780 mmol) and dibenzylamine (120 mL, 625 mmol) were added drop-wise, resulting in 

formation of a thick suspension. The reaction mixture was warmed to about 10 °C and additional 

DCE (500 mL) was added. Sodium triacetoxyborohydride (166 g, 781 mmol) was added portion- 
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wise and the reaction mixture was stirred at room temperature for about 20 h. The reaction 

mixture was slowly poured into stirred saturated aqueous NaHCO3  (1.5L), followed by the 

portion-wise addition of solid sodium bicarbonate (175 g,). The mixture was stirred for about 2 h 

and the organic layer was separated, dried over anhydrous Na2SO4, and concentrated to dryness 

	

5 	under reduced pressure. The crude yellow oil was purified by silica gel chromatography using 

EtOAc/heptane as eluant (0-20% EtOAc in heptane). The solvent was removed under reduced 

pressure to yield ethyl 4-(dibenzylamino)-2-ethylcyclopentanecarboxylate (136.6 g, 72 %) as a 

white solid: LC/MS (Table 2, Method a) Rt  = 3.26 min; MS m/z: 366 (M+H)±  

	

10 	General Procedure FF: Debenzylation of an amine 

To a slurry of a palladium catalyst (for example Pd(OH)2-C or Pd/C; preferably Pd(OH)2-C) 

(0.01-0.1 equiv, preferably 0.02 equiv) in an organic solvent (preferably EtOH) is added a 

dibenzylamine compound (preferably 1 equiv). The mixture is shaken or stirred at about 25-60 °C 

(preferably about 50 °C) for about 1-96 h (preferably about 1.5 h) at about 30-60 psi H2 

	

15 	(preferably about 30 psi H2). After removal of the H2 source, the mixture is filtered through a pad 

of Celite®  and the filtrate is concentrated under reduced pressure to give the desired product. The 

crude material is optionally purified by precipitation, crystallization, and/or trituration from an 

appropriate solvent or solvents and/or by chromatography to give the target compound. 

	

20 	Illustration of General Procedure FF 

Preparation # FF.1: Ethyl 4-amino-2-ethylcyclopentanecarboxylate 

NH2  

To a vessel containing a slurry of 20% Pd(OH)2-C (12.9 g, 92.0 mmol) in Et0H (1.0 L) was 

added ethyl 4-(dibenzylamino)-2-ethylcyclopentanecarboxylate (129 g, 352 mmol, Preparation 

25 	#EE.1). The reaction was shaken for about 90 min at about 50 °C under about 30 psi of H2. After 

removal of the H2 source, the resulting mixture was filtered through a pad of Celite®  and the 

filtrate was concentrated under reduced pressure to give ethyl 4-amino-2-

ethylcyclopentanecarboxylate (64.5 g, 99 %) as a yellow syrup: 1HNMR (CDC13) 5 4.03-3.88 (m, 

2H), 3.17 (m, 1H), 2.68 (m, 1H), 2.09-2.02 (m, 2H), 2.02-1.94 (m, 2H), 1.84 (m, 1H), 1.58-1.48 

30 	(m, 1H), 1.32-1.18 (m, 1H), 1.09 (m, 3H), 1.03 (m, 2H), 0.78-0.69 (m, 3H). 
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General Procedure GG: Hydrolysis of an ester to a carboxylic acid 

To a flask containing an ester (preferably 1 equiv) either neat or in an organic solvent (such as 

1,4-dioxane, Me0H, or THF/Me0H, preferably 1,4-dioxane) is added an aqueous base (such as 

aqueous NaOH or LiOH, 1-10 equiv, preferably 2-6 equiv). The mixture is stirred at about 0-100 

	

5 	°C (preferably ambient temperature) for about 1-12 h (preferably about 4-8 h). The reaction 

mixture is then acidified with the addition of a suitable aqueous acid (such as aqueous HC1). The 

layers are separated and the aqueous layer is optionally extracted with additional organic solvent 

(such as EtOAc or DCM, preferably DCM). The organic layer or layers are optionally dried over 

anhydrous Na2SO4  or MgSO4, filtered, and concentrated to dryness under reduced pressure to give 

	

10 	crude target compound. Alternatively, the reaction mixture is concentrated under reduced 

pressure to give crude target compound as a carboxylate salt. The crude material is optionally 

purified by precipitation, crystallization, and/or trituration from an appropriate solvent or solvents 

and/or by chromatography to give the target compound. 

	

15 	Illustration of General Procedure GG 

Preparation #GG.1: (1S,2R,4S)-4-(Cyclopropanesulfonamido)-2- 

ethylcyclopentanecarboxylic acid 

R
s
,p 

\,—< 
.NH 

2. 

To a flask containing (1S,2R,4S)-ethyl 4-(cyclopropanesulfonamido)-2-ethylcyclopentane- 

	

20 	carboxylate (11.1 g, 38.4 mmol, Example #15, Step F) was added aqueous NaOH (1 N, 210 mL, 

210 mmol). After stirring at ambient temperature for about 8 h, the reaction was acidified to 

about pH 1 using 6 N aqueous HCl and extracted with DCM (3 x 150 mL). The combined 

organic layers were washed with brine, dried over anhydrous MgSO4, filtered, and concentrated 

under 	reduced 	pressure 	to 	give 	(1S,2R,4S)-4-(cyclopropanesulfonatnido)-2- 

	

25 	ethylcyclopentanecarboxylic acid with 25 mol % DCM as an excipient (10.7 g, 99%): LC/MS 

(Table 2, Method a) Rt  = 1.71 min; MS m/z: 260 (M-I-1)-. 

General Procedure HH: Dehydration of an amide to a nitrile 

A mixture of a benzamide (preferably 1 equiv) and a dehydrating agent (preferably POC13) 

	

30 	(10-30 equiv; preferably 20 equiv) is heated at about 30-80 °C (preferably about 60 °C) with 

stirring for about 1-3 h (preferably about 1 h). The reaction mixture is then concentrated to 

dryness under reduced pressure. The resulting crude product is partitioned between an organic 

solvent (such as EtOAc) and saturated aqueous NaHCO3  solution. The layers are separated, and 

the organic solution is washed with brine and dried over anhydrous Na2SO4  or MgSO4, filtered, 

p 

...NH 

OH 
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and concentrated to dryness under reduced pressure. The crude material is optionally purified by 

precipitation, crystallization, and/or trituration from an appropriate solvent or solvents and/or by 

chromatography to give the target compound. 

5 	Illustration of General Procedure HH 

Preparation # HH.1: 6-Chloro-4-(trifluoromethyl)nicotinonitrile 

CF3 
0 

N- 	NH2  

A mixture of 6-chloro-4-(trifluoromethyl)nicotinamide (0.847 g, 3.77 mmol, Preparation #27) and 

POC13  (7.03 mL, 75.0 mmol) was heated at about 60 °C with stirring for about 1 h. The reaction 

10 	mixture was cooled to ambient temperature and concentrated to dryness under reduced pressure 

and the resulting material was partitioned between chilled saturated aqueous NaHCO3  (30 mL) 

and EtOAc (30 mL). The layers were separated and the organic solution was washed with 

saturated aqueous NaHCO3  solution (30 mL) and brine (30 mL), dried over anhydrous Na2SO4, 

filtered, and concentrated to dryness under reduced pressure to give 6-chloro-4- 

15 	(trifluoromethAnicotinonitrile (0.67 g, 86 %) as a brown liquid: LC/MS (Table 2, Method a) Rt  = 

2.31 min: 1H NMR (CDC13) S 8.87 (s, 1H), 7.75 (s, 1H). 

General Procedure II: Chiral preparative HPLC purification 

Chiral purification is performed using Varian 218 LC pumps, a Varian CVM 500 with switching 

20 	valves and heaters for automatic solvent, column and temperature control and a Varian 701 

Fraction collector. Detection methods include a Varian 210 variable wavelength detector, an in-

line polarimeter (PDR-chiral advanced laser polarimeter, model ALP2002) used to measure 

qualitative optical rotation (+/-) and an evaporative light scattering detector (ELSD) (a PS-ELS 

2100 (Polymer Laboratories)) using a 100:1 split flow. ELSD settings are as follows: evaporator: 

25 	46 °C, nebulizer: 24 °C and gas flow: 1.1 SLM. 

Table II.1 Examples prepared using General Procedure II from racemates 

Race- 

mate 
Product Ex. # 

Rt  min 
(Table 2, 
Method) 

in/z E SI+ 
im_i_Hr  

Ex. 
#H.1.55 

N-((1R,3,5,4R)-3-Ethyl-4-(6H-pyrrolo[2,3- 
e][1,2,4]triazolo[4,3-a]pyrazin-1- 

yl)cyclopentyl)cyclopropanesulfonamide 
[Table 3, Method 4, Rt  22 min, or= positive] 

II.1.1 1.77 (a) 375 
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Race- 

mate 
Product Ex. # 

Rt  min 
(Table 2' 
Method) 

m/z ESI+ 
(M+H) 

 4. 

Ex. 
#H.1.56 

N-((1S,3S,4R)-3-(6H-Imidazo[1,5- 
a]pyrrolo[2,3-e]pyrazin-1-yl)-4- 

methylcyclopentyl)cyclopropanesulfonamide 
[Table 3, Method 4, Rt  31 min, or= negative] 

11.1.2 1.81 (a) 360 

Ex. 
#H.1.56 

N-((1R,3R,4S)-3-(6H-Imidazo[1,5- 
a]pyrrolo[2,3-e]pyrazin-l-yl)-4- 

methylcyclopentyl)cyclopropanesulfonamide 
[Table 3, Method 4, Rt  34 min, or= positive] 

11.1.3 1.82 (a) 360 

Ex. 
#H.1.53 

N-((1R,4S)-3,3-Dimethy1-4-(6H-pyrrolo[2,3- 
e] [1,2,4]triazolo[4,3-a]pyrazin-1- 

yl)cyclopentyl)cyclopropanesulfonamide 
[Table 3, Method 7, Rt  13.5 min, or= negative] 

H.1.4 1.77 (a) 375 

Ex. 
#H.1.53 

N-a1S,4R)-3,3-Dimethyl-4-(6H-pyrrolo[2,3- 
e][1,2,4]triazolo[4,3-a]pyrazin-1- 

yl)cyclopentyl)cyclopropanesulfonamide 
[Table 3, Method 7, Rt  15.5 min, or= negative] 

11.1.5 1.77 (a) 375 

Ex. 
#H.1.57 

N-((1S,3R,4S)-3-Ethyl-4-(6H-imidazo[1,5- 
a]pyrrolo[2,3-e]pyrazin-1- 

yl)cyclopentyl)cyclopropanesulfonamide 
[Table 3, Method 8, Rt  16.5 min, or= negative] 

11.1.6 1.94 (a) 374 

Ex. 
#H.1.57 

N-((lR,3S,4R)-3-Ethy1-4-(6H-imidazo[1,5- 
a]pyrrolo[2,3-e]pyrazin-1- 

yl)cyclopentyl)cyclopropanesulfonamide 
[Table 3, Method 8, Rt  23.5 min, or= positive] 

11.1.7 1.95 (a) 374 

Ex. 
#H.1.19 

N-(( 1R,3S,4R)-3-Ethy1-4-(6H-pyrrolo[2,3- 
e][1 ,2 ,4]triazolo[4 ,3 - a]py r azin- 1- 

yl)cyclopentyl)cyclobutanesulfonamide [Table 
3, Method 6, Rt  14.0 min, or= positive] 

11.1.8 1.75 (a) 389 

Ex. 
#H.1.19 

N-((1S,3R,4S)-3-Ethy1-4-(6H-pyrrolo[2,3- 
e][1,2,4]triazolo[4,3-a]pyrazin-1- 

yl)cyclopentyl)cyclobutanesulfonamide [Table 
3, Method 6, Rt  17.0 min, or= negative] 

11.1.9 1.75 (a) 389 

Ex. 
#H.1.20 

N 41R,3S,4R)-3-Ethyl-4-(6H-pyrrolo[2,3- 
e] [1,2,4]triazolo[4,3-a]pyrazin-1- 

yl)cyclopentyl)cyclopentanesulfonamide 
[Table 3, Method 6, Rt  14.0 min, or 	positive] 

II.1.10 1.83 (a) 403 

Ex. 
#H.1.20 

N-((1S,3R,45)-3-Ethyl-4-(6H-pyrrolo[2,3- 
e] [1,2,4]triazolo[4,3-a]pyrazin-1- 

yl)cyclopentyl)cyclopentanesulfonamide 
[Table 3, Method 6, Rt  17.0 min, or= negative] 

II.1.11 1.83 (a) 403 
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Race- 

mate 
Product Ex. # 

Rt  min 
(Table 2, 
Method) 

m/z ESI+ 
tm+H)+ 
' 

Ex. 
#H.1.61 

N-((1S,3R,4S)-3-Ethyl-4-(3-methyl-6H-
imidazo[1,5-a]pyrrolo[2,3-e]pyrazin-1- 

yl)cyclopentyl)cyclopropanesulfonamide 
[Table 3, Method 1, Rt  20.0 min, or= negative] 

11.1.12 1.93 (a) 388 

Ex. 
#H.1.61 

N-((1R,3S,4R)-3-Ethy1-4-(3-methyl-6H-
imidazo[1,5-a]pyrrolo[2,3-e]pyrazin-1- 

yl)cyclopentyl)cyclopropanesulfonamide 
[Table 3, Method 1, Rt  19.0 min, or= positive] 

11.1.13 1.93 (a) 388 

Ex. 
#H.1.52 

N-((1R,3S,4R)-3-Methy1-4-(6H-pyrrolo[2,3- 
e][1,2,4]triazolo[4,3-a]pyrazin- 1- 

yl)cyclopentyl)cyclopropanesulfonamide 
[Table 3, Method 3, Rt=12.0 min, or=positive] 

11.1.14 1.62 (a) 361 

Ex. 
#L.3.10 

343S,48)-3-(6H-imidazo[1,5-a]pyrrolo[2,3- 
e]pyrazin-l-y1)-4-methylpiperidin-l-y1)-3- 

oxopropanenitrile [Table 3, Method 9, Rt=7.8 
min, or=negative] 

11.1.15 1.05 (a) 256 

Table 11.2 Examples prepared using General Procedure H to separate scalemic mixtures 

Scalemic Mixture Product Ex. # Rt  min 
(method) 

m/z ESI+ 
(M+H)+  

4-Cyano-N41R,35)-2,2-dimethyl-3- 
(6-tosyl-6H-pyrrolo[2,3- 

e][1,2,4]triazolo[4,3-a]pyrazin-1- 
yl)cyclobutyl)benzenesulfonamide 
(prepared using A from (1S,3R)-3- 

acetamido-2,2- 
dimethylcyclobutanecarboxylic acid 

[prepared as described in Tetrahedron: 
Asymmetry 2008, 19, 302-308] and 
Preparation #9, EDC, C with DIEA, 

JJ, N with 4-cyanobenzene-l-sulfonyl 
chloride [Maybridge], DIEA, H) 

4-Cyano-N-((1R,38)- 
2,2-dimethyl-3-(6H- 

pyrrolo[2,3- 
e] [1,2,4]triazolo[4,3- 

a]pyrazin-1- 
yl)cyclobutyl)benzene 

 
sulfonamide (Table 3, 

 
Method 5, Rt=16.0 min, 

 
or=negative) 

 

11.2.1 1.88 (a) 422 

4-Cyano-N-R1R,3S)-2,2-dimethy1-3- 
(6-tosy1-6H-pyrrolo[2,3- 

e][1,2,4]triazolo[4,3-a]pyrazin-1- 
yl)cyclobutyl)benzenesulfonamide 
(prepared using A from (1S,3R)-3- 

acetamido-2,2- 
dimethylcyclobutanecarboxylic acid 

[prepared as described in Tetrahedron: 
Asymmetry 2008, 19, 302-308] and 
Preparation #9, EDC, C with DIEA, 

JJ, N with 4-cyanobenzene-l-sulfonyl 
chloride [Maybridge], DIEA, H) 

4-Cyano-N-((1S,3R)- 
2,2-dimethyl-3-(6H- 

pyrrolo[2,3- 
e] [1,2,4]triazolo[4,3- 

a] pyrazin-1- 
yl)cyclobutyl)benzene 

 sulfonamide (Table 3, 
 

Method 5, Rt=11.0 min, 
 

or=positive) 
 

11.2.2 1.88 (a) 422 
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Scalemic Mixture Product Ex. # Rt  min 
(method) 

nez ESI+ 
(M+H)±  

6-((1R,3S)-2,2-Dimethy1-3-(6-tosyl- 
6H-pyrrolo[2,3-e][1,2,4]triazolo [4,3- 

a]pyrazin-1- 
yl)cyclobutylamino)nicotinonitrile 
(prepared using A from (1S,3R)- 3- 

acetamido-2,2- 
dimethylcyclobutanecarboxylic acid 

[prepared as described in Tetrahedron: 
Asymmetry 2008, 19, 302-308] and 
Preparation #9, EDC, C with DIEA, 
JJ, 0 with 6-fluoronicotinonitrile 

[Matrix], H) 

6-((18,3R)-2,2- 
Dimethyl-3-(6H-

pyrrolo[2,3- 
e][1,2,4]triazolo[4,3- 

a]pyrazin-1- 
yl)cyclobutylamino)nic  

otinonitrile (Table 3,  
Method 2, Rt=6.4 min,  

or—positive) 
 

11.2.3 1.87 (a) 359 

64(1R,35)-2,2-Dimethyl-3-(6-tosyl- 
6H-pyrrolo[2,3-e][1,2,4]triazolo[4,3- 

a]pyrazin-1- 
yl)cyclobutylamino)nicotinonitrile 
(prepared using A from (1R,3S)-3- 

acetamido-2,2- 
dimethylcyclobutanecarboxylic acid 

[prepared as described in Tetrahedron: 
Asymmetry 2008, 19, 302-308] and 
Preparation #9, EDC, C with DIEA, 
JJ, 0 with 6-fluoronicotinonitrile 

[Matrix], H) 

64(1R,3S)-2,2- 
Dimethyl-3-(6H-

pyrrolo[2,3- 
e][1,2,4]triazolo[4,3- 

a]pyrazin-1- 
yl)cyclobutylamino)nic  

otinonitrile (Table 3, 
 

Method 2, Rt=8.8 min,  
or=negative) 

11.2.4 1.87 (a) 359 

General Procedure JJ: Acidic hydrolysis of an acetyl protected amine 

To a solution of an N-acetamide (preferably 1 equiv) in an organic solvent (such as 1,4-dioxane) 

	

5 	is added an acid, such as 6 N aqueous HCI (3-100 equiv, preferably 40 equiv). The reaction 

mixture is heated at about 60-100 °C (preferably about 100 °C) for about 1- 24 h (preferably 

about 16 h). The reaction mixture is allowed to cool to ambient temperature before it is 

partitioned between an organic solvent (such as EtOAc or DCM) and aqueous base (such as 

NaHCO3, Na2CO3  or NaOH, preferably NaHCO3) and the aqueous layer is optionally extracted 

	

10 	with additional organic solvent (such as EtOAc or DCM). The organic layer is dried over 

anhydrous MgSO4  or Na2SO4, filtered, and concentrated under reduced pressure. The crude 

material is optionally purified by precipitation, crystallization, and/or trituration from an 

appropriate solvent or solvents and/or by chromatography to give the target compound. 

15 
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N. 

Illustration of General Procedure JJ 

Preparation #JJ.1: (1R,3S)-2,2-Dimethy1-3-(6-tosy1-6H-pyrrolo[2,3-e][1,2,4]triazolo[4,3-

a]pyrazin-1-y1)cyclobutanamine 

0/ 
NH 

5 To a solution of N-((1R,35)-2,2-dimethyl-3-(6-tosyl-6H-pyrrolo[2,3-e][1,2,4]triazolo[4,3-

a]pyrazin-l-y1)cyclobutypacetamide (2.20 g, 4.86 mmol, prepared using A from Preparation #9 

and (1S,3R)-3-acetamido-2,2-dimethylcyclobutanecarboxylic acid [prepared as described in 

Tetrahedron: Asymmetry 2008, 19, 302-308] with EDC, C with DIEA) in 1,4-dioxane (30 mL) 

was added 6 N aqueous HC1 (32.4 mL, 194 mmol). The reaction was heated at about 100 °C for 

10 	about 16 h. The reaction was allowed to cool to ambient temperature and was partitioned between 

EtOAc (500 mL) and aqueous NaHCO3  (500 mL). The organic layer was dried over anhydrous 

Na2SO4, filtered, and concentrated under reduced pressure to give (1R,3S)-2,2-dimethy1-3-(6-

tosy1-6H-pyrrolo[2,3-e][1,2,4Jtriazolo[4,3-alpyrazin-1-Acyclobutanamine (1.56 g, 78 %) as a 

tan solid: LC/MS (Table 2, Method a) Rt= 1.60 min; MS m/z: 411 (M+H)+. 

15 

General Procedure KK: Cyclopropanation using chloroiodomethane 

To an alkene, cycloalkene, or ocji-unsaturated ketone (preferably 1 equiv) in an organic solvent 

(for example, Et20, toluene, or DCM, preferably DCM) is added diethylzinc (preferably 1.1 M in 

toluene, 1-10 equiv, preferably 5 equiv) drop-wise. The reaction mixture is stirred at ambient 

20 	temperature for about 10-40 min (preferably about 10 min). The reaction mixture is cooled to 

about 0 °C, followed by the drop-wise addition of a solution of chloroiodomethane (1-10 equiv, 

preferably 5 equiv) in an organic solvent (for example, Et20, toluene, or DCM, preferably DCM). 

The reaction mixture is warmed to ambient temperature and stirred for about 1-20 h (preferably 

about 18 h). To the reaction mixture is then added saturated aqueous NH4C1 and stirred for about 

25 	10-60 minutes (preferably about 20 min). The resulting mixture is extracted with an organic 

solvent (preferably DCM). The organic layer is optionally washed with saturated aqueous 

NaHCO3  and/or brine. In all cases, the solution is dried over anhydrous Na2SO4  or MgSO4, then 

decanted or filtered prior to concentrating under reduced pressure. The crude material is 

optionally purified by precipitation, crystallization, and/or trituration from an appropriate solvent 

30 	or solvents and/or by chromatography to give the target compound. 
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Illustration of General Procedure KK 

Preparation #KK.1: (1R,2S,4R,5S)-Methyl 4-(ethoxyca rbonylamino)bicyclo [3.1.0] h exane-2- 

ca rboxylate 

5 

HO 

0 

1 \/ 	 -O 

)L 
 

H 	
0 	'N 

To (1S,4R)-4-(tert-butoxycarbonylamino)cyclopent-2-enecarboxylic acid (2.70 g, 11.8 mmol, 

Preparation #17) in DCM (170 mL) was slowly added diethylzinc (1.1 M in toluene, 54.0 mL, 

59.4 mmol). The mixture was stirred for about 10 min at ambient temperature, cooled to about 0 

°C, and treated drop-wise with a solution of chloroiodomethane (4.30 mL, 59.4 mmol) in DCM 

10 	(24 mL). The reaction mixture was allowed to warm to room temperature and was stirred for 

about 18 h. Saturated aqueous NRIC1 (10 mL) was added and the mixture was stirred for about 

20 min. The layers were separated and the aqueous layer was further extracted with DCM (20 

mL). The combined organic layers were washed with brine (20 mL), dried over anhydrous 

MgSO4, filtered, and concentrated under reduced pressure. The crude material was purified by 

15 	silica gel chromatography eluting with a gradient of 0-100% EtOAc/heptane to afford 

(1R,2S,4R,5S)-methyl 4-(ethoxycarbonylamino)bicyclo[3.1.0Jhexane-2-carboxylate (0.95 g, 

35%): LC/MS (Table 2, Method a) Rt  = 1.88 min; MS m/z: 228 (M+H)±. 

General Procedure LL.1: Formation of a bromomethyl ketone from an acid chloride using 

20 	1-methyl-3-nitro-l-nitrosoguanidine 

To a mixture of an aqueous base (such as 45% KOH) (100-200 equiv, preferably 125 equiv) and 

an organic solvent (such as Et20) at about -20-20 °C (preferably about 0 °C) is added 1-methy1-3-

nitro- 1-nitrosoguanidine [TCI] (5-20 equiv, preferably 12 equiv) portion-wise to generate CH2N2 

in situ. After about 0.5- 2.0 h (preferably about 0.5 h) the layers are separated and the organic 

25 	layer is added slowly to a solution of an appropriately substituted acid chloride (preferably 1 

equiv) in an organic solvent (such as THF, 1,4-dioxane or Et20, preferably THF) at about -20-20 

°C (preferably about 0 °C). The reaction mixture is stirred for about 0.5 -2.0 h (preferably about 

0.5 h) at about -20-20 °C (preferably about 0 °C) before the drop-wise addition of 48% aqueous 

HBr (10-40 equiv, preferably 14 equiv). After about 15-30 min, (preferably about 15 min) the 

30 	reaction mixture is washed with brine after optional addition of an organic solvent (such as 

EtOAc). The organic layer is dried over anhydrous Na2SO4, filtered, and concentrated under 

reduced pressure. The crude material is optionally purified by precipitation, crystallization, 

and/or trituration from an appropriate solvent or solvents and/or by chromatography to give the 

target compound. 

35 
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Illustration of General Procedure LL.1 

Preparation #LL.1.1 (R)-(9H-Fluoren-9-yl)methyl 3-(2-bromoacetyl)piperidine-1- 

carboxylate 

	

5 	To a mixture of 45% aqueous KOH (30 mL, 2.70 mmol) and Et20 (100 mL) at about 0 °C 1- 

methy1-3-nitro-l-nitrosoguanidine (5.0 g, 34 mmol, TCI) was added portion-wise. After about 30 

min the layers were separated and the organic layer was added slowly to a solution of (R)-(9H-

fluoren-9-yl)methyl 3-(chlorocarbonyl)piperidine-l-carboxylate (1.0 g, 2.7 mmol) prepared using 

W from (R)-1-(((9H-fluoren-9-yl)methoxy)carbonyl)piperidine-3-carboxylic acid (Fluka) in THF 

	

10 	(10 mL). The reaction mixture was slowly stirred for about 30 min at about 0 °C before the drop- 

wise addition of 48% aqueous HBr (2.0 mL, 37 mmol). After about 15 min, the reaction mixture 

was washed with brine (2 x 100 mL). The organic layer was dried over anhydrous Na2SO4, 

filtered, and concentrated under reduced pressure to give (R)-(9H-fluoren-9-yOmethyl 3-(2-

bromoacetyl)piperidine-l-carboxylate (1.10 g, 95 %) as a clear oil: LC/MS (Table 2, Method a) 

	

15 	Rt  = 2.59 min; MS m/z: 428/ 430 (M+H)+. 

General Procedure LL.2: Formation of a bromomethyl ketone from an acid chloride using 

trimethylsilyldiazomethane 

A solution of an appropriately substituted acid chloride (preferably 1 equiv) in an organic solvent 

	

20 	(such as THF, MeCN, Et20, or THF/MeCN, preferably THF/MeCN) is added to a solution of 2.0 

M trimethylsilyldiazomethane (2 M in Et20) (2-10 equiv, preferably 4 equiv) at about -20-20 °C 

(preferably about 0 °C) in a suitable organic solvent such as THF, MeCN, Et20, or THF/MeCN, 

preferably THF/MeCN ). The reaction mixture is stirred for about 0.5 -5 h (preferably about 4 h) 

at about -20-20 °C (preferably about 0 °C) before the drop-wise addition of 48% aqueous HBr (5- 

	

25 	40 equiv, preferably 10 equiv). After about 0-30 min, (preferably about 0 min) the reaction 

mixture can be concentrated to dryness to give the desired product or is optionally washed with 

brine after optional addition of an organic solvent (such as EtOAc). In cases where the reaction 

mixture is subjected to an aqueous work-up, the organic layer is dried over anhydrous Na2SO4, 

filtered and concentrated under reduced pressure. The crude material is optionally purified by 

	

30 	precipitation, crystallization, and/or trituration from an appropriate solvent or solvents and/or by 

chromatography to give the target compound. 
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Illustration of General Procedure LL.2 

Preparation #LL.2.1 (R)-(9H-Fluoren-9-yl)methyl 3-(2-bromoacetyl)piperidine-1- 

carboxylate 

	

5 	(R)-(9H-fluoren-9-yl)methyl 3-(chlorocarbonyl)piperidine-l-carboxylate (4.21 g, 11.4 mmol, 

prepared using W from (R)-1-(((9H-fluoren-9-yl)methoxy)carbonyppiperidine-3-carboxylic acid 

[Fluka]) was dissolved in a mixture of THE and MeCN (1:1, 16mL) and added to a solution of 

trimethylsilyldiazomethane (2 M in Et20, 22.8 mL, 45.5 mmol) and THF/MeCN (1:1, 16mL) at 

about 0°C. The resulting mixture was stirred at about 0 °C for about 4 h followed by the drop- 

	

10 	wise addition of HBr (48% aqueous solution, 6.2 mL, 114 mmol). The organic solvents were 

removed and the precipitate was collected by filtration and dried in air to give (R)-(9H-fluoren-9-

yOmethyl 3-(2-bromoacetyl)piperidine-l-carboxylate (4.46 g, 92%): LC/MS (Table 2, Method a) 

Rt  = 2.59 min; MS m/z: 428/ 430 (M+H)±. 

15 

General Procedure MM: Reduction of a,(3-unsaturated ketone to an allylic alcohol 

A round-bottomed flask is charged with an a.43-unsaturated ketone (preferably 1 equiv), an 

organic solvent (such as Me0H or EtOH, preferably Me0H) and cerium(III) chloride 

heptahydrate (1-2 equiv, preferably 1.25 equiv) followed by portion-wise addition of a reducing 

	

20 	agent such as sodium borohydride (1-2 equiv, preferably 1.25 equiv). The resulting mixture is 

stirred at room temperature for about 5-24 h (preferably about 16 h). The reaction mixture is 

quenched with an aqueous acid (such as saturated aqueous NH4C1). The mixture is stirred for 

about 5-30 min (preferably about 10 min), followed by the addition of an organic solvent (such as 

Et20). The layers are separated and the aqueous layer is extracted with an organic solvent (such 

	

25 	as Et20). The combined organic layers are washed with saturated aqueous NaHCO3, dried over 

anhydrous Na2SO4  or MgSO4, filtered, and concentrated to dryness under reduced pressure. The 

crude material is optionally further purified by precipitation, crystallization, or trituration from an 

appropriate solvent or solvents or by chromatography to give the target compound. 

	

30 	Illustration of General Procedure MM 

Preparation #MM.1: cis and trans-Ethyl-4-hydroxy-2-methylcyclopent-2-enecarboxylate 
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Example #1: 1-(2-Methyleyclohexyl)-6H-pyrrolo [2,3-e] [1,2,4]triazolo[4,3-a]pyrazine 

H 
H2N-P 

N 

A round-bottom flask was charged with ethyl 2-methyl-4-oxocyclopent-2-enecarboxylate (2.04 g, 

12.1 mmol, Preparation #CC.1), Me0H (30 mL), and cerium(III) chloride heptahydrate (5.65 g, 

15.2 mmol) followed by portion-wise addition of sodium borohydride (0.574 g, 15.2 mmol). The 

suspension was stirred at room temperature over about 16 h. Saturated aqueous NH4C1 solution 

	

5 	(50 mL) was added. The mixture was stirred for about 10 min and Et20 (60 mL) was added. The 

layers were separated and the aqueous layer was extracted with Et20 (3 x 30 mL). The combined 

organic layers were washed with saturated aqueous NaHCO3, dried over anhydrous MgSO4, 

filtered, and concentrated to dryness under reduced pressure. The residue was purified via silica 

gel chromatography eluting with 20-60 % EtOAc/pentane to yield cis-ethyl 4-hydroxy-2- 

	

10 	methylcyclopent-2-enecarboxylate (0.96 g, 46%): 11-1 NMR (400 MHz, CDC13) 6 5.77-5.71 (m, 

1H), 4.63 (m, 1H), 4.28-4.11 (m, 2H), 3.27-3.20 (m, 1H), 2.59 (bs, 1H), 2.41-2.30 (m, 1H), 2.00 

(d, J=14.2 Hz, 1H), 1.79 (d, =1.2 Hz, 3H), 1.30 (t, J=7.1 Hz, 3H) and trans-ethyl 4-hydroxy-2-

methylcyclopent-2-enecarboxylate (0.69 g, 33%): 1H NMR (400 MHz, CDC13) 6 5.63 (dd, J=1.8, 

3.4 Hz, 1H), 4.98 (m, 1H), 4.20-4.11 (m, 2H), 3.60-3.53 (m, 1H), 2.57 (ddd, J=4.4, 7.1, 13.9 Hz, 

	

15 	1H), 1.98 (ddd, J=3.5, 8.4, 13.9 Hz, 1H), 1.80 (d, J=1.4, 3H), 1.46 (bs, 1H), 1.27 (t, J=7.1 Hz, 

3H). 

To a solution of 5-(4-tert-butylphenylsulfony1)-2-hydraziny1-5H-pyrrolo[2,3-b]pyrazine (0.40 g, 

20 	1.2 mmol, Preparation #3) and DIEA (0.20 mL, 1.2 mmol) in 1,4-dioxane (12 mL) at about 0 °C 

was added 2-methylcyclohexanecarbonyl chloride (0.19 g, 1.2 mmol, Preparation #4). After the 

complete addition, the ice bath was removed and the reaction was allowed to warm to ambient 

temperature. After about 1 h, SOC12  (0.42 mL, 5.8 mmol) was added and the reaction was heated 

at about 90 °C for about 1 h. The reaction was allowed to cool to ambient temperature and then 

25 	aqueous Na2CO3  (2 M, 11.6 mL, 23.2 mmol) and Me0H (12 mL) were added. The reaction was 

heated at about 90 °C for about 3 days. The reaction was concentrated under reduced pressure to 

remove Me0H and then partitioned between EtOAc (50 mL) and saturated aqueous NaHCO3  (40 

mL). The organic layer was separated and dried over anhydrous Na2SO4  and the solvent was 

concentrated under reduced pressure. The residue was purified over silica gel (12 g) using EtOAc 

30 	as the eluent and then further purified by RP-HPLC (Table 2, Method b). The combined product-

containing fractions were concentrated under reduced pressure to remove the MeCN and the 

resulting precipitate was collected by vacuum filtration to afford 1-(2-methylcyclohexyl)-6H- 
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H2N N  

pyrrolo[2,3-e][1,2,4firiazolo[4,3-akyrazine as a white solid (0.10 g, 35%): LC/MS (Table 2, 

Method a) Rt  = 1.84 min; MS m/z: 256 (M+H)±. 

Example #2: 1-(Piperidin-4-y1)-6H-pyrrolo[2,3-e][1,2,4]triazolo[4,3-a]pyrazine 

5 

Step A: Benzyl 4-(6H-pyrrolo[2,3-e][1,2,4]triazolo[4,3-a]pyrazin-1-yOpiperidine-1-

carboxylate 

Benzyl 4-(chlorocarbonyl)piperidine-l-carboxylate (0.41 g, 1.4 mmol, Preparation #5) was added 

10 	to a solution of 5-(4-tert-butylphenylsulfony1)-2-hydraziny1-5H-pyffolo[2,3-19]pyrazine (0.50 g, 

1.4 mmol, Preparation #3) and DIEA (0.25 mL, 1.4 mmol) in 1,4-dioxane (15 mL) at about 0 °C. 

After the complete addition, the ice bath was removed and the reaction was allowed to warm to 

ambient temperature. After about 1 h, SOC12  (0.53 mL, 7.2 mmol) was added and the reaction 

was heated at about 90 °C for about 1 h. 	The reaction was allowed to cool to ambient 

15 	temperature then aqueous Na2CO3  (2 M, 14.5 mL, 29.0 mmol) was added and the reaction was 

heated at about 90 °C for about 3 days. The reaction was partitioned with EtOAc (50 mL) and 

saturated aqueous NaHCO3  (40 mL). The organic layer was dried over anhydrous Na2SO4  and 

concentrated under reduced pressure. The residue was purified over silica gel (12 g) eluting with 

50-100% EtOAc in heptane to afford benzyl 4-(6H-pyrrolo[2,3-e111,2,4firiazolo[4,3-akyrazin-1- 

20 	yl)piperidine-1-carboxylate as a yellow solid (0.34 g, 61%): LC/MS (Table 2, Method a) Rt  = 

1.89 min; MS m/z: 377 (M+H)±. 

Step B: 1-(Piperidin-4-yl)-6H-pyrrolo[2,3-e] [1,2,4] triazolo[4,3-a]pyrazine 

 

NH 

N 
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Benzyl 4-(6H-pyrrolo[2,3-e][1,2,4]triazolo[4,3-a]pyrazin-l-yl)piperidine-1-carboxylate (0.34 g, 

0.90 mmol) and 10% Pd on carbon (0.10 g, 0.09 mmol) in Me0H (30 mL) were shaken under 

hydrogen at about 60 psi for about 5 h. The H2 source was removed, and the reaction was filtered 

through Celite®  and concentrated under reduced pressure to give 1-(piperidin-4-y0-6H- 

5 pyrrolo[2,3-el [1,2,4firiazolo[4,3-a]pyrazine as a yellow solid (0.18 g, 77%): LC/MS (Table 2, 

Method a) Rt  = 0.70 min; MS m/z: 243 (M+H)+. 

Example #3: 3-(4-(6H-Pyrrolo[2,3-e][1,2,4]triazolo[4,3-a]pyrazin-l-yl)piperidin-l-y1)-3-

oxopropanenitrile 

10 

To a suspension of 1-(piperidin-4-y1)-6H-pyrrolo[2,3-e][1,2,4]triazolo[4,3-a]pyrazine (0.090 g, 

0.37 mmol, Example #2) and pyridine (0.12 mL, 1.5 mmol) in DMF (5 mL) was added 

perfluorophenyl 2-cyanoacetate (0.14 g, 0.56 mmol, Preparation #6). After about 3 h at ambient 

temperature, the reaction mixture was quenched with Me0H (0.5 mL) and then purified by RP- 

15 	HPLC (Table 2, Method b). The appropriate fractions were concentrated and lyophilized to 

afford 	 3-(4-(6H-pyrrolo[2,3-el [1,2,4]triazolo[4,3-a]pyrazin-1-yl)piperidin-1 -y1)-3-

oxopropanenitrile as a white solid (0.005 g, 4%): LC/MS (Table 2, Method a) Rt  = 1.24 min; MS 

m/z: 310 (M+H)+. 

Example #4: 1-(1-(Cyclopropylsulfonyl)piperidin-4-yl)-6H-pyrrolo[2,3-e] [1,2,4]triazolo[4,3- 

20 	a] pyrazine 

To a suspension of 1-(piperidin-4-y1)-6H-pyrrolo[2,3-e][1,2,4]triazolo[4,3-a]pyrazine (0.090 g, 

0.37 mmol, Example #2) and pyridine (0.12 mL, 1.5 mmol) in DMF (5 mL) was added 

cyclopropanesulfonyl chloride (0.060 g, 0.41 mmol). After about 3 h at ambient temperature, the 

25 

	

	reaction mixture was quenched with Me0H (0.5 mL) and then purified by RP-HPLC (Table 2, 

Method b). The appropriate fractions were concentrated and lyopholized to afford 1-(1- 
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(cyclopropylsulfonyl)piperidin-4-y1)-6H-pyrrolo[2,3-e] [1,2,4firiazolo[4,3-akyrazine as a white 

solid (0.008 g, 6%): LC/MS (Table 2, Method a) Rt  = 1.52 min; MS m/z: 347 (M+H)+. 

Example #5: 1-Cyclohexy1-6H-pyrrolo[2,3-e] [1,2,41]triazolo[4,3-alpyrazine 

5 

To a solution of 5-(4-tert-butylphenylsulfony1)-2-hydraziny1-5H-pyrrolo[2,3-b]pyrazine (0.39 g, 

1.1 mmol; Preparation #3) and DIEA (0.20 mL, 1.1 mmol) in 1,4-dioxane (12 mL) at about 0 °C 

was added cyclohexanecarbonyl chloride (0.17 g, 1.1 mmol). The reaction was then warmed to 

ambient temperature for about 1 h. SOC12  (0.41 mL, 5.6 mmol) was added and the reaction was 

10 	heated to about 90 °C for about 1 h. The reaction was cooled to ambient temperature and aqueous 

Na2CO3  (2 M, 12 mL, 24 mmol) was added slowly followed by 1,4-dioxane (5 mL). The reaction 

was heated at about 60 °C for about 72 h. The reaction was cooled to ambient temperature and 

concentrated under reduced pressure. The crude product was diluted with EtOAc (40 mL) and 

washed with saturated aqueous NaHCO3  (40 mL) and brine (40 mL), dried over anhydrous 

15 	Na2SO4, filtered, and concentrated under reduced pressure. The crude product was purified by 

silica gel chromatography eluting with a gradient of 0-100% heptane/EtOAc (12 g column) and 

dried in a vacuum oven at about 55 °C for about 18 h to give 1-cyclohexy1-6H-pyrrolo[2,3-

4 [1,2,4itriazolo[4,3-ctipyrazine (0.109 g, 40%): LC/MS (Table 2, Method a) Rt  = 1.66 min; MS 

m/z: 242 (M+H)+. 

20 	Example #6: N-41S,3R)-3-(6H-Pyrrolo[2,3-e][1,2,4]triazolo[4,3-a]pyrazin-l-

yl)cyclopentyl)cyclopropanesulfonamide 

H A 

223 

0 



Step A: tert-Butyl (1S,3R)-3-(2-(5-tosy1-5H-pyrrolo[2,3-b]pyrazin-2-

yphydrazineearbonyl)cyclopentylearbamate 

NH2 

N N 

6:2S  

 

 

To mixture of 2-hydrazinyl-5-tosyl-5H-pyrrolo[2,3-b]pyrazine (2.50 g, 8.24 mmol, Preparation 

	

5 	#9) and (1R,3S)-3-(tert-butoxycarbonylamino)cyclopentanecarboxylic acid (2.08 g, 9.07 mmol, 

Peptech) in DCM (30 mL) was added EDC•HCI (1.90 g, 9.89 mmol). After about 4.5 h, water 

(30 mL) was added and the layers were separated. The aqueous layer was then extracted with 

EtOAc (15 mL). The combined organic layers were washed with brine, dried over anhydrous 

MgSO4, filtered, and concentrated under reduced pressure. The crude material was dissolved in 

	

10 	DCM (15 mL) and purified by silica gel chromatography eluting with a gradient of 40-100% 

EtOAc in heptane to give tert-butyl (15',3R)-3-(2-(5-tosy1-5H-pyrrolo[2,3-blpyrazin-2-

yl)hydrazinecarbonyl)cyclopentylcarbamate (4.20 g, 97 %): LC/MS (Table 2, Method a) Rt  = 

2.27 min; MS m/z: 515 (M+H)+. 

	

15 	Step B: tent-Butyl (1S,3R)-3-(6H-pyrrolo[2,3-e][1,2,4]triazolo[4,3-a]pyrazin-1- 

yl)cyclopentylcarbamate 

0 

NH 
HN N 

0y° 

cerNH 

N 
lc\ N 

N 

To 	a 	solution 	of 	tert-butyl 	(15,3R)-3-(2-(5-tosy1-5H-pyrrolo[2,3-b]pyrazin-2- 

yphydrazinecarbonypcyclopentylcarbamate (4.73 g, 9.19 mmol) in 1,4-dioxane (50 mL) was 

20 	added TEA (5.10 mL, 36.8 mmol) and SOC12  (1.34 mL, 18.4 mmol). The reaction mixture was 

heated at about 80 °C. After about 1.5 h, saturated aqueous Na2CO3  (100 mL) was added and 

heating was resumed at about 80 °C for about 6 h. The reaction mixture was cooled to ambient 

temperature for about 3 days and then heated at about 80 °C for about 16 h. Water and EtOAc 

(100 mL each) were added and the layers were separated. The aqueous layer was then extracted 

25 	with additional EtOAc (2 x 100 mL). The combined organic layers were washed with brine, dried 

over anhydrous Na2SO4, filtered, and concentrated under reduced pressure. The crude solid was 
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triturated with petroleum ether (b.p. 30-60 °C; 30 mL) and collected by vacuum filtration, while 

washing with additional petroleum ether (b.p. 30-60 °C; 20 mL), to give tert-butyl (1S,3R)-3-(6H-

pyrrolo[2,3-e][1,2,41triazolo[4,3-a]pyrazin-1-Acyclopentylcarbamate as a light brown solid 

(2.86 g, 86%): LC/MS (Table 2, Method a) Rt  = 1.75 min; MS m/z: 343 (M+H)±. 

Step C: (1S,3R)-3-(6H-Pyrrolo[2,3-e][1,2,4]triazolo[4,3-a]pyrazin-l-yl)cyclopentanamine 

hydrochloride 

5 

 

.„NH2 

 

To a mixture of tert-butyl (1S,3R)-3-(6H-pyrrolo[2,3-e][1,2,4]triazolo[4,3-a]pyrazin-1- 

10 	yl)cyclopentylcarbamate (1.57 g, 4.59 mmol) in 1,4-dioxane (45 mL) was added HC1 (4 M in 1,4-

dioxane, 8.0 mL, 32.0 mmol). The reaction mixture was then heated at about 60 °C. After about 

2 h, the reaction mixture was cooled to ambient temperature, filtered, while washing with Et20 

(50 mL) and the solid was dried in a vacuum oven overnight at about 60 °C to give (IS,3R)-3-

(6H-pyrrolo[2,3-61[1,2,4]triazolo[4,3-akyrazin-1-Acyclopentanamine hydrochloride (1.38 g, 

15 . 95%): LC/MS (Table 2, Method a) Rt  = 0.74 min; MS m/z: 243 

Step D: N-((lS,3R)-3-(6H-Pyrrolo[2,3-e][1,2,4]triazolo[4,3-a]pyrazin-1-

yl)cyclopentyl)cyclopropanesulfonamide 

NH2  

  

O 

 

NON 

 

20 	To a mixture of (13,3R)-3-(6H-pyrrolo[2,3-e][1,2,4]triazolo[4,3-a]pyrazin-l-yl)cyclopentanamine 

hydrochloride (0.300 g, 0.952 mmol) in DMF (9 mL) was added TEA (0.462 mL, 3.33 mmol) and 

cyclopropanesulfonyl chloride (0.097 mL, 0.95 mmol). After about 1.5 h at ambient temperature, 

the reaction was diluted with water (10 mL) and extracted with DCM (3 x 15 mL). The combined 

organic layers were washed with brine, dried over anhydrous Na2SO4, filtered, and concentrated 

25 	under reduced pressure. To the crude material was added Me0H (-50 mL) and a small amount of 

insoluble material (<0.01 g) was filtered. Silica gel (2 g) was added to the filtrate and the mixture 

was concentrated under reduced pressure. The silica mixture was purified by silica gel 

chromatography eluting with a step-wise gradient of DCM/Me0H/NH4OH 990:9:1 to 980:18:2 to 
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0 

give an off-white solid that was dried in a vacuum oven at about 70 °C. The solid was dissolved 

in hot Me0H. The resulting material was filtered while hot to remove particulates. The filtrate 

was sonicated while cooling to get a fine suspension which was then concentrated under reduced 

pressure and dried in a vacuum oven at about 100 °C to give N-((IS,3R)-3-(6H-pyrrolo12,3- 

5 el [1,2,4Jtriazolo[4,3-akyrazin-l-yOcyclopentyl)cyclopropanesulfonamide (0.21 g, 64%): 

LC/MS (Table 2, Method a) Rt  = 1.51 min; MS m/z: 347 (M+H)+. 

Example #7: N-(4-(6H-Pyrrolo[2,3-e][1,2,4]triazolo[4,3-a]pyrazin-1-yl)bicyclo[2.2.2]octan-1-

y1)cyclopropanesulfonamide 

10 

Step A: tent-Butyl 4-(2-(5-tosy1-5H-pyrrolo[2,3-b]pyrazin-2- 

yl)hydrazinecarbonyl)bicyclo[2.2.2]octan-l-ylcarbamate 

0 

O 

  

OH 

 

  

HN 

0 

  

A round bottom flask was charged with 2-hydrazinyl-5-tosyl-5H-pyrrolo[2,3-b]pyrazine (3.75 g, 

15 	11.1 mmol, Preparation #9), 4-(tert-butoxycarbonylamino)bicyclo[2.2.2]octane-l-carboxylic acid 

(3.0 g, 11 mmol, Prime Organics), HATU (4.23 g, 11.1 mmol), TEA (6.2 mL, 44 mmol), and 

DCM (65 mL). The reaction mixture was stirred at ambient temperature for about 16 h. The 

reaction mixture was diluted with water (30 mL) and the layers were separated. The reaction 

mixture was filtered through Celite and washed with DCM (60 mL). The organic layer was 

20 	washed with water (3 x 50 mL), dried over anhydrous MgSO4, filtered, and concentrated under 

reduced pressure. The crude material was purified by silica gel chromatography eluting with a 

gradient of 0-100% EtOAc in DCM to afford tert-butyl 4-(2-(5-tosy1-5H-pyrrolo[2,3-b]pyrazin-2-

yOhydrazineearbonyl)bicyclo[2.2.2kctan-1-ylcarbamate as a brown amorphous solid (5.38 g, 87 

%): LC/MS (Table 2, Method a) Rt  = 2.40 min; MS m/z 555 (M+H)1. 

25 

Step B: 4-(6-Tosy1-6H-pyrrolo[2,3-e][1,2,4]triazolo[4,3-a]pyrazin-1-yl)bicyclo[2.2.2]octan-1-

amine 
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A round bottom flask was charged with tert-butyl 4-(2-(5-tosy1-5H-pyrrolo[2,3-b]pyrazin-2-

yphydrazinecarbonyl)bicyclo[2.2.2]octan- 1 -ylcarbamate (5.38 g, 9.40 mmol), SOC12  (0.69 mL, 

9.40 mmol), TEA (1.57 mL, 11.3 mmol), and 1,4-dioxane (72 mL). The reaction mixture was 

heated at about 80 °C for about 2 h. The reaction mixture was cooled to ambient temperature and 

	

5 	EtOAc (100 mL) was added and the layers were separated. The organic layer was washed with 

water (3 x 30 mL), dried over anhydrous MgSO4, filtered, and concentrated under reduced 

pressure to give a crude mixture of led-butyl 4-(6-tosy1-6H-pyrrolo[2,3-e] [1,2,41triazolo[4,3- 

alpyrazin-l-Abicyclo[2.2.2loctan-1-ylcarbainate 	and 
	

4-(6-tosyl-6H-pyrrolo[2, 3- 

el [1,2,41triazolo[4,3-akyrazin-l-y1)bicyclo[2.2.2Joctan-l-amine as a brown solid (8.5 g). To 

	

10 	this crude mixture was added HC1 (4 N in 1,4-dioxane, 12 mL, 48.0 mmol), and 1,4-dioxane (56 

mL). The reaction mixture was stirred at about 60 °C for about 4 h. Additional HC1 (4 M in 1,4-

dioxane, 12 mL, 48.0 mmol) was added and stirring was continued at about 60 °C for about 3 h. 

The reaction mixture was cooled to ambient temperature. The precipitate was filtered and washed 

with Et20 (about 50 mL). The solid was stirred with NaHCO3  (5% in water, 15 mL) for about 2 

	

15 	h. The solid was filtered, washed with water, and dried in a vacuum oven at about 60 °C for 

about 15 h to give 4-(6-tosy1-6H-pyrrolo[2,3-d[1,2,4firiazolo[4,3-4pyrazin-l-

Abicyclo[2.2.2loctan-1-arnine as a tan solid (2.95 g, 72% over 2 steps): LC/MS (Table 2, 

Method a) Rt  = 1.57 min; MS m/z 437 (M+H)+. 

	

20 	Step C: N-(4-(6-Tosy1-6H-pyrrolo[2,3-e][1,2,4]triazolo[4,3-a]pyrazin-1.- 

y1)bicyclo[2.2.2]octan-1-y1)cyclopropanesulfonamide 

A round bottom flask was charged with 4-(6-tosy1-6H-pyrrolo[2,3-41,2,41triazolo[4,3-c]pyrazin-

1-yObicyclo[2.2.2]octan-1-amine (0.40 g, 0.92 mmol), TEA (0.51 mL, 3.7 mmol) in DCM (3 mL) 

25 	and DMF (6 mL). Cyclopropanesulfonyl chloride (0.16 g, 1.1 mmol) was added drop-wise and 

the resulting suspension was stirred at ambient temperature for about 18 h. The solvent was 

removed under reduced pressure and DCM (10 mL) was added. The crude material was purified 

by silica gel chromatography eluting with a gradient of 0-10% Me0H/DCM to give N-(4-(6-tosy1-

6H-pyrrolo[2,3-e] [1,2,4priazolo[4,3-alpyrazin-1-yl)bicyclo[2.2.2loctan-1- 

30 	Acyclopropanesulfonamide (0.27 g, 55%): LC/MS (Table 2, Method a) Rt  = 2.14 min; MS m/z 

541 (M+H)±. 
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0
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 N N 

IL N0 

N 
H 

Step A: tent-Butyl 5-tosy1-5H-pyrrolo[2,3-b]pyrazin-2-ylcarbamate 

N 

Step D: N-(4-(6H-Pyrrolo[2,3-e][1,2,4]triazolo[4,3-a]pyrazin-l-yDbicyclo[2.2.2]octan-l-

y1)cyclopropanesulfonamide 

A round bottom flask was charged with N-(4-(6-tosyl-6H-pyrrolo[2,3-e][1,2,4]triazolo[4,3- 

	

5 	c]pyrazin-l-yObicyclo[2.2.2]octan-1-y1)cyclopropanesulfonamide (0.27 g, 0.50 mmol), aqueous 

NaOH (1N, 1.0 mL, 1.0 mmol), and 1,4-dioxane (8 mL). The reaction mixture was stirred at 

about 60 °C for about 2 h. NH4OAc (50 mM aqueous buffer, 2 mL) and DMF (7 mL) were added 

and insoluble material was removed via filtration. The filtrate was purified by RP-HPLC (Table 

2, Method c). The appropriate fractions were combined, the organic solvent was concentrated 

	

10 	under reduced pressure, the resulting solid was collected by filtration, washed with water (20 

mL), and lyopholized to give N-(4-(6H-pyrrolo[2,3-e][1,2,4firiazolo[4,3-alpyrazin-l-

yl)bicyclo[2.2.21octan-1-y1)cyclopropanesulfonamide as a solid (0.11 g, 56%): LC/MS (Table 2, 

Method a) Rt  = 1.53 min; MS m/z 387 (M+H)+. 

	

15 	Example #8: 7-Cyclohexy1-3H-imidazo[1,2-a]pyrrolo[2,3-e]pyrazine 

To a flask was added Pd2(dba)3  (1.3 g, 1.42 mmol), di-tert-butyl-(2',4',61 -triisopropyl-bipheny1-2- 

20 	yl)-phosphane (1.21 g, 2.84 mmol), and 1,4-dioxane (75 mL). The catalyst-ligand mixture was 

degassed via vacuum/nitrogen purge (3 times) and heated at about 80 °C for about 10 min. Then 

2-bromo-5-tosy1-5H-pyrrolo[2,3-b]pyrazine (5.0 g, 14.2 mmol, Preparation #7), tert-butyl 

carbamate (2.5 g, 21.29 mmol), and NaOt-Bu (2.05 g, 21.29 mmol) were added. After an 

additional vacuum/nitrogen purge, the reaction was heated at about 80 °C for about 16 h. The 

25 	reaction was cooled to ambient temperature and diluted with EtOAc (70 mL). The reaction 
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mixture was filtered and the filtrate was washed with water (3 x 20 mL). The organic layer was 

dried over anhydrous MgSO4, filtered, and solvent removed under reduced pressure to give a 

reddish-brown solid. The crude material was purified via silica gel chromatography eluting with a 

gradient of 10-50% EtOAc in heptane to yield tert-butyl 5-tosyl-5H-pyrrolo[2, 3-b]pyrazin-2- 

5 	ylcarbamate as a yellow amorphous solid (1.0 g, 18%): LC/MS (Table 2, Method a) Rt  = 2.63 

min; MS m/z: 389 (M+H)+. 

Step B: 5-Tosy1-5H-pyrrolo[2,3-b]pyrazin-2-amine hydrochloride 

0,N 

O 

 

H2N 

  

N, 

10 	tert-Butyl 5-tosy1-5H-pyrrolo[2,3-b]pyrazin-2-ylcarbamate (1.00 g, 2.57 mmol) was subjected to 

General Procedure I to afford 5-tosyl-5H-pyrrolo[2,3-b]pyrazin-2-amine hydrochloride (0.40 g, 

54%): LC/MS (Table 2, Method a) Rt  = 1.94 min; MS m/z: 289 (M+H)±. 

Step C: 7-Cyclohexy1-3-tosy1-3H-imidazo[1,2-a]pyrrolo[2,3-e]pyrazine 

15 

To a suspension of 5-tosyl-5H-pyrrolo[2,3-b]pyrazin-2-amine hydrochloride (0.10 g, 0.35 mmol) 

and 2-bromo-l-cyclohexylethanone (0.078 g, 0.38 mmol, 3B Pharmachem) in n-BuOH (1.5 mL) 

was added DIEA (0.067 g, 0.52 mmol) and the resulting solution was heated at about 170 °C in 

the CEMTm  microwave for about 30 min. The solvent was removed under reduced pressure to 

20 

	

	afford 7-cyclohexyl-3-tosyl-3H-imidazo[1,2-a]pyrroloP,3-elpyrazine as a crude solid that was 

used in Step D without further purification: LC/MS (Table 2, Method a) Rt  = 2.71 min; MS m/z: 

395 (M+H)±. 
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Step D: 7-Cyclohexyl-3H-imidazo [1,2-a] pyrrolo [2,3-e] pyrazine 

   

 

N N 
N 

 

7-Cyclohexyl-3-tosyl-3H-imidazo[1,2-a]pyrrolo[2,3-e]pyrazine (0.13 g, 0.33 mmol) was 

dissolved in 1,4-dioxane (5 mL) and aqueous NaOH (2N, 0.5 mL) was added. The mixture was 

	

5 	heated at reflux for about 30 min. The organic solvent was removed under reduced pressure. The 

aqueous phase was neutralized with 1 N aqueous HC1 and extracted with EtOAc (2 x 25 mL). The 

combined organic extracts were washed with brine (15 mL), dried over anhydrous MgSO4, and 

concentrated under reduced pressure. The residue was purified by RP-HPLC (Table 2, Method h) 

to yield 7-cyclohexy1-3H-imidazo[1,2-akyrroloP,3-eipyrazine as an off-white solid (0.011 g, 

	

10 	14%): LC/MS (Table 2, Method a) Rt  = 2.06 min; MS m/z: 241 (M+H)+. 

Example #9: 8-Cyclohexy1-3H-imidazo[1,2-a]pyrrolo[2,3-e]pyrazine 

Step A: tert-Butyl 2-eyelohexy1-2-oxoethyl-(5-tosyl-5H-pyrrolo[2,3-b]pyrazin-2-y1)carbamate 

15 

O
Y

N 

0 

NaH (60% in mineral oil, 0.020 g, 0.49 mmol) was added to dry DMF (3 mL). The suspension 

was cooled to about 0 °C and a solution of tent-butyl 5-tosyl-SH-pyrrolo[2,3-b]pyrazin-2-

ylcarbamate (0.19 g, 0.489 mmol, Example #8, Step A) in dry DMF (2 mL) was added drop-wise. 

The reaction mixture was allowed to warm to ambient temperature and 2-bromo-1- 

20 

	

	cyclohexylethanone (0.10 g, 0.49 mmol, 3B PharmaChem) was added. The reaction mixture was 

stirred for about 2 h and then concentrated under reduced pressure. Purification by silica gel flash 

chromatography eluting with 100% heptane for 10 min and a gradient of 10-20% EtOAc in 

heptane over 20 min yielded tert-butyl 2-cyclohexy1-2-oxoethyl(5-tosyl-5H-pyrrolo[2,3-b]pyrazin- 
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2-yl)carbamate as a yellow amorphous solid (0.080 g, 32%): LC/MS (Table 2, Method a) Rt  = 

3.13 min; MS m/z: 513 (M+H)+. 

Step B: 8-Cyclohexy1-3-tosy1-3H-imidazo[1,2-a]pyrrolo[2,3-e]pyrazine 

5 

Concentrated H2504  (4 mL) was added to tert-butyl 2-cyclohexy1-2-oxoethyl-(5-tosyl-5H-

pyrrolo[2,3-b]pyrazin-2-yl)carbamate (0.07 g, 0.14 mmol) and the reaction mixture was stirred for 

about 30 min at ambient temperature. The reaction mixture was poured onto ice-cold water (75 

mL) and extracted with EtOAc (2 x 50 mL). The combined organic extracts were washed with 

10 	brine, dried over anhydrous MgSO4, and concentrated to yield 8-cyclohexy1-3-tosy1-3H-

imidazo[1,2-akyrrolo[2,3-ekyrazine as a yellow oil that was used in Example #9, Step C 

without further purification (0.051 g, 95%): LC/MS (Table 2, Method a) Rt  = 2.79 min; MS m/z: 

395 (M+H)4. 

15 	Step C: 8-Cyclohexy1-3H-imidazo[1,2-a]pyrrolo[2,3-e]pyrazine 

Aqueous NaOH (2N, 0.3 mL) was added to 8-cyclohexy1-3-tosy1-3H-imidazo[1,2-a]pyrrolo[2,3-

e]pyrazine (0.051 g, 0.13 mmol) in 1,4-dioxane (3 mL) and the mixture was heated at reflux for 

about 1 h. The organic solvent was removed under reduced pressure and the aqueous phase 

20 

	

	neutralized with aqueous 1 N HCl and extracted with EtOAc (2 x 15 mL). The combined organic 

extracts were washed with brine (1 x 10 mL), dried over anhydrous MgSO4, and concentrated in 

vacuo. The residue was suspended in MeCN (2 mL) and the precipitate was collected by filtration 

and dried to yield 8-cyclohexyl-3H-imidazo[1,2-a]pyrrolo[2,3-eJpyrazine as a tan solid (0.006 g, 

19%): LC/MS (Table 2, Method a) Rt  = 2.12 min; MS m/z: 241 (M+H)±. 

25 
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Example #10: 1-Cyclohexy1-6H-imidazo[1,5-a]pyrrolo[2,3-e]pyrazine 

Step A: (E)-2-Styry1-5-tosy1-5H-pyrrolo[2,3-b]pyrazine 

Br 

 

  

	

5 	To a solution of 2-bromo-5-tosyl-5H-pyrrolo[2,3-b]pyrazine (3.1 g, 8.8 mmol, Preparation #7), 

PdC12(dppf)•DCM (0.719 g, 0.880 mmol) and (E)-styrylboronic acid (2.60 g, 17.6 mmol) in THE 

(3 mL) and water (2 mL) was added Na2CO3  (2.33 g, 22.0 mmol). The reaction mixture was 

degassed with argon for about 5 min. The reaction mixture was heated to about 50 °C. After about 

24 h, additional PdC12(dppf)•DCM (0.719 g, 0.880 mmol), (E)-styrylboronic acid (2.60 g, 17.6 

	

10 	mmol) and Na2CO3  (2.33 g, 22.0 mmol) were added to the reaction mixture. After heating at 

about 50 °C for about 48 h, the reaction mixture was cooled to ambient temperature and diluted 

with DCM (200 mL) and water (200 mL). The organic layer was separated, dried over anhydrous 

Na2SO4, filtered, and concentrated under reduced pressure. Purification by chromatography over 

silica gel eluting with a gradient of 20-60% EtOAc in heptane containing 5% DCM provided (E)- 

	

15 	2-styry1-5-tosy1-5H-pyrrolo[2,3-Npyrazine as a yellow solid (1.2 g, 36%). LC/MS (Table 2, 

Method a) Rt  = 2.99 min; MS m/z: 376 (M+H)+. 

Step B: 5-Tosyl-5H-pyrrolo [2,3-b] pyrazine-2-carbaldehyde 

20 	To a solution of (E)-2-styryl-5-tosyl-5H-pyrrolo[2,3-b]pyrazine (1.2 g, 3.2 mmol) in 1,4-dioxane 

(20 mL) and water (2.0 mL) was added sodium periodate (2.73 g, 12.8 mmol) followed by 

osmium tetroxide (2.5% in t-BuOH, 4.01 mL, 0.320 mmol). After about 1 day at ambient 

temperature, additional sodium periodate (2.73 g, 12.78 mmol) and osmium tetroxide (2.5% in t-

BuOH, 4.01 mL, 0.320 mmol) were added. After about 2 days, a solution of aqueous Na2S2O3  

25 	(100 mL) and EtOAc (100 mL) was added. The organic layer was separated, dried over 

anhydrous Na2SO4, filtered, and concentrated under reduced pressure. The resulting solid was 

triturated with heptane to remove benzaldehyde. The resulting solid was dried in vacuo to 
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provide 5-tosyl-5H-pyrrolo[2,3-Npyrazine-2-carbaldehyde as a brown solid (0.77 g, 80%): 

LC/MS (Table 2, Method a) Rt  = 2.01 min; MS m/z: 334 (M+H)±. 

Step C: N-05-Tosy1-5H-pyrrolo[2,3-b]pyrazin-2-yl)methyl)cyclohexanecarboxamide 

O 

HZN 

	

N 	 HCI 

	

O 
	 o's  

5 

To a solution of 5-tosyl-5H-pyrrolo[2,3-b]pyrazine-2-carbaldehyde (0.150 g, 0.498 mmol) in 

Me0H (10 mL) was added hydroxylamine (50% solution in water, 0.061 mL, 1.0 mmol). The 

reaction mixture was heated to about 45 °C. After about 2 h, the reaction mixture was cooled to 

ambient temperature and concentrated under reduced pressure to provide the crude 5-tosyl-5H- 

10 	pyrrolo[2,3-b]pyrazine-2-carbaldehyde oxime as a tan solid. LC/MS (Table 2, Method a) Rt  = 

2.15 min; MS m/z: 317 (M+H)+. To a solution of the crude oxime in THE (20 mL) was added 

AcOH (0.285 mL, 4.98 mmol) followed by zinc dust (<10 micron, 0.130 g, 1.99 mmol). After a 

further 2 h, additional AcOH (0.285 mL, 4.98 mmol) and zinc dust (<10 micron, 0.130 g, 1.99 

mmol) were added to the reaction mixture. After about an additional 2 h, additional AcOH (0.285 

15 	mL, 4.98 mmol) and zinc dust (<10 micron, 0.130 g, 1.99 mmol) were added to the reaction 

mixture. After about 15 h, the reaction mixture was diluted with DCM (about 5 mL) and filtered. 

The filtrate was washed with saturated aqueous NaHCO3  and brine. The organic layer was dried 

over anhydrous Na2SO4, filtered, treated with HC1 (4 M in 1,4-dioxane, 1 mL) and concentrated 

under reduced pressure to provide (5-tosyl-5H-pyrrolo[2,3-Npyrazin-2-yl)methanamine 

20 hydrochloride: LC/MS (Table 2, Method a) Rt  = 1.64 min; MS m/z: 303 (M+H)±. To a 

suspension of the crude amine hydrochloride in DCM (10 mL) was added TEA (0.208 mL, 1.49 

mmol) followed by cyclohexanecarbonyl chloride (0.101 mL, 0.747 mmol). After about 30 min, 

the reaction mixture was diluted with DCM and washed with saturated aqueous NaHCO3  (25 mL) 

and brine (25 mL). The organic layer was dried over anhydrous Na2SO4, filtered, and 

25 	concentrated under reduced pressure. The crude amide was purified by silica gel chromatography 

eluting with a gradient of 40-80% EtOAc in DCM to provide N-((5-tosyl-5H-pyrrolo[2,3- 

blpyrazin-2-yl)methyl)cyclohexanecarboxamide as a tan solid (0.081 g, 39% over 2 steps). 

LC/MS (Table 2, Method a) Rt  = 2.40 min; MS m/z: 413 (M+H)±. 

30 
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Step D: 1-Cyclohexy1-6-tosy1-6H-imidazo[1,5-a]pyrrolo[2,3-e]pyrazine 

To a solution of N45-tosyl-5H-pyrrolo[2,3-b]pyrazin-2-yOmethypcyclohexanecarboxamide 

(0.081 g, 0.196 mmol) in THF (1 mL) at ambient temperature was added 2,4-bis(4- 

	

5 	phenoxyphenyl)-1,3-dithia-2,4-diphosphetane-2,4-disulfide (0.104 g, 0.196 mmol, TCI). After 

about 15 h, the reaction mixture was concentrated under reduced pressure. The residue was 

suspended in Et0Ac/DCM (1:1) and filtered through a plug of silica gel (5 g) eluting with 

EtOAc/DCM (1:1, approximately 100 mL). Concentration of the filtrate provided the crude N-

((5-tosy1-5H-pyrrolo[2,3-b]pyrazin-2-Amethyl)cyclohexanecarbothioamide. The crude 

10 thioamide was dissolved in THF (1 mL) and diacetoxymercury (0.0626 g, 0.196 mmol) was 

added. After about 30 min at ambient temperature, additional diacetoxymercury (0.0626 g, 0.196 

mmol) was added. After about 4 h, the reaction mixture was diluted with EtOAc, filtered, 

concentrated under reduced pressure, and purified by silica gel chromatography eluting with a 

gradient of 50-95% EtOAc in heptane to provide 1-cyclohexyl-6-tosyl-6H-imidazo[1,5- 

	

15 	aJpyrrolo[2,3-eJpyrazine as a yellow oil (0.020 g, 25%): LC/MS (Table 2, Method a) Rt  = 2.77 

min; MS m/z: 395 (M+H)+. 

Step E: 1-Cyclohexy1-6H-imidazo[1,5-a]pyrrolo[2,3-e]pyrazine 

20 	To a solution of 1-cyclohexyl-6-tosyl-6H-imidazo[1,5-a]pyrrolo[2,3-e]pyrazine (0.020 g, 0.051 

mmol) in 1,4-dioxane (3 mL) was added aqueous NaOH (2 N, 0.380 mL, 0.760 mmol). The 

reaction mixture was heated to about 90 °C. After about 5 h, the reaction mixture was cooled to 

ambient temperature and diluted with EtOAc (10 mL) and saturated aqueous NH4C1 (10 mL). 

The organic layer was separated and washed with water (10 mL) followed by brine (10 mL), dried 

25 	over anhydrous Na2SO4, filtered, and concentrated under reduced pressure to provide 1-

cyclohexy1-6H-bnidazo[1,5-akyrrolo[2,3-dpyrazine as a tan solid (0.011 g, 90%): LC/MS 

(Table 2, Method a) R1  = 1.92 min; MS m/z: 241 (M+H)±. 
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Example #11: 8-Cyclohexy1-3H-dipyrrolo[1,2-a:2',3'-e]pyrazine 

N 
H 

Step A: (E)-1-Cyclohexy1-3-(5-tosy1-5H-pyrrolo[2,3-b]pyrazin-2-y1)prop-2-en-1-one 
0 

0 
0  s  

	

5 	To a solution of diethyl 2-cyclohexyl-2-oxoethylphosphonate (0.609 g, 2.32 mmol) in THF (10 

mL) was added NaH (60% dispersion in mineral oil, 0.0664 g, 1.66 mmol). After about 30 min, a 

solution of 5-tosyI-5H-pyrrolo[2,3-b]pyrazine-2-carbaldehyde (0.20 g, 0.64 mmol, Example# 10, 

Step B) in THF (10 mL) was added. After about 2 h, EtOAc (50 mL) and saturated aqueous 

NH4C1 (50 mL) was added to the reaction mixture. The organic layer was separated, dried over 

	

10 	anhydrous Na2SO4, filtered, and concentrated under reduced pressure. The residue was triturated 

with IPA (20 mL) to provide (E)-1-cyclohexy1-3-(5-tosy1-5H-pyrrolo[2,3-Npyrazin-2-y1)prop-2-

en-1-one as a tan solid (0.20 g, 73%): I,C/MS (Table 2, Method a) Rt  = 3.06 min; MS m/z: 410 

(M+H)+. 

	

15 	Step B: 1-Cyclohexy1-3-(5-tosy1-5H-pyrrolo[2,3-b]pyrazin-2-y1)propan-1-one 
0 

To a solution of (E)-1-cyclohexy1-3-(5-tosy1-5H-pyrrolo[2,3-b]pyrazin-2-yl)prop-2-en-1-one 

(0.050 g, 0.12 mmol) in EtOAc (5 mL) was added palladium (10% on carbon, 0.0065 g, 0.0061 

mmol). The reaction mixture was purged with hydrogen and a hydrogen atmosphere was 

20 

	

	maintained via balloon. After about 1 h at ambient temperature, the reaction mixture was filtered 

and concentrated under reduced pressure to provide 1-cyclohexy1-3-(5-tosyl-5H-pyrrolo[2,3-

Npyrazin-2-yl)propan-l-one as an oil (0.050 g, 100%): LC/MS (Table 2, Method a) Rt  = 2.94 

min; MS m/z: 412 (M+H)+. 
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Step C: 8-Cyclohexy1-3-tosy1-31/-dipyrrolo[1,2-a:2',3'-e]pyrazine 

To a solution of 1-cyclohexy1-3-(5-tosyl-5H-pyrrolo[2,3-b]pyrazin-2-yl)propan-1-one (0.050 g, 

0.12 mmol) in THE (2 mL) was added 2,4-bis(4-phenoxypheny1)-1,3-dithia-2,4-diphosphetane- 

	

5 	2,4-disulfide (0.071 g, 0.13 mmol, TCI). After about 6 h at ambient temperature, the reaction 

mixture was diluted with EtOAc (50 mL) and NaHCO3  (50 mL). The organic layer was 

separated, dried over anhydrous Na2SO4, filtered, and concentrated under reduced pressure. The 

crude product was purified by chromatography on silica gel eluting with a gradient of 40-90% 

EtOAc in heptanes to provide 8-cyclohexy1-3-tosy1-3H-dipyrrolo[1,2-a:2',31-elpyrazine as a tan 

	

10 	solid (0.020 g, 42%). LC/MS (Table 2, Method a) Rt  = 3.39 min; MS m/z: 394 (M+H)+. 

Step D: 8-Cyclohexy1-3H-dipyrrolo[1,2-a:2',3'-e]pyrazine 

 

 

 

H 

To a solution of 8-cyclohexy1-3-tosy1-3H-dipyrrolo[1,2-a:21,3'-e]pyrazine (0.015 g, 0.038 mmol) 

15 	in 1,4-dioxane (3 mL) was added aqueous NaOH (2 N, 0.29 mL, 0.57 mmol). The reaction 

mixture was heated to about 90 °C. After about 15 h, the reaction mixture was cooled to ambient 

temperature and diluted with EtOAc (5 mL) and saturated aqueous NH4C1 (5 mL). The organic 

layer was separated, washed with water (5 mL) followed by brine (5 mL), dried over anhydrous 

Na2SO4, filtered, and concentrated under reduced pressure. The residue was triturated with 

20 	EtOAc/heptane (1:1, 1 mL). The resulting solid was collected by filtration and dried in vacuo to 

provide 8-cyclohexy1-3H-dipyrrolo[1,2-a:2;3'-dpyrazine as a tan solid (0.005 g, 55%). LC/MS 

(Table 2, Method a) Rt  = 2.78 min; MS m/z: 240 (M+H)+. 
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1 

N 

N. 

Example #12: N-(4-(6H-Imidazo[1,5-a]pyrrolo[2,3-e]pyrazin-l-yl)bicyclo[2.2.2]octan-1-

y0cyclopropanesulfonamide 

Step A: tert-Butyl 4-05-tosy1-5H-pyrrolo[2,3-b]pyrazin-2- 

5 	yl)methylcarbamoyl)bicyclo[2.2.2]octan-l-ylcarbamate 

To a solution of 5-tosyl-5H-pyrrolo[2,3-b]pyrazine-2-carbaldehyde (0.49 g, 1.6 mmol, Example 

#10, Step B) in Me0H (10 mL) was added hydroxylamine (50% in water, 0.199 mL, 3.25 mmol). 

The reaction mixture was heated to about 40 °C. After about 2 h, the reaction mixture was cooled 

10 	to ambient temperature and concentrated under reduced pressure. To a solution of the crude oxime 

in THE (10 mL) and AcOH (0.93 mL, 16 mmol) was added zinc dust (<10 micron, 0.425 g, 6.50 

mmol). After about 4 h at ambient temperature, the reaction mixture was diluted with DCM and 

saturated aqueous NaHCO3  and filtered through Celite®. The layers were separated and the 

organic layer was dried over anhydrous Na2SO4, filtered, treated with HC1 (4 N in 1,4-dioxane, 1 

15 	mL) and concentrated under reduced pressure. To a solution of the crude amine in DCM (10 mL) 

was added 4-(tert-butoxycarbonylamino)bicyclo[2.2.2]octane-l-carboxylic acid (0.48 g, 1.8 

mmol, Prime Organics), TEA (0.23 mL, 1.6 mmol) and HATU (0.618 g, 1.63 mmol). After about 

4 h at ambient temperature, the reaction mixture was diluted with DCM and saturated aqueous 

NaHCO3  and filtered through Celite®. The layers were separated and the organic layer was dried 

20 	over anhydrous Na2SO4, filtered, and concentrated under reduced pressure. The crude amide was 

purified by chromatography on silica gel eluting with a gradient of 20-80% EtOAc in DCM to 

provide 	tert-butyl-4((5-tosy1-5H-pyrrolo[2,3-bipyrazin-2-yl)methylcarbamoyObicyclo[2.2.2] 

octan -1-ylcarbamate as a tan solid (0.205 g, 23%). LC/MS (Table 2, Method a) Rt  = 2.52 min; 

MS m/z: 554 (M+H)+. 
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Step B: tert-Butyl 4-(6-tosy1-6H-imidazo[1,5-a]pyrrolo[2,3-e]pyrazin-l-

y1)bicyclo[2.2.2]octan-1-ylcarbamate 

0 
II 	I 

0AN 
H 	

o,S= 3  

To a solution of tert-butyl 44(5-tosy1-5H-pyrrolo[2,3-b]pyrazin-2-yOmethylcarbamoy1)- 

	

5 	bicyclo[2.2.2]octan-l-ylcarbamate (0.205 g, 0.370 mmol) in THE (5 mL) was added 2,4-bis(4- 

phenoxypheny1)-1,3-dithia-2,4-diphosphetane-2,4-disulfide (0.215 g, 0.407 mmol, TCI America). 

After about 15 h at ambient temperature, diacetoxymercury (0.295 g, 0.926 mmol) was added to 

the reaction mixture. After about 2 h, the reaction mixture was diluted with EtOAc (30 mL) and 

filtered through Celite®.  The filtrate was concentrated under reduced pressure and the crude 

	

10 	mixture was purified by chromatography on silica gel eluting with a gradient of 20-80% EtOAc in 

DCM to provide tert-butyl 4-(6-tosy1-6H-imidazo[1,5-a]pyrrolo[2,3-elpyrazin-l-

Abicyclo[2.2.2ketan-1-ylcarbarnate as a tan solid (0.175 g, 84%). LC/MS (Table 2, Method a) 

Rt  = 2.84 min; MS m/z: 536 (M+H)+. 

15 Step C: N-(4-(6-Tosy1-6H-imidazo[1,5-a]pyrrolo[2,3-e]pyrazin-l-y1)bicyclo[2.2.2]octan-1-

y1)cyclopropanesulfonamide 

To a flask containing tert-butyl 4-(6-tosy1-6H-imidazo[1,5-a]pyrrolo[2,3-e]pyrazin-1- 

20 

	

	yl)bicyclo[2.2.2]octan-1-ylcarbamate (0.175 g, 0.327 mmol) was added a solution of HC1 (4 N in 

1,4-dioxane, 5 mL). After about 2 h at ambient temperature, the reaction mixture was 

concentrated under reduced pressure. The crude amine hydrochloride was dissolved in DCM (10 

mL) and TEA (0.36 mL, 2.6 mmol) was added to the reaction mixture followed by 
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cyclopropanesulfonyl chloride (0.18 g, 1.3 mmol). After about 2 h at ambient temeprature, DMF 

(3 mL) was added and the reaction mixture was concentrated under reduced pressure to remove 

DCM. After a further about 4 h at ambient temperature, EtOAc (20 mL) and saturated aqueous 

NaHCO3  (20 mL) was added to the reaction mixture. The organic layer was separated, dried over 

5 

	

	anhydrous Na2SO4, filtered, and concentrated under reduced pressure. The crude reaction mixture 

was purified by chromatography on silica gel using 20-80% EtOAc in DCM to provide N-(4-(6- 

tosy1-6H-imidazo[1,5-akyrrolo[2,3-elpyrazin-l-yObicyclo[2.2.2Joctan-1- 

y1)cyclopropanesulfonamide as a tan solid (0.025 g, 14%). LC/MS (Table 2, Method a) Rt  = 2.34 

min; MS m/z: 540 (M+H)±. 

10 

Step D: N-(4-(6H-Imidazo[1,5-a]pyrrolo[2,3-e]pyrazin-1-yDbicyclo[2.2.2]octan-1-

yl)cyclopropanesulfonamide 

To a solution of N-(4-(6-tosy1-6H-imidazo[1,5-a]pyrrolo[2,3-e]pyrazin-1-yl)bicyclo[2.2.2]octan- 

15 	1-yl)cyclopropanesulfonamide (0.025 g, 0.046 mmol) in 1,4-dioxane (3 mL) was added aqueous 

NaOH (2 N, 0.35 mL, 0.70 mmol). The reaction mixture was heated to about 90 °C. After about 6 

h, the reaction mixture was cooled to ambient temperature and EtOAc (3 mL) and saturated 

aqueous NH4C1 (1.5 mL) was added. The layers were separated and the organic layer was washed 

with water (1.5 mL) followed by brine (1.5 mL), dried over anhydrous Na2SO4, filtered, and 

20 	concentrated under reduced pressure to provide N-(4-(6H-imidazo[1,5-a]pyrrolo[2,3-e]pyrazin-l-

Abicyclo[2.2.21octan-1-y1)cyclopropanesulfonamide as a tan solid (0.012 g, 67%). LC/MS 

(Table 2, Method a) Rt  = 1.65 min; MS m/z: 386 (M+H)+. 

Example #13: 3-03R,4R)-3-(6H-Imidazo[1,5-a]pyrrolo[2,3-elpyrazin-1-y1)-4- 

25 	methylpiperidin-1-yl)-3-oxopropanenitrile 
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Step A: 2-Bromo-5-tosyl-5H-pyrrolo[2,3-b]pyrazine 

A solution of 2-bromo-5H-pyrrolo[2,3-b]pyrazine (78.0 g, 394 mmol, Ark Pharm) in anhydrous 

	

5 	DMF (272 mL) was added drop-wise over about 60 min to a stirred suspension of NaH (60% 

dispersion in mineral oil, 12.8 g, 532 mmol) in anhydrous DMF (543 mL) at about 0-5 °C. The 

brown reaction solution was stirred for about 30 min at about 0-5 °C then a solution of p-

toluenesulfonyl chloride (94.0 g, 492 mmol) in anhydrous DMF (272 mL) was added drop-wise 

over about 60 min at about 0-5 °C. The reaction mixture was stirred at about 0-5 °C for about 1 h 

	

10 	then allowed to warm to ambient temperature and stirred for about 18 h at ambient temperature. 

The reaction mixture was poured slowly into ice water (6 L), followed by the addition of aqueous 

NaOH (2.5M, 50.0 mL, 125 mmol). The precipitate was collected by filtration and stirred with 

cold water (3 x 200 mL). The solid was collected by filtration and dried to constant weight in a 

vacuum oven at about 55 °C to yield 2-bromo-5-tosy1-5H-pyrrolo[2,3-Npyrazine : (134.6 g, 97%) 

	

15 	as a pale beige solid: LC/MS (Table 2, Method d) Rt  = 1.58 min; MS m/z: 352/354 (M+H)+. 

Step B: (E)-2-Styryl-5-tosyl-5H-pyrrolo[2,3-b]pyrazine 

To a solution of 2-bromo-5-tosy1-5H-pyrrolo[2,3-b]pyrazine (75 g, 213 mmol), PdC12(dppf)- 

20 	CH2C12  adduct (8.69 g, 10.6 mmol) and (E)-styrylboronic acid (39.4 g, 266 mmol) in THE (600 

mL) was added Na2CO3  (27.1 g, 256 mmol) and water (300 mL). The reaction mixture was 

degassed with nitrogen for about 45 min. The reaction mixture was heated to about 65 °C for 

about 16 h then PdC12  (dppf)-CH2C12 adduct (3.50 g, 4.29 mmol) was added. After about 18 h, the 

reaction was cooled to ambient temperature. The layers were separated and the organic layer was 

25 	concentrated under reduced pressure. The residue was triturated in EtOH (300 mL)/ DCM (100 

mL) and filtered. The precipitate was triturated in hot EtOH (400 mL) and filtered, then washed 

with EtOH (200 mL) and Et20 (400 mL). The filtrates were recombined, concentrated under 

reduced pressure, and the resulting residue was triturated in EtOH (300 mL)/DCM (100 mL) and 

stirred overnight while allowing the DCM to slowly evaporate. The mixture was filtered and 

240 



washed with EtOH (100 mL) and Et20 (100 mL) to give a second crop. The combined filter 

cakes were dried under vacuum to provide (E)-2-styry1-5-tosy1-5H-pyrrolo[2,3-blpyrazine (72.7 

g, 91%) as a tan solid: LC/MS (Table 2, Method a) Rt  = 2.66 min; MS m/z: 376 (M+H)+. 

5 	Step C: 5-Tosy1-5H-pyrrolo[2,3-b]pyrazine-2-carbaldehyde 

To a solution of (E)-2-styry1-5-tosy1-5H-pyrrolo[2,3-b]pyrazine (72.3 g, 193 mmol) in 1,4-

dioxane (1500 mL) and water (300 mL) was added NaI04  (165 g, 770 mmol) followed by Os04 

(5.00 g, 19.7 mmol). The reaction was stirred at about 25 °C for about 16 h. The reaction was 

10 	concentrated under reduced pressure then was partitioned with 10% aqueous Na2S2O3  (1000 mL) 

and DCM (1000 mL). The organic layer was washed with water (2 x 500 mL) and the layers were 

filtered to remove undissolved precipitate and separated. The organic layer was dried over 

anhydrous Na2SO4, filtered through Celite, and concentrated. The residue was purified by 

filtration through a pad of silica gel (1000 g) eluting with 0-5% EtOAc in DCM. The fractions 

15 	were concentrated and the solid was triturated with heptane. The mixture was filtered and the 

filter cake was washed with heptane. This procedure was repeated for the collected undissolved 

precipitate. The collected solid was then dissolved in 2% EtOAc in DCM and passed through a 

pad of silica gel (100 g) eluting with 2% EtOAc in DCM. The filtrate was concentrated under 

reduced pressure. The two batches were combined to give 5-tosyl-5H-pyrrolo[2,3-bJpyrazine-2- 

20 	carbaldehyde (39.1 g, 67%) as an off-white solid: LC/MS (Table 2, Method a) Rt  = 2.17 min; MS 

m/z: 302 (M+H)4. 

Step D: (5-Tosy1-5H-pyrrolo[2,3-b]pyrazin-2-yl)methanol 

  

 

C :" 

25 	To a solution of 5-tosy1-5H-pyrrolo[2,3-blpyrazine-2-carbaldehyde (37.6 g, 125 mmol) in EtOH 

(500 mL) and 1,4-dioxane (500 mL) was added NaBH4  (4.72 g, 125 mmol) in one portion. After 

about 3 h, aqueous HCl (IN, 400 mL) was slowly added to the reaction mixture. The mixture was 

concentrated to one-half the original volume under reduced pressure and EtOAc (1000 mL) and 

241 



H2Nr(HC 
N N 

water (500 mL) were added to the mixture. The layers were separated and the aqueous layer was 

extracted with EtOAc (500 mL). The combined organic layers were dried over anhydrous 

Na2SO4, filtered, and concentrated under reduced pressure to provide (5-tosy1-5H-pyrrolo[2,3-

Npyrazin-2-Amethanol (35.9 g, 95% yield) as a tan solid: LC/MS (Table 2, Method a) Rt  = 1.97 

5 	min; MS m/z: 304 (M+H)+. 

Step E: 2-(Azidomethyl)-5-tosyl-5H-pyrrolo [2,3-b] pyrazine 

HO 

  

N`NtN 

    

    

To a solution of (5-tosy1-5H-pyrrolo[2,3-b]pyrazin-2-yl)methanol (35.8 g, 118 mmol) in DCM 

10 	(600 mL) was added SOC12  (21.5 mL, 295 mmol). After about 4 h at ambient temerpature, 

additional SOC12  (8.60 mL, 118 mmol) was added. After about 16 h, the reaction was 

concentrated under reduced pressure and washed with saturated aqueous NaHCO3  (1000 mL). 

The organic layer was dried over anhydrous Na2SO4, filtered, and concentrated under reduced 

pressure. The resulting residue was dissolved in DCM (600 mL) and re-subjected to SOC12  

15 	(21.51 mL, 295 mmol). After about 16 h at ambient temperature, the reaction was concentrated 

under reduced pressure followed by the addition of DCM (500 mL) and saturated aqueous 

NaHCO3  (500 mL). The layers were separated and the organic layer was dried over anhydrous 

Na2SO4, filtered, and concentrated under reduced pressure. To the resulting residue was added 

DMF (500 mL) followed by NaN3  (38.3 g, 589 mmol). After about 16 h, at ambient temperature 

20 	EtOAc (500 mL) was added and the organic solution was washed with water:brine (1:1, 2000 

mL). The layers were separated and the aqueous layer was further extracted with EtOAc (500 

mL). The combined organic layers were washed with brine (3 x 1000 mL), dried over anhydrous 

Na2SO4, filtered, and concentrated under reduced pressure to provide 2-(azidomethyl)-5-tosyl-5H-

pyrrolo[2,3-b]pyrazine (32.65 g, 82% yield) as a tan solid: LC/MS (Table 2, Method a) Rt  = 2.31 

25 	min; MS m/z: 329 (M+H)'. 

Step F: (5-Tosy1-5H-pyrrolo[2,3-b]pyrazin-2-yl)methanamine hydrochloride 
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To a solution of 2-(azidomethyl)-5-tosyl-5H-pyrrolo[2,3-b]pyrazine (32.6 g, 99.0 mmol) in THF 

(100 mL) and water (50 mL) was added Ph3P (31.3 g, 119 mmol). The reaction mixture was 

heated to about 45 °C for about 16 h. The mixture was allowed to cool to ambient temperature 

followed by removal of THF under reduced pressure. The mixture was partitioned between 

	

5 	EtOAc (500 mL) and brine (250 mL), dried over anhydrous Na2SO4, and filtered. The filtrate was 

diluted with EtOAc to 1L total volume. To the rapidly stirring solution was added drop-wise 4N 

HCI (4N in dioxane, 30.0 mL, 120 mmol) resulting in formation of a tan precipitate. Me0H (10 

mL) was added and the mixture was filtered after about 15 min. The precipitate was triturated 

with Et20 (1000 mL) for about 10 min, filtered, and washed with Et20 (500 mL) to provide (5- 

	

10 	tosyl-5H-pyrrolo[2,3-b]pyrazin-2-yl)methanamine hydrochloride (32.0 g, 90%) as a tan solid: 

LC/MS (Table 2, Method a) Rt  = 1.44 min; MS m/z: 303 (M-FH)+ . 

Step G: 1-(tert-Butoxycarbonyl)-4-methylpiperidine-3-carboxylic acid 

0 

v OH 
OH 

ENO HCI 

0 	0
1 
 / 

15 

4-Methylnicotinic acid hydrochloride (5.00 g, 36.5 mmol, ASDI) and platinum (IV)oxide (0.35 g, 

1.54 mmol) were shaken in AcOH (100 mL) at about 60 psi hydrogen for about 72 h. The 

reaction mixture was filtered through Celitee  and concentrated under reduced pressure to give 4- 

	

20 	methylpiperidine-3-carboxylic acid hydrochloride (7.4 g, contained residual AcOH) that was 

carried forward without additional purification. To a solution of the acid (7.40 g, 36.4 mmol) and 

NaHCO3  (15.3 g, 182 mmol) in MeCN (75 mL) and water (125 mL) was added Boc2O (11.0 mL, 

47.3 mmol). The reaction was stirred at about 25 °C for about 16 h. The reaction mixture was 

diluted with Et20 (100 mL) and acidified to pH 1 with 4N aqueous HCI. The layers were 

	

25 	separated and the organic solution was washed with brine (2 x 100 mL), dried over anhydrous 

Na2SO4, filtered, and concentrated. A white solid formed that was triturated with heptane and 

collected by vacuum filtration to give 1-(tert-butoxycarbonyl)-4-methylpiperidine-3-carboxylic 

acid (5.2 g, 58% over 2 steps): LC/MS (Table 2, Method a) Rt  = 2.01 min; MS m/z: 242 04-Hy. 

30 
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0y0 
HCI 	N 9 n, 

o,s-=° 

Step H: teat-Butyl 4-methy1-3-45-tosyl-5H-pyrrolo[2,3-b]pyrazin-2-

yOmethylearbamoyl)piperidine-l-carboxylate 

To a slurry of (5-tosyl-5H- pyrrolo[2,3-b]pyrazin-2-yOmethanamine hydrochloride (29.6 g, 87.0 

	

5 	mmol, Step F), 1-(tent-butoxycarbony1)-4-methylpiperidine-3-carboxylic acid (21.2 g, 87.0 mmol, 

Step G) and HATU (33.2 g, 87.0 mmol) in DCM (400 mL) was added DIEA (46.0 mL, 263 

mmol). After stirring for about 18 h at ambient temperature, the reaction mixture was washed 

with aqueous saturated NaHCO3  (400 mL). The organic layer was separated, dried over 

anhydrous Na2SO4, filtered, and concentrated under reduced pressure. The residue was purified 

	

10 	by silica gel chromatography (330 g column) eluting with a gradient of 50-100% EtOAc in 

heptane 	to 	give 	tert-butyl 	4-methyl-3-((5-tosyl-5H-pyrrolo[2, 3-bJpyrazin-2- 

yl)methylcarbamoyl)piperidine-1-carboxylate (44 g, 95 %) as a tan foam: LC/MS (Table 2, 

Method a) Rt  = 2.38 min; MS m/z: 528 (M+H)±. 

	

15 	Step I: tert-Butyl 4-methy1-3-(6-tosy1-6H-imidazo[1,5-a]pyrrolo[2,3-e]pyrazin-l- 

yDpiperidine-l-earboxylate 

To 	a 	solution 	of 	tert-butyl 	4-methy1-34(5-tosyl-5H-pyrrolo[2,3-b]pyrazin-2- 

yOmethylcarbamoyDpiperidine-1-carboxylate (44 g, 83 mmol) in 1,4-dioxane (500 mL) was 

20 	added Lawesson's reagent (20.2 g, 50.0 mmol). The reaction was heated at about 80 °C for about 

1 h. The reaction was allowed to cool to ambient temperature followed by the addition of 

diacetoxymercury (26.6 g, 83.0 mmol). After about 1 h, additional diacetoxymercury (13.3 g, 

42.0 mmol) was added. After about 15 min, the reaction was poured into stirred EtOAc (2 L). 

After about 15 min, the reaction was filtered through Celitee  and the filtrate was concentrated 

25 	under reduced pressure. The resulting residue was triturated with EtOAc (500 mL) and filtered. 

The filtrate was concentrated under reduced pressure and purified by silica gel chromatography 
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(330 g column) eluting with a gradient of 10-50% EtOAc in heptane to provide tert-butyl 4-

methyl-3-(6-tosy1-611-imidazo[1,5-akyrrolo[2,3-ekyrazin-1-yOpiperidine-1-carboxylate (19 g, 

44%) as a white solid: LC/MS (Table 2, Method a) Rt  = 2.57 min; MS m/z: 510 (M+H)+. 

5 	Step J: tert-Butyl 3-(6H-imidazo[1,5-a]pyrrolo[2,3-e]pyrazin-1-y1)-4-methylpiperidine-1-

carboxylate 

To a solution of tert-butyl 4-methy1-3-(6-tosy1-6H-imidazo[1,5-a]pyrrolo[2,3-e]pyrazin-1- 

10 	yl)piperidine-l-carboxylate (19.0 g, 37.3 mmol) in 1,4-dioxane (100 mL) was added aqueous 

NaOH (1N, 74.6 mL, 74.6 mmol). The reaction was heated at about 60 °C for about 30 min and 

allowed to cool to ambient temperature followed by the addition of 10% aqueous AcOH (250 

mL). The mixture was extracted with with EtOAc (2 x 250 mL) and the combined organic layers 

were washed with brine (200 mL), dried over anhydrous Na2SO4, and filtered. The filtrate was 

15 	concentrated under reduced pressure and purified by silica gel chromatography (330 g) eluting 

with a gradient of 10 -70% EtOAc in heptane to provide tert-butyl 3-(6H-imidazo[1,5-

akyrrolo[2,3-elpyrazin-l-y1)-4-methylpiperidine-1-carboxylate (12.3 g, 93%) as a white foam: 

LC/MS (Table 2, Method a) Rt  = 1.96 min; MS m/z: 356 (M+H)+. 

Step K: 1-(4-Methylpiperidin-3-y1)-6H-imidazo[1,5-a]pyrrolo[2,3-e]pyrazine hydrochloride 

  

20 

 

To a solution of tert-butyl 3-(6H-imidazo[1,5-a]pyrrolo[2,3-e]pyrazin-l-y1)-4-methylpiperidine-

1-carboxylate (12.2 g, 34.3 mmol) in 1,4-dioxane (100 mL) was added 4N HC1 (4N in 1,4-

dioxane, 25.7 mL, 103 mmol). The reaction mixture was heated at about 60 °C for about 2 h. 
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The mixture was allowed to cool to ambient temperature and was diluted with Et20 (100 mL). 

The mixture was triturated and filtered, and the precipitate was washed with Et20 (100 mL) to 

give 1-(4-methylpiperidin-3-yl)-6H-imidazo[1,5-a]pyrrolo[2,3-e]pyrazine hydrochloride (10 g, 

98% yield) as a tan solid: LC/MS (Table 2, Method a) Rt  = 1.05 min; MS m/z: 256 (M-FH)1 . 

5 	Step L: 34(3R,4R)-3-(6H-Imidazo[1,5-a]pyrrolo[2,3-e]pyrazin-1-y1)-4-methylpiperidin-1-

y1)-3-oxopropanenitrile 

 

0 	N 

 

 

To a solution of 143)-4-methylpiperidin-3-y1)-6H-imidazo[1,5-a]pyrrolo[2,3-e]pyrazine 

hydrochloride (10.0 g, 34.3 mmol), DIEA (23.9 mL, 137 mmol) and 2-cyanoacetic acid (4.37 g, 

10 	51.4 mmol) in DMF (100 mL) was added EDC (7.88 g, 41.1 mmol). The reaction mixture was 

stirred at about 25 °C for about 16 h. Additional EDC (7.88 g, 41.1 mmol) was added and after 

about 5 h, the reaction was quenched with water (30 mL) and concentrated under reduced 

pressure. The residue was partitioned between DCM (2 x 500 mL) and brine (500 mL). The 

combined organic layers were dried over anhydrous Na2SO4  and filtered. The filtrate was 

15 	concentrated under reduced pressure and purified by silica gel chromatography (120 g column) 

eluting with a gradient of 0-10% Me0H in DCM followed by chiral chromatography to give 3-

((3R,4R)-3-(6H-imidazo[1,5-alpyrrolo[2,3-elpyrazin-l-yl)-4-methylpiperidin-l-y0-3-

oxopropanenitrile [Table 3, Method 9, Rt  14.5 min, or=positive] (2.1 g, 24 %) as an off-white 

solid: LC/MS (Table 2, Method a) Rt  = 1.05 min; MS m/z: 256 (M+H)+. 

20 

Example #14: N-01S,3R,4S)-3-Methy1-4-(6H-pyrrolo[2,3-e][1,2,4]triazolo[4,3-a]pyrazin-1-

yl)cyclopentyl)cyclopropanesulfonamide 

, 
N \ N 
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Step A: Sodium 4-(ethoxycarbony1)-2-(methoxycarbony1)-3-methylcyclopenta-1,3-dienolate 

O 0 

 

NaO 

  

A round bottom flask was charged with THE (1 L) followed by the portion-wise addition of 

sodium hydride (60% dispersion in mineral oil, 30.7 g, 0.77 mol). The resulting mixture was 

	

5 	cooled to about -10 °C and ethyl 3-oxobutanoate (97 mL, 0.77 mol) was added drop-wise over 

about 1 h in order to keep the internal temperature below about 10 °C. The resulting mixture was 

stirred at ambient temperature for about 1 h to give a clear yellow solution, and methyl 4-

chloroacetoacetate (44.3 mL, 0.384 mol) was added drop-wise over about 5 min. The resulting 

mixture was heated to about 50 °C for about 19 h to give a yellow-orange suspension. The 

	

10 	reaction mixture was then concentrated under reduced pressure and the resulting solid was 

transferred to a beaker and diluted with water (350 mL). The solid was collected by vacuum 

filtration and the filter cake was rinsed with water (150 mL) and dried under vacuum for about 1 

h. The solid was suspended in Et20 (500 mL), filtered, washed with Et20 (500 mL), and dried 

under vacuum to give sodium 4-(ethoxycarbonyl)-2-(methoxycarbonyl)-3-methylcyclopenta-1,3- 

	

15 	dienolate (77.4 g, 81%) as a beige solid: 1H NMR (DMSO-d6) 8 3.96 (q, J=7.1 Hz, 2H), 3.33 (s, 

3H), 2.72 (d, J=2.2 Hz, 2H), 2.47 (t, J=2.1 Hz, 3H), 1.15 (t, J=7.1 Hz, 3H). 

Step B: Ethyl 2-methyl-4-oxocyclopent-2-enecarboxylate 

o / 
NaO 

 

  

20 	A round-bottom flask was charged with sodium 4-(ethoxycarbony1)-2-(methoxycarbonyI)-3-

methylcyclopenta-1,3-dienolate (105 g, 0.420 mol) and diglyme (1 L) to give a yellow 

suspension. AcOH (100 mL, 1.7 mol) was added to the resulting mixture and sodium iodide (280 

g, 1.9 mol) was added portion-wise over about 5-10 min. The reaction mixture was then heated to 

reflux for about 3 h, cooled to room temperature, and poured over ice water (800 mL). The 

25 	resulting material was extracted with Et20 (3 x 500 mL). The combined organic extracts were 

washed with brine (2 x 500 mL), dried over anhydrous MgSO4, and filtered. The solvent was 

removed under reduced pressure to give a brown liquid that was purified by vacuum distillation 

(80-85 °C, 0.3 Torr) to give ethyl 2-methyl-4-oxocyclopent-2-enecarboxylate (40.6 g, 57%) as a 

yellow oil: 1H NMR (CDC13) 8 6.06-5.98 (m, 1H), 4.30-4.11 (m, 2H), 3.72-3.65 (m, 1H), 2.77- 

30 	2.66 (m, 1H), 2.66-2.57 (m, 1H), 2.17 (s, 3H), 1.30 (t, J=7.1 Hz, 3H). 
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Step C: Ethyl 2-methyl-4-oxocyclopentanecarboxylate 

A round-bottom flask was charged with 10% palladium on carbon (7.6 g, 7.1 mmol). The flask 

was cooled to about 0 °C and EtOAc (580 mL) was added under a nitrogen atmosphere. The 

5 

	

	cooling bath was removed and ethyl 2-methyl-4-oxocyclopent-2-enecarboxylate (60.0 g, 357 

mmol) was added. Hydrogen gas was bubbled through the mixture for about 5 min and the 

mixture was then stirred under a hydrogen atmosphere (1 atmosphere) for about 48 h. The 

hydrogen source was removed and the mixture was bubbled with nitrogen for about 5 min and 

was filtered through a pad of Celite®. The filter cake was rinsed with EtOAc (500 mL). The 

10 filtrate was concentrated under reduced pressure to give ethyl 2-methyl-4-

oxocyclopentanecarboxylate (59.9 g, 99%) as a yellow liquid: 'H NMR (CDC13) 8 4.23-4.14 (m, 

2H), 3.18 (ddd, J=5.6, 6.8, 8.1 Hz, 1H), 2.73-2.65 (m, 1H), 2.60 (ddd, j=1.7, 5.5, 18.7 Hz, 1H), 

2.42-2.29 (m, 2H), 2.15 (ddd, J=1.7, 7.9, 18.3 Hz, 1H), 1.29 (t, J=7.1 Hz, 3H), 1.07 (d, ./=7.0 Hz, 

3H). 

15 

Step D: Ethyl 4-(dibenzylamino)-2-methyleyclopentanecarboxylate 

A round-bottom flask was charged with ethyl 2-methyl-4-oxocyclopentanecarboxylate (10.0 g, 

58.8 mmol) and DCE (180 mL). The solution was cooled to about 0 °C and AcOH (5.7 mL, 100 

20 	mmol) and dibenzylamine (11.3 mL, 58.8 mmol) were added drop-wise, resulting in formation of 

a thick suspension. The reaction mixture was warmed to about 10 °C and sodium 

triacetoxyborohydride (21.2 g, 100 mmol) was added portion-wise and the reaction mixture was 

stirred at room temperature for about 20 h. The reaction mixture was slowly poured into stirred 

saturated aqueous NaHCO3  (300 mL) for about 20 min. The layers were separated and the 

25 	aqueous phase was extracted with DCM (3 x 100 mL). The combined organic extracts were 

washed with brine (2 x 100 mL), dried over anhydrous Na2SO4, and concentrated to dryness under 

reduced pressure. The crude yellow oil was purified via flash column chromatography eluting 

with a gradient of 0-30% EtOAc in heptane. The solvent was removed under reduced pressure to 

give ethyl 4-(dibenzylamino)-2-methylcyclopentanecarboxylate (15.5 g, 75 %) as colorless oil: 1H 

30 	NMR (pyridine-d5) 8 7.53 (dd, J=0.9, 7.9 Hz, 4H), 7.43-7.35 (m, 4H), 7.33-7.25 (m, 2H), 4.22-

4.06 (m, 2H), 3.79 (d, J=14.2 Hz, 2H), 3.70 (d, J=14.2 Hz, 2H), 3.34-3.22 (m, 1H), 2.76 (dd, 
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Step F: Ethyl 4-(cyclopropanesulfonamido)-2-methylcyclopentanecarboxylate 

o„ 
NH, 	 (:) NH 

70 

15 I 

J=7.9, 16.6 Hz, 1H), 2.25-2.13 (m, 1H), 2.09-1.94 (m, 2H), 1.88-1.79 (m, 1H), 1.52 (dd, J=10.5, 

22.5 Hz, 1H), 1.16 (t, J=7.1 Hz, 3H), 0.98 (d, J=7.0 Hz, 3H). 

Step E: Ethyl 4-amino-2-methylcyclopentanecarboxylate 

  

NH2  

5 

 

To a vessel containing a slurry of 20% wet Pd(OH)2-C (5.00 g, 35.6 mmol) in EtOH (355 mL) 

was added ethyl 4-(dibenzylamino)-2-methylcyclopentanecarboxylate (50.0 g, 142 mmol). The 

reaction was shaken for about 60 min at about 50 °C under about 30 psi of H2. The resulting 

mixture was filtered through a pad of Celite®  and the filtrate was concentrated under reduced 

10 

	

	pressure to give ethyl 4-amino-2-methylcyclopentanecarboxylate (23.5 g, 96 %) as a yellow oil: 

1H NMR (CDC13) 8 4.24-4.02 (m, 2H), 3.41-3.27 (m, 1H), 2.81 (dd, j=7.6, 15.4 Hz, 1H), 2.36-

2.20 (m, 1H), 2.21-2.02 (m, 4H), 1.81-1.69 (m, 1H), 1.33-1.15 (m, 4H), 0.98 (d, J=7.0 Hz, 3H). 

A solution of ethyl 4-amino-2-methylcyclopentanecarboxylate (15.0 g, 88.0 mmol) in DMF (210 

mL) was cooled to about 0 °C in an ice bath. TEA (30.5 mL, 219 mmol) was added and stirring 

was continued at about 0 °C for about 15 min and then cyclopropanesulfonyl chloride (12.3 g, 

88.0 mmol, Matrix) was added drop-wise. The resulting solution was stirred at about 0 °C for 

20 	about 2 h. The ice bath was removed and the reaction mixture continued stirring at ambient 

temperature for about 3 h. The reaction was concentrated under reduced pressure and EtOAc 

(200 mL) and water (100 mL) were added. The layers were separated and the organic layer was 

washed with saturated aqueous NaHCO3  (60 mL) and brine (60 mL), dried over anhydrous 

MgSO4, filtered, and concentrated under reduced pressure to give a reddish brown oil. The crude 

25 	material was purified by silica gel chromatography eluting with a gradient of 10-30% EtOAc in 

heptane to give ethyl 4-(cyclopropanesulfonamido)-2-methylcyclopentanecarboxylate (21.3 g, 

88%) as a yellow oil: 1H NMR (CDC13) 8 5.25 (d, J=9.9 Hz, 1H), 4.23-4.06 (m, 2H), 4.03-3.90 

(m, 1H), 2.80 (td, J=3.1, 7.5 Hz, 1H), 2.46-2.30 (m, 2H), 2.29-2.14 (m, 2H), 1.97 (ddd, J=3.2, 4.2, 

14.2 Hz, 1H), 1.42 (ddd, J=7.5, 11.5, 13.1 Hz, 1H), 1.29 (t, j=7.1 Hz, 3H), 1.20-1.14 (m, 2H), 

30 	1.02 (d, J=6.9 Hz, 3H), 1.00-0.96 (m, 2H). 
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Step G: 4-(Cyclopropanesulfonamido)-2-methylcyclopentanecarboxylic acid 

0 0 

NH 

 

  

  

OH 

To a flask containing ethyl 4-(cyclopropanesulfonamido)-2-methylcyclopentanecarboxylate (7.5 

g, 27.3 mmol) was added aqueous NaOH (1N, 150 mL, 150 mmol). After stirring at ambient 

	

5 	temperature for about 5 h, the reaction was acidified to about pH 1 with aqueous 6 N HC1 and 

extracted with DCM (3 x 100 mL). The combined organic layers were washed with brine, dried 

over anhydrous MgSO4, filtered, and concentrated under reduced pressure to give crude 4-

(cyclopropanesulfonamido)-2-methylcyclopentanecarboxylic acid containing about 5 mol% DCM 

(6.6 g, 97%) as a white solid: 1H NMR (DMSO-d6) 8 12.09 (s, 1H), 7.11 (d, J=8.1 Hz, 1H), 3.66- 

	

10 	3.53 (m, 1H), 2.78-2.68 (m, 1H), 2.50 (tq, J=5.1, 7.7 Hz, 1H), 2.29-2.17 (m, 1H), 2.17-2.01 (m, 

2H), 1.82 (dt, J=9.9, 12.7 Hz, 1H), 1.24 (dt, J=8.9, 12.4 Hz, 1H), 0.98-0.85 (m, 7H). 

Step H: 2-Bromo-5-tosyl-5H-pyrrolo[2,3-b]pyrazine 

tsr N 
0=-S'"'°  

A solution of 2-bromo-5H-pyrrolo[2,3-b]pyrazine (78.0 g, 394 mmol, Ark Pharm) in anhydrous 

15 	DMF (272 mL) was added drop-wise over about 60 min to a stirred suspension of NaH (60% 

dispersion in mineral oil, 12.8 g, 532 mmol) in anhydrous DMF (543 mL) at about 0-5 °C. The 

brown reaction solution was stirred for about 30 min at about 0-5 °C then a solution of p-

toluenesulfonyl chloride (94.0 g, 492 mmol) in anhydrous DMF (272 mL) was added drop-wise 

over about 60 min at about 0-5 °C. The reaction mixture was stirred at about 0-5 °C for about 1 h 

20 	then allowed to warm to ambient temperature and stirred for about 18 h at ambient temperature. 

The reaction mixture was poured slowly into ice water (6 L), followed by the addition of aqueous 

NaOH (2.5M, 50.0 mL, 125 mmol). The precipitate was collected by filtration and stirred with 

cold water (3 x 200 mL). The solid was collected by filtration and dried to constant weight in a 

vacuum oven at about 55 °C to yield 2-bromo-5-tosy1-5H-pyrroloP,3-b]pyrazine (134.6 g, 97%) 

25 	as a pale beige solid: LC/MS (Table 2, Method d) Rt  = 1.58 min; MS m/z: 352/354 (M+H)±. 

Br1  

N N 
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Step J: 2-Hydrazinyl-5-tosyl-5H-pyrrolo [2,3-b] pyrazine 

>Lo 
0 NH 

HN N 
H2N

,N
T 

N

, 

N N 

0-=';"-"C)  

NH2  
„O

Y I 
N N 

0 
N 

Step I: tert-Butyl 2-(5-tosy1-5H-pyrrolo[2,3-b]pyrazin-2-yphydrazinecarboxylate and tent-

butyl 1-(5-tosy1-5H-pyrrolo[2,3-b]pyrazin-2-yphydrazineearboxylate 

>Lo 
0NH 

HN 
N 

N 

To a flask was added Pd2(dba)3  (3.90 g, 4.26 mmol), di-tert-butyl-(21,4',6'-triisopropylbipheny1-2- 

	

5 	yl)phosphane (3.62 g, 8.52 mmol), and anhydrous 1,4-dioxane (453 mL). The catalyst-ligand 

mixture was degassed via vacuum/nitrogen purge (3 times) and heated at about 80 °C for about 10 

min. 	Then 2-bromo-5-tosyl-5H-pyrrolo[2,3-b]pyrazine (30.0 g, 85 mmol), tert-butyl 

hydrazinecarboxylate (16.9 g, 128 mmol), and NaOt-Bu (12.3 g, 128 mmol) were added. After an 

additional vacuum/nitrogen purge, the reaction was heated at about 80 °C. After about 50 min, 

	

10 	the reaction mixture was cooled to ambient temperature and filtered through a pad of silica gel 

topped with Celite®  while washing with EtOAc (3 x 150 mL). Water (300 mL) was added to the 

filtrate and the organic layer was separated. The aqueous layer was extracted with additional 

EtOAc (3 x 200 mL). The combined organic extracts were washed with saturated aqueous 

NH4C1, saturated aqueous NaHCO3, and brine (400 mL each), dried over anhydrous MgSO4, 

	

15 	filtered, and concentrated under reduced pressure to give a dark brown oil (45 g). The brown oil 

was dissolved in DCM (250 mL), silica gel (200 g) was added, and the mixture was concentrated 

under reduced pressure. The resulting silica mixture was purified using silica gel chromatography 

eluting with a gradient of 25-65% EtOAc in heptane to give a mixture of tert-butyl 2-(5-tosy1-5H-

pyrrolo[2,3-blpyrazin-2-yOhydrazinecarboxylate [major regioisomer] and tert-butyl 1-(5-tosyl- 

	

20 	5H-pyrrolo[2,3-b]pyrazin-2-yOhydrazinecarboxylate [minor regioisomer] (18.8 g, 50%): LC/MS 

(Table 2, Method d) Rt  = 1.47 min; MS m/z: 404 (M+H)±  

NH2  
>

1

,01(N,iN
, 

 

0 N N 
naScO 

25 	To a mixture of tert-butyl 2-(5-tosyl-5H-pyrrolo[2,3-b]pyrazin-2-yl)hydrazinecarboxylate and 

tert-butyl 1-(5-tosy1-5H-pyrrolo[2,3-b]pyrazin-2-yl)hydrazinecarboxylate (18.8 g, 46.6 mmol) in 

1,4-dioxane (239 mL) was added HC1 (4 M in 1,4-dioxane, 86 mL, 345 mmol). The reaction was 
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15 	pro 
NH2 

HN.. N 

pan 
o  

esulf 

N 

heated at about 60 °C for about 1 h and then cooled to about 15-20 °C. The solid was collected by 

vacuum filtration, washed with cold 1,4-dioxane (2 x 20 mL), and then stirred with a solution of 

saturated aqueous NaHCO3  and water (1:1, 150 mL). After about 1 h, the effervescence had 

subsided and the solid was collected by vacuum filtration, washed with ice cold water (3 x 20 

	

5 	mL), and dried in a vacuum oven to a constant weight to afford 2-hydrazinyl-5-tosyl-5H- 

pyrrolo[2,3-bJpyrazine as a light yellowish brown solid (8.01 g, 50%): LC/MS (Table 2, Method 

d) Rt  = 1.28 min; MS m/z: 304 (M+H)+. 

Step K: N-(3-Methy1-4-(6-tosy1-6H-pyrrolo[2,3-e][1,2,4]triazolo[4,3-a]pyrazin-1- 

	

10 	yl)c 

yclo 
o,11 0 	 o 	 o„s9,6, 

pent 	 ',s—<1 	 41 NH 	 HN 	NH 
HO 	 S., 

YDC 	 "'0 	
HN N 

0 + 	 0 	 I 	 N= 
yclo ---..- , 

'NON 
	 N \ 

:S0 
 ::-- 

0 	
---..- 

ona 

mid 

20 	e 

To a solution of 4-(cyclopropanesulfonamido)-2-methylcyclopentanecarboxylic acid (15.3 g, 61.8 

mmol, Step G) in DCM (300 mL) was added 2-hydrazinyl-5-tosyl-5H-pyrrolo[2,3-b]pyrazine 

25 	(18.3 g, 57.2 mmol, Step J), HATU (22.9 g, 60.1 mmol) and TEA (32.0 mL, 229 mmol). After 

stirring at ambient temperature for about 1 h, the reaction was diluted with water (250 mL). The 

layers were separated and the aqueous layer was extracted with DCM (2 x 200 mL). The 

combined organic layers were washed with brine, dried over anhydrous MgSO4, filtered, and 

concentrated under reduced pressure. The crude material was diluted with DCM, forming a thick 

30 	suspension. Heptane was added to the suspension which was filtered to give an off-white solid. 

Silica gel (25 g) was added to the filtrate and the mixture was concentrated under reduced 

pressure. The resulting silica mixture was purified using silica gel chromatography eluting with a 

gradient of 60-100% EtOAc in heptane. The product-containing fractions were combined and 

concentrated under reduced pressure. The resulting tan solid was added to the previously 

35 	collected precipitate and dried on a vacuum pump for about 14 h to give impure N-(3-methyl-4-(2- 

(5-tosy1-5H-pyrrolo[2,3-Npyrazin-2-yl)hydrazinecarbonyl) cyclopentyl)cyclopropanesulfonamide 

(25.2 g) contaminated with about 50 mol% tetramethylurea. To a solution of impure N-(3-

methy1-4-(2-(5-tosyl-5H-pyrrolo [2,3 -b]pyrazin-2- 
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N \ N 

N N 

04:)A 

.„141-1 

yl)hydrazinecarbonyl)cyclopentyl)cyclopropanesulfonamide (25.2 g, 47.4 mmol) in 1,4-dioxane 

(395 mL) was added TEA (26.5 mL, 189 mmol) and thionyl chloride (3.5 mL, 48 mmol). The 

reaction was heated at about 80 °C for about 1.5 h, at which point the reaction mixture had 

solidified. The reaction was cooled to ambient temperature and the solid was dissolved in DCM 

	

5 	(1 L). The organics were washed with water (2 x 500 mL) and brine (2 x 500 mL), dried over 

MgSO4, filtered, and concentrated by half under reduced pressure. Silica gel (75 g) was added 

and the remainder of the solvent was removed under reduced pressure. The resulting mixture was 

purified using silica gel chromatography eluting with a gradient of 0-50% acetone in DCM. The 

product-containing fractions were combined and concentrated under reduced pressure, during 

	

10 	which time a thick gel was formed which subsequently solidified to give N-(3-methyl-4-(6-tosy1- 

6H-pyrrolo[2,3-411,2,41triazolo[4,3-a]pyrazin-1-ylkyclopentAcyclopropanesulfonamide (18.1 

g, 62%) as a light brown solid: LC/MS (Table 2, Method a) Rt  = 2.16 min; MS m/z: 515 (M+H)±. 

Step L: N-41S,3R,4S)-3-Methyl-4-(61-1-pyrrolo[2,3-e][1,2,4]triazolo[4,3-a]pyrazin-1- 

	

15 	yl)cyclopentyl)cyclopropanesulfonamide 

A mixture of N-(3-methy1-4-(6-tosy1-6H-pyrrolo[2,3-e][1,2,4]triazolo[4,3-a]pyrazin-l-

y1)cyclopentyl)cyclopropanesulfonamide (7.1 g, 13.9 mmol), 1,4-dioxane (139 mL) and aqueous 

1 N NaOH (30.0 mL, 30.0 mmol) was heated at about 60 °C for about 2 h. The reaction was 

20 	cooled to ambient temperature, diluted with water (150 mL), and extracted with EtOAc (3 x 150 

mL). The combined organic layers were washed with brine (200 mL), dried over anhydrous 

Na2SO4, filtered, and concentrated under reduced pressure. The crude mixture was triturated with 

EtOAc (50 mL) and filtered to give a tan solid, which was purified by chiral preparative HPLC 

(Table 3, Method 3, Rt=18 min, or=negative). The product containing fractions were combined 

25 	and concentrated to give a pale yellow solid. The solid was dissolved in a 1:1 mixture of 

DCM:MeOH (about 100 mL), 10 g of silica gel was added, and the mixture was concentrated. 

The resulting mixture was purified by silica gel chromatography using a gradient of 0-100% 

DCM/Me0H/Et2NH (990:9:1) to DCM/MeOH/Et2NH (970:27:3). The product-containing 

fractions were combined and concentrated to give a white solid. The solid was dissolved in 

30 	boiling EtOH (150 mL) and sonicated for about 1 h. The solvent was removed under reduced 

pressure and the solid was dried in a vacuum oven at about 70 °C for about 72 h. Water (12 mL) 
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and EtOH (3 mL) were added, and the resulting slurry was refluxed for 2 h. The slurry was 

cooled to ambient temperature, followed by further cooling at about 0 °C in an ice bath. The 

solids were filtered while rinsing with ice-cooled water (about 3 mL) and dried in a vacuum oven 

to 	give 	N-((JS,3R,4S)-3-methyl-4-(6H-pyrrolo[2,3-e][1,2,4]triazolo[4,3-alpyrazin-1- 

5 	yl)cyclopentyl)cyclopropanesulfonamide (0.5 g, 10.4%) as a white solid with 0.5% EtOH: LC/MS 

(Table 2, Method a) Rt  = 1.61 min; MS m/z: 361 (M+H)+. 

Example #15: N-((lS,3R,4S)-3-Ethy1-4-(6H-pyrrolo[2,3-e][1,2,4]triazolo[4,3-a]pyrazin-1-

yl)cyclopentyl)cyclopropanesulfonamide 

10 

H A 

0 

Step A: Sodium 4-(ethoxycarbony1)-3-ethy1-2-(methoxycarbonyl)cyclopenta-1,3-dienolate 

o / 
NaO 

°)-rThrci 
O o 	o o 

A round bottom flask was charged with THE (1.5 L) followed by the portion-wise addition of 

sodium hydride (60% dispersion in mineral oil, 70.0 g, 1.75 mol). Additional THE (500 mL) was 

15 	added and the resulting mixture was cooled to about —10 ° and ethyl propionylacetate (250 mL, 

1.8 mol) was added drop-wise over about 1 h in order to keep internal temperature below about 10 

°C. The resulting mixture was stirred at ambient temperature for about 0.5 h to give a clear 

yellow solution, and methyl 4-chloroacetoacetate (100 mL, 0.88 mol) was added drop-wise over 

about 5 min. The resulting mixture was heated to about 50 °C for about 19 h to give a reddish 

20 	orange suspension. The reaction mixture was then concentrated under reduced pressure and the 

resulting liquid was transferred to a beaker and diluted with water (350 mL). The mixture was 

stirred and placed in an ice bath for about 2 h. The solid was collected by vacuum filtration and 

the filter cake was rinsed with water (150 mL) and dried under vacuum. The solid was suspended 

in Et20 (1.5 L), filtered, washed with Et20 (1.5 L), and dried under vacuum. The resulting solid 

25 	was azeotroped with toluene (1 L) to give a solid that was re-suspended in Et20 (1 L) and 

collected by vacuum filtration. The filter cake was washed with Et20 (500 mL) and dried under 

vacuum to give sodium 4-(ethoxycarbony1)-3-ethy1-2-(methoxycarbonyl)cyclopenta-1,3-dienolate 

(204.2 g, 89%) as beige solid: 'H NMR (DMSO-d6) 8 3.94 (q, J= 7.1 Hz, 2H), 3.46 (s, 3H), 3.04 

(q, J= 7.2 Hz, 2H), 2.66 (s, 2H), 1.13 (t, J= 7.1 Hz, 3H), 0.99 (t, J= 7.3 Hz, 3H). 

30 
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Step B: Ethyl 2-ethyl-4-oxocyclopent-2-enecarboxylate 

NaO 

 

  

A round-bottom flask was charged with sodium 4-(ethoxycarbony1)-3-ethy1-2-

(methoxycarbonyl)cyclopenta-1,3-dienolate (250 g, 0.94 mol) and diglyme (1.1 L) to give a green 

	

5 	suspension, followed by AcOH (140 mL, 2.4 mol). To the resulting mixture was added sodium 

iodide (490 g, 3.3 mol) portion-wise over about 5-10 min. Upon addition, the temperature rose 

from about 16 °C to about 36 °C. The reaction mixture was then heated to reflux for about 3 h, 

cooled to room temperature, and poured over a mixture of ice (2 L) and saturated aqueous 

NaHCO3  (4 L). The resulting material was extracted with Et20 (4 x 1.2 L) and the combined 

	

10 	organic layers were dried over anhydrous MgSO4  and filtered. The solvent was removed under 

reduced pressure to give a brown liquid (250 mL) that was purified by vacuum distillation (80-92 

°C, 0.3 Ton) to give ethyl 2-ethyl-4-oxocyclopent-2-enecarboxylate (95.7 g, 56 %) as a yellow 

syrup: Ill NMR (CDC13) 5 6.04 (m, 1H), 4.26-4.15 (m, 2H), 3.76-3.69 (m, 1H), 2.75-2.57 (m, 

2H), 2.56-2.44 (m, 2H), 1.32-1.26 (m, 3H), 1.23-1.18 (m, 3H). 

15 
Step C: Ethyl 2-ethyl-4-oxocyclopentanecarboxylate 

0 	 0 

A round-bottom flask was charged with 10% palladium on carbon (10 g, 9.4 mmol). The flask 

was cooled to about 0 °C and EtOAc (400 mL) was added under a nitrogen atmosphere. The 

20 	cooling bath was removed and ethyl 2-ethy1-4-oxocyclopent-2-enecarboxylate (47.8 g, 263 mmol) 

was added. Hydrogen gas was bubbled through the mixture for about 5 min and the mixture was 

then stirred under a hydrogen atmosphere for about 48 h. The hydrogen source was removed, the 

mixture was bubbled with nitrogen for about 5 min and was filtered through a pad of Celite®. The 

filter cake was rinsed with EtOAc (400 mL). The filtrate was concentrated under reduced pressure 

25 	to give ethyl 2-ethyl-4-oxocyclopentanecarboxylate (48.0 g, 99%) as a yellow liquid: 1H NMR 

(CDC13) 5 4.23-4.10 (m, 2H), 3.22 (m, 1H), 2.59-2.50 (m, 1H), 2.44-2.28 (m, 3H), 2.26-2.16 (m, 

1H), 1.58-1.46 (m, 1H), 1.41-1.30 (m, 1H), 1.30-1.23 (m, 3H), 1.02-0.91 (m, 3H). 
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Step D: Ethyl 4-(dibenzylamino)-2-ethylcyclopentanecarboxylate 

g0 

0 d 
A round-bottom flask was charged with ethyl 2-ethyl-4-oxocyclopentanecarboxylate (95.9 g, 521 

mmol) and DCE (1.8 L). The solution was cooled to about 0 °C and glacial AcOH (45 mL, 780 

	

5 	mmol) and dibenzylamine (120 mL, 625 mmol) were added drop-wise, resulting in formation of a 

thick suspension. The reaction mixture was warmed to about 10 °C by removing the cooling bath 

and additional DCE (500 mL) was added. Sodium triacetoxyborohydride (166 g, 781 mmol) was 

added portion-wise and the reaction mixture was stirred at room temperature for about 20 h. The 

reaction mixture was slowly poured into stirred saturated aqueous NaHCO3  (1.5 L), followed by 

	

10 	the portion-wise addition of solid NaHCO3  (175 g, 2083 mmol). The mixture was stirred for about 

2 h and the organic layer was separated, dried over anhydrous Na2SO4, and concentrated to 

dryness under reduced pressure. The crude yellow oil was purified on silica gel column 

chromatography eluting with a gradient of 0-20% EtOAc/heptane. The solvent was removed 

under reduced pressure to yield ethyl 4-(dibenzylamino)-2-ethylcyclopentanecarboxylate (136.6 g, 

	

15 	72 %) as a white solid: LC/MS (Table 2, Method a) Rt  = 3.26 min; MS m/z: 366 (M+H)±. 

Step E: Ethyl 4-amino-2-ethylcyclopentanecarboxylate 

 

NH2  

 

O 

  

To a vessel containing a slurry of 20% wet Pd(OH)2-C (12.9 g, 92.0 mmol) in EtOH (1.0 L) was 

20 	added ethyl 4-(dibenzylamino)-2-ethylcyclopentanecarboxylate (129 g, 352 mmol). The reaction 

was shaken for about 90 min at about 50 °C at about 30 psi of H2. The resulting mixture was 

filtered through a nylon membrane and the filtrate was concentrated under reduced pressure to 

give ethyl 4-amino-2-ethylcyclopentanecarboxylate (64.5 g, 99 %) as a yellow syrup: IH NMR 

(CDC13) 8 4.03-3.88 (m, 2H), 3.17 (m, 1H), 2.68 (m, 1H), 2.09-2.02 (m, 2H), 2.02-1.94 (m, 2H), 

25 	1.84 (m, 1H), 1.58-1.48 (m, 1H), 1.32-1.18 (m, 1H), 1.09 (m, 3H), 1.03 (m, 2H), 0.78-0.69 (m, 

3H). 
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Step F: (1S,2R,4S)-Ethyl 4-(cyclopropanesulfonamido)-2-ethylcyclopentanecarboxylate 
o o 
\s"—< 

NH2 	 •. .NH 

/o 

A solution of ethyl 4-amino-2-ethylcyclopentanecarboxylate (20.5 g, 111 mmol) in DMF (340 

mL) was cooled to about 0 °C in an ice bath. TEA (38.6 mL, 277 mmol) was added and stirring 

	

5 	was continued at about 0 °C for about 15 min and then cyclopropanesulfonyl chloride (15.6 g, 111 

mmol, Matrix) was added drop-wise. The resulting solution was stirred at about 0 °C for about 2 

h. The ice bath was removed and the reaction mixture continued stirring at ambient temperature 

for about 3 h. The reaction was concentrated under reduced pressure and EtOAc (200 mL) and 

water (60 mL) were added. The layers were separated and the organic layer was washed with 

	

10 	saturated aqueous NaHCO3  (60 mL) and brine (60 mL), dried over anhydrous MgSO4, filtered, 

and concentrated under reduced pressure to give a reddish brown oil. The crude material was 

purified by silica gel chromatography eluting with a step-wise gradient of 10% EtOAc in heptane 

then 15% EtOAc in heptane followed by 20% EtOAc in heptane to give a yellow oil (27.3 g) that 

was purified by chiral preparative HPLC (Table 3, Method 9, Rt = 9.5 min, or = negative) to give 

	

15 	(15,2R,4S)-ethyl 4-(cyclopropanesulfonamido)-2-ethylcyclopentanecarboxylate (11.1 g, 35%): 

LC/MS (Table 2, Method a) Rt  = 2.25 min; MS m/z: 290 (M+H)+. 

Step G: (1S,2R,4S)-4-(Cyclopropanesulfonamido)-2-ethylcyclopentanecarboxylic acid 

0\:4‹ 	 00
/ 

 

!NH 	 • , IN'H 
Oz)„,.  

20 To a flask containing (13,2R,4S)-ethyl 4-(cyclopropanesulfonamido)-2-ethylcyclopentane-

carboxylate (11.1 g, 38.4 mmol) was added 1 N aqueous NaOH (210 mL, 210 mmol). After 

stirring at ambient temperature for about 8 h, the reaction was acidified to about pH 1 with 6 N 

aqueous HCI and extracted with DCM (3 x 150 mL). The combined organic layers were washed 

with brine, dried over anhydrous MgSO4, filtered, and concentrated under reduced pressure to 

25 give crude (1S,2R,4S)-4-(cyclopropanesulfonamido)-2-ethylcyclopentanecarboxylic acid 

containing about 25 mol% DCM (10.7 g, 99%): LC/MS (Table 2, Method a) Rt  = 1.71 min; MS 

m/z: 260 (M-H)". 

OH 
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Step H: 2-Bromo-5-tosyl-5H-pyrrolo[2,3-b]pyrazine 

A solution of 2-bromo-5H-pyrrolo[2,3-b]pyrazine (78.0 g, 394 mmol, Ark Pharm) in anhydrous 

DMF (272 mL) was added drop-wise over about 60 min to a stirred suspension of NaH (60% 

	

5 	dispersion in mineral oil, 12.8 g, 532 mmol) in anhydrous DMF (543 mL) at about 0-5 °C. The 

brown reaction solution was stirred for about 30 min at about 0-5 °C then a solution of p-

toluenesulfonyl chloride (94.0 g, 492 mmol) in anhydrous DMF (272 mL) was added drop-wise 

over about 60 min at about 0-5 °C. The reaction mixture was stirred at about 0-5 °C for about 1 h 

then allowed to warm to ambient temperature and stirred for about 18 h. The reaction mixture 

	

10 	was poured slowly into ice water (6 L), followed by the addition of aqueous NaOH (2.5 M, 50.0 

mL, 125 mmol). The precipitate was collected by filtration and stirred with cold water (3 x 200 

mL). The solid was collected by filtration and dried to constant weight in a vacuum oven at about 

55 °C to yield 2-bromo-5-tosy1-5H-pyrrolo[2,3-Npyrazine (134.6 g, 97%) as a pale beige solid: 

LC/MS (Table 2, Method d) Rt  = 1.58 min; MS m/z: 352/354 (M+H)±. 

15 
Step I: tert-Butyl 2-(5-tosy1-5H-pyrrolo[2,3-b]pyrazin-2-yphydrazineearboxylate and tert-

butyl 1-(5-tosy1-5H-pyrrolo[2,3-b]pyrazin-2-yphydrazineearboxylate 

To a flask was added Pd2(dba)3  (3.90 g, 4.26 mmol), di-tert-butyl-(21,4',6'-triisopropylbipheny1-2- 

20 	yl)phosphane (3.62 g, 8.52 mmol), and anhydrous 1,4-dioxane (453 mL). The catalyst-ligand 

mixture was degassed via vacuum/nitrogen purge (3 times) and heated at about 80 °C for about 10 

min. Then 2-bromo-5-tosyl-5H-pyrrolo[2,3-b]pyrazine (30.0 g, 85 mmol), tert-butyl 

hydrazinecarboxylate (16.9 g, 128 mmol), and NaOt-Bu (12.28 g, 128 mmol) were added. After 

an additional vacuum/nitrogen purge, the reaction was heated at about 80 °C. After about 50 min, 

25 	the reaction mixture was cooled to ambient temperature and filtered through through a pad of 

silica gel (6 cm in height x 6 cm in diameter), topped with Celitee  (1 cm in height x 6 cm in 

diameter), while washing with EtOAc (3 x 150 mL). Water (300 mL) was added to the filtrate 

and the organic layer was separated. The aqueous layer was extracted with additional EtOAc (3 x 
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200 mL). The combined organic extracts were washed with saturated aqueous NH4C1, saturated 

aqueous NaHCO3, and brine (400 mL each), dried over anhydrous MgSO4, filtered, and 

concentrated under reduced pressure to give a dark brown oil (45 g). The brown oil was dissolved 

in DCM (250 mL), silica gel (200 g) was added, and the mixture was concentrated under reduced 

	

5 	pressure. The resulting silica mixture was purified using silica gel chromatography eluting with a 

gradient of 25-65% EtOAc in heptane to give a mixture of tert-butyl 2-(5-tosy1-5H-pyrrolo[2,3-

bkyrazin-2-yl)hydrazinecarboxylate [major regioisomer] and tert-butyl 1-(5-tosy1-5H-

pyrrolop,3-bipyrazin-2-yOhydrazinecarboxylate [minor regioisomer] (18.8 g, 50%): LC/MS 

(Table 2, Method d) Rt  = 1.47 min; MS m/z: 404 (M+H)±. 

10 

Step J: 2-Hydrazinyl-5-tosyl-5H-pyrrolo [2,3-b] pyrazine 

0 NH 
HN N 

N.*".  N 

To a mixture of tert-butyl 2-(5-tosyl-5H-pyrrolo[2,3-b]pyrazin-2-yl)hydrazinecarboxylate and 

tert-butyl 1-(5-tosy1-5H-pyrrolo[2,3-b]pyrazin-2-yl)hydrazinecarboxylate (18.8 g, 46.6 mmol) in 

	

15 	1,4-dioxane (239 mL) was added HC1 (4 M in 1,4-dioxane, 86 mL, 345 mmol). The reaction was 

heated at about 60 °C for about 1 h and then cooled to about 15-20 °C. The solid was collected by 

vacuum filtration, washed with cold 1,4-dioxane (2 x 20 mL), and then stirred with a solution of 

saturated NaHCO3  and water (1:1, 150 mL). After about 1 h, the effervescence had subsided and 

the solid was collected by vacuum filtration, washed with ice cold water (3 x 20 mL), and dried in 

	

20 	a vacuum oven to a constant weight to afford 2-hydrazinyl-5-tosyl-5H-pyrrolo[2, 3-bJpyrazine as a 

light yellowish brown solid (8.01 g, 50%): LC/MS (Table 2, Method d) Rt  = 1.28 min; MS m/z: 

304 (M+H)+. 

NHZ  
N 

I 	8 
cS=0  

H2N
.N N 

NON 
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Step K: N-01S,3R,4S)-3-Ethyl-4-(6-tosyl-6H-pyrrolo[2,3-e][1,2,4]triazolo[4,3-alpyrazin-1-

y1)cyclopentyl)cyclopropanesulfonamide 

To a mixture of (1S,2R,4S)-4-(cyclopropanesulfonamido)-2-ethylcyclopentanecarboxylic acid 

	

5 	(8.43 g, 30.1 mmol, Step G) in DCM (160 mL) was added 2-hydrazinyl-5-tosyl-5H-pyrrolo[2,3- 

b]pyrazine (9.20 g, 28.8 mmol, Step J), HATU (11.5 g, 30.3 mmol) and TEA (16.0 mL, 115 

mmol). After stirring at ambient temperature for about 1 h, the reaction was diluted with water 

(150 mL). The layers were separated and the aqueous layer was extracted with DCM (2 x 150 

mL). The combined organic layers were washed with brine, dried over anhydrous MgSO4, 

	

10 	filtered, and concentrated under reduced pressure. The crude material was dissolved in DCM and 

purified by silica gel chromatography eluting with a gradient of 60-100% EtOAc in heptane. The 

product-containing fractions were combined, concentrated under reduced pressure, and dried on a 

vacuum pump to give N-WS,3R,4S)-3-ethyl-4-(2-(5-tosyl-5H-pyrrolo[2,3-Npyrazin-2-

yOhydrazinecarbonyl)cyclopentyl)cyclopropanesulfonamide (14.1 g) as a tan foam containing 

15 about 50 mol% tetramethylurea and about 35 mol% EtOAc. To a solution of impure N-

R1S,3R,4S)-3-ethy1-4-(2-(5-tosy1-5H-pyrrolo[2,3-b]pyrazin-2-yOhydrazinecarbonyl)cyclopenty1)-

cyclopropanesulfonamide (14.0 g, 22.9 mmol) in 1,4-dioxane (125 mL) was added TEA (13 mL, 

93 mmol) and thionyl chloride (2.5 mL, 34.3 mmol). The reaction was heated at about 80 °C for 

about 2.5 h. Then the reaction was cooled to ambient temperature and water and EtOAc (150 mL 

	

20 	each) were added. The layers were separated and the aqueous layer was extracted with additional 

EtOAc (2 x 100 mL). The combined organic layers were washed with brine (100 mL), dried over 

anhydrous Na2SO4, filtered, concentrated under reduced pressure, and dried under vacuum. The 

crude material was purified by silica gel chromatography eluting with a gradient of 60-100% 

EtOAc in heptane while monitoring at 330 nm. The product-containing fractions were combined, 

	

25 	and concentrated under reduced pressure to give a light brown solid. The solid was sonicated 

with EtOAc (60 mL) for about 10 min, left at ambient temperature for about 5 min, collected by 

vacuum filtration, while washing with additional EtOAc (20 mL), and dried in a vacuum oven at 

about 60 °C to give N-WS,3R,4S)-3-ethyl-4-(6-tosyl-6H-pyrrolo[2,3-e][1,2,4]triazolo[4,3-

alpyrazin-l-yl)cyclopenty0cyclopropanesulfonarnide with about 40 mol% EtOAc (8.08 g, 50% 

	

30 	over 2 steps): LC/MS (Table 2, Method a) Rt  = 2.30 min; MS m/z: 529 (M+H)+. 

260 



Step L: N-01S,3R,4S)-3-Ethyl-4-(61/-pyrrolo[2,3-e][1,2,4]triazolo[4,3-a]pyrazin-l-

y1)cyclopentyl)cyclopropanesulfonamide 

436, 	 o43)„.6, 

	

5 	A mixture of N-((lS,3R,45)-3-ethy1-4-(6-tosyl-6H-pyrrolo[2,3-e][1,2,4]triazolo[4,3-a]pyrazin-1- 

y1)cyclopentyl)cyclopropanesulfonamide (8.00 g, 13.8 mmol), 1,4-dioxane (80 mL) and 1 N 

aqueous NaOH (30.0 mL, 30.0 mmol) was heated at about 60 °C for about 2 h. Then the reaction 

was diluted with water (100 mL) and extracted with EtOAc (3 x 100 mL). The combined organic 

layers were washed with brine (100 mL), dried over anhydrous Na2SO4, filtered, and concentrated 

	

10 	under reduced pressure. The crude mixture was purified by silica gel chromatography eluting 

with a gradient of 0-100% DCM/Me0H/Et2NH (970:27:3) in DCM followed by 

DCM/Me0H/Et2NH (950:45:5). The product-containing fractions were combined, concentrated 

under reduced pressure, and dried in a vacuum oven at about 70 °C for about 12 h to give a solid. 

The solid was triturated with Et20, filtered while washing with additional Et20, and dissolved in 

	

15 	hot Me0H. The solution was concentrated under reduced pressure to give a solid. The solid was 

dissolved in hot Me0H (200 mL), sonicated while cooling until a suspension formed, 

concentrated under reduced pressure, and dried in a vacuum oven at about 50 °C to give an off-

white solid. To the solid was added EtOAc (30 mL) to give a suspension which was heated 

briefly with a heat gun and then sonicated for about 15 min. After sitting at ambient temperature 

	

20 	for about 15 min, the resulting white solid was collected by vacuum filtration, washing with 

additional EtOAc (15 mL), and dried in a vacuum oven at about 50 °C. The solid was dissolved 

in hot EtOH (-200 mL), filtered to remove minor insolubles (<10 mg), sonicated for about 10 

min, while cooling, to give a white suspension, which was concentrated under reduced pressure. 

The resulting white solid was dried in a vacuum oven at about 60 °C to give N-((1,5,3R,4S)-3- 

	

25 	ethyl-4-(6H-pyrrolo[2,3-07,2,41triazolo[4,3-alpyrazin-l- 

Acyclopentyl)cyclopropanesWonamide (3.43 g, 67%): LC/MS (Table 2, Method a) Rt  = 1.67 

min; MS m/z: 375 (M+H)'. 
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Example #16: (R)-1-(3-(3H-Imidazo[1,2-a]pyrrolo[2,3-e]pyrazin-8-yl)piperidine-l-

carbonyl)cyclopropanecarbonitrile 

Step A: tert-Butyl 5-tosy1-5H-pyrrolo[2,3-b]pyrazin-2-ylcarbamate 

Br 

 

0 

11-, 
N N 

O 

  

5 

To a flask was added Pd2(dba)3  (1.3 g, 1.4 mmol), di-tert-butyl-(2',4',6'-triisopropyl-biphenyl-2-

yl)-phosphane (1.21 g, 2.84 mmol), and 1,4-dioxane (75 mL). The catalyst-ligand mixture was 

degassed via vacuum/nitrogen purge (3 times) and heated at about 80 °C for about 10 min. 2-

Bromo-5-tosy1-5H-pyrrolo[2,3-b]pyrazine (5.0 g, 14 mmol, Preparation #7), tert-butyl carbamate 

10 	(2.5 g, 21 mmol), and NaOt-Bu (2.05 g, 21.3 mmol) were added. After an additional 

vacuum/nitrogen purge, the reaction was heated at about 80 ° C for about 16 h. The reaction was 

cooled to ambient temperature and diluted with EtOAc (70 mL). The reaction mixture was filtered 

and the filtrate was washed with water (3 x 20 mL). The organic layer was dried over anhydrous 

MgSO4, filtered, and solvent removed under reduced pressure to give a reddish-brown solid. The 

15 	crude material was purified by silica gel chromatography eluting with a gradient of 10-50% 

EtOAc in heptane to yield tert-butyl 5-tosy1-5H-pyrrolo[2,3-Npyrazin-2-ylcarbamate as a yellow 

amorphous solid (1.0 g, 18%): LC/MS (Table 2, Method a) Rt  = 2.63 min; MS m/z: 389 (M+H)±. 

Step B: (R)-(9H-Fluoren-9-yl)methyl 3-(2-(tert-butoxycarbonyl(5-tosyl-5H-pyrrolo[2,3- 

20 	b]py r a zin-2 -y 1)a min o)a c ety 1) pip er idin e -1- carbo xy la t e 

0y0 

HN N 

 

  

NaH (60% dispersion in mineral oil, 0.041 g, 1.0 mmol) was added to anhydrous DMF (5 mL). 

The suspension was cooled to about 0°C and a solution of tert-butyl 5-tosyl-5H-pyrrolo[2,3- 

25 	b]pyrazin-2-ylcarbamate (0.40 g, 1.0 mmol) in anhydrous DMF (5mL) was added drop-wise. The 
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reaction mixture was allowed to warm to ambient temperature and (R)-(9H-fluoren-9-yl)methyl 3-

(2-bromoacetyl)piperidine-l-carboxylate (0.441 g, 1.03 mmol, Preparation #LL.1) was added. 

The reaction mixture was stirred for about 30 min before it was partitioned between EtOAc (30 

mL) and brine (2 x 100 mL). The organic layer was dried over anhydrous Na2SO4, filtered, and 

5 	concentrated under reduced pressure. The residue was purified by silica gel chromatography (12 

g column) eluting with a gradient of 10-50% EtOAc in heptane to give (R)-(9H-fluoren-9-

yOmethyl-3-(2-(tert-butoxycarbony1(5-tosyl-5H-pyrrolo[2,3-blpyrazin-2-

yl)amino)acetyl)piperidine-l-carboxylate as a clear oil (0.21 g, 26%): LC/MS (Table 2, Method 

a) Rt  = 3.16 min; MS m/z: 736 (M+H)+. 

10 

Step C: (R)-(9H-Fluoren-9-yl)methyl 3-(3-tosy1-3H-imidazo[1,2-alpyrrolo[2,3-elpyrazin-8-

yl)piperidine-1-carboxylate 

A mixture of (R)-(9H-fluoren-9-yl)methyl 3-(2-(tert-butoxyearbony1(5-tosyl-5H-pyrrolo[2,3- 

15 	b]pyrazin-2-yl)amino)acetyppiperidine-1-carboxylate (0.20 g, 0.27 mmol), TFA (1.0 mL, 13 

mmol) and TFAA (1.0 mL, 7.1 mmol) was stirred at about 25 °C for about 16 h. The reaction 

mixture was partitioned between EtOAc (50 mL) and aqueous saturated NaHCO3  ( 2 x 50 mL). 

The organic layer was separated, dried over anhydrous Na2SO4, filtered, and concentrated under 

reduced pressure to give (R)-(91-1-fluoren-9-yOmethyl 3-(3-tosy1-3H-imidazo[1,2-akyrrolo[2,3- 

20 	elpyrazin-8-Apiperidine-1-carboxylate as a clear oil (0.17 g, 99%): LC/MS (Table 2, Method a) 

Rt  = 2.68 min; MS m/z: 618 (M+H)+. 

Step D: (R)-1-(3-(3H-Imidazo[1,2-a]pyrrolo[2,3-e]pyrazin-8-yDpiperidine-1-

carbonyl)cyclopropanecarbonitrile 

25 

To a solution of (R)-(9H-fluoren-9-yl)methyl 3-(3-tosy1-3H-imidazo[1,2-c]pyrrolo[2,3-e]pyrazin-

8-yOpiperidine-1-carboxylate (0.20 g, 0.32 mmol) in 1,4-dioxane (3 mL) was added aqueous 

NaOH (2 N, 0.97 mL, 1.9 mmol). The reaction mixture was heated at about 100 °C for about 3 h 
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before it was allowed to cool to ambient temperature. The reaction was neutralized with 4N HC1 

in 1,4-dioxane (0.5 mL) and was concentrated under reduced pressure. To the residue was added 

MeCN (25 mL) before it was concentrated under reduced pressure. This procedure was repeated 

before the addition of 1-cyanocyclopropanecarboxylic acid (0.072 g, 0.65 mmol), HATU (0.111 

	

5 	g, 0.291 mmol) and DMF (2 mL) followed by DIEA (0.170 mL, 0.971 mmol). After stirring at 

room temperature for about 3 h, the reaction was partitioned between EtOAc (2 x 50 mL) and 

aqueous NaHCO3  (50 mL). The combined organic layers were dried over anhydrous Na2SO4, 

filtered, and concentrated under reduced pressure. The crude reaction was purified by RP-HPLC 

(Table 2, Method j). The combined product-containing fractions were concentrated under 

	

10 	reduced pressure to remove MeCN and then lyophilized to give (R)-1-(3-(3H-imidazo[1,2- 

akyrrolo[2,3-elpyrazin-8-yl)piperidine-l-carbonyl)cyclopropanecarbonitrile as a white solid 

(0.010 g, 9%): LC/MS (Table 2, Method a) Rt  = 1.67 min; MS m/z: 335 (M+H)±. 

Example #17: 54(1S,3R)-3-(6H-Pyrrolo[2,3-e] [1,2,4]triazolo [4,3-a] pyrazin-1- 

	

15 	yl)cyclopentylamino)pyrazine-2-carbonitrile 

Step A: 2-Bromo-5-tosyl-SH-pyrrolo[2,3-b]pyrazine 

 

Br 	N 

N 
H 

  

  

20 	A solution of 2-bromo-5H-pyrrolo[2,3-b]pyrazine (78.0 g, 394 mmol, Ark Pharm) in anhydrous 

DMF (272 mL) was added drop-wise over about 60 min to a stirred suspension of NaH (12.8 g, 

532 mmol) in anhydrous DMF (543 mL) at about 0-5 °C. The brown reaction solution was stirred 

for about 30 min at about 0-5 °C then a solution of p-toluenesulfonyl chloride (94.0 g, 492 mmol) 

in anhydrous DMF (272 mL) was added drop-wise over about 60 min at about 0-5 °C. The 

25 	reaction mixture was stirred at about 0-5 °C for about 1 h then allowed to warm to ambient 

temperature and stirred for about 18 h at ambient temperature. The reaction mixture was poured 

slowly into ice water (6 L), followed by the addition of aqueous 2.5 N NaOH (50.0 mL, 125 

mmol). The precipitate was collected by filtration and stirred with cold water (3 x 200 mL). The 

solid was collected by filtration and dried in air over about 3 days and finally dried to constant 
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N 
o's'°  

>L0  

0 NH 
HN 

NH2  
>r,0 N N 

weight in a vacuum oven at about 55 °C to yield 2-bromo-5-tosyl-5H-pyrrolo[2, 3-b]pyrazine 

(134.6 g, 97%) as a pale beige solid: LC/MS (Table 2, Method d) Rt  = 1.58 min; MS m/z: 

352/354 (M+H)±. 

5 	Step B: tent-Butyl 2-(5-tosy1-5H-pyrrolo[2,3-b]pyrazin-2-yl)hydrazineearboxylate and tert-

butyl 1-(5-tosy1-5H-pyrrolo[2,3-b]pyrazin-2-yl)hydrazinecarboxylate 

To a flask was added Pd2(dba)3  (3.90 g, 4.26 mmol), di-tert-butyl-(2',4',6'-triisopropylbiphenyl-2- 

10 	yl)phosphane (3.62 g, 8.52 mmol), and anhydrous 1,4-dioxane (453 mL). The catalyst-ligand 

mixture was degassed via vacuum/nitrogen purge (3 times) and heated at about 80 °C for about 10 

min. 2-Bromo-5-tosyl-SH-pyrrolo[2,3-b]pyrazine (30.0 g, 85 mmol Preparation #7), tert-butyl 

hydrazinecarboxylate (16.9 g, 128 mmol), and NaOt-Bu (12.28 g, 128 mmol) were subsequently 

added. After an additional vacuum/nitrogen purge, the reaction was heated at about 80 °C. After 

15 	about 50 min, the reaction mixture was cooled to ambient temperature and filtered through 

through a pad of silica gel (6 cm in height x 6 cm in diameter), topped with Celite®  (1 cm in 

height x 6 cm in diameter), while washing with EtOAc (3 x 150 mL). Water (300 mL) was added 

to the filtrate and the organic layer was separated. The aqueous layer was extracted with 

additional EtOAc (3 x 200 mL). The combined organic extracts were washed with saturated 

20 aqueous NH4C1, saturated aqueous NaHCO3, and brine (400 mL each), dried over anhydrous 

MgSO4, filtered, and concentrated under reduced pressure to give a dark brown oil (45 g). The 

brown oil was dissolved in DCM (250 mL), silica gel (200 g) was added, and the mixture was 

concentrated under reduced pressure. The resulting silica mixture was purified using silica gel 

chromatography eluting with a gradient of 25-65% EtOAc in heptane to give a mixture of tert- 

25 	butyl 2-(5-tosyl-5H-pyrrolo[2,3-bipyrazin-2-yOhydrazinecarboxylate [major regioisomer] and 

tert-butyl 1-(5-tosyl-5H-pyrrolo[2,3-blpyrazin-2-yl)hydrazinecarboxylate [minor regioisomer] 

(18.8 g, 50%): LC/MS (Table 2, Method d) Rt  = 1.47 min; MS m/z: 404 (M+H)+  . 
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Step C: 2-Hydraziny1-5-tosy1-51/-pyrrolo[2,3-b]pyrazine 

oYo 

H2N
-N 
 I 

N 

 

H 
H2N"

N  

  

   

To a mixture of tert-butyl 2-(5-tosy1-5H-pyrrolo[2,3-b]pyrazin-2-yphydrazinecarboxylate and 

tert-butyl 1-(5-tosy1-5H-pyrrolo[2,3-b]pyrazin-2-yphydrazinecarboxylate (18.8 g, 46.6 mmol) in 

	

5 	1,4-dioxane (239 mL) was added HC1 (4 M in 1,4-dioxane, 86 mL, 345 mmol). The reaction was 

heated at about 60 °C for about 1 h and then cooled to about 15-20 °C. The solid was collected by 

vacuum filtration, washed with cold 1,4-dioxane (2 x 20 mL), and then stirred with a solution of 

saturated aqueous NaHCO3  and water (1:1, 150 mL). After about 1 h, the effervescence had 

subsided and the solid was collected by vacuum filtration, washed with ice cold water (3 x 20 

	

10 	mL), and dried in a vacuum oven to afford 2-hydraziny1-5-tosy1-5H-pyrrolo[2,3-Npyrazine as a 

light yellowish brown solid (8.01 g, 50%): LC/MS (Table 2, Method d) Rt  = 1.28 min; MS m/z: 

304 (M+H)±. 

Step D: tent-Butyl (1S,3R)-3-(2-(5-tosy1-5H-pyrrolo[2,3-b]pyrazin-2- 

	

15 	yl)hydrazinecarbonyl)cyclopentylcarbamate 

NH2 

HN 

os,o 
 

 

HN,,  • 
O 

---7K 0 

  

To mixture of 2-hydraziny1-5-tosy1-5H-pyrrolo[2,3-b]pyrazine (2.50 g, 8.24 mmol) and (1R,3S)-

3-(tert-butoxycarbonylamino)cyclopentanecarboxylic acid (2.08 g, 9.07 mmol, Peptech) in DCM 

(30 mL) was added EDC•HC1 (1.90 g, 9.89 mmol). After stirring for about 4.5 h at ambient 

20 

	

	temperature, water (30 mL) was added and the layers were separated. The aqueous layer was then 

extracted with EtOAc (15 mL). The combined organic layers were washed with brine, dried over 

anhydrous MgSO4, filtered, and concentrated under reduced pressure. The crude material was 

dissolved in DCM (15 mL) and purified by silica gel chromatography eluting with a gradient of 

40-100% EtOAc in heptane to give tert-butyl (1S,3R)-3-(2-(5-tosyl-5H-pyrrolo[2,3-Npyrazin-2- 

25 yl)hydrazinecarbonyl)cyclopentylcarbamate (4.20 g, 97%): LC/MS (Table 2, Method a) Rt = 

2.27 min; MS m/z: 515 (M+H)+. 
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Step E: tert-Butyl-(1S,3R)-3-(6-tosy1-6H-pyrrolo[2,3-e][1,2,4]triazolo[4,3-a]pyrazin-1-

ypcyclopentylcarbamate 
0 

ssIL 
" NH 

HN N 

N N 

c),--s=°  

 

  

To 	a 	solution 	of 	tert-butyl 	(1S,3R)-3-(2-(5-tosy1-5H-pyrrolo[2,3-b]pyrazin-2- 

	

5 	yl)hydrazinecarbonyl)cyclopentylcarbamate (9.30 g, 18.1 mmol) in 1,4-dioxane (100 mL) was 

added TEA (10.0 mL, 72.3 mmol) and SOC12  (2.11 mL, 28.9 mmol). The mixture was heated at 

about 80 °C for about 1.5 h. The reaction mixture was cooled to ambient temperature, EtOAc and 

water were added, and the layers were separated. The aqueous solution was extracted with EtOAc 

(2 x 100 mL) and the combined organic layers were washed with saturated aqueous NaHCO3  and 

	

10 	brine (100 mL each). The organic extracts were dried over anhydrous Na2SO4, filtered, and 

concentrated under reduced pressure. 	The crude material was purified by silica gel 

chromatography eluting with a gradient of 25-100% EtOAc in DCM to give tert-butyl-(1S,3R)-3-

(6-tosyl-6H-pyrrolo[2,3-e] [1,2,4Jtriazolo[4,3-alpyrazin-l-y0cyclopentylcarbarnate (7.65 g, 

85%): LC/MS (Table 2, Method a) Rt  = 2.37 min; MS m/z: 497 (M+H)+. 

15 

Step F: (1S,3R)-3-(6-Tosy1-6H-pyrrolo[2,3-e][1,2,4]triazolo[4,3-a]pyrazin-l-

y1)cyclopentanamine hydrochloride 

NHZ  

N, N 

H 

N N 

N 

20 	To a solution of tert-butyl (1S,3R)-3-(6-tosy1-6H-pyrrolo[2,3-e][1,2,4]triazolo[4,3-a]pyrazin-1-

yl)cyclopentylcarbamate (8.22 g, 16.6 mmol) in 1,4-dioxane (32 mL) was added HC1 (4 N in 1,4-

dioxane, 16.6 mL, 66.2 mmol), and the reaction mixture was heated at about 60 °C for about 1.5 h 

then stirred at ambient temperature overnight. The reaction mixture was filtered, while rinsing 

with Et20 (100 mL). The filter cake was dried under vacuum to give a light brown solid that was 

25 	further dried in a vacuum oven at about 50 °C to give (1S,3R)-3-(6-tosyl-6H-pyrrolo[2,3-

e] [1,2,41triazolo[4,3-a]pyrazin-I-Acyclopentanarnine hydrochloride (7.61 g, 93%) as a beige 

solid : LC/MS (Table 2, Method d) Rt  = 1.09 min; MS m/z: 397 (M+H)±. 
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Step G: 5-01S,3R)-3-(6-Tosy1-6H-pyrrolo[2,3-e][1,2,4]triazolo[4,3-a]pyrazin-1-

yl)cyclopentylamino)pyrazine-2-carbonitrile 

NH2  

 

 

 

	

5 	To a microwave vessel was added (1S,3R)-3-(6-tosy1-6H-pyrrolo[2,3-e][1,2,4]triazolo[4,3- 

a]pyrazin-l-y0cyclopentanamine hydrochloride (0.500 g, 1.06 mmol), n-propanol (10 mL), 5-

chloropyrazine-2-carbonitrile (0.223 g, 1.60 mmol) and DIEA (0.837 mL, 4.79 mmol). The 

resulting mixture was heated in a microwave at about 150 °C for about 30 min. DCM (100 mL) 

was added and a solution was formed. The organic solution was washed with water and brine (50 

	

10 	mL each), dried over anhydrous MgSO4, filtered, and concentrated under reduced pressure to give 

a brown solid. The residue was taken up in DCM (30 mL) and adsorbed onto silica gel (5 g). The 

material was purified by silica gel chromatography (80 g cartridge) eluting with neat EtOAc to 

give 	5-((JS,3R)-3-(6-tosyl-6H-pyrrolo[2,3-el[1,2,4Priazolo[4,3-alpyrazin-l-y0cyclopentyl-

amino)pyrazine-2-carbonitrile (0.43 g, 80%) as a light yellow solid: LC/MS (Table 2, Method d) 

	

15 	Rt  = 1.40 min; MS m/z: 500 (M+H)+. 

Step H: 54(1S,3R)-3-(6H-Pyrrolo[2,3-e][1,2,4]triazolo[4,3-a]pyrazin-1-yl)cyclopentylamino) 

pyrazine-2-carbonitrile 

H_ N 
 =N 

\i'q 
NyN 

 

 

20 

A 	mixture 	of 	54(1S,3R)-3-(6-tosy1-6H-pyrrolo[2,3-e][1,2,4]triazolo[4,3-c]pyrazin-l- 

yl)cyclopentylamino)pyrazine-2-carbonitrile (0.426 g, 0.853 mmol) and aqueous NaOH (1 N, 

1.71 mL, 1.71 mmol) in 1,4-dioxane (4.4 mL) was heated at about 60 °C for about 80 min. The 

25 	mixture was cooled to ambient temperature and diluted with water (40 mL). A solid precipitated 
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NaO 

0 O 	0 0 

  

and was collected by vacuum filtration and washed with water to give an off-white solid. The 

material was dissolved in hot EtOH and allowed to cool to ambient temperature. The precipitate 

was collected by filtration and dried under vacuum to give an off-white solid that was dried in a 

vacuum oven at about 70 °C to give an off-white solid (0.199 g). The material was taken up in 

5 

	

	EtOAc (10 mL) and heated at about 70 °C for about 1.5 h. The solid was collected by vacuum 

filtration, while rinsing with EtOAc. This material was dried under vacuum to give 5-((IS,3R)-3-

(6H-pyrrolo[2,3-el [1,2,4]triazolo[4,3-alpyrazin-1-y0cyclopentylamino)pyrazine-2-carbonitrile 

(0.19 g, 64%) as an off-white solid: LC/MS (Table 2, Method a) Rt  = 1.55 min; MS m/z: 346 

(M+H)±. 

10 

Example #18: 54(1S,3R,4S)-3-Ethyl-4-(6H-pyrrolo[2,3-e][1,2,4]triazolo[4,3-a]pyrazin-1-

ypcyclopentylamino)pyrazine-2-carbonitrile and 54(1R,3S,4R)-3-ethyl-4-(6H-pyrrolo[2,3-

e] [1,2,4] triazolo [4,3-a] pyrazin-1-yl)cyclopen tyla mino)pyrazine-2-ca rbon itrile 

15 	Step A: Sodium 4-(ethoxycarbonyI)-3-ethyl-2-(methoxycarbonyl)cyclopenta-1,3-dienolate 

0 

A round bottom flask was charged with THF (1.5 L) followed by the portion-wise addition of 

sodium hydride (60% dispersion in mineral oil, 70.0 g, 1.75 mol). Additional THF (500 mL) was 

added. The resulting mixture was cooled to about —10 ° and ethyl propionylacetate (250 mL, 1.8 

20 	mol) was added drop-wise over about 1 h in order to keep internal temperature below about 10 

°C. The resulting mixture was stirred at ambient temperature for about 0.5 h to give a clear 

yellow solution, and methyl 4-chloroacetoacetate (100 mL, 0.88 mol) was added drop-wise over 

about 5 min. The resulting mixture was heated to about 50 °C for about 19 h to give a reddish 

orange suspension. The reaction mixture was then concentrated under reduced pressure and the 

25 	resulting liquid was diluted with water (350 mL). The mixture was stirred and placed in an ice 

bath for about 2 h. The solid was collected by vacuum filtration and the filter cake was rinsed 

with water (150 mL) and dried under vacuum. The solid was suspended in Et20 (1.5 L), filtered, 

washed with Et20 (1.5 L), and dried under vacuum. The resulting solid was azeotroped with 

toluene (1 L) to give a solid that was re-suspended in Et20 (1 L) and collected by vacuum 

30 	filtration. The filter cake was washed with Et20 (500 mL) and dried under vacuum to give sodium 

269 



4-(ethoxycarbonyl)-3-ethyl-2-(methoxycarbonyl)cyclopenta-1,3-dienolate (204.2 g, 89%) as beige 

solid: 'H NMR (DMSO-d6) 8 3.94 (q, J= 7.1 Hz, 2H), 3.46 (s, 3H), 3.04 (q, J= 7.2 Hz, 2H), 2.66 

(s, 2H), 1.13 (t, J= 7.1 Hz, 3H), 0.99 (t, J= 7.3 Hz, 3H). 

5 	Step B: Ethyl 2-ethyl-4-oxocyclopent-2-enecarboxylate 

NaO 

 

  

A round-bottom flask was charged with sodium 4-(ethoxycarbony1)-3-ethy1-2-

(methoxycarbonyl)cyclopenta-1,3-dienolate (250 g, 0.94 mol) and diglyme (1.1 L) to give a green 

suspension, followed by AcOH (140 mL, 2.4 mol). To the resulting mixture was added sodium 

10 	iodide (490 g, 3.3 mol) portion-wise over about 5-10 min. Upon addition, the temperature rose 

from about 16 °C to about 36 °C. The reaction mixture was then heated to reflux for about 3 h, 

cooled to room temperature, and poured over a mixture of ice (2 L) and saturated aqueous 

NaHCO3  (4 L). The resulting material was extracted with Et20 (4 x 1.2 L) and the combined 

organic layers were dried over anhydrous MgSO4  and filtered. The solvent was removed under 

15 	reduced pressure to give a brown liquid (250 mL) that was purified by vacuum distillation (80-92 

°C, 0.3 Ton) to give ethyl 2-ethyl-4-oxocyclopent-2-enecarboxylate (95.7 g, 56 %) as a yellow 

syrup: 'H NMR (CDC13) 8 6.04 (m, 1H), 4.26-4.15 (m, 2H), 3.76-3.69 (m, 1H), 2.75-2.57 (m, 

2H), 2.56-2.44 (m, 2H), 1.32-1.26 (m, 3H), 1.23-1.18 (m, 3H). 

20 	Step C: Ethyl 2-ethyl-4-oxocyclopentanecarboxylate 
0 	 0 

A round-bottom flask was charged with 10% palladium on carbon (10 g, 9.4 mmol). The flask 

was cooled to about 0 °C and EtOAc (400 mL) was added under a nitrogen atmosphere. The 

cooling bath was removed and ethyl 2-ethyl-4-oxocyclopent-2-enecarboxylate (47.8 g, 263 mmol) 

25 	was added. Hydrogen gas was bubbled through the mixture for about 5 min and the mixture was 

then stirred under a hydrogen atmosphere for about 48 h at ambient temperature. The hydrogen 

source was removed, the mixture was bubbled with nitrogen for about 5 min and was filtered 

through a pad of Celite®. The filter cake was rinsed with EtOAc (400 mL). The filtrate was 

concentrated under reduced pressure to give ethyl 2-ethyl-4-oxocyclopentanecarboxylate (about 

30 	9:1 mixture cis: trans) (48.0 g, 99%) as a yellow liquid: 'H NMR (CDC13) 8 4.23-4.10 (m, 2H), 

3.22 (m, 1H), 2.59-2.50 (m, 1H), 2.44-2.28 (m, 3H), 2.26-2.16 (m, 1H), 1.58-1.46 (m, 1H), 1.41-

1.30 (m, 1H), 1.30-1.23 (m, 3H), 1.02-0.91 (m, 3H). 
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Step D: Ethyl 4-(dibenzylamino)-2-ethylcyclopentanecarboxylate 

A round-bottom flask was charged with ethyl 2-ethyl-4-oxocyclopentanecarboxylate (95.9 g, 521 

	

5 	mmol) and DCE (1.8 L). The solution was cooled to about 0 °C and AcOH (45 mL, 780 mmol) 

and dibenzylamine (120 mL, 625 mmol) were added drop-wise, resulting in the formation of a 

thick suspension. The reaction mixture was warmed to about 10 °C by removing the cooling bath 

and additional DCE (500 mL) was added. Sodium triacetoxyborohydride (166 g, 781 mmol) was 

added portion-wise and the reaction mixture was stirred at room temperature for about 20 h. The 

	

10 	reaction mixture was slowly poured into saturated aqueous NaHCO3  (1.5 L) with stirring followed 

by the portion-wise addition of solid NaHCO3  (175 g, 2083 mmol). The mixture was stirred for 

about 2 h and the organic layer was separated, dried over anhydrous Na2SO4, and concentrated to 

dryness under reduced pressure. The crude yellow oil was purified by flash column 

chromatography using EtOAc/heptane as eluant (0-20% EtOAc) to yield ethyl 4-(dibenzylamino)- 

	

15 	2-ethylcyclopentanecarboxylate (136.6 g, 72 %) as a white solid: LC/MS (Table 2, Method a) Rt  

= 3.26 min; MS m/z: 366 (M+H)+. 

Step E: Ethyl 4-amino-2-ethylcyclopentanecarboxylate 

NH2  

(° 

 

20 	To a vessel containing a slurry of 20% wet Pd(OH)2-C (12.9 g, 92.0 mmol) in EtOH (1.0 L) was 

added ethyl 4-(dibenzylamino)-2-ethylcyclopentanecarboxylate (129 g, 352 mmol). The reaction 

was shaken for about 90 min at about 50 °C under about 30 psi of H2. The resulting mixture was 

filtered through a pad of Celite®  and the filtrate was concentrated under reduced pressure to give 

ethyl 4-amino-2-ethylcyclopentanecarboxylate (64.5 g, 99 %) as a yellow syrup: 1H NMR 

25 	(CDC13) 5 4.03-3.88 (m, 2H), 3.17 (m, 1H), 2.68 (m, 1H), 2.09-2.02 (m, 2H), 2.02-1.94 (m, 2H), 

1.84 (m, I H), 1.58-1.48 (m, 1H), 1.32-1.18 (m, 1H), 1.09 (m, 3H), 1.03 (m, 2H), 0.78-0.69 (m, 

3H). 
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Step F: (Ethyl 4-(tert-butoxycarbonylamino)-2-ethylcyclopentanecarboxylate 

o
— 

NH2  

A 250 mL round-bottomed flask was charged with ethyl 4-amino-2-ethylcyclopentanecarboxylate 

(1.96 g, 10.6 mmol) and DCM (100 mL) to give a colorless solution. The solution was cooled to 

	

5 	about 10 °C and TEA (3.70 mL, 26.5 mmol) and di-tert-butyl dicarbonate (2.77 g, 12.7 mmol) 

were added. The resulting solution was stirred at about 0 °C for about 1 h, then the mixture was 

slowly warmed to room temperature and stirred for about 16 h. Brine (10 mL) was added and the 

layers were partitioned. The organic layer was dried over anhydrous MgSO4, filtered, and the 

solvent was removed under reduced pressure to give (ethyl 4-(tert-butoxycarbonylamino)-2- 

	

10 	ethylcyclopentanecarboxylate (3.3 g, 90% purity by NMR, 98%) as a cloudy oil: 1H NMR 

(CDC13) .5 5.22-5.19 (m, 1 H), 4.18-4.07 (m, 3 H), 2.86-2.81 (m, 1 H), 2.33-2.26 (m, 1 H), 2.24-

2.16 (m, 1 H), 2.03-1.94 (m, 1 H), 1.76-1.71 (m, 1 H), 1.48-1.41 (m, 1 H), 1.43 (s, 9 H), 1.27 (t, 3 

H), 1.27-1.21 (m, 2 H), 0.92 (t, 3 H). 

	

15 	Step G: 4-(tert-Butoxycarbonylamino)-2-ethylcyclopentanecarboxylic acid 

0 y_ 
NH 

NH 
O 

OH 

A 250 mL round-bottomed flask was charged with ethyl 4-(tert-butoxycarbonylamino)-2-

ethylcyclopentanecarboxylate (3.00 g, 10.5 mmol) in THE (96 mL) to give a colorless solution. 

An aqueous solution of NaOH (1 N, 16.0 mL, 16.0 mmol) was added and the reaction mixture 

20 	was stirred for about 24 h at ambient temperature. Additional aqueous NaOH (1 N, 5.00 mL, 5.00 

mmol) was added and stirring was continued for about 48 h at room temperature. The reaction 

mixture was heated to about 50 °C for about 24 h. The solvent was removed under reduced 

pressure. AcOH was added until pH 5 was reached. Et0Ac (50 mL) was added and the layers 

were partitioned. The aqueous layer was further extracted with EtOAc (2 x 30 mL). The 

25 	combined organic extracts were dried over anhydrous MgSO4, filtered, and concentrated under 

reduced pressure to give a yellow oil. The oil was further dried under high vacuum, resulting in 

formation of a solid that was dissolved in DCM and concentrated to dryness, re-suspended in 

DCM and re-concentrated to dryness. The residue was then suspended in Et20 and concentrated 

to dryness and further dried under vacuum for about 3 h to give 4-(tert-butoxycarbonylamino)-2- 

30 	ethylcyclopentanecarboxylic acid (2.36 g, 87%): LC/MS (Table 2, Method a) Rt  = 2.09 min; MS 

m/z: 256 (M-H)-. 

NH 

272 
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cy:s"--;°  

Step H: 2-Bromo-5-tosyl-5H-pyrrolo[2,3-b]pyrazine 

H 

A solution of 2-bromo-5H-pyrrolo[2,3-b]pyrazine (78.0 g, 394 mmol, Ark Pharm) in anhydrous 

	

5 	DMF (272 mL) was added drop-wise over about 60 min to a stirred suspension of NaH (12.8 g, 

532 mmol) in anhydrous DMF (543 mL) at about 0-5 °C. The brown reaction solution was stirred 

for about 30 min at about 0-5 °C then a solution of p-toluenesulfonyl chloride (94.0 g, 492 mmol) 

in anhydrous DMF (272 mL) was added drop-wise over about 60 min at about 0-5 °C. The 

reaction mixture was stirred at about 0-5 °C for about 1 h then allowed to warm to ambient 

	

10 	temperature and stirred for about 18 h at ambient temperature. The reaction mixture was poured 

slowly into ice water (6 L), followed by the addition of aqueous 2.5 N NaOH (50.0 mL, 125 

mmol). The precipitate was collected by filtration and stirred with cold water (3 x 200 mL). The 

solid was collected by filtration and dried to constant weight in a vacuum oven at about 55 °C to 

yield 2-bromo-5-tosy1-5H-pyrrolo[2,3-Npyrazine (134.6 g, 97%) as a pale beige solid: LC/MS 

	

15 	(Table 2, Method d) Rt  = 1.58 min; MS m/z: 352/354 (M+H)+. 

Step I: tert-Butyl 2-(5-tosy1-5H-pyrrolo[2,3-8]pyrazin-2-y1)hydrazinecarboxylate and tert-

butyl 1-(5-tosy1-5H-pyrrolo[2,3-b] pyrazin-2-yl)hyd razineearb oxylate 

>L'o 
0'1‘1H 

HN 

20 
To a flask was added Pd2(dba)3  (3.90 g, 4.26 mmol), di-tert-butyl-(2',4',6'-triisopropylbipheny1-2- 

yl)phosphane (3.62 g, 8.52 mmol), and anhydrous 1,4-dioxane (453 mL). The catalyst-ligand 

mixture was degassed via vacuum/nitrogen purge (3 times) and heated at about 80 °C for about 10 

min. 	2-Bromo-5-tosy1-5H-pyiTolo[2,3-b]pyrazine (30.0 g, 85 mmol), tert-butyl 

25 	hydrazinecarboxylate (16.9 g, 128 mmol), and NaOt-Bu (12.28 g, 128 mmol) were subsequently 

added. After an additional vacuum/nitrogen purge, the reaction was heated at about 80 °C. After 

about 50 min, the reaction mixture was cooled to ambient temperature and filtered through 

through a pad of silica gel (6 cm in height x 6 cm in diameter), topped with Celite®  (1 cm in 

NH2  

0 N N 
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0y0 

H2N 
N 
( 

height x 6 cm in diameter), while washing with EtOAc (3 x 150 mL). Water (300 mL) was added 

to the filtrate and the organic layer was separated. The aqueous layer was extracted with 

additional EtOAc (3 x 200 mL). The combined organic extracts were washed with saturated 

aqueous NH4C1, saturated aqueous NaHCO3, and brine (400 mL each), dried over anhydrous 

	

5 	MgSO4, filtered, and concentrated under reduced pressure to give a dark brown oil (45 g). The 

brown oil was dissolved in DCM (250 mL), silica gel (200 g) was added, and the mixture was 

concentrated under reduced pressure. The resulting silica mixture was purified using silica gel 

chromatography eluting with a gradient of 25-65% EtOAc in heptane to give a mixture of tert-

butyl 2-(5-tosy1-5H-pyrrolo[2,3-blpyrazin-2-yOhydrazinecarboxylate [major regioisomer] and 

	

10 	tert-butyl 1-(5-tosy1-5H-pyrrolo[2,3-b]pyrazin-2-yl)hydrazinecarboxylate [minor regioisomer] 

(18.8 g, 50%): LC/MS (Table 2, Method d) Rt  = 1.47 min; MS m/z: 404 (M+11)±  . 

Step J: 2-Hydrazinyl-5-tosyl-5H-pyrrolo [2,3-b] pyrazine 

15 	To a mixture of tert-butyl 2-(5-tosyl-5H-pyrrolo[2,3-b]pyrazin-2-yl)hydrazinecarboxylate and 

tert-butyl 1-(5-tosy1-5H-pyrrolo[2,3-b]pyrazin-2-yl)hydrazinecarboxylate (18.8 g, 46.6 mmol) in 

1,4-dioxane (239 mL) was added HC1 (4 M in 1,4-dioxane, 86 mL, 345 mmol). The reaction was 

heated at about 60 °C for about 1 h and then cooled to about 15-20 °C. The solid was collected by 

vacuum filtration, washed with cold 1,4-dioxane (2 x 20 mL), and then stirred with a solution of 

20 	saturated NaHCO3  and water (1:1, 150 mL). After about 1 h, the effervescence had subsided and 

the solid was collected by vacuum filtration, washed with ice cold water (3 x 20 mL), and dried in 

a vacuum oven to a constant weight to afford 2-hydraziny1-5-tosy1-5H-pyrrolo[2,3-b]pyrazine as a 

light yellowish brown solid (8.01 g, 50%): LC/MS (Table 2, Method d) Rt  = 1.28 min; MS m/z: 

304 (M+H)±. 
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0 y_ 
NH 

OH 

NH2 
HN N 

Step K: tert-Buty1-3-ethy1-4-(2-(5-tosyl-5H-pyrrolo[2,3-b]pyrazin-2-yphydrazinecarbonyl) 

cyclopentylcarbamate 

	

5 	A round-bottomed flask was charged with 2-hydraziny1-5-tosy1-5H-pyrrolo[2,3-b]pyrazine (2.0 g, 

6.6 mmol, Step J) and DCM (40 mL) to give a brown suspension. 4-(tert-Butoxycarbonylamino)-

2-ethylcyclopentanecarboxylic acid (2.0 g, 7.8 mmol, Step G), HATU (2.51 g, 6.59 mmol), and 

TEA (4.59 mL, 33.0 mmol) were added to the suspension and the resulting mixture was stirred at 

ambient temperature for about 24 h with dissolution occurring after about 2 h. Water (20 mL) 

	

10 	was added and the layers were partitioned. The organic layer was washed with additional water (2 

x 15 mL), brine (2 x 25 mL), dried over anhydrous MgSO4, filtered, and solvent was removed 

under reduced pressure to give a brown residue. The crude material was purified by silica gel 

chromatography eluting with a gradient of 0-10% Me0H/DCM. The recovered impure material 

was re-purified by silica gel chromatography eluting with a gradient of 0-10% Me0H/DCM. The 

	

15 	product-containing fractions from the two columns were combined and concentrated to give ten- 

buty1-3-ethyl-4-(2-(5-tosy1-5H-pyrrolo12,3-blpyrazin-2- 

yOhydrazinecarbonyl)cyclopentylcarbamate (2.45, 69%) as a brown solid: LC/MS (Table 2, 

Method d) Rt  = 1.47 min; MS m/z: 543 (M+H)+. 

20 Step L: tert-Buty1-3-ethy1-4-(6-tosyl-6H-pyrrolo[2,3-e][1,2,4]triazolo[4,3-a]pyrazin-l-y1) 

cyclopentylcarbamate 

-y 0 

HN 

A round-bottomed flask was charged with tert-buty1-3-ethy1-4-(2-(5-tosyl-5H-pyrrolo[2,3-

b]pyrazin-2-yl)hydrazinecarbonyDeyclopentylcarbamate (2.45 g, 4.55 mmol) and 1,4-dioxane (24 

25 	mL) to give a brown solution. TEA (2.54 mL, 18.2 mmol) was added followed by the addition of 
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SOC12  (0.50 mL, 6.8 mmol). The reaction mixture was heated at about 80 °C for about 5 h. The 

mixture was cooled to ambient temperature and EtOAc (100 mL) and water (30 mL) were added. 

The layers were partitioned and the organic layer was washed with water (2 x 30 mL) and brine (2 

x 30 mL), dried over anhydrous MgSO4, filtered, and the solvent was removed under reduced 

5 	pressure to give a brown residue. The crude material was purified by silica gel chromatography 

eluting with a gradient of 0-10% Me0H/DCM. The product-containing fractions were combined 

and concentrated to give tent-butyl (1S,3R,4S)-3-ethyl-4-(6-tosy1-6H-pyrrolo[2,3-

4[1,2,41triazolo[4,3-alpyrazin-1-y0cyclopentylcarbamate (1.7 g, 71%): LC/MS (Table 2, 

Method a) Rt  = 2.50 min; MS m/z: 525 (M+H)±. 

10 

Step 	M: 	3-Ethyl-4-(6-tosy1-6H-pyrrolo[2,3-e][1,2,4]triazolo[4,3-a]pyrazin-1-ypeyclo 

pentanamine 

A round-bottomed flask was charged with tert-buty1-3-ethy1-4-(6-tosyl-6H-pyrrolo[2,3- 

15 	e][1,2,4]triazolo[4,3-a]pyrazin-l-y1)cyclopentylcarbamate (1.7 g, 3.2 mmol) and 1,4-dioxane (20 

mL) to give a brown solution. HC1 (4 N in 1,4-dioxane, 4.05 mL, 16.2 mmol) was added and the 

mixture was stirred at about 40 °C for about 3 h. The solvent was removed under reduced 

pressure. EtOAc (50 mL) and saturated aqueous NaHCO3  (20 mL) were added. The resulting 

solid was collected by vacuum filtration and dried on the lyophilizer to give a grey solid (0.93 g). 

20 	The layers of the filtrate were partitioned and the aqueous layer was extracted with EtOAc (3 x 40 

mL). The organic layer was dried over anhydrous MgSO4, filtered, and the solvent was removed 

under reduced pressure to give a brown residue (0.52 g). The material obtained was combined to 

give 	3-ethyl-4-(6-tosy1-6H-pyrrolo[2,3-e][1,2,41triazolo[4,3-akyrazin-1-Acyclopentanamine 

(1.45 g, 80% UV purity, 84%): LC/MS (Table 2, Method a) Rt  = 1.76 min; MS m/z: 425 (M+H)±. 
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Step N: 5-((1S,3R,4S)-3-Ethyl-4-(6H-pyrrolo [2,3-el [1,2,4]triazolo [4,3-a] pyrazin-1-yl)cyclo 

pentylamino)pyrazine-2-carbonitrile and 5-01R,3S,4R)-3-ethyl-4-(6H-pyrrolo[2,3-e][1,2,4] 

triazolo[4,3-a]pyrazin-l-yl)cyclopentylamino)pyrazine-2-carbonitrile 

	

5 	A 5 mL microwave reaction vial was charged with 3-ethy1-4-(6-tosy1-6H-pyrrolo[2,3- 

e][1,2,4]triazolo[4,3-a]pyrazin-l-y1)cyclopentanamine (0.30 g, 0.71 mmol) in EtOH (2.0 mL) to 

give a brown suspension. 5-Chloropyrazine-2-carbonitrile (0.118 g, 0.848 mmol, Ark Pharm) and 

DIEA (0.49 mL, 2.8 mmol) were added. The resulting suspension was heated in a microwave at 

about 150 °C for about 1 h. The solvent was removed under reduced pressure and EtOAc (50 

10 mL) and water (20 mL) were added. The layers were partitioned and the organic layer was 

washed with brine (20 mL), dried over anhydrous MgSO4, filtered, and the solvent was removed 

under reduced pressure to give crude.54-3-ethyl-4-(6-tosyl-6H-pyrrolo[2,3-e][1,2,4]triazolo[4,3-

a]pyrazin- 1 -yl)cyclopentylamino)pyrazine-2-carbonitrile (0.24 g, 40% UV purity, 0.18 mmol) 

that was dissolved in 1,4-dioxane (10 ml) to give a brown solution. Saturated aqueous Na2CO3  (10 

	

15 	mL, 27 mmol) was added and the reaction mixture was stirred for about 96 h at about 50 °C. The 

reaction mixture was cooled to ambient temperature and Et0Ac (50 mL) was added to the 

reaction mixture. The layers were separated and the organic layer was washed with water (25 

mL) and brine (25 mL), dried over anhydrous MgSO4, filtered, and concentrated under reduced 

pressure. The crude material was purified by RP-HPLC (Table 2, Method m) to give a 1:1 

20 mixture of 5-((JS,3R,45)-3-ethyl-4-(6H-pyrrolo[2,3-e][1,2,41triazolo[4,3-alpyrazin-l-

yl)cyclopentylamino)pyrazine-2-carbonitrile and 5-((1R,3S,4R)-3-ethyl-4-(6H-pyrrolo[2,3-

e][1,2,41triazolo[4,3-a]pyrazin-l-y1)cyclopentylamino)pyrazine-2-carbonitrile (0.0025 g, 1.5%): 

LC/MS (Table 2, Method a) Rt  = 1.81 min; MS m/z: 374 (M+H)+. 

	

25 	Example #19: 3-((3R,4R)-3-(3H-Imidazo[1,2-a]pyrrolo[2,3-e]pyrazin-8-y1)-4- 

methylpiperidin-1-y1)-3-oxopropanenitrile 

0 
NvN  
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\./\1  

HalrN,r0 

Step A: 1-(Benzyloxycarbonyl)-4-methylpiperidine-3-carboxylic acid 

0 

OH 

HCI 

 

HOyNUO 

0 	0 

 

4-Methylnicotinic acid hydrochloride (5.00 g, 36.5 mmol, ASDI) and platinum (IV)oxide (0.35 g, 

1.54 mmol) were shaken in AcOH (100 mL) under about 60 psi hydrogen for about 72 h at room 

	

5 	temperature. The reaction mixture was filtered through Celite®  and concentrated under reduced 

pressure to give 4-methylpiperidine-3-carboxylic acid hydrochloride (7.4 g, contained residual 

AcOH) that was carried forward without additional purification. To a portion of the acid (1.0 g, 

4.92 mmol) in 1,4-dioxane (10 mL) was added HC1 (4 N in 1,4-dioxane, 4.0 mL, 16 mmol). The 

mixture was stirred for about 10 min before adding Et20 (10 mL). The precipitate was collected 

	

10 	by vacuum filtration was washed with Et20 (5 mL) to give a solid (0.27 g). To the filtrate was 

added HC1 (4 N in 1,4-dioxane, 4.0 mL, 16 mmol) and the mixture was concentrated under 

reduced pressure to constant weight, while adding DCM (20 mL) to the resulting residue to give a 

thick yellow oil (0.56 g). The two portions were combined to give 4-methylpiperidine-3-

carboxylic acid hydrochloride (0.83 g, 93%). To the acid (0.83 g, 4.6 mmol) was added N- 

	

15 	(benzyloxycarbonyloxy)succinimide (1.27 g, 5.08 mmol), Na2CO3  (1.71 g, 16.2 mmol), and 

water:1,4-dioxane (1:1, 20 mL). The mixture was stirred at room temperature for about 16 h and 

the organic solvent was removed under reduced pressure. The aqueous phase was neutralized by 

the addition of 1N HC1. The solution was extracted with EtOAc (2 x 25 mL) and the combined 

organic extracts were washed with brine and dried over anhydrous MgSO4. The solution was 

20 filtered and concentrated under reduced pressure to give 1-(benzyloxycarbonyl)-4-

methylpiperidine-3-carboxylic acid (1.28 g, 100%): LC/MS (Table 2, Method a) Rt  = 1.97 min; 

MS m/z: 278 (M+H)+. 

Step B: Benzy13-(2-bromoacety1)-4-methylpiperidine-1-carboxylate 
25 

To a solution of 1-(benzyloxycarbonyl)-4-methylpiperidine-3-carboxylic acid (1.28 g, 4.62 mmol) 

in DCM (40 mL) was added oxalyl chloride (0.930 mL, 10.6 mmol) followed by the drop-wise 

addition of DMF (0.072 mL, 0.92 mmol). The reaction mixture was stirred at room temperature 

30 

	

	overnight. The reaction mixture was concentrated to yield crude benzyl 3-(chlorocarbony1)-4- 

methylpiperidine-1-carboxylate (1.4 g, 4.7 mmol) which was dissolved in a mixture of Et20 and 

MeCN (1:1, 16 mL) and added to a solution of trimethylsilyldiazomethane (2 M in Et20, 9.47 

mL, 18.5 mmol) in Et20 and MeCN (1:1, 16 mL) that was cooled to about 0 °C. The resulting 

mixture was stirred at about 0 °C for about 4 h and quenched by a drop-wise addition of 48% 

278 



aqueous HBr. The organic solvents were removed and the residue was purified by silica gel 

chromatography eluting with a gradient of 10-40% EtOAc in heptane . The product-containing 

fractions were concentrated under reduced pressure to give benzyl 3-(2-bromoacety1)-4-

methylpiperidine- 1 -carboxylate (0.78 g, 47%): LC/MS (Table 2, Method a) Rt  = 2.50 min; MS 

5 	m/z: 356 (M+H)±. 

Step C: 2-Bromo-5-tosy1-5H-pyrrolo[2,3-b]pyrazine 

Br 

H 

 

A solution of 2-bromo-5H-pyrrolo[2,3-b]pyrazine (78.0 g, 394 mmol, Ark Pharm) in anhydrous 

10 	DMF (272 mL) was added drop-wise over about 60 min to a stirred suspension of NaH (60% 

dispersion in mineral oil, 12.8 g, 532 mmol) in anhydrous DMF (543 mL) at about 0-5 °C. The 

brown reaction solution was stirred for about 30 min at about 0-5 °C then a solution of p-

toluenesulfonyl chloride (94.0 g, 492 mmol) in anhydrous DMF (272 mL) was added drop-wise 

over about 60 min at about 0-5 °C. The reaction mixture was stirred at about 0-5 °C for about 1 h 

15 	then allowed to warm to ambient temperature and stirred for about 18 h at ambient temperature. 

The reaction mixture was poured slowly into ice water (6 L), followed by the addition of aqueous 

2.5 N NaOH (50.0 mL, 125 mmol). The precipitate was collected by filtration and stirred with 

cold water (3 x 200 mL). The solid was collected by filtration and dried to constant weight in a 

vacuum oven at about 55 °C to yield 2-bromo-5-tosyl-5H-pyrrolo[2,3-b]pyrazine : (134.6 g, 97%) 

20 	as a pale beige solid: LC/MS (Table 2, Method d) Rt  = 1.58 min; MS m/z: 352/354 (M+H)+. 

Step D: Methyl 5-tosy1-5H-pyrrolo[2,3-b]pyrazine-2-carboxylate 

 

0 

 

 

To a solution of 2-bromo-5-tosyl-5H-pyrrolo[2,3-b]pyrazine (5.00 g, 14.2 mmol) in DMF (64 

25 

	

	mL) were added dichlorobis(triphenylphosphine)palladium (0.60 g, 0.86 mmol), TEA (5.9 mL, 43 

mmol), and Me0H (17 mL, 420 mmol). The reaction flask was fitted with a balloon filled with 

carbon monoxide. The flask was evacuated and back-filled with carbon monoxide twice and the 

mixture was heated at about 65 °C for about 3 h. Additional dichlorobis(triphenylphosphine) 

palladium (0.60 g, 0.86 mmol) was added and the flask was re-evacuated and back-filled with 
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101  

N 
0- 

carbon monoxide twice. The reaction mixture was heated at about 95 °C for about 16 h under an 

atmosphere of carbon monoxide. The mixture was cooled to room temperature and poured into ice 

water (350 mL). The resulting suspension was stirred for about 10 min and filtered. The filter 

cake was washed with water and the solid was lyophilized for about 48 h to give methyl 5-tosyl- 

5 	5H-pyrrolo[2,3-Npyrazine-2-carboxylate (5.0 g, 90 % UV purity, 95 %) as a light brown solid: 

LC/MS (Table 2, Method a) Rt  = 2.21 min; MS m/z: 332 (M+H)±. 

Step E: 5-Tosy1-5H-pyrrolo[2,3-b]pyrazine-2-carboxylic acid hydrochloride 

10 	To a solution of methyl 5-tosyl-5H-pyrrolo[2,3-b]pyrazine-2-carboxylate (2.5 g, 7.5 mmol) in 1,4-

dioxane (50 mL) was added aqueous 6 N HC1 (50.0 mL, 1650 mmol) and the reaction mixture 

was stirred at about 65 °C for about 5 h and at room temperature for about 72 h. The mixture was 

re-heated to about 60 °C for about 3 h, and stirred at room temperature for about 48 h. The 

mixture was re-heated to about 65 °C for about 2 h and then cooled to room temperature. An 

15 	insoluble bright yellow residue was removed by filtration and the organic solvent was removed 

under reduced pressure to give a precipitate that was collected and dried to give 5-tosyl-5H-

pyrrolo[2,3-Npyrazine-2-carboxylic acid hydrochloride (1.92 g, 72%) as a tan solid: LC/MS 

(Table 2, Method a) Rt  = 1.48 min; MS m/z: 352 (M-H)-. 

20 	Step F: tert-Butyl 5-tosy1-5H-pyrrolo[2,3-b]pyrazin-2-ylcarbamate 

OH 

 

->r0y0 

- I HN.,N 

N N, 
0=S" 

 

 

To a solution of 5-tosyl-5H-pyrrolo[2,3-b]pyrazine-2-carboxylic acid hydrochloride (1.92 g, 5.43 

mmol) in t-BuOH (50 mL) was added TEA (1.67 mL, 11.9 mmol) and diphenylphosphoiyl azide 

(1.29 mL, 5.97 mmol). The reaction mixture was heated at about 70 °C for about 8 h. The 

25 

	

	mixture was cooled to room temperature and an insoluble residue was removed by filtration. The 

filtrate was suspended in EtOAc and filtered. The filtrate was concentrated and the crude material 

was purified by silica gel chromatography eluting with a gradient of 17-100% EtOAc/heptane to 

give tert-Butyl 5-tosyl-5H-pyrrolo[2,3-b]pyrazin-2-ylcarbamate as a white solid (0.68 g). 
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Chromatography also provided 5-tosyl-5H-pyrrolo[2,3-b]pyrazine-2-carboxamide (0.39 g, 1.23 

mmol) that was reacted with lead tetraacetate (0.55 g, 1.2 mmol) in t-BuOH (25 mL) at room 

temperature for about 72 h then at reflux for about 4 h. Additional lead tetraacetate (1.36 g, 3.07 

mmol) was added and the mixture was heated at reflux for about 2 h. The insoluble residue was 

5 

	

	removed by filtration and the filtrate was concentrated under reduced pressure. The residue was 

purified by silica gel chromatography as described above to yield an additional portion of the 

desired product (0.18 g). The two crops were combined to give tert-butyl 5-tosy1-5H-pyrrolo[2,3-

b]pyrazin-2-ylcarbamate (0.86 g, 41%): LC/MS (Table 2, Method a) Rt  = 2.67 min; MS m/z: 389 

(M+H)+. 

10 

Step G: Benzyl 3-(2-(tert-butoxycarbony1(5-tosy1-5H-pyrrolo[2,3-b]pyrazin-2-

yDamino)acety1)-4-methylpiperidine-1-carboxylate 

I HN N 

To a suspension of NaH (60% dispersion in mineral oil, 0.088 g, 2.2 mmol) in DMF at about 0 

15 	°C (10 mL) was added a solution of tert-butyl 5-tosy1-5H-pyrrolo[2,3-b]pyrazin-2-ylcarbamate 

(0.86 g, 2.2 mmol, Step F) in DMF (10 mL) and the mixture was stirred at about 0 °C for about 1 

h. A solution of benzyl 3-(2-bromoacety1)-4-methylpiperidine-l-carboxylate (0.78 g, 2.2 mmol, 

Step B) in DMF (5 mL) was added drop-wise and the resulting mixture was stirred at ambient 

temperature for about 16 h. The solvent was removed and the residue was partitioned between 

20 	EtOAc and water (40 mL each). The organic phase was washed with brine (20 mL), dried over 

anhydrous MgSO4, filtered, and concentrated under reduced pressure to give benzyl 3-(2-(tert-

butoxycarbony1(5-tosy1-5H-pyrrolo[2,3-b]pyrazin-2-y0amino)acety1)-4-methylpiperidine-1-

carboxylate (1.45 g, 100%): LC/MS (Table 2, Method a) Rt  = 3.14 min; MS m/z: 662 (M+H)+. 
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O 	 HN 

N, 
o-- s '° 

Step H: Benzyl 4-methy1-3-(2-(5-tosy1-5H-pyrrolo[2,3-b]pyrazin-2- 

ylamino)acetyl)piperidine-l-earboxylate 

0 

0 

N0 

Benzyl 	3-(2-(tert-butoxy carbony1(5-tosy1-5H-pyrrolo [2,3-b]pyrazin-2-y0amino)acety1)-4- 

	

5 	methylpiperidine-l-carboxylate (1.45 g, 2.2 mmol) was stirred in HC1 (4 N in 1,4-dioxane, 0.55 

mL, 2.2 mmol) at ambient temperature for about 90 min. The solvent was removed under reduced 

pressure and the residue was neutralized with saturated aqueous NaHCO3. The aqueous phase was 

extracted with EtOAc (2 x 20 mL) and the combined organic extracts were washed with brine (16 

mL), dried over anhydrous MgSO4, filtered, and concentrated to yield benzyl 4-methyl-3-(2-(5- 

	

10 	tosy1-5H-pyrrolog3-blpyrazin-2-ylamino)acetyl)piperidine-l-carboxylate (1.23 g, 100%) as a 

brown amorphous solid: LC/MS (Table 2, Method a) Rt  = 2.74 min; MS m/z: 562 (M+H)±. 

Step I: Benzyl 4-methy1-3-(3-tosy1-3H-imidazo[1,2-a]pyrrolo[2,3-e]pyrazin-8-y1)piperidine-

1-carboxylate 

15 

To the solution of benzyl 4-methy1-3-(2-(5-tosy1-5H-pyrrolo[2,3-b]pyrazin-2- 

ylamino)acetyppiperidine-1-carboxylate (1.2 g, 2.2 mmol) in 1,4-dioxane (15 mL) was added 

Lawesson's reagent (0.44 g, 1.1 mmol) and the mixture was heated at about 60 °C for about 90 

min. The solvent was removed under reduced pressure and the residue was purified by silica gel 

20 

	

	chromatography eluting with a gradient of 0-1.5% Me0H/DCM to yield benzyl 4-methyl-3-(3- 

tosy1-3H-imidazo[1,2-qpyrrolo[2,3-ekyrazin-8-Apiperidine-1-carboxylate (0.93 g, 78%) as a 

yellow amorphous solid: LC/MS (Table 2, Method a) Rt  = 2.49 min; MS m/z: 544 (M+H)+. 
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Step J: Benzyl 3-(3H-imidazo[1,2-a]pyrrolo[2,3-e]pyrazin-8-y1)-4-methylpiperidine-l-

carboxylate 

To a solution of benzyl 4-methy1-3-(3-tosy1-3H-imidazo[1,2-a]pyrrolo[2,3-e]pyrazin-8- 

	

5 	yl)piperidine-l-carboxylate (0.93 g, 1.7 mmol) in 1,4-dioxane (20 mL) was added aqueous NaOH 

(2 N, 1.0 mL), and the resulting mixture was heated at about 90 °C for about 80 min. The solvents 

were removed under reduced pressure and the residue was treated with saturated aqueous NH4C1 

(26 mL) and extracted with EtOAc (2 x 30 mL). The combined organic extracts were washed with 

brine (20 mL), dried over anhydrous MgSO4, filtered, and concentrated to yield the crude product 

	

10 	as a brown amorphous solid. The material was purified by silica gel chromatography eluting with 

a gradient of 5-100% Me0H/DCM to give benzyl 3-(3H-imidazo[1,2-akyrrolo[2,3-e]pyrazin-8- 

y1)-4-methylpiperidine-l-carboxylate (0.55 g, 83%) as a yellow solid: LC/MS (Table 2, Method 

a) Rt  = 1.94 min; MS m/z: 390 (M+H)±. 

	

15 	Step K: 8-(4-Methylpiperidin-3-y1)-3H-imidazo[1,2-alpyrrolo[2,3-elpyrazine 

A mixture of benzyl 3-(3H-imidazo[1,2-cdpyrrolo[2,3-e]pyrazin-8-y1)-4-methylpiperidine-1-

carboxylate (0.55 g, 1.4 mmol) and palladium on carbon (10%, 0.38 g, 0.36 mmol) in EtOH (25 

mL) was hydrogenated at room temperature under an atmospheric pressure of hydrogen for about 

20 

	

	20 h. The catalyst was removed by filtration through a Celite pad and the filtrate was 

concentrated in vacuo to give 8-(4-rnethylpiperidin-3-y1)-3H-inlidazo[1,2-akyrrolo[2,3-

elpyrazine (0.30 g, 83%) as a yellow amorphous solid: LC/MS (Table 2, Method a) Rt  = 0.93 

min; MS m/z: 256 (M+H)+. 
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Step L: 343R,4R)-3-(3H-Imidazo[1,2-a]pyrrolo[2,3-e]pyrazin-8-y1)-4-methylpiperidin-1-y1)-

3-oxopropanenitrile 

To a solution of 8-(4-methylpiperidin-3-y1)-3H-imidazo[1,2-a]pyrrolo[2,3-e]pyrazine (0.30 g, 1.2 

	

5 	mmol) in DMF (10 mL) were added DIEA (0.41 mL, 2.4 mmol) and EDC (0.68 g, 3.5 mmol). 2- 

Cyanoacetic acid (0.20 g, 2.4 mmol) was added and the mixture was stirred at ambient 

temperature for about 14 h. The solvent was removed under reduced pressure and the residue was 

partitioned between DCM and water (25 mL each). The organic phase was washed with brine (20 

mL), dried over anhydrous MgSO4, filtered, and concentrated under reduced pressure. Purification 

	

10 	by silica gel chromatography eluting with a gradient of 0-8% Me0H in DCM gave the product as 

a white solid (0.29 g). Chiral separation (Table 3, Method 10) of the material yielded material (Rt 

= 22.5 min, or = positive) that was further purified by silica gel chromatography eluting with a 

gradient of 0-8% Me0H in DCM to give 3-((3R,4R)-3-(3H-imidazo[1,2-akyrrolo[2,3-ekyrazin-

8-y1)-4-methylpiperidin-l-y1)-3-oxopropanenitrile (0.04 g, 11%): LC/MS (Table 2, Method a) Rt  

	

15 	= 1.36 min; MS m/z: 323 (M+H)+. 

Example #20: 7-(5-Methoxy-1-methyl-1H-indo1-3-y1)-1-methyl-6H-imidazo[1,5-

a] pyrrolo[2,3-e]pyrazine 

20 	Step A: 3-Iodo-5-methoxy-1-methyl-1H-indole 

o- 

 

  

5-Methoxy-1H-indole (5.00 g, 34.0 mmol) in DMF (100 mL) was stirred with KOH (2.00 g, 35.7 

mmol) for about 15 min then iodine (8.80 g, 34.7 mmol) was added. The mixture was stirred for 

about 30 min then NaH (60% dispersion in mineral oil, 1.63 g, 40.8 mmol) was added portion- 

25 

	

	wise. After stirring for about 15 min at ambient temperature, iodomethane (2.34 mL, 37.4 mmol) 

was added and the mixture was stirred for about 2 h. The solvents were removed under reduced 

pressure and the mixture was stirred with water (300 mL) for about 15 min. The slurry was treated 

with DCM (100 mL) and the layers were separated. The aqueous layer was extracted with DCM 

(50 mL) and the combined organics were dried over anhydrous MgSO4, filtered, and 
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concentrated. The material was purified by silica gel chromatography eluting with DCM to give 

3-iodo-5-methoxy-1-methyl-1H-indole (9.48 g, 97%): 11-1 NMR (400 MHz, DMSO-d6  5 7.48 (s, 

1H), 7.38 (d, 1H), 6.86 (dd, 1H), 6.72 (d, 1H), 3.79 (s, 3H), 3.76 (s, 3H); LC/MS (Table 2, 

Method a) Rt  = 2.50 min. 

Step B: 5-Bromo-34(5-methoxy-l-methyl4H-indo1-3-yBethynyl)pyrazin-2-amine 

/ 

5 

Br  N Br Sim  
\ 	+ 

N NH2  

o— 

 

  

A 500 mL round bottom flask was charged with NMP (120 mL) and 3,5-dibromopyrazin-2-amine 

(9.00 g, 35.6 mmol). The mixture was degassed under nitrogen and Pd(Ph3P)4  (3.29 g, 2.85 mmol) 

10 	was added. The flask was wrapped with aluminum foil to protect it from light, and copper (I) 

iodide (0.678 g, 3.56 mmol), TEA (29.8 mL, 214 mmol) and (trimethylsilyl)acetylene (3.84 g, 

39.1 mmol) were added. The mixture was warmed to about 55 °C in an oil bath for about 1.5 h. 

The mixture was cooled to ambient temperature and 3-iodo-5-methoxy-l-methyl-1H-indole (9.76 

g, 34.0 mmol), water (0.256 mL, 14.2 mmol), NMP (1 mL) and DBU (37.5 mL, 249 mmol) were 

15 	added. The mixture was stirred at ambient temperature for about 16 h. The mixture was 

concentrated to remove volatiles and the mixture was diluted with water (800 mL) and extracted 

with EtOAc (4 x 300 mL). The combined organic layers were washed with water (600 mL). The 

emulsion which formed was filtered through Celite®  to remove insoluble material. The filtrate 

layers were separated and the organic layer was dried over anhydrous MgSO4, filtered, and 

20 	concentrated to about 25 mL and purified by silica gel chromatography eluting with EtOAc. The 

product-containing fractions were concentrated to give material, which was triturated with Et20 

(50 mL), filtered, and washed with Et20 (2 x 10 mL). The resulting solid was dried to give 2.94 g 

of product. The filtrate obtained above was concentrated to about 6 mL and purified by silica gel 

chromatography eluting with EtOAc to give a second batch of enriched material that was 

25 	triturated with Et20 (20 mL) and filtered to give an additional 0.42 g of product. The two batches 

were combined to give 5-bromo-3((5-methoxy-l-methy1-1H-indo1-3-y1)ethynyl)pyrazin-2-amine 

(3.36 g , 26%) : LC/MS (Table 2, Method a) Rt  = 2.46 min; MS m/z: 357 (M+H)±. 
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Step C: 2-Bromo-6-(5-methoxy-l-methy1-1H-indo1-3-y1)-5H-pyrrolo[2,3-b]pyrazine 

 

Br 

  

N NH, 

5-Bromo-3-((5-methoxy-l-methy1-1H-indo1-3-ypethynyl)pyrazin-2-amine (3.25 g, 9.10 mmol) in 

DMF (35 mL) was treated with NaH (60% dispersion in mineral oil, 0.36 g, 9.1 mmol). After 

	

5 	about 5 h at ambient temperature, the mixture was treated with another portion of NaH (60% 

dispersion in mineral oil, 0.036 g, 0.91 mmol) and stirred for about 16 h. The mixture was 

concentrated and stirred with water (50 mL) and EtOAc (40 mL). The mixture was filtered and 

the solids were washed until an insoluble tar remained. The filtrate layers were separated and the 

organic layer was dried over anhydrous MgSO4, filtered, and concentrated. The material was 

	

10 	dissolved in a minimum amount of warm DMF and purified by silica gel chromatography (120 g 

silica gel column) eluting with 95:5 DCM/Me0H. The product-containing fractions were 

combined and concentrated to give an oil which was purified by silica gel chromatography (120 g 

silica column) eluting with EtOAc. The product-containing fractions were combined and 

concentrated to give an oily residue which was triturated with EtOAc (20 mL) then filtered to give 

	

15 	a yellow solid. The material was dried to give 2-bromo-6-(5-methoxy- 1 -methyl-1H-indo1-3-y1)- 

5H-pyrrolo 12,3-bipyrazine (1.48 g, 45%): LC/MS (Table 2, Method a) Rt  = 2.50 min; MS m/z: 

357 (M+H)+. 

Step D: 2-Bromo-6-(5-methoxy-l-methy1-11/-indol-3-y1)-5-02- 

	

20 	(trimethylsilyDethoxy)methyl)-51-/-pyrrolo[2,3-b]pyrazine 

Br 

 

Br 

   

 

H 

  

-Si, 

2-Bromo-6-(5-methoxy-l-methy1-1H-indo1-3-y1)-5H-pyrrolo[2,3-b]pyrazine (0.500 g, 1.40 mmol) 

in DMF (15 mL) was cooled to about 0 °C then treated with NaH (60% dispersion in mineral oil, 

0.112 g, 2.80 mmol). The mixture was stirred for about 15 min, SEM-CI (0.372 mL, 2.10 mmol) 

25 	was added, and the mixture was warmed to ambient temperature for about 15 min. The mixture 

was concentrated and purified by silica gel chromatography (40 g silica column) eluting with 

DCM 	to 	give 	2-bromo-6-(5-methoxy- 1 -methyl-1 H-indo1-3-y1)-542- 

(trimethylsilyl)ethoxy)methyl)-5H-pyrrolo [2 , 3-blpyrazine (0.61 g, 89%): LC/MS (Table 2, 

Method a) Rt  = 3.88 min; MS m/z: 489 (M+H)±. 

286 



Step E: (6-(5-Methoxy-l-rnethyl-1H-indo1-3-y1)-5-02-(trimethylsilypethoxy)rnethyl)-5H-

pyrrolo[2,3-b]pyrazin-2-yOmethanol 

0 

  

 

HO 

  

	

5 	2-Bromo-6-(5-methoxy-l-methy1-1H-indo1-3 -y1)-54(2-(trimethylsilypethoxy)methyl)-5H- 

pyrrolo[2,3-b]pyrazine (0.815 g, 1.67 mmol), (E)-styrylboronic acid (0.272 g, 1.84 mmol, 

Combiblocks), Cs2CO3  (1.36 g, 4.18 mmol) and PdC12(PPh3)2  (0.070 g, 0.10 mmol) in 1,4-

dioxane (13 mL) and water (6.5 mL) was heated to about 70 °C overnight. The mixture was 

cooled and the solvents were concentrated under reduced pressure. The material was partitioned 

10 between water (50 mL) and EtOAc (60 mL) and the organic layer was dried over anhydrous 

MgSO4, filtered, and concentrated to a foam (1.01 g). The material was dissolved in 1,4-dioxane 

(15 mL) and water (3 mL), 2.5 wt% osmium tetroxide in t-BuOH (0.84 ml, 0.067 mmol), and 

sodium periodate (1.43 g, 6.69 mmol) were added. The mixture was stirred for about 1 h at 

ambient temperature then 2.5 wt% osmium tetroxide in t-BuOH (0.84 mL, 0.067 mmol) and water 

	

15 	(3 mL) were added. The mixture was stirred for about 3 h then diluted with water (50 mL). The 

mixture was extracted with EtOAc (50 mL and 25 mL volumes). The combined organic solutions 

were washed with brine (30 mL), dried over anhydrous MgSO4, filtered, and concentrated to give 

an oil (0.97 g). The material was dissolved in 1,4-dioxane (10 mL) and EtOH (2 mL) then treated 

with NaBH4  (0.063 g, 1.672 mmol) and stirred for about 30 min. The solvents were evaporated 

	

20 	and the material was partitioned between EtOAc (50 mL), water (20 mL), and saturated aqueous 

NaHCO3  (20 mL). The layers were separated and the aqueous layer was extracted with EtOAc (2 

x 20 mL). The combined organic solutions were washed with brine (20 mL), dried over 

anhydrous MgSO4, filtered, and concentrated under reduced pressure. The material was purified 

by silica gel chromatography eluting with EtOAc to provide (6-(5-methoxy-1-methyl-1H-indo1-3- 

25 y1)-5-((2-(trimethylsilyl)ethoxy)methyl)-5H-pyrrolo[2,3-Npyrazin-2-Amethanol (0.63 g, 86%): 

LC/MS (Table 2, Method a) Rt  = 2.58 min; MS m/z: 439 (M+H)±. 
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N 

Step F: 2-(Azidomethyl)-6-(5-methoxy-l-methyl4H-indo1-3-y1)-542-

(trimethylsilypethoxy)methyl)-5H-pyrrolo[2,3-b]pyrazine 

HO 

 

  

(6-(5-Methoxy-l-methy1-1H-indo1-3-y1)-5-((2-(trimethylsilypethoxy)methyl)-5H-pyrrolo[2,3- 

	

5 	b]pyrazin-2-yl)methanol (0.63 g, 1.4 mmol) in DCM (10 mL) was treated with SOC12  (0.115 mL, 

1.58 mmol) and stirred for about 15 min at ambient temperature. The solvents were evaporated 

then sodium azide (0.280 g, 4.31 mmol) and DMF (5 mL) were added. The mixture was then 

stirred at ambient temperature overnight. The solvent was evaporated and the residue was 

partitioned between water (30 mL) and EtOAc (25 mL). The aqueous layer was washed with 

	

10 	EtOAc (15 mL) then the combined organic solutions were dried over anhydrous MgSO4, filtered, 

and concentrated to give 2-(azidomethyl)-6-(5-methoxy-l-methyl-1H-indo1-3-y1)-5-((2-

(trimethylsily0ethoxy)methyl)-5H-pyrrolo[2,3-191pyrazine (0.58 g, 87%): LC/MS (Table 2, 

Method a) Rt  =3.42 min; MS m/z: 464 (M+H)+. 

	

15 	Step G: (6-(5-Methoxy-l-methy1-1H-indo1-3-y1)-5-((2-(trimethylsily1)ethoxy)methyl)-5H- 

pyrrolo[2,3-b]pyrazin-2-yl)methanamine 

—si- -si- 

2-(Azidomethyl)-6-(5-methoxy-l-methyl-1H-indo1-3 -y1)-54(2-(trimethylsilypethoxy)methyl)-

5H-pyrrolo[2,3-b]pyrazine (0.58 g, 1.3 mmol) in THE (15 mL) was treated with 

20 	triphenylphosphine (0.335 g, 1.28 mmol) and water (0.150 mL, 8.33 mmol) then heated to about 

70 °C for about 2 h. The mixture was cooled then concentrated in vacuo. The material was 

purified by silica gel chromatography eluting with 9:1 DCM/MeOH containing 2.5 vol% 37 wt%. 

aqueous ammonium hydroxide to give (6-(5-methoxy-l-methyl-1H-indo1-3-y1)-5-((2-

(trimethylsily1)ethoxy)methyl)-5H-pyrrolo[2,3-Npyrazin-2-Amethanarnine (0.37 g, 68%): 

25 	LC/MS (Table 2, Method a) Rt  = 2.11 min; MS m/z: 438 (M+H)F. 
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Step H: N46-(5-Methoxy-l-methyl-1H-indo1-3-y1)-5-((2-(trimethylsily1)ethoxy)methyl)-5H-

pyrrolo[2,3-b]pyrazin-2-yOmethyl)acetamide 

-Si-- 	 -Si-- 

(6-(5-Methoxy-l-methy1-1H-indol-3-y1)-5-((2-(trimethylsilypethoxy)methyl)-5H-pyrrolo[2,3- 

	

5 	b]pyrazin-2-yl)methanamine (0.185 g, 0.423 mmol) in THE (5 mL) was treated with pyridine 

(0.044 mL, 0.55 mmol) and acetic anhydride (0.044 mL, 0.47 mmol). The mixture was stirred for 

about 5 min at ambient temperature and treated with AcOH (0.024 mL, 0.42 mmol). The mixture 

was diluted with EtOAc (20 mL) and washed with water (15 mL) and brine (10 mL). The organic 

solution was dried over anhydrous MgSO4, filtered, and concentrated to give N-((6-(5-methoxy-1- 

10 methyl-1H-indo1-3-y1)-542-(trimethylsily1)ethoxy)methyl)-5H-pyrrolo[2,3-Npyrazin-2- 

yOmethyl)acetamide (0.202 g, 100%): LC/MS (Table 2, Method a) Rt  = 2.63 min; MS m/z: 480 

(M+H)+. 

Step I: N4(6-(5-Methoxy-l-methyl4H-indo1-3-y1)-5H-pyrrolo[2,3-b]pyrazin-2- 

	

15 	yl)methyl)acetamide 

—si— 

N-((6-(5-Methoxy-l-methy1-1H-indo1-3-y1)-5-((2-(trimethylsilypethoxy)methyl)-5H-pyrrolo [2,3-

b]pyrazin-2-yOmethyDacetamide (0.200 g, 0.417 mmol) in DMF (10 mL) was treated with 

ethylenediamine (0.90 mL, 13 mmol) and TBAF (1 M in THF,1.7 mL, 1.7 mmol). The mixture 

20 	was heated to about 85 °C for about 90 min then cooled and concentrated under reduced pressure. 

The material was stirred with water (20 mL) for about 16 h, Et20 (10 mL) was added, and stirring 

was continued for about 15 min. The slurry was filtered and the solid collected was dried. The 

filtrate was extracted with EtOAc (2 x 25 mL) then the combined organic solutions were dried 

over anhydrous MgSO4, filtered, and concentrated to give material, which was combined with the 

25 	previously collected solid. The material was triturated with EtOAc (5 mL) and filtered to give a 

solid. The filtrate was purified by silica gel chromatography eluting with DCM/Me0H (9:1) to 

give an additional amount of product which was combined with the solid obtained from the 

EtOAc trituration to give N46-(5-methoxy-l-methyl-1H-indo1-3-y1)-5H-pyrrolo[2,3-blpyrazin-2- 
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yl)methyl)acetamide (0.108 g, 74%): LC/MS (Table 2, Method a) Rt  = 1.91 min; MS m/z: 350.2 

(M+H)+. 

Step J: 7-(5-Methoxy-l-methyl4H-indo1-3-y1)-1-methyl-6H-imidazo[1,5-a]pyrrolo[2,3- 

5 	pyr a zin e 

N4(6-(5-Methoxy-l-methyl-1H-indo1-3-y1)-5H-pyrrolo[2,3-b]pyrazin-2-yOmethypacetamide 

(0.108 g, 0.309 mmol) in 1,4-dioxane (6 mL) was treated with Lawesson's Reagent (0.075 g, 0.19 

10 	mmol) and heated to about 85 °C for about 30 min. The mixture was cooled briefly then another 

portion of Lawesson's Reagent (0.075 g, 0.19 mmol) was added. The mixture was heated to about 

85 °C for about 30 min. The mixture was cooled to ambient temperature then mercuric acetate 

(0.10 g, 0.31 mmol) was added. After about 15 min another portion of mercuric acetate (0.10 g, 

0.31 mmol) was added. The mixture was stirred for about 15 min then diluted with EtOAc (50 

15 	mL). The mixture was filtered and the cake was washed with EtOAc (2 x 25 mL). The filtrate was 

evaporated (and the residue set aside), and the solids were dried and triturated with DCM (20 

mL). The solids were collected by filtration and washed with DCM (25 mL). The filtrate was 

concentrated and combined with the set-aside residue obtained from the EtOAc filtration. The 

filter cake was dissolved in DMF (1.2 mL) and purified by silica gel chromatography (10 g 

20 	column) eluting with 95:5 DCM/MeOH. The product-containing fractions were combined with 

the filtrates from the EtOAc and DCM triturations, concentrated, and the combined material was 

purified by silica gel chromatography (10 g column) eluting with 95:5 DCM/Me0H. The product-

containing fractions were combined. The silica columns were flushed with. DMF (40 mL each) 

and all product-containing fractions were combined with those previously collected and the 

25 	solvents were removed under reduced pressure. The residue was triturated with about Me0H (5 

mL) and filtered. The filter cake was triturated with water (40 mL) and 37 wt% ammonium 

hyrdoxide (3 mL) and extracted with EtOAc (5 x 50 mL). The organic extracts were combined 

and washed with brine (25 mL), dried over anhydrous MgSO4, filtered, and concentrated to give a 

solid (0.056 g). The material was triturated with Me0H (5 mL). The solid was collected by 

30 	filtration then dried to give 7-(5-methoxy-l-methy1-1H-indo1-3-y1)-1-methyl-6H-imidazo[1,5-

akyrrolo[2,3-dpyrazine that contained 5 weight% Me0H (0.037 g, 36%): LC/MS (Table 2, 

Method a) Rt  = 1.94 min; MS m/z: 332 (M+H)+, 11-1 NMR (400 MHz, DMSOd6) 8 12.19 (s, 1H), 

8.50 (s, 1H), 7.81 (s, 1H), 7.66 (s, 1H), 7.45 (dd, J=14.8, 5.52 Hz, 2H), 7.03 (d, J=2.07 Hz, 1H), 

6.92 (dd, J=8.88, 2.25 Hz, 1H), 3.87 (s, 3H), 3.83 (s, 3H), 2.95 (s, 3H). 

35 
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Example #21: 7-(5-Methoxy-1-methyl-1H-indo1-3-y1)-6H-imidazo[1,5-a]pyrrolo[2,3-

e]pyrazine 

Step A: N-06-(5-Methoxy-1-methyl-1H-indo1-3-y1)-5-42-(trimethylsilyl)ethoxy)methyl)-5H- 

5 	pyrrolo[2,3-b]pyrazin-2-yl)methyl)formamide 

-Si- 
/ 

-Si_ 
 

(6-(5-Methoxy-1 -methy1-1H-indo1-3-y1)-5-((2-(trimethyls ilypethoxy)methyl)-5H-pyrrolo [2,3-

b]pyrazin-2-yl)methanamine (0.095 g, 0.22 mmol, Example #20, Step G) in ethyl formate (4.4 

mL, 54.0 mmol) was heated at about 60 °C in an oil bath for about 45 min. The mixture was 

10 cooled and evaporated to give N-((6-(5-methoxy-l-niethyl-1H-indo1-3-y1)-542-

(trimethylsily1)ethoxy)inethyl)-5H-pyrrolo[2,3-Npyrazin-2-yOrnethyl)formarnide (0.10 g, 100%): 

LC/MS (Table 2, Method a) Rt  = 2.65 min; MS m/z: 466 (M+H)+. 

Step B: 7-(5-Methoxy-1-methyl-1H-indo1-3-y1)-6-02-(trimethylsilyBethoxy)methyl)-6H- 

15 	imidazo[1,5-a]pyrrolo[2,3-elpyrazine 

 

 

-Si_ 
 

 

N-((6-(5-Methoxy-l-methy1-1H-indo1-3-y1)-5-((2-(trim ethylsilypethoxy)methyl)-5H-pyrrolo [2,3-

b]pyrazin-2-yOmethyl)formamide (0.10 g, 0.22 mmol) in 1,4-dioxane (4 mL) was treated with 

Lawesson's Reagent (0.053 g, 0.13 mmol) and heated to about 80 °C in an oil bath for about 15 

20 	min. The mixture was cooled and mercuric acetate (0.073 g, 0.23 mmol, Fluka) was added. The 

mixture was stirred for about 30 min at ambient temperature and another portion of mercuric 

acetate (0.073 g, 0.228 mmol, Fluka) was added and stirring was continued for about 2 h at 

ambient temperature. The mixture was diluted with EtOAc (20 mL) and filtered. The solvent was 

evaporated under reduced pressure then the material was purified by silica gel chromatography 

25 	eluting with DCM/Me0H (95:5). The material obtained after concentration of the product- 
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containing fractions was further purified by silica gel chromatography eluting with EtOAc to give 

7-(5-methoxy-l-methyl-1H-indo1-3-y1)-642-(trimethylsily0ethoxy)methyl)-6H-imidazo[1,5-

alpyrrolo[2,3-elpyrazine (0.048 g, 49%): LC/MS (Table 2, Method a) Rt  = 3.16 min; MS m/z: 

448 (M+H)+. 

Step C: 7-(5-Methoxy-1.--methyl-1H-indo1-3-y1)-6H-imidazo[1,5-a]pyrrolo[2,3-e]pyrazine 

5 

7-(5-Methoxy-l-methy1-1H-indo1-3-y1)-64(2-(trimethylsilyeethoxy)methyl)-6H-imidazo[1,5-

c]pyrrolo[2,3-e]pyrazine (0.048 g, 0.11 mmol) in DMF (4 mL) was treated with ethylenediamine 

10 	(0.22 mL, 3.3 mmol) and heated to about 85 °C for about 5 min. The solution was cooled and 

TBAF (1 M in THF, 0.11 mL, 0.11 mmol) was added. The solution was re-heated to about 85 °C 

for about 30 min. The mixture was cooled to ambient temperature and another portion of the 

TBAF (1 M in THF, 0.054 mL, 0.054 mmol) was added and heating was continued for about 1.5 

h. The solution was cooled and the material was purified by preparative RP-HPLC (Table 2, 

15 	Method 1). The product-containing fractions were concentrated to remove MeCN then basified 

with saturated aqueous NaHCO3  and extracted with EtOAc (2 x 10 mL). The combined organic 

solutions were dried over anhydrous MgSO4, filtered, and concentrated. Trituration of the solid 

with heptane (5 mL) then collection by filtration gave 7-(5-methoxy-l-methyl-1H-indo1-3-y1)-6H-

imidazo[1,5-akyrrolo[2,3-ekyrazine (0.028 g, 8 %): LC/MS (Table 2, Method a) Rt  = 1.91 min; 

20 	MS m/z: 318.1 (M+H)+. 1H NMR (400 MHz, DMSO-d6 	5 12.18 (s, 1H), 8.77 (s, 1H), 8.59 (s, 

1H), 7.83 (s, 1H), 7.79 (s, 1H), 7.48 (d, J=2.3 Hz, 1H), 7.43 (d, J=8.9 Hz, 1H), 7.20 (d, J= 2.3 

Hz, 1H), 6.92 (dd, J=8.90, 2.36 Hz, 1H), 3.88 (s, 3H), 3.82 (s, 3H). 

Example #22: 7-(5-Methoxy-l-methy1-1H-indo1-3-y1)-1-phenyl-6H-imidazo[1,5- 

25 	a]pyrrolo[2,3-elpyrazine 
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N 
H 

Step A: N-46-(5-Methoxy-l-methy1-1H-indo1-3-y1)-5-((2-(trimethylsilyBethoxy)methyl)-5H-

pyrrolo[2,3-b]pyrazin-2-y1)methyl)benzamide 
z 

0 

 

 

 

i—S — 

(6-(5-Methoxy-l-methy1-1H-indo1-3-y1)-542-(trimethylsilypethoxy)methyl)-5H-pyrrolo[2,3- 

5 

	

	b]pyrazin-2-yl)methanamine (0.095 g, 0.28 mmol, Example #20, Step G) in THE (5 mL) was 

treated with pyridine (0.026 ml, 0.33 mmol) and benzoyl chloride (0.033 ml, 0.28 mmol). The 

mixture was stirred for about 20 min at about 60 °C and cooled to ambient temperature, diluted 

with aqueous Na2CO3  (15 mL), and extracted with EtOAc (20 mL). The organic solution was 

dried over anhydrous MgSO4, filtered, and concentrated to give N-0-(5-methoxy-l-methyl-IH- 

10 indo1-3-y1)-542-(trimethylsily0ethoxy)methyl)-5H-pyrrolo[2,3-Npyrazin-2-yOmethyObenzamide 

(0.118 g, 100 %): LC/MS (Table 2, Method d) Rt  = 1.64 min; MS m/z: 542 (M+H)±. 

Step B: 7-(5-Methoxy-l-methy1-1H-indo1-3-y1)-6-02-(trimethylsilyBethoxy)methyl)-6H-

imidazo[1,5-a]pyrrolo[2,3-e]pyrazine 

o 

—Si- 
15 

N46-(5-Methoxy-l-methyl-1H-indo1-3-y1)-542-(trimethylsilypethoxy)methyl)-5H-pyrrolo[2,3-

b]pyrazin-2-yOmethypbenzamide (0.118 g, 0.218 mmol) in 1,4-dioxane (3 mL) was treated with 

Lawesson's Reagent (0.070 g, 0.17 mmol) and was heated to about 80 °C in an oil bath for about 

20 min. The mixture was cooled to ambient temperature and then mercuric acetate (0.073 g, 0.23 

20 	mmol) was added. The mixture was stirred for about 60 min at ambient temperature then another 

portion of mercuric acetate (0.069 g, 0.22 mmol) was added and stirring was continued for about 

20 min at ambient temperature. The mixture was diluted with EtOAc (20 mL) and then filtered. 

The filtrate was concentrated under reduced pressure and the material was purified by silica gel 

chromatography eluting with EtOAc to give 7-(5-methoxy-l-methyl-1H-indo1-3-y1)-642- 

25 	(trimethylsilyl)ethoxy)methyl)-6H-imidazo[1,5-cdpyrrolo[2,3-elpyrazine (0.055 g, 48%): LC/MS 

(Table 2, Method d) Rt  = 1.91 min; MS m/z: 524 (M+H)'. 
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Step C: 7-(5-Methoxy-1-methyl-1H-indo1-3-y1)-1-phenyl-6H-imidazo[1,5-a]pyrrolo[2,3-

e]pyrazine 

-Si-- 

7-(5-Methoxy-1-methyl-1H-indo1-3-y1)-1-pheny1-6-((2-(trimethylsilypethoxy)methyl)-6H- 

	

5 	imidazo[1,5-c]pyrrolo[2,3-e]pyrazine (0.054 g, 0.103 mmol) in DMF (3 mL) was treated with 

ethylenediamine (0.207 ml, 3.09 mmol) and TBAF (1 M in THF, 0.412 mL, 0.412 mmol). The 

solution was heated to about 90°C for about 70 min. The mixture was cooled to ambient 

temperature and the mixture was diluted with EtOAc (10 mL), washed with water (6 mL), dried 

over anhydrous MgSO4, filtered, and concentrated to give a yellow residue. The residue was 

	

10 	purified by silica gel chromatography eluting with 1-6% Me0H/DCM to provide a yellow solid. 

The solid was triturated with heptane (2 mL) to provide 7-(5-methoxy-l-methyl-1H-indo1-3-y1)-1-

phenyl-6H-irnidazo[1,5-akyrrolo[2,3-dpyrazine (0.004 g, 10 %): LC/MS (Table 2, Method a) Rt  

= 2.26 min; MS m/z: 394 (M+H)±. 

	

15 	Table 4. Examples found in Tables D.1 through 11.2 

Example # Structure 
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Example # Structure 
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Example # Structure 
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Example # Structure 
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Example # Structure 
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Example # Structure 
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Example # Structure 

H.1.26 N--,  ---k  
N 

',.. 

, H 

	

ItN \ 	//,„ 	ill
s 

 
/
s% 

	

0 	0 	 0 
N 

\ 	 \ 
',.. N 	 N H 	 H 

0 

H.1.27 

// 

..,, / 
NN  

'-, 

H 
,,i‘N\  

A 	, 0 	0  
N \ N 

,,, 
N 	 N 
H 	 H 

N 
\S 4,  % 0 	0 

H.1.28 

H 	. ON, ok\ NI—. 
0 

i 
N

N 
\ 

,.. N 
H 

H.1.29 

H ° glit 

0 •:, 
N \ 

,.. N H 

H.1.30 

H 0N—  
\ 	\ 
0 ., 	CI /N----.-f 

Ni  N 
\ 

`... 
H 

H.1.31 

H 	/(,) „A—% f
D

. lit 
CI Oct 

N 	N 
\ 

N 	N H 

H.1.32 

0 ,,ti 

	

' 	
N 	..--:•-1\1 H 

	

N \ N 	
\ 

,, 
N 
H 

H.1.33 

p 5 F AN-.. 
0 	••••. N 

N 

*,.. 
H 

303 



Example # Structure 
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Example # Structure 
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Example # Structure 
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Example # Structure 
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Example # Structure 
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Example # Structure 
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Example # Structure 
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Example # Structure 
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Preparation #29: (3R)-(3,6-Dihydropyrazolo[4,3-dlpyrrolo[2,3-b]pyridin-1- 

5 	yl)cyclopentanamine 

NH2  

Step A: (3R)-3-(Dibenzylamino)-N-methoxy-N-methylcyclopentanecarboxamide 

HO 
NH2  

 

0
,N 

  

Hydrogen chloride gas was bubbled through a solution of (1S,3R)-3- 

10 	aminocyclopentanecarboxylic acid (4.22 g, 32.7 mmol, Peptech) in Me0H (15 mL) for about 5 

min. The resulting mixture was stirred at about 50 °C for about 6 h and then at room temperature 

for about 16 h. The solvent was removed under reduced pressure and the residue was suspended 

in MeCN (30 mL). The precipitate was collected by filtration and dried in vacuo to yield , (3R)-

methyl 3-aminocyclopentanecarboxylate hydrochloride (3.1 g, 53%) as a white solid. Et20 (120 

15 	mL) was added to the filtrate and the precipitate was collected by vacuum filtration to give 

additional (3R)-methyl 3-aminocyclopentanecarboxylate hydrochloride (1.1 g, 19%) which was 

combined with the product above to give (3R)-methyl 3-aminocyclopentanecarboxylate 

hydrochloride (4.2 g, 72% total) that was used without further purification. A portion of this ester 

(3.05 g, 17.0 mmol) was dissolved in DMF (15 mL), followed by the additional of benzyl 

20 	bromide (5.80 g, 34.0 mmol) and K2CO3  (7.27 g, 52.6 mmol). The mixture was stirred at room 
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temperature about 16 h, filtered, and the filtrate was concentrated under reduced pressure. The 

crude product was purified by silica gel chromatography eluting with a gradient of 5-35% EtOAc 

in heptane to give (3R)-methyl 3-(dibenzylamino)cyclopentanecarboxylate (3.52 g, 64%) as a 

colorless oil that was used directly. A portion of this material (1.18 g, 3.65 mmol) was combined 

	

5 	with O,N-dimethylhydroxylamine hydrochloride (1.07 g, 10.9 mmol) in THF (40 mL) at about - 

25 °C, followed by the drop-wise addition of LHMDS (1 M in THF, 14.6 mL, 14.6 mmol). The 

mixture was stirred at about 0 °C for about 1 h. The mixture was re-cooled to about -25 °C and 

O,N-dimethylhydroxylamine hydrochloride (0.50 g, 5.1 mmol) was added, followed by the drop-

wise addition of additional LHMDS (1 M in THF, 14.6 mL, 14.6 mmol). The reaction mixture 

	

10 	was stirred at about 0 °C for about 1 h and was quenched by the drop-wise addition of water (10 

mL). The organic solvent was removed under reduced pressure. DCM (60 mL) was added and 

the layers were separated. The organic phase was washed with brine, concentrated under reduced 

pressure, and purified by silica gel chromatography eluting with a gradient of 5-35% EtOAc in 

heptane to yield (3R)-3-(dibenzylamino)-N-methoxy-N-methylcyclopentanecarboxamide (1.01 g, 

	

15 	79%) as a colorless oil: LC/MS (Table 2, Method a) R, = 2.08 min; MS m/z: 353 (M+H)±. 

Step B: (3R)-3-(Dibenzylamino)cyclopentanecarbaldehyde 

\
N 

0 

 

 

A solution of (3R)-3-(dibenzylamino)-N-methoxy-N-methylcyclopentanecarboxamide (3.34 g, 

9.48 mmol) in THF (70 mL) was cooled to about -78 °C, followed by the drop-wise addition of 

20 	DIBAL-H (1.0 M in hexanes, 9.48 mL, 9.48 mmol). The reaction mixture was stirred at about -78 

°C for about 1 h, and was quenched by drop-wise addition of saturated aqueous sodium potassium 

tartrate. The resulting mixture was stirred at room temperature for about 1 h. The solvent was 

removed under reduced pressure and the aqueous layer was extracted with EtOAc (100 mL). The 

organic layer was washed with brine, dried over anhydrous MgSO4, and concentrated in vacuo. 

25 	The residue was purified by chromatography on neutral alumina eluting with a gradient of 0-20% 

EtOAc in heptane to yield (3R)-3-(dibenzylamino)cyclopentanecarbaldehyde (1.63 g, 75%) as a 

colorless oil: LC/MS (Table 2, Method a) R, = 2.03 min; MS m/z: 294 (M+H)±. 
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Step C: (5-Chloro-1-(triisopropylsily1)-1H-pyrrolo[2,3-b]pyridin-4-y1)03R)-3-

(dibenzylamino)cyclopentypmethanol 

CI 

 

CI 

   

A solution of 5-chloro-4-iodo-1-(triisopropylsily1)-1H-pyrrolo[2,3-b]pyridine (1.23 g, 2.83 mmol, 

	

5 	Adesis) in THE (10 mL) was cooled to about —78 °C and n-BuLi (1.6 M in hexanes, 2.3 mL, 3.7 

mmol) was added drop-wise while keeping the temperature below about -70 °C. The mixture was 

stirred for about 40 min, and a solution of (3R)-3-(dibenzylamino)cyclopentanecarbaldehyde 

(0.83 g, 2.8 mmol, Step B) in THE (3 mL) was added drop-wise, and the resulting mixture was 

stirred at about -75 °C for about 2 h. The reaction mixture was quenched by a drop-wise addition 

10 of saturated aqueous NH4C1 (20 mL), and the organic solvent was removed under reduced 

pressure. The aqueous mixture was extracted with EtOAc (25 mL) and the organic layer was 

washed with brine (20 mL) and concentrated under reduced pressure. The residue was purified by 

silica gel chromatography eluting with a gradient of 0-20% EtOAc in heptane to yield (5-chloro-

1-(triisopropylsily1)-1H-pyrroloP,3-blpyridin-4-y1)((3R)-3-(dibenzylamino) cyclopentyl)methanol 

	

15 	(1.14 g, 67%): LC/MS (Table 2, Method a) R, = 3.31 min; MS m/z: 602 (M+H)4.,. 

Step D: (5-Chloro-1-(triisopropylsily1)-1H-pyrrolo[2,3-b]pyridin-4-y1)03R)-3-

(dibenzylamino)cyclopentypmethanone 

CI 

 

CI 

   

A 	solution 	of 	(5-chloro-1-(triisopropylsily1)-1H-pyrrolo[2,3-b]pyridin-4-y1)((3R)-3- 

20 	(dibenzylamino) cyclopentyl)methanol (1.14 g, 1.89 mmol) in DCM (50 mL) was cooled to about 

0 °C. Dess-Martin periodinane (2.41 g, 5.68 mmol) was added and the reaction mixture was 

stirred at about 0-10 °C for about 3 h. The mixture was quenched by a drop-wise addition of 

aqueous sodium sulfite (1 M, 20 mL), and the organic solvent was removed under reduced 

pressure. The aqueous layer was extracted with EtOAc (2 x 25 mL), and the combined organic 

25 	extracts were washed with aqueous NaOH (1 N, 3 x 20 mL), brine, dried over anhydrous MgSO4, 

filtered, and concentrated. The residue was purified by silica gel chromatography eluting with a 

gradient of 0-20% EtOAc in heptane to yield (5-chloro-1-(triisopropylsily1)-1H-pyrroloP,3- 
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Npyridin-4-y1)((3R)-3-(dibenzylamino)cyclopentyl)methanone (0.68 g, 60%) as a yellow 

amorphous solid: LC/MS (Table 2, Method a) R, = 1.65 min; MS m/z: 442 (M+H)±. 

Step E: (3R)-(3,6-Dihydropyrazolo[4,3-tipyrrolo[2,3-b]pyridin-l-yl)cyclopentanamine 

5 

CI NH2  

,A 	mixture 	of 	(5-Chloro-1-(triisopropylsily1)-1H-pyrrolo[2,3-b]pyridin-4-y1X(3R)-3- 

(dibenzylamino)cyclopentyl)methanone (1.5 g, 2.5 mmol), hydrazine (0.24 mL, 7.5 mmol), and 

AcOH (0.14 mL, 2.5 mmol) in EtOH (40 mL) was heated to reflux for about 8 h and at about 90 

°C for about 16 h. The solvent was removed in vacuo and the residue was partitioned between 

10 	saturated aqueous NaHCO3  (50 mL) and EtOAc (50 mL). The organic phase was separated and 

washed with brine (40 mL), dried over anhydrous MgSO4, filtered, and concentrated to yield 

crude (3R)-(3,6-dihydropyrazolo[4,3-dlpyrrolo[2,3-b]pyridin-1-Acyclopentanamine (1.14 g, 

100%) as a yellow amorphous solid that was used without purification. To a solution of the 

hydrazone (1.14 g, 2.5 mmol) in NMP (4 mL) were added sodium tert-butoxide (0.58 g, 6.0 

15 	mmol), palladium (II) acetate (0.0056 g, 0.025 mmol), and CyPFt-Bu (0.014 g, 0.025 mmol). The 

mixture was heated at about 140 °C for about 15 min in a microwave, and the solvent was 

removed under reduced pressure. The residue was partitioned between EtOAc (25 mL) and water 

(25 mL), and the organic solution was washed with brine, dried over anhydrous MgSO4, filtered, 

and concentrated to give crude (3R)-1V,N-dibenzy1-3-(3,6-dihydropyrazolo[4,3-dipyrrolo[2,3- 

20 	Npyridin-l-yl)cyclopentanamine (1.05 g, 100%) as a dark brown solid that was used without 

purification. To a solution of the protected amine (1.05 g, 2.5 mmol) in Me0H (15 mL) was 

added Pd(OH)2  (0.23 g, 1.6 mmol) and ammonium formate (1.58 g, 25.0 mmol). The mixture 

was heated at about 65 °C for about 1 h. The catalyst was removed by filtration and the filtrate 

was concentrated under reduced pressure to give crude (3R)-(3,6-dihydropyrazolo[4,3- 

25 	d]pyrrolo[2,3-Npyridin-l-Acyclopentanamine (0.60 g, 100%) as a brown solid that was used 

without purification: LC/MS (Table 2, Method a) Ri  =1.12 min; MS m/z: 242 (M+H)+. 
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Preparation #30: (1S)-3-(3,6-Dihydropyrazolo[4,3-a]pyrrolo[2,3-b]pyridin-l-

Acyclopentanamine 

"NH2  

Step A: (3S)-Methyl 3-(dibenzylamino)cyclopentanecarboxylate 

 

HO 

0 

INH2  
O 

• iNH2  

 

5 

  

Hydrogen chloride gas was bubbled through a solution of (1R,3S)-3-

aminocyclopentanecarboxylic acid (5.00 g, 38.7 mmol, Peptech) in Me0H (100 mL) for about 15 

min to give a tan solution, and the reaction mixture was stirred at ambient temperature for about 

24 h. 	The solvent was removed under reduced pressure to give (3S)-methyl 3- 

10 	aminocyclopentanecarboxylate (5.5 g, 25.5 mmol, 66%) which was dissolved in DMF (100 mL) 

and then K2CO3  (17.6 g, 127 mmol) and (bromomethyl)benzene (6.05 mL, 50.9 mmol) were 

added. The reaction mixture was stirred overnight at ambient temperature. The solid was 

collected by filtration and washed with DMF (100 mL). The filtrate was concentrated under high 

vacuum and the crude material was purified by silica gel chromatography eluting with 10% 

15 	EtOAc in heptane to give (3S)-methyl 3-(dibenzylamino)cyclopentanecarboxylate (7.3 g, 89%) as 

a yellow oil: LC/MS (Table 2, Method a) R, =2.97 min; MS m/z: 324 (M+H)+. 

Step B: (3S)-3-(Dibenzylamino)cyclopentanecarbaldehyde 

20 	.A round bottom flask was charged with (3S)-methyl 3-(dibenzylamino)cyclopentanecarboxylate 

(7.3 g, 23 mmol) in THE (154 mL) to give a colorless solution. The solution was cooled to about 

-25 °C followed by the addition of /V,0-dimethylhydroxylamine hydrochloride (5.95 g, 61.0 

mmol). A solution of LHMDS (1 M in THF, 84 mL, 84 mmol) was added drop-wise and the 

reaction was stirred for about 1 h at about 0 °C. The reaction mixture was re-cooled to about -25 

25 	°C and additional N,O-dimethylhydroxylamine hydrochloride (0.5 g, 5 mmol) and 10 mL of 
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LHMDS (1 M in THF, 10 mL, 10 mmol) were added. The reaction mixture was stirred at about 0 

°C for about 1 h. Analysis of the reaction mixture by LC/MS indicated that starting material still 

remained, and the mixture was re-cooled to about -25 °C and N, O-dimethylhydroxylamine 

hydrochloride (2.0 g, 20 mmol) and LHMDS (1 M in THF, 20 mL, 20 mmol) were added. The 

	

5 	reaction mixture was stirred at about 0 °C for about 1 h. This re-cooling and addition sequence 

was repeated once more with the addition of N, O-dimethylhydroxylamine hydrochloride (1.5 g, 

15 mmol) and LHMDS (1 M in THF, 40 mL, 40 mmol). After stirring at about 0 °C for about 1 

h, water (50 mL) was added drop-wise. The organic solvent was removed under reduced 

pressure, and EtOAc (200 mL) was added. The layers were partitioned and the organic layer was 

	

10 	washed with water (250 mL) and brine (125 mL), dried over anhydrous MgSO4, filtered, and the 

solvent was removed under reduced pressure to give a brown oil. The crude product was purified 

by silica gel chromatography (120 g column) eluting with 20% EtOAc in heptane to give (3S)-3-

(dibenzylamino)-N-methoxy-N-methylcyclopentanecarboxamide (6.86 g, 19 mmol, 86%) which 

was dissolved in THF (100 mL) and cooled to about -78 °C. DIBAL-H (1.0 M in hexanes, 21.2 

	

15 	mL, 21.2 mmol) was added drop-wise to the solution over about 15 min. The reaction solution 

was stirred at about -78 °C for about lh. Saturated aqueous potassium sodium tartrate (25 mL) 

was added drop-wise at about -78 °C and the reaction mixture was stirred at ambient temperature 

for about 1 h. The organic solvent was removed under reduced pressure, EtOAc (100 mL) was 

added, and the layers were separated. The aqueous layer was extracted with EtOAc (2 x 25 mL). 

	

20 	The combined organic layers were washed with brine (3 x 50 mL), dried over anhydrous MgSO4, 

filtered, and the solvent was removed under reduced pressure to give a yellow oil. The crude 

material was purified by silica gel chromatography eluting with 10% EtOAc in heptane to give 

(3S)-3-(dibenzylamino)cyclopentanecarbaldehyde (5.6 g, 100%): LC/MS (Table 2, Method a) R, 

=2.26 min; MS m/z: 294 (M+H)f. 

25 

Step C: (5-Chloro-1-(triisopropylsily1)-1H-pyrrolo[2,3-b]pyridin-4-y1)((3S)-3-

(dibenzylamino)cyclopentyl)methanol 

CI 

 

CI 

   

A round-bottomed flask was charged with 5-chloro-4-iodo-1-(triisopropylsily1)-1H-pyrrolo[2,3- 

30 	b]pyridine (3.5 g, 8.05 mmol, Adesis) in THF (161 mL) to give a colorless solution. The solution 
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CI 

was cooled to about -78 °C and n-BuLi (1.6 M in hexanes, 6.54 mL, 10.46 mmol) was added 

drop-wise over about 15 min. After addition of the n-BuLi solution was complete, (3S)-3-

(dibenzylamino)cyclopentanecarbaldehyde (2.48 g, 8.45 mmol) in THE (10 mL) was added drop-

wise over about 5 min. The reaction mixture was stirred for about 4 h at about -78 °C. Saturated 

	

5 	aqueous NH4C1 (40 mL) was added slowly and the mixture was stirred for about 5 min The 

organic solvent was removed under reduced pressure and EtOAc (100 mL) was added. The layers 

were separated and the organic layer was washed with brine (3 x 50 mL), dried over MgSO4, 

filtered, and the solvent was removed under reduced pressure to give a yellow oil that was purifed 

by silica gel chromatography eluting with a gradient of 5-10% EtOAc in heptane. The product 

	

10 	containing fractions were combined and concentrated to give (5-chloro-1-(triisopropylsily1)-1H- 

pyrrolo[2,3-blpyridin-4-y1)((3S)-3-(dibenzylamino)cyclopentyl)methanol (3.5 g, 72%): LC/MS 

(Table 2, Method n) R, =2.97 min; MS m/z: 603 (M+H)+. 

Step D: (5-Chloro-1-(triisopropylsily1)-1H-pyrrolo[2,3-b]pyridin-4-y1)03S)-3- 

	

15 	(dibenzylamino)cyclopentyl)methanone 

  

 

CI 

N /  

A round-bottomed flask was charged with (5-chloro-1-(triisopropylsily1)-1H-pyrrolo[2,3-

b]pyridin-4-y1)((3S)-3-(dibenzylamino)cyclopentyl)methanol (3.51 g, 5.83 mmol) in DCM (104 

mL) to give a yellow solution. The solution was cooled to about 0 °C. Dess-Martin periodinane 

20 	(7.41 g, 17.48 mmol) was added and the mixture was stirred at about 0 °C for about 2 h then at 

ambient temperature for about 3 h. The reaction mixture was then re-cooled to about 0 °C and 

saturated aqueous sodium sulfite (50 mL) was added slowly. The organic solvent was removed 

under reduced pressure. EtOAc (100 mL) was added and the layers were partitioned. The 

organic layer was washed with saturated aqueous NaHCO3  (2 x 20 mL) and brine (3 x 50 mL), 

25 	dried over anhydrous MgSO4, filtered, and the solvent was removed under reduced pressure to 

give a brown oil. The crude material was purified by silica gel chromatography eluting with 5% 

EtOAc in heptane. A second purification by neutral alumina chromatography eluting with a step-

wise gradient of 0-100% EtOAc in heptane yielded (5-chloro-1-(triisopropylsily1)-1H-

pyrrolo[2,3-blpyridin-4-y1)((3S)-3-(dibenzylamino)cyclopentyl)methanone (1.7 g, 50%) as a 

30 	yellow oil: LC/MS (Table 2, Method n) R, =3.90 min; MS m/z: 601 (M+H)+. 
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NH2  
N 

CI 

Step E: (1S)-/V,N-Dibenzy1-3-(3,6-dihydropyrazolo[4,3-4pyrrolo[2,3-b]pyridin-1-

yl)cyclopentanamine 

A round-bottomed flask was charged with 	(5-chloro-1-(triisopropylsily1)-1H-pyrrolo[2,3- 

	

5 	b]pyridin-4-y1)((3S)-3-(dibenzylamino)cyclopentypmethanone (1.65 g, 2.76 mmol) in n-butanol 

(44.4 mL) to give a yellow solution. Hydrazine (0.259 mL, 8.27 mmol) and AcOH (0.16 mL, 2.8 

mmol) were added. The reaction mixture was fitted with a Dean Stark trap containing pre-

activated 3 A molecular sieves and n-BuOH. The reaction mixture was heated at about 140 °C for 

about 6 h. Hydrazine (0.26 mL, 8.3 mmol) and AcOH (0.16 mL, 2.8 mmol) were added and the 

	

10 	reaction mixture was heated at about 140 °C for about 6 h. The reaction mixture was cooled to 

room temperature and the solvent was removed under reduced pressure. EtOAc (50 mL) and 

saturated aqueous NaHCO3  (20 mL) were added and the layers were separated. The organic layer 

was washed with additional saturated aqueous NaHCO3  (2 x 50 mL) and brine (3 x 50 mL), dried 

over anhydrous MgSO4, filtered, and the solvent was removed under reduced pressure to give a 

	

15 	brown 	syrup. 	(1S)-N,N-Dibenzy1-3 -(3 ,6- dihydropyrazolo [4,3-d]pyrrolo [2,3-b]pyridin-1- 

y0cyclopentanamine (1.4 g) was dried for about 48 h under high vacuum and used directly. Four 

5 mL microwave reaction vials were each charged with (15)-N,N-dibenzy1-345-chloro-1H-

pyrrolo[2,3-b]pyridin-4-y1)(hydrazono)methyl)cyclopentanamine (0.35 g, 0.78 mmol) in NMP 

(1.2 mL) to give an orange solution. KOt-Bu (0.18 g, 1.8 mmol) was added followed by addition 

	

20 	of a stock solution of Pd(OAc)2  (0.008 mmol) and (R)-1-[(S)-2-(dicyclohexylphosphino)- 

ferrocenyl]ethyl-di-tert-butylphosphine (0.008 mmol) in NMP (0.1 M in each substrate, 0.080 

mL) into each vial. The vials were capped, and the solutions were heated in a CEM microwave at 

about 140 °C for about 15 min (250 psi maximum pressure, 1 min ramp, 300 max watts). An 

additional portion of the catalyst-ligand solution (0.0008 mmol of each, 0.080 mL) was added to 

	

25 	the reaction solutions and the mixtures were heated in the microwave for about an additional 30 

min at about 140 °C. The reaction mixtures were combined and the solvent was removed under 

reduced pressure. The residue was dissolved in EtOAc and Me0H and filtered through a pad of 

Celite®  pad while washing with EtOAc and Me0H. The filtrate was concentrated under reduced 

pressure and the residue was dissolved in DCM (100 mL) and washed with saturated aqueous 

	

30 	NH4C1 (3 x 50 mL) and brine (2 x 50 mL), dried over MgSO4, filtered, and solvent was removed 
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N 	 N 

under reduced pressure to give (1S)-1V,N-dibenzy1-3-(3,6-dihydropyrazolo[4,3-dkyrrolo[2,3- 

Npyridin-l-yl)cyclopentanamine (1.2 g, 73%) as a brown syrup: (Table 2, Method n) R, =1.11 

min; MS m/z: 422 (M+H)+. 

5 	Step F: (1S)-3-(3,6-Dihydropyrazolo[4,3-d]pyrrolo [2,3-b]pyridin-l-yl)cyclopentanamine 

A round-bottomed flask was charged with (1S)-N,N-dibenzy1-3-(3,6-dihydropyrazolo[4,3-

d]pyrrolo[2,3-b]pyridin-l-y1)cyclopentanamine (1.11 g, 2.65 mmol) in Me0H (15.8 mL) to give a 

brown solution. Ammonium formate (1.67 g, 26.5 mmol) and Pd(OH)2-C (0.93 g, 1.3 mmol) were 

10 	added. The suspension was heated at about 65 °C for about 90 min. followed by the addition of 

ammonium formate (0.84 g, 13.3 mmol). The mixture was stirred at about 65 °C for about 1 h. 

Additional ammonium formate (1.67 g, 26.5 mmol) was added and the mixture was stirred at 

about 65 °C for about 1.5 h. Additional Pd(OH)2-C (0.7 g, 1.0 mmol) was added and the mixture 

was stirred at about 65 °C for about 1 h. The mixture was cooled to about 0 °C and filtered 

15 	through a pad of Celite®  while washing with Me0H (175 mL). The filtrate was concentrated 

under reduced pressure and the residue was dissolved in water and washed with EtOAc. The 

aqueous layer concentrated under reduced pressure to afford (1S)-3-(3,6-dihydropyrazolo[4,3-

c]pyrrolo[2,3-Npyridin-1-yOcyclopentanamine (0.46 g, 72%) as a brown syrup: (Table 2, 

Method a) R, =1.07 min; MS m/z: 242 (M+H)+. 

20 

Preparation #31: 5-Methoxy-1-methy1-3-(4,4,5,5-tetramethy1-1,3,2-dioxaborolan-2-y1)-1H-

indole 

5-Methoxy-1H-indole (5.15 g, 35.0 mmol) in DMF (100 mL) was stirred with KOH (2.06 g, 36.7 

25 

	

	mmol) at room temperature for aboutl5 min then iodine (9.06 g, 35.7 mmol) was added. The 

mixture was stirred at room temperature for about 30 min followed by the portion-wise addition 
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of NaH (60 % dispersion in mineral oil, 1.67 g, 42.0 mmol). After stirring for about 15 min at 

room temperature, iodomethane (2.40 mL, 38.5 mmol) was added and the mixture was stirred for 

about 15 min. The solvents were removed under reduced pressure and the mixture was stirred 

with water (300 mL) for about 15 min. The slurry was treated with DCM (100 mL) and the layers 

	

5 	were separated. The aqueous layer was extracted with DCM (30 mL) and the combined organic 

layers were washed with water (100 mL), dried over anhydrous MgSO4, filtered, and concentrated 

in vacuo to give crude 3-iodo-5-methoxy-1-methyl-1H-indole (9.90 g, 34.5 mmol, 99%) which 

was used directly. A round bottom flask was charged with 3-iodo-5-methoxy- 1 -methy1-1H-indole 

(9.90 g, 34.5 mmol), PdC12(dppf)-CH2C12  adduct (1.408 g, 1.724 mmol), TEA (33.6 mL, 241 

	

10 	mmol), 4,4,5,5-tetramethyl-1,3,2-dioxaborolane (28.7 g, 224 mmol) and 1,4-dioxane (200 mL). 

The reaction mixture was heated at about 100 °C for about 40 min, cooled to room temperature, 

and concentrated in vacuo. The material was stirred with EtOAc (300 mL), filtered, and the filter 

cake was washed with EtOAc (100 mL). The filtrate was concentrated in vacuo and the residue 

purified by silica gel chromatography (120 g column) eluting with 25% EtOAc in heptane to give 

	

15 	5-methoxy-l-methyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-y1)-1H-indole (3.70 g, 37%): 

LC/MS (Table 2, Method d) Rt  = 2.68 min; MS m/z: 288.2 (M+H) +. 

Example #23: 1-Cyclohev1-3,6-dihydropyrazolo[4,3-d]pyrrolo[2,3-b]pyridine 

20 	Step A: (5-Chloro-1H-pyrrolo[2,3-b]pyridin-4-y1)(cyclohexyl)methanol 

CI 

o. 

 

CI 

   

To a solution of 5-chloro-1H-pyrrolo[2,3-b]pyridine-4-carbaldehyde (3.0 g, 16 mmol, Adesis) in 

THE (100 mL) at about 0 °C was added cyclohexylmagnesium chloride (2 M in Et20, 22.8 mL, 

45.7 mmol). The reaction mixture was stirred at ambient temperature for about 2 h, then 

25 	additional cyclohexylmagnesium chloride (2 M in Et20, 8.3 mL, 16.6 mmol) was added. The 

reaction mixture was stirred at ambient temperature for about 16 h. Water (10 mL) was added to 

quench the reaction and the volatiles were removed under reduced pressure. The product was 

extracted into DCM (3 x 20 mL) and the combined organic phases were dried over anhydrous 

MgSO4  and filtered. The solvent was removed under reduced pressure and the crude material was 

30 	purified by chromatography over silica gel using a gradient of 10 to 45% EtOAc in heptane as the 
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0 

CI 

CI 

NH2  

CI 

eluent to provide (5-chloro-1H-pyrrolo[2,3-41pyridin-4-y1)(cyclohexyl)methanol as an off white 

solid (1.97 g, 45%): LC/MS (Table 2, Method a) Rt  =2.32 min; MS m/z: 265 and 267 (M+H)+. 

Step B: (5-Chloro-1H-pyrrolo[2,3-b]pyridin-4-y1)(eyelohexyl)methanone 

5 

To a suspension of (5-chloro-1H-pyrrolo[2,3-b]pyridin-4-yl)(cyclohexyl)methanol (1.97 g, 7.44 

mmol) in DCM (39.4 mL) at about 0 °C was added Dess-Martin periodinane (9.47 g, 22.3 mmol). 

The reaction mixture was stirred at ambient temperature for about 4 h then quenched by the 

addition of saturated aqueous Na2S03  (125 mL). To control the resulting exothermic reaction, the 

10 	reaction flask was cooled down in an ice bath during the addition. The product was extracted into 

DCM (3 x 40 mL) and the combined organic extracts were washed with aqueous NaOH (2 N, 100 

mL). The organic phase was dried over anhydrous MgSO4, filtered, and the solvent was removed 

under 	reduced 	pressure 	to 	provide 	(5-chloro-1H-pyrrolo[2,3-Npyridin-4- 

y1)(cyclohexyl)methanone as an off-white solid (1.75 g, 90%); LC/MS (Table 2, Method a) R, = 

15 	2.61 min; MS m/z: 263 and 265 (M+H)F. The material was used directly in the next step without 

further purification. 

Step C: 5-Chloro-4-(cyclohexyl(hydrazono)methyl)-1H-pyrrolo[2,3-b]pyridine 

H 	 H 

20 	A mixture of (5-chloro-1H-pyrrolo[2,3-b]pyridin-4-y1)(cyclohexyl)methanone (0.720 g, 2.74 

mmol), anhydrous hydrazine (0.430 mL, 13.7 mmol) and AcOH (0.025 mL, 0.44 mmol) in EtOH 

(40 mL) was heated at reflux for about 20 h. During this time, water was removed from the 

reaction mixture via the use of a Dean-Stark trap. The reaction mixture was cooled to ambient 

temperature, the volatiles were removed under reduced pressure and the residue was partitioned 

25 	between water (29 mL) and EtOAc (30 mL). The organic layer was dried over anhydrous MgSO4, 

filtered, and the solvent evaporated under reduced pressure. The crude material was purified by 

silica gel chromatography using a gradient of 10 to 50 % EtOAc in heptane as the eluent to 

provide 5-chloro-4-(cyclohexyl(hydrazono)methyl)-1H-pyrrolo[2,3-Npyridine as an off-white 

solid (0.37 g, 48%) ; LC/MS (Table 2, Method o) R, =2.22 min; MS in/z: 277 and 279 (M+H)+. 

30 
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Step D: 1-Cyclohexy1-3,6-dihydropyrazolo[4,3-d]pyrrolo[2,3-b]pyridine 

  

CI 

 

 

H 

 

  

H 

A mixture of 5-chloro-4-(cyclohexyl(hydrazono)methyl)-1H-pyrrolo[2,3-b]pyridine (0.125 g, 

0.452 mmol), sodium tert-butoxide (0.104 g, 1.08 mmol), palladium acetate (0.001 g, 0.0045 

	

5 	mmol) and (R)-1-[(S)-2-(dicyclohexylphosphino)ferrocenyl]ethyl di-tent-butyl phosphine (0.0025 

g, 0.0045 mmol) was heated in N-methyl-2-pyrrolidinone (2 mL) at about 160 °C in a CEM 

Discover microwave for about 30 min. The insoluble residue was removed by filtration and the 

filtrate was subjected to purification by preparative RP-HPLC (Table 2, Method h) to yield 1-

cyclohexy1-3,6-dihydropyrazolo[4,3-dlpyrrolo[2,3-Npyridine as a white solid (0.036 g, 33%); 

	

10 	LC/MS (Table 2, Method d) R, =2.04 min; MS m/z: 241 (M+H)±. 

Example #24: 1-(1-Benzylpiperidin-4-y1)-3,6-dihydropyrazolo[4,3-d]pyrrolo[2,3-b]pyridine 

7--Ph 

Step A: (1-Benzylpiperidin-4-y1)(5-chloro-1-(triisopropylsily1)-1H-pyrrolo[2,3-b]pyridin-4- 

15 	yl)methanol 

Ph 

n-BuLi (1.6 M in hexanes, 5.17 mL, 8.28 mmol) was added dropwise to a solution of 5-chloro-4-

iodo-1-(triisopropylsily1)-1H-pyrrolo[2,3-b]pyridine (3.0 g, 6.9 mmol, Adesis) in THE (120 mL) 

at about -78 °C, keeping the internal temperature of the reaction below about -70 °C during the 

20 	addition. After stirring for about 40 min, 1-benzylpiperidine-4-carbaldehyde (2.1 g, 10.3 mmol) 

was added dropwise and the resulting mixture was stirred at about -75 °C for about 1 h. The 

reaction was quenched by the dropwise addition of saturated aqueous ammonium chloride (60 

mL). The mixture was concentrated under reduced pressure and the remaining aqueous portion 

was extracted with EtOAc (125 mL). The organic layer was washed with brine (80 mL), dried 

25 	over anhydrous MgSO4  and concentrated under reduced pressure to afford crude (1-

benzylpiperidin-4-y1)(5-chloro-1-(triisopropylsily1)-1H-pyrrolo[2,3-b]pyridine-4-yOmethanol 

342 



CI 

CI 

N 

TIPS 

(3.53 g, quantitative) as a yellow oil: LC/MS (Table 2, Method n) R, =1.82 min; MS m/z: 512 and 

514 (M+H)+  . The crude material was used directly in the next step without further purification. 

Step B: (1-Benzylpiperidin-4-y1)(5-ehloro-1-(tHisopropylsily1)-1H-pyrrolo[2,3-b]pyridin-4-

5 yl)methanone 

 

O 
Ph 

CI 

 

Dess-Martin periodinane (8.78 g, 20.7 mmol) was added to a solution of (1-benzylpiperidin-4-

y1)(5-chloro-1-(triisopropylsily1)-1H-pyrrolo[2,3-b]pyridin-4-yOmethanol (3.53 g, 6.9 mmol) in 

DCM (120 mL) at about 0 °C, then stirred for about 16 h while the reaction warmed to ambient 

10 	temperature. The solvent was removed in vacuo and the residue partitioned between saturated 

aqueous sodium bicarbonate (150 mL) and EtOAc (200 mL). The organic phase was washed with 

brine (120 mL), dried over anhydrous MgSO4, filtered and concentrated under reduced pressure. 

Purification by silica gel chromatography, eluting first with heptanes (1 L) and then with 1:7 

EtOAc:heptanes (1 L) afforded (1-benzylpiperidin-4-y1)(5-chloro-1-(triisopropylsily1)-1H- 

15 	pyrrolo[2,3-b]pyridin-4-yOmethanone as a white solid (1.85 g, 53% combined yield for Example 

#24 step A and step B): LC/MS (Table 2, Method n) R, =2.81 min; MS m/z: 510 and 512 (M+H)+  

Step C: 44(1-Benzylpiperidin-4-y1)(hydrazono)methyl)-5-chloro4H-pyrrolo[2,3-b]pyridine 

20 	The mixture of (1-benzylpiperidin-4-y1)(5-chloro-1 -(tri is opropylsily1)-1H-pyrrolo [2,3 -b]pyridin-

4-yl)methanone (1.85 g, 3.63 mmol), anhydrous hydrazine (0.341 mL, 10.9 mmol) and AcOH 

(0.21 mL, 3.63 mmol) was heated at reflux over 3A molecular sieves in a Dean-Stark trap for 

about 48 h. The reaction mixture was cooled to ambient temperatures, the solvent was removed 

under reduced pressure and the residue partitioned between saturated NaHCO3  (100 mL) and 

25 	EtOAc (100 mL). The organic layer was separated, washed with brine (100 mL), dried in vacuo 

over anhydrous MgSO4  and concentrated. The residue was suspended in Et20 (15 mL) and the 

resulting precipitate was collected by filtration and dried in vacuo to yield 4-((1-benzylpiperidin-

4-y1)(hydrazono)methyl)-5-chloro-1H-pyrrolo [2,3-blpyridine (0.85 g, 64%) as an off-white solid: 

LC/MS (Table 2, Method n) R, = 1.48 min; MS m/z: 368 and 370 (M-FH)+ . 
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Step A: 1-(Piperidin-4-yI)-3,6-dihydropyrazolo [4,3-d] pyrrolo [2,3-b]pyridine 

Ph 

N 
H 

Step D: 1-(1-Benzylpiperidin-4-y1)-3,6-dihydropyrazolo[4,3-Apyrrolo[2,3-b]pyridine 

7"-Ph 

CI 

A mixture of 44(1-benzylpiperidin-4-y1)(hydrazono)methyl)-5-chloro-1H-pyrrolo[2,3-b]pyridine 

	

5 	(0.85 g, 2.44 mmol), sodium tert-butoxide (0.565 g, 5.87 mmol), palladium acetate (0.0055 g, 

0.024 mmol) and (R)-1-[(5)-2-(dicyclohexylphosphino)ferrocenyliethyldi-tert-butyl phosphine 

(0.0136 g, 0.0244 mmol) was heated in NMP (10 mL) at about 160 °C in a CEM Discover 

microwave for about 30 min. The NMP was removed under reduced pressure and the residue was 

partitioned between saturated aqueous NaHCO3  (50 mL) and EtOAc (50 mL). The organic phase 

	

10 	was separated, washed with brine (55 mL), dried over anhydrous MgSO4  and concentrated under 

reduced pressure. The residue was suspended in MeCN (10 mL) and the precipitate was collected 

by filtration and dried in vacuo to yield 1-(1-benzylpiperidin-4-y1)-3,6-dihydropyrazolo[4,3-

dkyrrolo[2,3-Npyridine as a tan solid (0.33 g, 40%): LC/MS (Table 2, Method n) R, =1.42 min; 

MS trz/z: 332 (M+H)+. 

15 

Example #25: 1-(1-(CyclopropylsulfonyDpiperidin-4-y1)-3,6-dihydropyrazolo[4,3-

d]pyrrolo[2,3-b]pyridine 

20 

 

HN 

  

H 

Ammonium formate (0.50 g, 7.9 mmol) and Pearlman's catalyst (0.56 g, 0.79 mmol) were added 

to 	a solution of 1-(1-benzylpiperidin-4-y1)-3 ,6-dihydropyrazolo[4,3 -d]pyrrolo [2,3 -b]pyridine 

(0.26 g, 0.791 mmol, Example #24) in Me0H (20 mL). The reaction was heated at about 65 °C 

25 	for about 1 h then filtered through Celite and concentrated under reduced pressure. The filtrate 
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CI CI 

was concentrated to afford 1-(piperidin-4-y1)-3,6-dihydropyrazolo[4,3-4pyrrolo[2,3-bipyridine 

(0.161 g, 84%): LC/MS (Table 2, Method a) R, =1.18 min; MS m/z: 242 (M+H)+, 240 (M-H)". 

The crude product was used directly in subsequent steps without further purification. 

5 	Step B: 1-(1-(Cyclopropylsulfonyl)piperidin-4-y1)-3,6-dihydropyrazolo[4,3-d]pyrrolo[2,3-

b] pyridine 

To a solution of 1-(piperidin-4-y1)-3,6-dihydropyrazolo[4,3-d]pyrrolo[2,3-b]pyridine (0.023 g, 

0.095 mmol) in pyridine (0.5 mL) was added cyclopropanesulfonyl chloride (0.015 g, 0.105 

10 

	

	mmol). The reaction was stirred at about 25 °C for about 1 h. Me0H (0.5 mL) was added to 

quench the reaction and the crude reaction mixture was purified by RP-HPLC (Table 2, Method 

p) to afford 1-(1-(cyclopropylsulfonyl)piperidin-4-y1)-3,6-dihydropyrazolo[4,3-dipyrrolo[2,3-

Npyridine as a solid (0.004 g, 6.5 %): LC/MS (Table 2, Method a) R, =1.74 min; MS m/z: 346 

(M+H)+, 344 (M-H)-. 

15 

Example #26: 1-(1-(Cyclopropylsulfonyl)piperidin-3-yI)-3,6-dihydropyrazolo[4,3-

d] pyrrolo [2,3-b] pyridine 

Step A: (1-Benzylpiperidin-3-y1)(5-chloro-1-(triisopropylsily1)-1H-pyrrolo[2,3-b]pyridin-4- 

20 	yl)methanol 

TIPS 	 TIPS 

A solution of n-BuLi (1.6 N in heptane, 8.62 mL, 13.8 mmol) was added dropwise to a solution of 

5-chloro-4-iodo-1-(triisopropylsily1)-1H-pyrrolo[2,3-b]pyridine (5.00 g, 11.5 mmol, Adesis) in 

THF (135 mL) at about -78 °C, keeping the temperature below about -70 °C. After stirring for 

25 	about 40 min, a solution of 1-benzylpiperidine-3-carbaldehyde (4.21 g, 20.7 mmol) in THF (15 
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mL) was added dropwise and the resulting mixture was stirred at about -75 °C for about 2 h. The 

reaction was quenched by dropwise addition of saturated aqueous NH4C1 (100 mL) and the THE 

was removed under reduced pressure. The aqueous phase was extracted into EtOAc (250 mL), 

washed with brine (200 mL), and concentrated to yield crude (1-benzylpiperidin-3-y1)(5-chloro-1- 

5 

	

	(triisopropylsily1)-1H-pyrrolo[2,3-blpyridin-4-Amethanol (5.88 g, quantitative) as a yellow oil 

that was used directly in the next step without further purification: LC/MS (Table 2, Method a) R, 

=1.78 min; MS m/z: 512 and 514 (M+H)+  

Step B: (1-Benzylpiperidin-3-y1)(5-chloro-1-(triisopropylsily1)-1H-pyrrolo[2,3-b]pyridin-4-

10 yl)methanone 

CI 

 

CI 

Ph 

    

Dess-Martin periodinane (14.63 g, 34.5 mmol) was added to a solution of (1-

benzylpiperidin-3-y1)(5-chloro-1-(triisopropylsily1)- 1H-pyrrolo [2,3-b]pyridin-4-yl)methanol (5.89 

g, 11.5 mmol) in DCM (120 mL) at about 0 °C and the resulting mixture was stirred for about 16 

15 	h while warming to ambient temperature. The solvent was removed under reduced pressure and 

the residue partitioned between saturated aqueous NaHCO3  (150 mL) and EtOAc (200 mL). The 

organic phase was washed with brine (120 mL) and concentrated under reduced pressure. 

Purification by silica gel chromatography eluting first with heptane (1L) and then with 1:7 

EtOAc:heptane (IL) yielded (1-benzylpiperidin-3-y1)(5-chloro-1-(triisopropylsily1)-1H- 

20 	pyrrolo[2,3-blpyridin-4-yOmethanone (1.45 g, 25%) as a yellow oil: LC/MS (Table 2, Method a) 

R, =3.24 min; MS m/z: 511 (M+H)+  

Step C: 4-01-Benzylpiperidin-3-y1)(hydrazono)methyl)-5-chloro-1H-pyrrolo[2,3-b]pyridine 

TIPS 

25 	A mixture of (1-benzylpiperidin-3 -y1)(5-chloro-1- (triisopropylsily1)-1H-pyrrolo [2,3- 

b]pyridin-4-yl)methanone (1.45 g, 2.84 mmol), anhydrous hydrazine (0.273 g, 8.53 mmol) and 

AcOH (0.163 mL, 2.84 mmol) was heated in EtOH (35 mL) at reflux for about 16 h. The reaction 

mixture was cooled to room temperature, the solvent was removed under reduced pressure and the 

residue partitioned between saturated aqueous NaHCO3  (50 mL) and EtOAc (60 inL). The 
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organic phase was washed with brine (40 mL) and concentrated to yield 4-0-benzylpiperidin-3-

y1)(hydrazono)methyl)-5-chloro-1H-pyrrolo[2,3-Npyridine (1.04 g, quantitative) as a brown 

amorphous solid that was used directly in the next step without further purification: LC/MS 

(Table 2, Method a) R, =1.57 min; MS m/z: 368 (M+H)+. 

5 

Step D: 1-(1-Benzylpiperidin-3-y1)-3,6-dihydropyrazolo[4,3-d]pyrrolo[2,3-b]pyridine 

NHZ 	
N-/Ph N 	N Ph 

CI 

A mixture of 4-((l-benzylpiperidin-3-y1)(hydrazono)methyl)-5-chloro-1H-pyrrolo[2,3-

b]pyridine (1.04 g, 2.84 mmol), sodium tert-butoxide (0.652 g, 6.78 mmol), palladium acetate 

10 	(0.0064 g, 0.028 mmol) and (R)-1-[(S)-2-(dicyclohexylphosphino)ferrocenyliethyl-di-tert-butyl 

phosphine (0.016 g, 0.028 mmol) in NMP (10 mL) was heated in the microwave at about 160 °C 

for about 30 min. Additional palladium acetate (0.0064 g, 0.028 mmol) and (R)-1-[(S)-2-

(dicyclohexylphosphino)ferrocenyliethyl-di-tert-butyl phosphine (0.016 g, 0.028 mmol) were 

added and the mixture was heated in a microwave at about 160 °C for about 15 min. Additional 

15 palladium acetate (0.003 g, 0.014 mmol) and (R)-1-[(S)-2-

(dicyclohexylphosphino)ferrocenyflethyl-di-tert-butyl phosphine (0.008 g, 0.014 mmol) were 

added and the mixture was again heated at about 160 °C for about 8 min. The solvent was 

removed under reduced pressure and the residue was partitioned between water (25 mL) and 

EtOAc (25 mL). The organic phase was washed with brine (20 mL), dried over anhydrous 

20 	MgSO4, decolorized with charcoal and filtered. The solvent was removed under reduced pressure 

and the residue purified by silica gel chromatography, eluting first with DCM (1 L), a mixture of 

98:1:1 DCM:TEA:MeOH (1 L) and then with a mixture of 97:1:2 DCM:TEA:MeOH (1 L) to 

yield 1-(1-benzylpiperidin-3-y1)-3,6-dihydropyrazolo[4,3-c]pyrrolo[2,3-Npyridine (0.18 g, 0.54 

mmol, 19%) as a brown solid: LC/MS (Table 2, Method a) Rt  =1.36 min; MS m/z: 332 (M+H)+. 

25 

Step E: 1-(Piperidin-3-y1)-3,6-dihydropyrazolo[4,3-d]pyrrolo[2,3-b]pyridine 

A mixture of 1-(1-benzylpiperidin-3-y1)-3,6-dihydropyrazolo[4,3-d]pyrrolo[2,3-

b]pyridine (0.18 g, 0.54 mmol), Peariman's catalyst (0.05 g, 0.36 mmol) and ammonium formate 
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(0.684 g, 10.8 mmol) was heated in EtOH (20 mL) at reflux for about 1 h. The catalyst was 

removed by filtration through a Celite®  pad and the filtrate concentrated in vacuo to yield 1-

(piperidin-3-y1)-3,6-dihydropyrazolo[4,3-dipyrrolop,3-Npyridine (0.13 g, 0.543 mmol, 

quantitative) as a yellow amorphous solid that was used directly in the next step without further 

5 	purification: LC/MS (Table 2, Method a) Rt  =1.31 min; MS m/z: 242 (M+H)+. 

Step F: 1-(1-(Cyclopropylsulfonyl)piperidin-3-y1)-3,6-dihydropyrazolo[4,3-d]pyrrolo[2,3-

b]pyridine 

NH 

HN 	 HN  

10 	Cyclopropanesulfonyl chloride (0.076, 0.54 mmol) was added to a solution of 1-

(piperidin-3-y1)-3,6-dihydropyrazolo[4,3-d]pyrrolo[2,3-b]pyridine (0.13 g, 0.54 mmol) in pyridine 

(5 mL), and the mixture was stirred at room temperature for about 4 h. The solvent was removed 

in vacuo and the residue purified by RP-HPLC (Table 2, Method q) to yield 1-(1- 

(cyclopropylsulfonApiperidin-3-y1)-3,6-dihydropyrazolo[4,3-d]pyrrolo[2,3-Npyridine (0.019 g, 

15 	0.055 mmol, 10%) as a white solid: LC/MS (Table 2, Method n) Rt  1.75 min; m/z: 346 (M+H)+. 

Example #27: 1-Cyclohexy1-1,6-dihydropyrazolo[3,4-d]pyrrolo[2,3-b]pyridine 

20 	A solution containing 4-chloro-1H-pyrrolo[2,3-b]pyridine-5-carbaldehyde (0.100 g, 0.554 mmol, 

Adesis), cyclohexylhydrazine hydrochloride (0.125 g, 0.831 mmol) and DIEA (0.19 mL, 1.1 

mmol) in t-BuOH (5 mL) was stirred at ambient temperature for about 1 h, then heated at about 

70 °C for about 1 h, followed by heating in a Biotage microwave at about 200 °C for about 1 h. 

The insoluble residue was removed by filtration and the filtrate was subjected to purification by 

25 preparative RP-HPLC (Table 2, Method p) to yield 1-cyclohexy1-1,6-dihydropyrazolop,4-

dipyrrolo[2,3-Npyridine (0.045 g, 0.187 mmol, 34 %) as an off-white solid: LC/MS (Table 2, 

Method d,) R, 2.13 min; m/z: 241 (M+H)i , 239 04-Hy. 
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Example #28: 1-Cyclohexy1-6H-isoxazolo[4,5-d]pyrrolo[2,3-b]pyridine 

H 

Step A: (5-Chloro1H-pyrrolo[2,3-b]pyridin-4-y1)(cyclohexyl)methanone oxime 

  

CI 

 

	

5 	A mixture of (5-chloro-1H-pyrrolo[2,3-b]pyridin-4-y1)(cyclohexypmethanone (0.35 g, 

1.33 mmol; Example #23, Step B), hydroxylamine hydrochloride (0.46 g, 6.7 mmol), N,N-

diisopropylethylamine (1.6 mL, 9.32 mmol) and AcOH (0.2 mL, 3.5 mmol) in n-butanol (20 mL) 

was heated at about 120 °C for about 18 h. Additional hydroxylamine hydrochloride (0.185 g, 

2.66 mmol), N,N-diisopropylethylamine (0.70 mL, 4.0 mmol), and AcOH (0.15 mL, 2.7 mmol) 

	

10 	were added to the mixture and the reaction was heated at about 120 °C for about 18 h. Additional 

amounts of hydroxylamine hydrochloride (0.185 g, 2.66 mmol), DIEA (0.70 mL, 4.0 mmol), and 

AcOH (0.15 mL, 2.7 mmol) were added to the mixture and the reaction was heated at about 130 

°C for about 3 days. The reaction was cooled to ambient temperature and concentrated under 

reduced pressure. The residue was diluted with EtOAc (50 mL) and washed with saturated 

	

15 	aqueous NaHCO3  (3 x 40 mL) and brine (20 mL), dried over anhydrous MgSO4, filtered and 

concentrated under reduced pressure. 	The crude product was purified by silica gel 

chromatography (0-70% EtOAc in heptane gradient as the eluent to provide (5-chloro-1H-

pyrrolo[2,3-Npyridin-4-y1)(cyclohexyl)methanone oxime as an off white solid (0.193 g, 52%): 

LC/MS (Table 2, Method a) R,= 2.22 min; m/z: 276 and 278 (M-H)-. 

20 

Step B: 1-Cyclohexy1-6H-isoxazolo[4,5-d]pyrrolo[2,3-b]pyridine 

A mixture of (5-chloro-1H-pyrrolo[2,3-b]pyridin-4-y1)(cyclohexypmethanone oxime 

(0.19 g, 0.70 mmol) and potassium tert-butoxide (0.16 g, 1.4 mmol) in DMSO (6 mL) was heated 

25 in a Biotage microwave at about 125 °C for about 30 min. The solvent was removed under 

reduced pressure and the crude product was purified by silica gel chromatography (0-30% EtOAc 
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in heptane gradient as the eluent to afford 1-cyclohexy1-6H-isoxazolo[4,5-611pyrrolog3-

Npyridine as a white solid (0.076 g, 46%): LC/MS (Table 2, Method d) R,= 2.50 min; m/z: 242 

(M+H)+. 

5 	Example #29: 1-Cyclohexy1-3-methyl-3,6-dihydropyrazolo[4,3-4pyrrolo[2,3-b]pyridine 

Step A: 5-Chloro-4-(cyclohexyl(2-methylhydrazono)methyl)-1H-pyrrolo[2,3-b]pyridine 

A mixture of (5-chloro-1H-pyrrolo[2,3-b]pyridin-4-y1)(cyclohexypmethanone (0.383 g, 

10 	1.46 mmol; Example #23, Step B), methylhydrazine (0.24 mL, 4.56 mmol), and AcOH (0.084 

mL, 1.47 mmol) in n-butanol (10 mL) was heated at about 135 °C for about 18 h. During this 

time, water was distilled from the reaction mixture via the use of a Dean-Stark trap. Additional 

niethylhydrazine (0.24 mL, 4.6 mmol) and AcOH (0.084 mL, 1.5 mmol)• were added and the 

reaction mixture was heated at reflux for about 2 days. The reaction was cooled to ambient 

15 	temperature and concentrated under reduced pressure. The crude product was diluted with EtOAc 

(50 mL), washed with saturated aqueous NaHCO3  (30 mL) and brine (30 mL), dried over 

anhydrous MgSO4, filtered and concentrated under reduced pressure. The crude product was 

purified by silica gel chromatography (0-35% EtOAc in heptane gradient as the eluent to provide 

5-chloro-4-(cyclohexyl(2-methylhydrazono)methyl)-1H-pyrrolo[2,3-Npyridine (0.261 g, 62%): 

20 	LC/MS (Table 2, Method d) R,= 2.53 min; m/z: 291 and 293 (M+H)+. 

Step B: 1-Cyclohexy1-3-methyl-3,6-dihydropyrazolo[4,3-d]pyrrolo[2,3-b]pyridine 

N N 

A mixture of 5-chloro-4-(cyclohexyl(2-methylhydrazono)methyl)-1H-pyrrolo[2,3- 

25 

	

	b]pyridine (0.241 g, 0.829 mmol), sodium tert-butoxide (0.191 g, 1.99 mmol), palladium acetate 

(0.001 g, 0.0083 mmol) and (R)-1[(S)-2-(dicyclohexylphosphino)ferrocenyllethyl di-tert-butyl 

phosphine (0.0046 g, 0.0083 mmol), was heated in NMP (3 mL) at about 160 °C for about 15 min 
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in a Biotage microwave. Additional palladium acetate (0.001 g, 0.0083 mmol) and (R)-1[(S)-2-

(dicyclohexylphosphino)ferrocenyljethyl di-tert-butyl phosphine (0.0046 g, 0.0083 mmol) was 

added and the reaction mixture was heated at about 160 °C for about 30 min. The insoluble 

residue was removed by filtration through a Celite®  pad and to the filtrate was purified by 

5 preparative RP-HPLC (Table 2, Method r) to provide 1-cyclohexy1-3-methyl-3,6-

dihydropyrazolo[4,3-cUpyrrolo[2,3-Npyridine as a white solid (0.121 g, 58%): LC/MS (Table 2, 

Method d) R,= 2.29 min; m/z: 255 (M+H)±. 

Example #30: 1-Cyclobuty1-3,6-dihydropyrazolo[4,3-d]pyrrolo[2,3-b]pyridine 

10 

Step A: Cyclobutylmagnesium bromide 

BrMg
/E/  

Magnesium (4.63 g, 191 mmol) was heated at about 120 °C in a dry flask under a nitrogen 

15 

	

	atmosphere for about 1 min. The flask was cooled to about 60 °C, THF (56 mL,), 1,2- 

dibromoethane (0.055 mL, 0.64 mmol) and bromocyclobutane (6 mL, 64 mmol) were added. The 

reaction mixture was stirred at about 60 °C for about 5 h then used directly in the next step. 

Step B: (5-Chloro-11/-pyrrolo[2,3-b]pyridin-4-y1)(cyclobutyl)methanol 

20 

CI CI 

The solution of cyclobutylmagnesium bromide (0.28 M in THF, 56 mL, 63 mmol) was 

added to a solution of 5-chloro-11/-pyrrolo[2,3-b]pyridine-4-carbaldehyde (0.908 g, 5.03 mmol, 

Adesis) in THF (30 mL) at about 0 °C. The reaction mixture was stirred and allowed to warm to 

ambient temperature and the reaction mixture was stirred for about 16 h. Water (10 mL) was 

25 	added and the volatiles were removed under reduced pressure. The product was extracted into 

DCM (3 x 20 mL) and the combined organic phases were dried over anhydrous MgSO4, filtered 

,the solvent was removed under reduced pressure and the crude material was purified by column 

chromatography over silica gel using a 10 to 45% gradient of EtOAc in heptane as the eluent to 

provide (5-chloro-1H-pyrrolo[2,3-Npyridin-4-y1)(cyclobutyl)methanol as an off white solid (0.42 

30 	g, 32%); LC/MS (Table 2, Method a) R, =2.02 min; m/z: 237 and 239 (M+H)±. 
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Step C: (5-Chloro4H-pyrrolo[2,3-blpyridin-4-y1)(cyclobutyl)methanone 

CI 

Dess-Martin periodinane (1.6 g, 3.8 mmol) was added to a suspension of (5-chloro-1H- 

5 

	

	pyrrolo[2,3-b]pyridin-4-yl)(cyclobutyl)methanol (0.3 g, 1.2 mmol) in DCM (7 mL) at about 0 °C. 

The reaction mixture was stirred at ambient temperature for about 4 h then quenched by the 

addition of with saturated aqueous Na2SO3  (125 mL). The product was extracted into DCM (3 x 

20 mL) and the combined organic extracts were washed with aqueous NaOH (2 N, 20 mL). The 

organic phase was dried over anhydrous MgSO4  and the solvent was removed under reduced 

10 pressure to provide (5-chloro-1H-pyrrolo[2,3-Npyridin-4-y1)(cyclobuiyOmethanone as an off-

white solid (0.2 g, 67%) that was used directly in the next step without further purification: 

LC/MS (Table 2, Method a) Rf = 2.27 min; m/z: 235 and 237 (M+H)±. 

Step D: 5-Chloro-4-(cyclobutyl(hydrazono)methyl)-1H-pyrrolo[2,3-bjpyridine 

15 

A mixture of (5-chloro-1H-pyrrolo[2,3-b]pyridin-4-y1)(cyclobutyl)methanone (0.2 g, 0.85 mmol), 

anhydrous hydrazine (0.13 mL, 4.26 mmol) and AcOH (0.008 mL, 0.142 mmol) in ethanol (10 

mL) was heated at reflux for about 20 h. During this time, water was distilled from the reaction 

mixture via the use of a Dean-Stark trap. The volatiles were removed under reduced pressure and 

20 	the residue was partitioned between water (10 mL) and EtOAc (20 mL). The organic phase was 

dried over anhydrous MgSO4, filtered, and the solvent evaporated under reduced pressure. The 

crude material was purified by chromatography over silica gel using a 10 to 50 % gradient of 

EtOAc in heptane as the eluent to provide 5-chloro-4-(cyclobutyl(hydrazono)methyl)-1H-

pyrrolo[2,3-Npyridine as an off-white solid (0.10 g, 49%): LC/MS (Table 2, Method o) R, =2.22 

25 	min; m/z: 249 and 251 (M+H)+. 
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Step E: 1-Cyclobuty1-3,6-dihydropyrazolq4,3-4pyrrolo[2,3-b]pyridine 

NH2  
N 

CI 

N 
H 

A mixture of 5-chloro-4-(cyclobutyl(hydrazono)methyl)-1H-pyrrolo[2,3-b]pyridine (0.052 g, 0.21 

mmol), sodium tent-butoxide (0.048 g, 0.50 mmol), palladium acetate (0.0005 g, 0.0025 mmol) 

	

5 	and (R)-1-[(S)-2-(dicyclohexylphosphino)ferrocenyljethyl di-tert-butyl phosphine (0.0015 g, 

0.0025 mmol) was heated in N-methyl-2-pyrrolidinone (2 mL) at about 160 °C in a CEM 

Discover microwave for about 30 min. The insoluble residue was removed by filtration and the 

filtrate was subjected to purification by preparative RP-HPLC (Table 2, Method h) to yield 1-

cyclobuty1-3,6-dihydropyrazolo[4,3-4]pyrrolo[2,3-Npyridine as a white solid (0.002 g, 4%): 

	

10 	LC/MS (Table 2, Method d) R, =1.78 min; m/z: 213 (M+H)±. 

Example #31: 1-(Tetrahydro-2H-pyran-4-y1)-3,6-dihydropyrazolo[4,3-d]pyrrolo[2,3-

b] pyridine 

15 	5-Chloro-4-iodo-1-(triisopropylsilyl)-1H-pyrrolo[2,3-b]pyridine (1.0 g, 2.3 mmol, Adesis) and 

tetrahydro-2H-pyran-4-carbaldehyde (0.47 g, 4.1 mmol, Pharmacore) in THF (46 mL) were 

reacted according to the conditions specified in Example #24. The crude material was purified 

by RP-HPLC (Table 2, Method s) to give 1-(tetrahydro-2H-pyran-4-y1)-3,6-dihydropyrazolo[4,3-

dipyrrolo[2,3-Npyridine as a tan solid (0.027 g, 4% over 4 steps): LC/MS (Table 2, Method a) 

20 	R, =1.51 min; m/z: 243 (M-FH).4  

Example #32: 1-(Tetrahydro-2H-pyran-3-y1)-3,6-dihydropyrazolo[4,3-d]pyrrolo[2,3-

L] pyridine 

25 	5-Chloro-4-iodo-1-(triisopropylsily1)-1H-pyrrolo[2,3-13]pyridine (1.0 g, 2.3 mmol, Adesis) and 

tetrahydro-2H-pyran-3-carbaldehyde (0.47 g, 4.1 mmol, JW Pharmlab) in THF (46 mL) were 

reacted according to the conditions specified in Example #24. The crude material was purified 
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HN 

by RP-HPLC (Table 2, Method s) to give 1-(tetrahydro-2H-pyran-3-y1)-3,6-dihydropyrazolo[4,3-

cUpyrrolo12,3-Npyridine (0.0021 g, 0.4% over 4 steps): LC/MS (Table 2, Method a) R, =1.53 

min; m/z: 243 (M+H)±. 

5 	Example #33: 64(1S,3S)-3-(3,6-Dihydropyrazolo[4,3-d]pyrrolo[2,3-b]pyridin-1-

yl)cyclopentylamino)nicotinonitrile and 64(1S,3R)-3-(3,6-dihydropyrazolo[4,3-

d] pyrrolo [2,3-b]pyridin-1-yl)cyclopentylamino)nicotinonitrile 

N 	 N 
// 	 // 

A mixture of (1S)-3-(3,6-Dihydropyrazolo[4,3-d]pyrrolo[2,3-b]pyridin-l-y1)cyclopentanamine 

10 	(0.20 g, 0.83 mmol, Preparation #30), 6-chloronicotinonitrile (0.12 g, 0.83 mmol), DIEA (0.22 

mL, 1.2 mmol), and EtOH (3 mL) were heated for about 1 h at about 120 °C in a microwave (250 

psi maximum pressure, 1 min ramp, 300 max watts). The reaction mixture was concentrated in 

vacuo and purified by RP-HPLC (Table 2, Method s) to give 6-((lS,3S)-3-(3,6-

dihydropyrazolo[4,3-a]orrolo[2,3-Npyridin-1-y1)cyclopentylamino)nicotinonitrile (0.014 g, 

15 5%): LC/MS (Table 2, Method a) RI  =1.75 min; m/z: 344 (M+H)±  and 6-VS,3R)-3-(3,6-

dihydropyrazolo[4,3-dipyrrolo[2,3-Npyridin-1-Acyclopentylamino)nicotinonitrile (0.020 g, 

7%): LC/MS (Table 2, Method a) R, =1.81 min; m/z: 344 (M+H)+. 

Example #34: 1-(1-(5-(Trifluoromethyflpyridin-2-yflpiperidin-3-y1)-3,6- 

20 	dihydropyrazolo[4,3-d]pyrrolo[2,3-b]pyridine 

A mixture of 1-(piperidin-3-y1)-3,6-dihydropyrazolo[4,3-a]pyrrolo[2,3-b]pyridine (0.16 g, 0.65 

mmol, Example #26, Step E) and 2-chloro-5-(trifluoromethyl)pyridine (0.031 g, 0.17 mmol) with 

DIEA (0.09 mL, 0.51 mmol) in EtOH (2 mL) was heated at about 130 °C for about 1 h in a 

25 

	

	microwave reactor (250 psi maximum pressure, 1 min ramp, 300 max watts). The crude material 

was purified by silica gel chromatography eluting with a 5-100% EtOAc in heptane gradient to 
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give 1-(1-(5-(trifluoromethyl)pyridin-2-yl)piperidin-3-y1)-3,6-dihydropyrazolo[4,3-dipyrrolo[2,3-

bkyridine (0.016 g, 24%): LC/MS (Table 2, Method a) R, =2.32 min; m/z: 387 (M+H)±. 

Example #35: 6-(3-(3,6-Dihydropyrazolo[4,3-d]pyrrolo[2,3-b]pyridin-1-yDpiperidin-1- 

5 	yl)pyridazine-3-carbonitrile 

A mixture of 1-(piperidin-3-y1)-3,6-dihydropyrazolo[4,3-d]pyrrolo[2,3-b]pyridine (0.16 g, 0.65 

mmol, Example #26, Step E) and 6-chloropyridazine-3-carbonitrile (0.090 g, 0.65 mmol) with 

DIEA (0.37 mL, 2.12 mmol) in EtOH (3 mL) was heated at about 120 °C for about 15 min in a 

10 	microwave reactor (250 psi maximum pressure, 1 min ramp, 300 max watts). The crude material 

was purified by RP-HPLC (Table 2, Method h) to give 6-(3-(3,6-dihydropyrazolo[4,3-

dkyrrolo[2,3-bkyridin-1 -yOpiperidin-1-yOpyridazine-3-carbonitrile (0.016 g, 24%): LC/MS 

(Table 2, Method a) R, =1.76 min; m/z: 345 (M+H)+. 

15 	Example #36: 6-(3-(3,6-Dihydropyrazolo[4,3-d]pyrrolo[2,3-b]pyridin-1-yDpiperidin-1-

yDnicotinonitrile 

H 

A mixture of 1-(piperidin-3-y1)-3,6-dihydropyrazolo[4,3-c/]pyrrolo[2,3-b]pyridine (0.16 g, 0.65 

mmol, Example #26, Step E) and 6-chloronicotinonitrile (0.090 g, 0.65 mmol) with DIEA (0.37 

20 	mL, 2.12 mmol) in EtOH (3 mL) was heated at about 120 °C for about 15 min in a microwave 

reactor. The crude material was purified by RP-HPLC (Table 2, Method h) to give 6-(3-(3,6-

dihydropyrazolo[4,3-dkyrrolo[2,3-bkyridin-1-Apiperidin-1-yOnicotinonitrile (0.012 g, 6%): 

LC/MS (Table 2, Method a) R, =1.96 min; m/z: 344 (M+H)+. 

25 	Example #37: 1-(Piperidin-4-y1)-3,6-dihydropyrazolo[4,3-d]pyrrolo[2,3-b]pyridine 
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N- 

HN H 

N N H  

0 0 

N 
H 

1-(Piperidin-4-y1)-3,6-dihydropyrazolo[4,3-d]pyrrolo[2,3-b]pyridine was prepared in a manner 

analogous to Example #26, Steps A-E by substituting 1-benzylpiperidine-3-carbaldehyde with 1-

benzylpiperidine-4-carbaldehyde. Purification by RP-HPLC (Table 2, Method t) gave 1-

(piperidin-4-y1)-3,6-dihydropyrazolo[4,3-dlpyrrolo[2,3-41pyridine (0.038 g, 3% over 5 steps): 

5 	LC/MS (Table 2, Method a) R, =0.84 min; m/z: 242 (M+H)+. 

Example #38: 64(1R,3R)-3-(3,6-Dihydropyrazolo[4,3-d]pyrrolo[2,3-b]pyridin-l-

y0cyclopentylamino)nicotinonitrile and 6-01R,3S)-3-(3,6-dihydropyrazolo [4,3-

d] pyrrolo[2,3-b]pyridin-l-Acyclopentylamino)nicotinonitrile 

   

N 
N 

N 
HN  

10 

(3R)-3-(3,6-Dihydropyrazol 0[4,3 -d]pyrrol 0[2,3 -b] pyridin-1 -yl)cyclopentanamine (0.12 g, 0.48 

mmol, Preparation #29), 6-chloronicotinonitrile (0.069 g, 0.48 mmol), and DIEA (0.13 mL, 0.75 

mmol) were heated in EtOH (3.0 mL) at about 80 °C for about 10 h. The solvent was removed 

under reduced pressure and the crude material was purified by RP-HPLC (Table 2, Method h) 

15 to give 6-((lR,3R)-3-(3,6-dihydropyrazolo[4,3-dipyrrolo[2,3-Npyridin-1-y1)cyclopentylamino 

)nicotinonitrile (0.007, 4%): LC/MS (Table 2, Method a) R, =1.86 min; m/z: 344 (M+H)±  and 6-

((IR,3S)-3-(3,6-dihydropyrazolo[4,3-d]pyrrolo[2,3-Npyridin-1-y0cyclopentylamino) 

nicotinonitrile(0.009 g, 5%): LC/MS (Table 2, Method a) R, =1.89 min; m/z: 344 (M+H)+. 

20 	Example #39: N-OR,3R)-3-(3,6-Dihydropyrazolo[4,3-0pyrrolo[2,3-b]pyridin-l-

yl)cyclopentyl)cyclopropanesulfonamide and N-01R,3S)-3-(3,6-dihydropyrazolo[4,3-

tipyrrolo[2,3-b]pyridin-l-Acyclopentyl)cyclopropanesulfonamide 

(3R)-(3,6-Dihydropyrazolo[4,3-d]pyrrolo[2,3-b]pyridin-l-yl)cyclopentanamine (0.12 g, 0.48 

25 

	

	mmol, Preparation #29), cyclopropanesulfonyl chloride (0.070 g, 0.48 mmol), DIEA (0.11 mL, 

0.60 mmol), and DiVIF (6.0 mL) were stirred at room temperature for about 2.5 h. The solvent was 

removed under reduced pressure and the crude material was purified by RP-HPLC (Table 2, 

Method q) to give N-VR,3R)-3-(3,6-dihydropyrazolo[4,3-dlpyrrolo[2,3-blpyridin-1-

yl)cyclopentyl)cyclopropanesulfonamide (0.008 g, 5%): LC/MS (Table 2, Method a) R, =1.58 

30 min; m/z: 346 (M+H)+  and N-((lR,3S)-3-(3,6-dihydropyrazolo[4,3-6]pyrrolo[2,3-blpyridin-1- 
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30 

yl)cyclopentyl)cyclopropanesulfonamide (0.017 g, 10%): LC/MS (Table 2, Method a) R, =1.71 

min; m/z: 346 (M+H)±. 

Example #40: 2-Cyano-N-01R,19)-3-(3,6-dihydropyrazolo[4,3-4pyrrolo[2,3-b]pyridin-1- 

5 	yl)cyclopentyl)acetamide 

H 

(3R)-(3,6-Dihydropyrazolo[4,3-d]pyrrolo[2,3-b]pyridin-l-y1)cyclopentanamine (0.12 g, 0.48 

mmol, Preparation #29) and 2-cyanoacetic acid (0.042 g, 0.48 mmol), were combined in DMF 

(6.0 mL) with EDC (0.12 g, 0.65 mmol) and HOBt (0.076 g, 0.48 mmol). The mixture was 

10 	stirred for about 3 h at room temperature. Perfluorophenyl 2-cyanoacetate (0.62 g, 2.5 mmol, 

Preparation #6) was added and the reaction mixture was stirred for about 48 h at room 

temperature. The solvent was removed under reduced pressure and the crude material was 

purified by RP-HPLC (Table 2, Method q) to give 2-cyano-N-WR,3S)-3-(3,6-

dihydropyrazolo[4,3-clipyrrolo[2,3-Npyridin-1-Acyclopentyl)acetamide (0.014 g, 9%): LC/MS 

15 	(Table 2, Method a) R, =1.52 min; m/z: 307 (M-H)-. 

Example #41: 1-Methyl-7-(3-(methylsulfonyl)phenyl)-1,6-dihydropyrazolo [3,4-

d] pyrrolo[2,3-b]pyridine 

20 

25 	Step A: 1-Methyl-1,6-dihydropyrazolo[3,4-tipyrrolo[2,3-b]pyridine 

4-Chloro-1H-pyrrolo[2,3-b]pyridine-5-carbaldehyde (1.37 g, 7.59 mmol, Adesis) and 

methylhydrazine (0.599 mL, 11.4 mmol) in n-BuOH (7 mL) were heated to about 95 °C. After 

about 15 min, concentrated HCl (0.500 mL, 16.4 mmol) was added and the reaction mixture was 
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heated to about 120 °C. After about 4 h, water (10 mL) was added and the mixture was extracted 

with EtOAc (20 mL). The organic layer was separated and the aqueous layer was basified with 

saturated aqueous NaHCO3  to about pH 8 and extracted with EtOAc (2 x 20 mL). The combined 

organic layers were dried over anhydrous MgSO4, filtered, and concentrated under reduced 

5 

	

	pressure. The residue was purified by silica gel chromatography ( 40 g column) eluting with a 

gradient of 5-60 % EtOAc in heptane to give 1-methyl-1,6-dihydropyrazolo[3,4-dipyrrolo[2,3- 

b]pyridine (0.960 g, 74%): LC/MS (Table 2, Method d) Rt  = 1.40 min; MS m/z: 173 (M+14) +. 

Step B: 1-Methy1-6-tosy1-1,6-dihydropyrazolo[3,4-d]pyrrolo[2,3-b]pyridine 

10 

To a solution of NaH (60% dispersion in mineral oil, 0.209 g, 5.23 mmol) in DMF (10 mL) at 

15 	about 0 °C was added a solution of 1-methyl-1,6-dihydropyrazolo[3,4-d]pyrrolo[2,3-b]pyridine 

(0.60 g, 3.5 mmol) in DMF (5 mL). The cooling bath was removed and after about 20 min, p-

toluenesulfonyl chloride (0.996 g, 5.23 mmol) was added. After about 2 h at room temperature, 

water was added (15 mL) and the mixture was extracted with EtOAc (3 x 20 mL). The organic 

layers were combined, dried over anhydrous MgSO4; filtered, and concentrated under reduced 

20 	pressure. The residue was purified by silica gel chromatography eluting with a gradient of 5-45 

% EtOAc in heptane to give 1-methyl-6-tosy1-1,6-dihydropyrazolo[3,4-c]pyrrolo[2,3-Npyridine 

(0.50 g, 44%): LC/MS (Table 2, Method d) Rt  = 2.20 min; MS m/z: 327 (M+H) +. 

Step C: 7-Iodo-l-methy1-6-tosyl-1,6-dihydropyrazolo[3,4-d]pyrrolo[2,3-b]pyridine 

25 

 

N-N 	 N-N 
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N-N
/  

Diisopropylamine (0.20 mL, 1.5 mmol) in THF (1.5 mL) was cooled to about —74 °C. A solution 

of n-BuLi (1.6 M solution in cyclohexane, 1.03 mL, 1.65 mmol) was added drop-wise over about 

15 min. After about 20 min, the solution was added to 1-methy1-6-tosy1-1,6-dihydropyrazolo[3,4-

d]pyrrolo[2,3-b]pyridine (0.250 g, 0.766 mmol) in THF (10 mL) at about —74 °C over about 10 

	

5 	min. After about 1 h at about -74 °C, a solution of iodine (0.226 g, 0.889 mmol) in THF (5 mL) 

was added over about 5 min. After about 2 h at about -74 °C, water (20 mL) was added and the 

reaction mixture was extracted with EtOAc (3 x 20 mL). The organic layers were combined, 

dried over anhydrous MgSO4, filtered, and concentrated under reduced pressure. The residue was 

purified by silica gel chromatography eluting with a gradient of 5-40 % EtOAc in heptane to give 

	

10 	7-iodo-1-methy1-6-tosyl-1,6-dihydropyrazolo[3,4-clipyrrolog,3-1Vpyridine (0.27 g, 78%): LC/MS 

(Table 2, Method d) Rt  = 2.34 min; MS m/z: 453 (M+H) ±. 

Step D: 1-Methy1-7-(3-(methylsulfonyl)pheny1)-1,6-dihydropyrazolop,4-4pyrrolo[2,3-

b] pyridine 

---\ 0--"S  S- 
8 
0 

A mixture of 7-iodo-l-methy1-6-tosyl-1,6-dihydropyrazolo[3,4-cl]pyrrolo[2,3-b]pyridine (0.134 

g, 0.296 mmol), 3-(methylsulfonyl)phenylboronic acid (0.711 g, 0.356 mmol, Combi-Blocks), 

Pd(PPh3)4  (0.24 g, 0.021 mmol, Strem), Na2CO3  (0.790 g, 0.741 mmol) in 1,4-dioxane:water (3:1, 

10 mL) was heated to about 90 °C for about 5 h. The reaction mixture was filtered through a plug 

20 	of Celite. The filtrate was washed with water (10 mL), dried over anhydrous MgSO4, filtered, 

and concentrated under reduced pressure to give 1-methy1-7-(3-(methylsulfonyl) pheny1)-6-tosy1-

1,6-dihydropyrazolo[3,4-4pyrrolo[2,3-b]pyridine (0.180 g, 0.375 mmol) that was dissolved in 

Me0H (3 mL) and treated with aqueous NaOH (5 N, 0.75 mL, 3.8 mmol) The reaction vessel 

was sealed and heated in a CEM microwave at about 120 °C for about 20 min (250 psi maximum 

25 	pressure, 2 min ramp time, 300 max watts). The reaction mixture was filtered and washed with 

Me0H (3 mL). The filtrate was concentrated in vacuo, and purified by silica gel chromatography 

eluting with a gradient of 0-10% Me0H in DCM to give 1-methy1-7-(3-(methylsulfonyl)pheny1)-

1,6-dihydropyrazolo[3,4-41pyrrolop,3-Npyridine (0.65 g, 53%): LC/MS (Table 2, Method d) Rt  

= 1.23 min; MS m/z: 327 (M+H)±. 

30 
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Me0 

Example #42: 7-(5-Methoxy-l-methyl-1H-indo1-3-y1)-1-methyl-1,6-dihydropyrazolo[3,4-

pyrrolo[2,3-b]pyridine 

N-N 

A flask was charged with 7-iodo-1-methy1-6-tosy1-1,6-dihydropyrazolo[3,4-d]pyrrolo[2,3- 

	

5 	b]pyridine (0.200 g, 0.442 mmol, Example #41, Step C), 5-methov-1 -methy1-3-(4,4,5,5- 

tetramethy1-1,3,2-dioxaborolan-2-y1)-1H-indole (0.140 g, 0.486 mmol, Preparation #31), 

Pd(PPh3)4  (0.036 g, 0.031 mmol, Strem) and Na2CO3  (0.117 g, 1.11 mmol) in 1,4-dioxane:water 

(3:1,10 mL). The reaction mixture was heated at about 85-90 °C for about 5 h. The reaction 

mixture was filtered, concentrated to dryness under reduced pressure to give a crude solid that 

	

10 	was added to a microwave reaction vessel. Me0H (3 mL) and aqueous NaOH (5 N, 0.412 mL, 

2.06 mmol) were added and the vessel was.sealed and heated to about 120 °C in a microwave for 

about 20 min (250 psi maximum pressure, 2 min ramp time, 300 max watts). The reaction mixture 

was filtered and washed with Me0H. The filtrate was concentrated in vacuo, and purified by 

silica gel chromatography eluting with a gradient of 5-68% EtOAc in heptane to give 7-(5- 

	

15 	methoxy-l-methyl-1H-indo1-3-y1)-1-inethyl-1,6-dihydropyrazolo[3,4-cUpyrrolo[2,3-Npyridine 

(0.015 g, 22% over 2 steps): LC/MS (Table 2, Method d) Rt  = 1.30 min; MS m/z: 332 (M+H)+. 

Example #43: 1-Methyl-7-(1-methyl-1H-pyrazol-4-y1)-1,6-dihydropyrazolo[3,4-

tipyrrolo[2,3-b]pyridine 

20 

A flask was charged with 7-iodo-1-methy1-6-tosy1-1,6-dihydropyrazolo[3,4-d]pyrrolo[2,3- 

b]pyridine (0.134 g, 0.296 mmol, Example #41, Step C), 1-methy1-4-(4,4,5,5-tetramethyl-1,3,2-

dioxaborolan-2-y1)-1H-pyrazole (0.074 g, 0.36 mmol), (PPh3)4  (0.024 g, 0.021 mmol, Strem) and 

Na2CO3  (0.079 g, 0.74 mmol) in l,4-dioxane:water (3:1,10 mL) The reaction was heated at about 

25 

	

	80 °C for about 12 h. The mixture was filtered and the filtrate was concentrated under reduced 

pressure to give a solid that was added to a 5 mL microwave reaction vial. Me0H (3 mL) and 

aqueous NaOH (5 N, 0.77 ml, 3.8 mmol) were added and the reaction vessel was sealed and 
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0 

Si- 

heated to about 120 °C in a microwave for about 20 min (250 psi maximum pressure, 2 min ramp 

time, 300 max watts). The reaction mixture was filtered and washed with Me0H. The filtrate was 

concentrated, redissolved in Me0H/DCM, and purified by silica gel chromatography (12 g 

column) eluting with a gradient of 0-5 %MeOH in DCM. The product-containing fractions were 

5 combined and concentrated to give 1-methy1-7-(1-methy1-1H-pyrazol-4-y1)-1,6-

dihydropyrazoloP,4-dipyrrolo[2,3-blpyridine (0.038 g, 39% over 2 steps): LC/MS (Table 2, 

Method d) Rt  = 1.13min; MS m/z: 253 (M+H) +. 

Example #44: 7-(5-Methoxy-l-methyl-IF/-indol-3-y1)-1-methyl-6H-pyrrolo[2,3- 

10 	el [1,2,4]triazolo[4,3-a]pyrazine 

Step A: tert-Butyl 2-(6-(5-methoxy-l-methyl-1H-indo1-3-y1)-5-42-

(trimethylsily1)ethoxy)methyl)-5H-pyrrolo[2,3-b]pyrazin-2-y1)hydrazinecarboxylate 

0 

Si-/ 

15 	A round bottom flask was charged with tris(dibenzylidineacetone)dipalladium(0) (0.066 g, 0.072 

mmol) and di-tent-butyl-(2',41,6'-triisopropyl-biphenyl-2-y1)-phosphane (0.061 g, 0.14 mmol) in 

1,4-dioxane (10 mL) to give a black solution which was degassed via vacuum/nitrogen purge (3 

times). The mixture was heated to about 80 °C for about 10 min. To the reaction mixture were 

added 2-bromo-6-(5-methoxy-l-methy1-1H-indol-3-y1)-542-(trimethylsilypethoxy)methyl)-5H- 

20 pyrrolo[2,3-b]pyrazine (0.35 g, 0.72 mmol, Example #20, Step D) and tert-butyl 

hydrazinecarboxylate (0.142 g, 1.08 mmol), followed by sodium tert-butoxide (0.104 g, 1.08 

mmol). The mixture was heated at about 80 °C for about 20 min. The reaction mixture was 

cooled and filtered through Celite®. The filter pad was further rinsed with EtOAc (40 mL). The 

filtrate was concentrated under reduced pressure and purified by silica gel chromatography 

25 	eluting with a gradient of 0-100% EtOAc in heptane to give tert-butyl 2-(6-(5-methoxy-l-methy1-

1H-indo1-3-y1)-542-(trimethylsily1)ethoxy)methyl)-5H-pyrrolop,3-blpyrazin-2-yOhydrazine-

carboxylate (0.272 g, 70%): LC/MS (Table 1, Method d) Rt  = 1.78 min; MS m/z: 539 (M+H)±. 
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Si- / 

Step B: 2-Hydraziny1-6-(5-methoxy-l-methy1-111-indol-3-y1)-5-42-

(trimethylsilypethoxy)methyl)-5H-pyrrolo[2,3-b]pyrazine 

0 

HNC  

 

 

  

iS 

To a round bottom flask were added tert-butyl 2-(6-(5-methoxy-1 -methy1-1H-indo1-3-y1)-5-((2- 

5 (trimethylsilypethoxy)methyl)-5H-pyrrolo[2,3-b]pyrazin-2-yphydrazinecarboxylate (0.272 g, 

0.505 mmol) and 1,4-dioxane (5 mL). To the mixture was added HCI (4 N in 1,4-dioxane, 1.26 

ml, 5.05 mmol) and the reaction mixture was heated to about 60 °C for about 1 h. The reaction 

mixture was cooled to room temperature and was diluted with EtOAc (50 mL). The solution was 

washed with saturated aqueous NaHCO3  (50 mL), dried over anhydrous MgSO4, filtered, and 

10 	concentrated under reduced pressure to give 2-hydraziny1-6-(5-methoxy-l-methyl-1H-indo1-3-y1)-

5-((2-(trimethylsily1)ethoxy)methyl)-5H-pyrrolo[2,3-Npyrazine (0.19 g, 84%): LC/MS (Table 1, 

Method d) Rt  = 1.55 min; MS m/z: 439 (M+H)±. 

Step C: 7-(5-Methoxy-l-methy1-1H-indo1-3-y1)-1-methyl-642- 

15 	(trimethylsilyl)ethoxy)methyl)-6H-pyrrolo [2,3-e] [1,2,4] triazolo [4,3-a] pyrazin e 

z 

Si-/  — 

To a round bottom flask were added 2-hydraziny1-6-(5-methoxy-l-methy1-1H-indo1-3-y1)-5-((2-

(trimethylsilypethoxy)methyl)-5H-pyrrolo[2,3-b]pyrazine (0.181 g, 0.413 mmol), DCM (5 mL) 

and acetaldehyde (10.0 M in DCM, 0.206 mL, 2.06 mmol). The reaction mixture was stirred at 

20 	room temperature for about 1 h. The reaction mixture was concentrated under reduced pressure 

followed by the addition of DMF (8 mL) and copper(II) chloride (0.107 g, 0.796 mmol). The 

reaction mixture was heated to about 90 °C for about 15 min. The reaction mixture was cooled to 

room temperature and 10% aqueous ammonia (4.5 mL) and EtOAc (6 mL) were added. The 

reaction mixture was heated to about 40 °C for about 30 min. The reaction mixture was cooled to 

25 	ambient temperature and extracted with EtOAc (50 mL). The organic layer was washed with 
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water (50 mL), dried over anhydrous MgSO4, filtered, and concentrated under reduced pressure. 

The material was purified by silica gel chromatography eluting with a gradient of 0-100% EtOAc 

in 	heptane 	to 	give 	7-(5-methoxy-1 -methyl-1H-indo1-3-y1)-1-methyl-6-((2- 

(trimethylsily1)ethoxy)methyl)-6H-pyrrolo[2,3-e] ,2,4jtriazolo[4,3-akyrazine (0.040 g, 21%): 

5 	LC/MS (Table 1, Method d) Rt  = 1.67 min; MS m/z: 463 (M+H)+. 

Step D: 7-(5-Methoxy-1-methy1-1H-indo1-3-y1)-1-methyl-6H-pyrrolo[2,3-

e][1,2,4]triazolo[4,3-a]pyrazine 

10 	To a round bottom flask was added 7-(5-methoxy- 1 -methy1-1H-indo1-3-y1)-1-methyl-6-((2-

(trimethylsilypethoxy)methyl)-6H-pyrrolo[2,3-e][1,2,4]triazolo[4,3-a]pyrazine (0.040 g, 0.086 

mmol), DMF (0.865 mL), ethylenediamine (0.088 mL, 2.6 mmol) and TBAF (1.0 M in THF, 

0.346 mL, 0.173 mmol). The reaction mixture was heated to about 85 °C for about 4 h. To the 

reaction mixture was added ethylenediamine (0.088 mL, 2.6 mmol) and TBAF (1.0 M in THF; 

15 	0.346 mL, 0.173 mmol). The reaction mixture was heated at about 85 °C for about 2 h. The 

reaction mixture cooled to room temperature and diluted with water (50 mL). The mixture was 

extracted with EtOAc (50 mL) and the organic layer was dried over anhydrous MgSO4, filtered, 

and concentrated under reduced pressure. The crude material was purified by preparatory RP-

HPLC (Table 2, Method u). The material was further purified by silica gel chromatography 

20 	eluting with a gradient of 0-10% Me0H in DCM to give 7-(5-methoxy-1 -methyl-1 H-indo1-3-y1)-1-

methyl-6H-pyrrolo[2,3-e] [1,2 ,qtriazolo[4,3-akyrazine (0.0024 g, 8.4 %). LC/MS (Table 1, 

Method a) Rt  = 1.84 min; MS m/z: 333 (M+H)±. 
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CLAIMS 

1. 	A compound of formula (I) 

U-X 
TCy  

/N1 	N 
R5  

Formula (I) 

pharmaceutically acceptable salts thereof wherein 

T is N, U is N, X is CR3  and Y is N; or 

T is CR6, U is N, X is CR3  and Y is N; or 

T is N, U is CR4, X is CR3  and Y is N; or 

T is CR6, U is CR4, X is CR3  and Y is N; 

RI  and R2  are each independently hydrogen, deuterium, -N(Ra)(Rb), halogen, -0Ra, -SRa, 

-S(0)Ra, -S(0)2Ra, -NO2, -C(0)0Ra, -CN, -C(0)N(Ra)(Rb), -N(Ra)C(0)(Rb), -C(0)Ra, - 

C(OH)RaRb, -N(Ra)S(0)2-Rb, -S(0)2N(Ra)(Rb), -CF3, -OCF3, optionally substituted (Ci-C6)alkyl, 

optionally substituted (C2-C6)alkenyl, optionally substituted (C2-C6)alkynyl, optionally 

substituted (C3-Cio)cycloalkyl, optionally substituted (C1-C10)heteroaryl, optionally substituted 

(C1-C10) heterocyclyl, or optionally substituted (C6-Cio)aryl; 

R5  is hydrogen, deuterium, -N(Ra)(Rb), halogen, -SRa, -S(0)Ra, -S(0)2Ra, -NO2, - 

C(0)0Ra, -CN, -C(0)N(Ra)(Rb), -N(Ra)C(0)(Rb), -C(0)Ra, -C(OH)RaRb, -N(Ra)S(0)2-Rb, - 

S(0)2N(Ra)(Rb), -CF3, -OCF3, optionally substituted (Ci-C6)alkyl, optionally substituted (C2-

C6)alkenyl, optionally substituted (C2-C6)alkynyl, optionally substituted (C3-Ci0)cycloalkyl, 

optionally substituted (Ci-Cio)heteroaryl, optionally substituted (C1-C10) heterocyclyl, or 

optionally substituted (C6-Cio)aryl; 

wherein in a moiety containing -N(Ra)(Rb), the nitrogen, Ra  and Rb  may form a ring such 

that -N(Ra)(Rb) represents an optionally substituted (C2-Cio)heterocyclyl or optionally substituted 

(C1-C10)heteroaryl linked through a nitrogen; 

R1  
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R3  is optionally substituted cyclopropyl, optionally substituted cyclobutyl, optionally 

substituted cyclopentyl, optionally substituted cyclohexyl, optionally substituted phenyl, 

optionally substituted adamantanyl, optionally substituted azetidinyl, optionally substituted 

bicyclo[2.1.1]hexyl, optionally substituted bicyclo[2.2.1]heptyl, optionally substituted 

bicyclo[2.2.2]octyl, optionally substituted bicyclo[3.2.1]octyl, optionally substituted 

bicyclo[3.1.1]heptyl, optionally substituted azabicyclo[3.2.1]octanyl, optionally substituted 

azabicyclo[2.2.1]heptany1, optionally substituted 2-azabicyclo[3.2.1]octanyl, optionally 

substituted azabicyclo[3.2.2]nonanyl, optionally substituted bicyclo[2.2.1]hept-2-enyl, 

optionally substituted piperidinyl, optionally substituted pyrrolidinyl or optionally substituted 

tetrahydrofuranyl; or 

R3  is -A-D-E-G, wherein: 

A is a bond or (Ci-C6)alkylene; 

D is an optionally substituted azetidinyl, optionally substituted bicyclo[2.2.2]octanylene, 

optionally substituted bicyclo[2.2.1]heptylene, optionally substituted bicyclo[2.1.1]hexylene, 

optionally substituted cyclobutylene, optionally substituted cyclopentylene, optionally 

substituted cyclohexylene, optionally substituted bicyclo[2.2.1]hept-2-enylene, optionally 

substituted piperidinyl, or optionally substituted pyrrolidinyl; 

E is a bond, -Re-, -Re-C(0)-Re-, -Re-C(0)C(0)-Re-, -Re-C(0)0-Re-, -Re-C(0)C(0)N(Ra)- 

-Re-N(Ra)-C(0)C(0)-Re-, 	-Re-S(0)2-Re-, -Re-S(0)-Re-, 	-Re-N(Ra)-Re-, 

-Re-N(Ra)C(0)-Re-, -ReC(0)N(Ra)Re-, -Re-OC(0)N(Ra)-Re-, -Re-N(Ra)C(0)0Re-, -Re-OC(0)-

Re, -Re-N(Ra)C(0)N(Rb)-Re-, -Re-N(Ra)S(0)2-Re-, or -Re-S(0)2N(Ra)-Re-; or 

0 	0 

E is 
	Re- 

where in all cases, E is linked to either a carbon or a nitrogen atom in D; 

G is hydrogen, deuterium, -N(Ra)(Rb), halogen, -0Ra, -SRa, -S(0)1e, -S(0)2Ra, -NO2, - 

C(0)0Ra, -CN, -C(0)N(Ra)(Rb), -N(Ra)C(0)Rb, -N(Ra)C(0)0Rb, -0C(0)N(Ra), - 
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N(Ra)C(0)N(Rb)2, -C(0-Ra)(Rb)2, -C(0)1e, -CF3, -OCF3, -N(Ra)S(0)2Rb, -S(0)2N(Ra)(Rb), - 

S(0)2N(Ra)C(0)Rb, an optionally substituted -(C1-C6)alkyl, an optionally substituted -(C2-

C6)alkenyl, an optionally substituted -(C2-C6)alkynyl, an optionally substituted -(C3-

Ci0)cycloalkyl, an optionally substituted -(Ci-C10)heteroaryl, an optionally substituted -(Ci-C10) 

heterocyclyl, an optionally substituted -(C6-C10)aryl, an optionally substituted -(C1-C6)alkyl-(C3-

Ci0)cycloalkyl, an optionally substituted -(Ci-C6)alkyl-(C6-C10)aryl, an optionally substituted - 

(C1-C6)alkyl-(C1-C10)heteroaryl, or an optionally substituted -(C1-C6)alkyl-(Ci-C10)heterocycly1; 

wherein in a moiety containing -N(Ra)(Rb), the nitrogen, Ra and Rb  may form a ring 

such that -N(Ra)(Rb) represents an optionally substituted (C2-Cio)heterocyclyl or an 

optionally substituted (C1-C10) heteroaryl linked through a nitrogen; 

R4  and R6  are each independently a hydrogen, halogen, deuterium, an optionally 

substituted bridged (C5-C12)cycloalkyl group, optionally substituted bridged (C2-C10)heterocycly1 

group, optionally substituted (C1-C8)alkyl, optionally substituted (C3-Ci0)cycloalkyl, optionally 

substituted (C3-C8)cycloalkenyl, optionally substituted (C6-Ci0)aryl, optionally substituted (Ci-

Ci0)heteroaryl, optionally substituted (C2-C10)heterocycly1 or -J-L-M-Q; 

wherein: 

J is a bond, -C(0)-, optionally substituted (Ci-C6)alkylene, optionally substituted (C2-

C6)alkenylene, optionally substituted (C2-C6)alkynylene, optionally substituted (C3-

C12)cycloalkylene, optionally substituted (C2-C6)heterocyclylene, -C(0)N(Ra)-Re-, -N(Ra)C(0)- 

Re-, 	-N(Ra)-Re-, 	-S(0)2-Re-, -S(0)Re-, -C(0-Ra)(Rb)-Re-, -S(0)2N(Ra)-Re-, - 

N(Ra)S(0)2-Re- or -N(Ra)C(0)N(Rb)-Re-; 

L is a bond, an optionally substituted (Ci-C8)alkylene, optionally substituted bridged (C5-

C12)cycloalkylene, optionally substituted (C3-CD3)cycloalkylene, optionally substituted bridged 

(C5-C10)cycloalkenylene, optionally substituted (C3-C10)cycloalkenylene, optionally substituted 

(C6-C10)arylene, optionally substituted (C1-C10)heteroarylene, optionally substituted bridged (C2-

C10)heterocyclylene or an optionally substituted (C2-Ci0)heterocyclylene; 

M is a bond, -Re-, -Re-C(0)-Re-, -Re-C(0)C(0)-Re-, -Re-C(0)0-Re-, -Re-OC(0)-Re, 

C(0)C(0)N(Ra)-Re-, -Re-N(Ra)-C(0)C(0)-Re-, -Re-S(0)2-Re-, -Re-S(0)-Re-, 

-11e-N(Ra)-Re-, -Re-N(Ra)C(0)-Re-, -Re-C(0)N(Ra)Re-, -Re-0 C(0)N(Ra)-Re  -, -Re-

N(Ra)C (0)0Re- -Re-N(Ra)C(0)N(Rb)-Re-, -Re-N(Ra)S (0)2-Re-, or -Re-S(0)2N(Ra)-Re-; or 
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M is 
	 Re- 

where in all cases, M is linked to either a carbon or a nitrogen atom in L; 

Q is hydrogen, deuterium, -N(Ra)(Rb), halogen, -0Ra, -SRa, -S(0)Ra, -S(0)2Ra, -NO2, - 

C(0)0Ra, -CN, -C(0)N(Ra)(Rb), -N(Ra)C(0)Rb, -N(Ra)C(0)0Rb, -N(Ra)C(0)N(Rb)2, -C(O-

Ra)(Rb)2, -C(0)Ra, -CF3, -OCF3, -N(Ra)S(0)2Rb, -S(0)2N(R a)(Rb), -S(0)2N(Ra)C(0)Rb, an 

optionally substituted (Ci-C6)alkyl, an optionally substituted (C2-C6)alkenyl, an optionally 

substituted (C2-C6)alkynyl, an optionally substituted (C3-C10)cycloalkyl, an optionally substituted 

(C1-C10)heteroaryl, an optionally substituted (C1-C10) heterocyclyl, an optionally substituted (C6-

Cio)aryl, an optionally substituted -(C1-C6)alkyl-(C3-C10)cycloalkyl, an optionally substituted - 

(Ci-C6)alkyl-(C6-C10)aryl, an optionally substituted -(CI-C6)alkyl-(C1-C10)heteroaryl, or an 

optionally substituted -(C1-C6)alkyl-(Ci-C10)heterocycly1; 

wherein in a moiety containing -N(Ra)(Rb), the nitrogen, Ra and Rb  may form a ring 

such that -N(Ra)(ilb) represents an optionally substituted (C2-C10)heterocycly1 or an 

optionally substituted (C1-C10) heteroaryl linked through a nitrogen; 

Ra  and Rb  are each independently hydrogen, deuterium, an optionally substituted (C1-

Ci0)alkyl, an optionally substituted (C2-Ci0)alkenyl, an optionally substituted (C2-Ci0)alkynyl, an 

optionally substituted (C1-C10)alky1-0-(C1-C10)alkyl, an optionally substituted (C3-

Ci0)cycloalkyl, an optionally substituted (C6-Cio)aryl, an optionally substituted (C1-

Ci0)heteroaryl, an optionally substituted (C1-C10)heterocyclyl, an optionally substituted -(C1-

C6)alkylene-(C3-C10)cycloalkyl, an optionally substituted -(C1-C6)alkylene-(C6-Ci0)aryl, an 

optionally substituted -(C1-C6)alkylene-(C1-C10)heteroaryl, or an optionally substituted -(C1-

C6)alkylene-(Ci-C10)heterocycly1; and 

Re  for each occurrence is independently a bond, an optionally substituted (C1-

Ci0)alkylene, an optionally substituted (C2-Ci0)alkenylene, an optionally substituted (C2-

Ci0)alkynylene, an optionally substituted -(Ci-C10)alkylene-0-(C1-C10)alkylene group, an 
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optionally substituted (C3-Cio)cycloalkylene, an optionally substituted (C6-Cio)arylene, an 

optionally substituted (Ci-Cio)heteroarylene, or an optionally substituted (C1-

Cio)heterocyclylene; and 

wherein the optional substituents are independently selected from (Ci-C8)alkyl groups, 

(C2-C8)alkenyl groups, (C2-C8)alkynyl groups, (C3-Cio)cycloalkyl groups, halogen, halogenated 

(Ci-C8)alkyl groups, -O-(Ci-C8)alkyl groups, -OH, -S-(Ci-C8)alkyl groups, -SH, -NH(Ci-

C8)alkyl groups, -N((Ci-C8)alkyl)2  groups, -NH2, -C(0)NH2, -C(0)NH(CI-C8)alkyl groups, - 

C(0)N((Ci-C8)alky1)2, -NHC(0)H, -NHC(0) (Ci-C8)alkyl groups, -NHC(0) (C3-C8)cycloalkyl 

groups, -N((Ci-C8)alkyl)C(0)H, -N((Ci-C8)alkyl)C(0)(C1-C8)alkyl groups, -NHC(0)NH2, - 

NHC(0)NH(Ci-C8)alkyl groups, -N((Ci-C8)alkyl)C(0)NH2  groups, -NHC(0)N((C1-Cs)alkyl)2  

groups, -N((C1-C8)alkyl)C(0)N((Ci-C8)alky1)2  groups, -N((CI-C8)alkyl)C(0)NH((Ci-C8)alkyl), -

C(0)H, -C(0)(C1-C8)alkyl groups, -CN, -NO2, -S(0)(Ci-C8)alkyl groups, -S(0)2(C1-C8)alkyl 

groups, -S(0)2N((Ci-C8)alkyl)2  groups, -S(0)2NH(Ci-C8)alkyl groups, -S(0)2NH(C3-

C8)cycloalkyl groups, -S(0)2NH2 groups, -NHS(0)2(Ci-C8)alkyl groups, -N((Ci-

C8)alkyl)S(0)2(Ci-C8)alkyl groups, -(Ci-C8)alky1-0-(Ci-C8)alkyl groups, -0-(Ci-C8)alky1-0-

(Ci-C8)alkyl groups, -C(0)OH, -C(0)O(Ci-C8)alkyl groups, NHOH, NHO(Ci-C8)alkyl groups, - 

0-halogenated (Ci-C8)alkyl groups, -S(0)2-halogenated (Ci-C8)alkyl groups, -S-halogenated 

(Ci-C8)alkyl groups, -(C1-C6) heterocycle, -(C1-C6) heteroaryl, -phenyl, -NHC(0)0-(C1-C6)alkyl 

groups, -N((Ci-C6)alkyl)C(0)O-(Ci-C6)alkyl groups, -C(=NH)-(Ci-C6)alkyl groups, -C(=NOH)-

(Ci-C6)alkyl groups, or -C(=N-O-(Ci-C6)alkyl)-(Ci-C6)alkyl groups. 

2. The compound of claim 1 wherein E is -Re-C(0)-Re-, Re-O-Re, -Re-S(0)2-Re-, -Re-N(Ra)-

Re, -Re-N(Ra)C(0)-Re-, -Re-C(0)N(Ra)Re-, -Re-N(Ra)S(0)2-Re-, or -Re-S(0)2N(Ra)Ra-. 

3. The compound of claim 2 wherein G is -0Ra, -CN, -N(Ra)S(0)2Rb, -S(0)2N(Ra)(Rb), 

optionally substituted (Ci-C6)alkyl, optionally substituted cyclopropyl, optionally substituted 

cyclobutyl, optionally substituted cyclopentyl, optionally substituted phenyl, optionally 

substituted pyridazine, optionally substituted pyrazine, optionally substituted pyrimidine, 

optionally substituted pyrazole, optionally substituted pyrrolidine, optionally substituted 
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quinazoline, optionally substituted pyridine, optionally substituted thiazolidine or optionally 

substituted triazole. 

	

4. 	The compound of claim 3, wherein R1, R2
, 
 — 4

, 
 

K R5  and R6, where present, are each 

independently hydrogen or an optionally substituted -(C1-C4)alkyl. 

	

5. 	The compound of claim 3 wherein 

A is a bond; 

D is optionally substituted cyclopentylene, optionally substituted 

bicyclo[2.2.2]octanylene, optionally substituted azetidinyl, or optionally substituted piperidinyl; 

E is -Re-C(0)-Re-, -Re-N(Ra)-Re-, -Re-S(0)2N(Ra)-Re, -Re-S(0)2-Re-, or -Re-

N(Ra)S(0)2-Re-; 

wherein Re for each occurrence is independently a bond or an optionally 

substituted (Ci-C6)alkylene; and 

G is -CN, optionally substituted cyclopropyl, optionally substituted cyclobutyl, 

optionally substituted cyclopentyl, optionally substituted phenyl, optionally substituted pyrazine, 

optionally substituted pyridazine, optionally substituted pyrazole, or optionally substituted 

pyridine. 

	

6. 	The compound of claim 5 wherein R1, R2, R4, R5  and R6  where present are each 

independently hydrogen or an optionally substituted -(Ci-C4)alkyl. 

	

7. 	The compound of claim 6 wherein the compound is selected from the group consisting of 

a compound of Formula (Ia) 
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R2  

H 

Formula (Ib) 

a compound of Formula (Ic) 

R4  

N 

R1 

" Nix  
R5  

R6  

Formula (Ia) 

a compound of Formula (Ib) 

, and 

Formula (Ic) 

8. 	The compound of claim 7 wherein the compound is selected from the group consisting of 
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NON 

H 	, and 

H 
N 

0 0 

9. 	The compound of claim 7 wherein the compound is of formula (Ic), wherein 

A is a bond; 

D is optionally substituted cyclopentylene or optionally substituted piperidine; 

E is -Re-N(Ra)-Re-, -Re-S(0)2  N(Re)-Re, -Re-C(0)-Re, -Re-S(0)2-Re, or -Re-

N(Re)S(0)2-Re-; and 

G is -CN, optionally substituted phenyl, optionally substituted pyrazine, 

optionally substituted pyridazine, optionally substituted pyrazole, or optionally substituted 

pyridine. 
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10. 	The compound of claim 7 wherein the compound is of formula (Ib), wherein the 

compound is 

11. The compound of claim 6 wherein G is optionally substituted phenyl, optionally 

substituted pyrazine, optionally substituted pyrazole, optionally substituted pyridazine or 

optionally substituted pyridine. 

12. The compound of claim 1 wherein R3  is optionally substituted cyclopropyl, optionally 

substituted cyclobutyl, optionally substituted cyclopentyl, optionally substituted cyclohexyl, 

optionally substituted phenyl, optionally substituted adamantanyl, optionally substituted 

azetidinyl, optionally substituted bicyclo[2.1.1]hexyl, optionally substituted bicyclo[2.2.1]heptyl, 

optionally substituted bicyclo[2.2.2]octyl, optionally substituted bicyclo[3.2.1]octyl, optionally 

substituted bicyclo[3.1.1]heptyl, optionally substituted azabicyclo[3.2.1]octanyl, optionally 

substituted azabicyclo[2.2.1]heptany1, optionally substituted 2-azabicyclo[3.2.1]octanyl, 

optionally substituted azabicyclo[3.2.2]nonanyl, optionally substituted bicyclo[2.2.1]hept-2-enyl, 

optionally substituted piperidinyl, optionally substituted pyrrolidinyl or optionally substituted 

tetrahydrofuranyl; 

R2  and R5  are each independently hydrogen, deuterium, -1\1(Ra)(Rb), halogen, -01e, -SRa, -

S(0)1e, -S(0)21e, -NO2, -C(0)0Ra, -CN, -C(0)N(Ra)(Rb), -N(Ra)C(0)(Rb), -C(0)Ra, - 

C(OH)RaRb, -N(Ra)S(0)2-Rb, -S(0)2N(Ra)(Rb), -CF3, -OCF3, optionally substituted (Ci-C6)alkyl, 

optionally substituted (C3-C12)cycloalkyl, optionally substituted (C6-C10)aryl, optionally 

substituted (CI-Cio)heteroaryl or optionally substituted (CI-Cio)heterocyclyl. 
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13. The compound of claim 12 wherein R1  is optionally substituted (C6-Cio)aryl or optionally 

substituted (C1-Cio)heteroaryl. 

14. The compound of claim 13 wherein R2  is hydrogen, halogen, -CN, -C(0)NRale, -CF3, 

optionally substituted -(Ci-C6)alkyl, optionally substituted -(C3-C6)cycloalkyl, optionally 

substituted benzo(b)thienyl, optionally substituted benzimidazolyl, optionally substituted 

benzofuranyl, optionally substituted benzoxazolyl, optionally substituted benzothiazolyl, 

optionally substituted benzothiadiazolyl, optionally substituted furanyl, optionally substituted 

imidazolyl, optionally substituted indolinyl, optionally substituted indolyl, optionally substituted 

indazolyl, optionally substituted isoxazolyl, optionally substituted isoindolinyl, optionally 

substituted morpholinyl, optionally substituted oxadiazolyl, optionally substituted phenyl, 

optionally substituted piperazinyl, optionally substituted piperidinyl, optionally substituted 

pyranyl, optionally substituted pyrazolyl, optionally substituted pyrazolo[3,4-c]pyrimidinyl, 

optionally substituted pyridinyl, optionally substituted pyrimidinyl, optionally substituted 

pyrrolidinyl, optionally substituted pyrrolyl, optionally substituted optionally pyrrolo[2,3-

cdpyrimidinyl, substituted quinolinyl, optionally substituted thiomorpholinyl, optionally 

substituted tetrahydropyranyl, optionally substituted tetrahydrofuranyl, optionally substituted 

tetrahydroindolyl, optionally substituted thiazolyl, or optionally substituted thienyl. 

15. The compound of claim 14 wherein R1  is optionally substituted azaindole, optionally 

substituted benzofuran, optionally substituted benzothiazole, optionally substituted benzoxazole, 

optionally substituted dihydropyrroloimidazole, optionally substituted furan, optionally 

substituted imidazole, optionally substituted imidazoxazole, optionally substituted 

imidazopyrazine, optionally substituted imidazopyridine, optionally substituted indazole, 

optionally substituted indole, optionally substituted isoquinoline, optionally substituted 

isothiazole, optionally substituted isoxazole, optionally substituted oxadiazole, optionally 

substituted oxazole, optionally substituted pyrazole, optionally substituted pyridine, optionally 

substituted pyrimidine, optionally substituted pyrazolopyridine, optionally substituted pyrrole, 

optionally substituted quinoline, optionally substituted quinazoline, optionally substituted 

thiazole, or optionally substituted thiophene. 
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16. The compound of claim 15 wherein R5  is hydrogen, halogen, -NH2  or -N(Ra)(Rb). 

17. A pharmaceutical composition comprising a compound of Formula (I) as defined in claim 

1 

R1  

Formula (I) 

a pharmaceutically acceptable carrier and excipient and a second therapeutic agent selected from 

the group consisting of cytokine suppressive anti-inflammatory drugs, antibodies to or 

antagonists of other human cytokines or growth factors, IL-1, IL-2, IL-3, IL-4, IL-5, IL-6, IL-7, 

IL-8, IL-12, IL-15, IL-16, IL-21, IL-23, interferons, EMAP-II, GM-CSF, FGF, PDGF, CTLA or 

their ligands including CD154, adalimumab golimumab, certolizumab pegol (CDP870), 

tocilizumab, CDP 571, soluble p55 or p75 TNF receptors, Lenercept, TNFa converting enzyme 

inhibitors, IL-1 inhibitors, Interleukin 11, IL-18 antagonists, IL-12 antagonists, IL-12 antibodies, 

soluble IL-12 receptors, IL-12 binding proteins, non-depleting anti-CD4 inhibitors FK506, 

rapamycin, mycophenolate mofetil, leflunomide, NSAIDs, ibuprofen, corticosteroids, 

phosphodiesterase inhibitors, adensosine agonists, antithrombotic agents, complement inhibitors, 

adrenergic agents, IL-1f3 converting enzyme inhibitors, T-cell signalling kinase inhibitors, 

metalloproteinase inhibitors, sulfasalazine, 6-mercaptopurines, derivatives p75TNFRIgCy sIL-

1RI, sIL-1RII, sIL-6R, celecoxib, hydroxychloroquine sulfate, rofecoxib, infliximab, naproxen, 

valdecoxib, meloxicam, acetate, gold sodium thiomalate, aspirin, triamcinolone acetonide, 

propoxyphene napsylate/apap, folate, nabumetone, diclofenac, piroxicam, etodolac, diclofenac 

sodium, oxaprozin, oxycodone HCI, hydrocodone bitartrate/apap, diclofenac 

sodium/misoprostol, fentanyl, anakinra, tramadol HCI, salsalate, sulindac, 

cyanocobalamin/fa/pyridoxine, acetaminophen, alendronate sodium, morphine sulfate, lidocaine 

hydrochloride, indomethacin, glucosamine sulf/chondroitin, amitriptyline HC1, sulfadiazine, 
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oxycodone HC1/acetaminophen, olopatadine HC1 misoprostol, naproxen sodium, omeprazole, 

cyclophosphamide, rituximab, IL-1 TRAP, MRA, CTLA4-IG, IL-18 BP, anti-IL-12, anti-IL15, 

VX-740, Roflumilast, IC-485, CDC-801, S1P1 agonists, FTY720, PKC family inhibitors, 

Ruboxistaurin, AEB-071, Mesopram, methotrexate, budenoside, dexamethasone, 5- 

aminosalicylic acid, olsalazine, 	lra, T cell signaling inhibitors, tyrosine kinase inhibitors, IL- 

11, mesalamine, prednisone, azathioprine, mercaptopurine, methylprednisolone sodium 

succinate, diphenoxylate/atrop sulfate, loperamide hydrochloride, ciprofloxacin/dextrose-water, 

tetracycline hydrochloride, fluocinonide, metronidazole, thimerosal/boric acid, 

cholestyramine/sucrose, ciprofloxacin hydrochloride, hyoscyamine sulfate, meperidine 

hydrochloride, midazolam hydrochloride, promethazine hydrochloride, sodium phosphate, 

sulfamethoxazole/trimethoprim, polycarbophil, propoxyphene napsylate, hydrocortisone, 

multivitamins, balsalazide disodium, codeine phosphate/apap, colesevelam HC1, 

cyanocobalamin, folic acid, levofloxacin, natalizumab, interferon-gamma, methylprednisolone, 

cyclosporine, 4-aminopyridine, tizanidine, interferon-131a, interferon-131b, interferon a-n3, 

interferon-a, interferon 01A-IF, Peginterferon a 2b, hyperbaric oxygen, intravenous 

immunoglobulin, cladribine, FK506, prednisolone, antiinflammatory cytokines, interferon-13, 

caspase inhibitors, inhibitors of caspase-1, antibodies to CD40 ligand and CD80, alemtuzumab, 

dronabinol, daclizumab, mitoxantrone, xaliproden hydrochloride, fampridine, glatiramer acetate, 

sinnabidol, a-immunokine NNSO3, ABR-215062, AnergiX.MS, chemokine receptor antagonists, 

BBR-2778, calagualine, CPI-1189, liposome encapsulated mitoxantrone, THC.CBD, 

cannabinoid agonists, MBP-8298, MNA-715, anti-IL-6 receptor antibody, neurovax, pirfenidone 

allotrap 1258 (RDP-1258), sTNF-R1, talampanel, teriflunomide, TGF-beta2, tiplimotide, VLA-4 

antagonists, interferon gamma antagonists, IL-4 agonists, misoprostol, minocyclin, etanercept, 

betamethasone diprop augmented, dimethylsulfoxide, ketoprofen, tolmetin sodium, calcipotriene, 

glucosamine sulfate, risedronate sodium, thioguanine, alefacept, efalizumab, COX2 inhibitors, 

hydroxychloroquine, steroids, cytotoxics, inhibitors of PDE4, purine synthesis inhibitor, CTLA-

4-IgG, anti-B7 family antibodies, anti-PD-1 family antibodies, anti-cytokine antibodies, 

fonotolizumab, anti-IFNg antibody, anti-receptor receptor antibodies, antibodies to B-cell surface 

molecules, LIP 394, anti-CD20 antibody and lymphostat-B. 
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