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METHODS OF PREPARING TOLL-LIKE RECEPTOR MODULATORS 

CROSS-REFERENCES TO RELATED APPLICATIONS 

[0001] This application claims priority to U.S. Provisional Application No. 62/051,044, 

filed September 16. 2014, which is incorporated in its entirety herein for all purposes. 

BACKGROUND 

[0002] The innate immune system provides the body with a first line defense against 

invading pathogens. In an innate immune response, an invading pathogen is recognized by a 

gerailine-encoded receptor, the activation of which initiates a signaling cascade that leads to 

the induction of cytokine expression. Innate immune system receptors have broad specificity, 

recognizing molecular structures that are highly conserved among different pathogens. One 

family of these receptors is kno wn as Toll-like receptors (TLRs), due to their homology with 

receptors that were first identified and named in Drosophila, and are present in ceils such as 

macrophages, dendritic ceils, and epithelial cells, 

[0003] There are at least ten different TLRs in mammals. Ligands and corresponding 

signaling cascades have been identified for some of these receptors. For example. TLR2 is 

activated by the lipoprotein of bacteria (e.g., E. coli), TLRS is activated by double-stranded 

RNA, TLR4 is activated by lipopolysacchari.de (i.e., LPS or endotoxin) of Gram-negative 

bacteria (e.g., Salmonella and E. coli Q157:H7), TLRS is activated by flagellin of motile 

bacteria (e.g., Listeria), TLR-7 recognizes and responds to imiquimod and TLR9 is activated 

by unmethylated CpG sequences of pathogen DNA. The stimulation of each of these 

receptors leads to activation of the transcription factor NF-KB, and other signaling molecules 

that are involved in regulating the expression of cytokine genes, including those encoding 

tumor necrosis factor-alpha (INF-a), interleukin-1 (IL-1), and certain chemokines. Agonists 

of TLR-7 are immunostimulants and induce the production of endogenous interferon-a in 

vivo. 

[0004] There are a number of diseases, disorders, and conditions linked to TLRs such that 

therapies using a TLR agonist are believed promising, including but not limited to melanoma, 

non-small cell lung carcinoma, hepatocellular carcinoma, basal cell carcinoma, renal cell 

carcinoma, myeloma, allergic rhinitis, asthma, COPD, ulcerative colitis, hepatic fibrosis, and 

1 



WO 2016/044183 PCT/US2015/050039 

viral infections such as HBV, Flaviviridae viruses, HCV, HPV, RSV, SARS, HIV, or 

influenza. 

[0005] The treatment of Flaviviridae virus infections with T.LR agonists is particularly 

promising. Viruses of the Flaviviridae family comprise at least three distinguishable genera 

includingpestiviruses, Jlaviviruses, and kepaciviruses (Calisher, et al., J. Gen. Virol., 1993, 

70, 37-43). Whilepestiviruses cause many economically important animal diseases such as 

bovine viral diarrhea virus (BVDV), classical swine fever virus (CSFV, hog cholera) and 

border disease of sheep (BDV), their importance in human disease is less well characterized 

(Moennig, V., et al., Adv. Vir. Res. 1992, 48, 53-98). Flavivinises are responsible for 

important human diseases such as dengue fever and yellow fever while kepaciviruses cause 

hepatitis C virus infections in humans. Other important viral infections caused by the 

Flaviviridae family include West Nile virus (WNV), Japanese encephalitis virus (JEV), tick-

borne encephalitis virus, Junjin virus, Murray Valley encephalitis, St .Louis encephalitis, 

Omsk hemorrhagic fever virus and Zika virus. Combined, infections from the Flaviviridae 

virus family cause significant mortality, morbidity and economic losses throughout the world. 

Therefore, there is a need to develop effective treatments for Flaviviridae virus infections. 

[0006] Tfie hepatitis C virus (HCV) is the leading cause of chronic liver disease worldwide 

(Boyer, N. et al. J Hepatol. 32:98-112, 2000) so a significant focus of current antiviral 

research is directed toward the development of improved methods of treatment of chronic 

HCV infections in humans (Di Besceglie, A.M. and Bacon, B. R., Scientific American, Oct.; 

80-85, (1999); Gordon, C. P., et al, J. Med. Chem. 2005, 48, 1-20; Maradpour, D.; et ah, 

Nat. Rev. Micro. 2007, 5(6), 453-463). A number of HCV treatments are reviewed by 

Bymock et al. in Antiviral Chemistry & Chemotherapy, 11:2; 79-95 (2000). There are 

primarily two antiviral compounds, ribavirin, a. nucleoside analog, and interferon-alpha (<x) 

(IFN), that are used for the treatment of chronic HCV infections in humans. Ribavirin alone 

is not effective in reducing viral RNA levels, has significant toxicity, and is known to induce 

anemia. The combination of IFN and ribavirin has been reported to be effective in the 

management of chronic hepatitis C (Scott, L, J., et al. Drugs 2002, 62, 507-556) but less than 

half the patients given this treatment show a persistent benefit. 

[0007] HCV Is recognized by innate virus-sensing mechanisms that induce a rapid IFN 

response (Dustin, et al., Annu. Rev. Immunol 2007, 25, 71-99). It is likely that the sources of 

the IFN are, at least, the infected hepatocytes and particularly the plasmacytoid dendritic cells 
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(pDC) that highly express TLR-7 receptors and secrete high amounts of IFN. Horsmans, et 

al. (Hepatology, 2005, 42, 724-731), demonstrated that a once daily 7-day treatment with the 

TLR-7 agonist isatoribine reduces plasma virus concentrations in HCV infected patients. 

Lee, etal.(Proc. Natl. Acad. Sci, USA, 2006,103, 1828-1833), demonstrated that TLR-7 

stimulation can induce HCV immunity by both an IFN and IFN-independent mechanisms. 

These workers also revealed that TLR-7 is expressed in normal as well as HCV infected 

hepatoeytes. These combined results support the conclusion that stimulation of TLR-7 

receptors, such as through the administration of a TLR-7 agonist, is a viable mechanism for 

effectively treating natural HCV infections. Given the need for more effective treatments for 

HCV infections, there is a need to develop safe and therapeutically effective TLR-7 agonists. 

10008} Similarly, despite the exi stence of efficient vaccines, hepatitis B virus (HBV) 

infection remains a major public health problem worldwide with 400 million chronic carriers. 

These infected patients are exposed to a risk of developing liver cirrhosis and hepatocellular 

carcinoma (Lee, W. M. 1997, N. Eng. J. Med., 337, 1733-1745), Currently, there are believed 

to be approximately 1.25 million chronic hepatitis B carriers just in the United States, with 

200,000 people newly infected each year by contact with blood or body fluids. 

[0009] Hepatitis B vims is second to tobacco as a cause of human cancer. The mechanism 

by which HBV induces cancer is unknown, although it is postulated that may directly trigger 

tumor development, or indirectly trigger tumor development through chronic inflammation, 

cirrhosis, and cell regeneration associated with the infection. 

[0010] Hepatitis B virus has reached epidemic levels worldwide. After a two to six month 

incubation period in which the host is unaware of the infection, HBV infection can lead to 

acute hepatitis and liver damage, that causes abdominal pain, jaundice, and elevated blood 

levels of certain enzymes. HBV can cause fulminant hepatitis, a rapidly progressive, often 

fatal form of the disease in which massive sections of the liver are destroyed. Pa tients 

typically recover from acute viral hepatitis. In some patients, however, high levels of viral 

antigen persist in the blood for an extended, or indefinite, period, causing a chronic infection. 

Chronic infections can lead to chronic persistent hepatitis. Patients infected with chronic 

persistent HBV are most common in developing countries. By mid-1991, there were 

approximately 225 million chronic earners of HBV in Asia alone, and worldwide, almost 300 

million carriers. Chronic persistent hepatitis can cause fatigue, ciniiosis of the liver, and 

hepatocellular carcinoma, a primary liver cancer. 
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In western industrialized countries, high risk groups for HBV infection include 

those in contact with HBV carriers or their blood samples. The epidemiology of HBV is in 

fact very similar to that of HIV, which accounts for why HB V infection is common among 

patients with AIDS or HFV-associated infections. However, HBV is more contagions than 

HIV. To ameliorate suffering and to prolong the lives of infected hosts new compounds and 

methods of treating AIDS and attacking the HI V vims continue to be sought. 

BRIEF SUMMARY OF THE INVENTION 

[00121 In some embodiments, the present invention provides a method of making a 

compo und of Formula la: 

R 

NH2 U S H VNV° 
JL J 

O" "N' N 
I. 

I . J 

v"" ^ 
\ vj '' A 

(la) -
including the step of forming a first reaction mixture of a compound of Formula Ila: 

NH2 

N 
Ri Ji .,j. 

''O- "N" LG (Ila) , 

a non-nucleophilic base, a first solvent, and a compound of Formula Ilia: 

HN'^CO2R11 

L ^ 13' 

?1 J! 
V ̂  N '^CO,R11 

-N 3 (Ilia) , 
under conditions suitable to form a compound of Formula IVa: 

NH2 X I 
kQ n 

(IVa) . 

The method also includes the step of forming a second reaction mixture of the compound of 

Formula IVa, a second solvent and a reducing agent under conditions suitable to prepare the 

compound of Formula la, Groups Rf and Rn can each independently be Cj-Q alkyi; and LG 
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V ^ 

can be halogen, -OH, or -OSOaR'3, wherein R!J can be Cj-C6 alkyi, C|-C6 haloalkyl or aryl, 

wherein the aryl group can be substituted with 1 to 3 R!3a groups which can each 

independently be Cj-Q alkyi, halogen, or N02. 

[0013] In some embodiments, the present invention provides a method of preparing a 

compound of Formula Ilia: 

HN'^C02R11 

-N ^ ~ "" ^ (Ilia) , 

including the step of forming a first reaction mixture of Br~CH2~CO;;Rfa non-nucleophilic 

base, and a compound of Formula Va, under conditions suitable to form the compound of 

Formula Ilia, wherein the compound of Formula Ilia can be present at the kilogram scale, 

Group R11 of Formula Ilia and Br-CEh-CQsR11 can be CrCs alkyi, 

[0014] In some embodiments, the present invention provides a method of preparing a 

compound of Formula Ilia: 

HN*^CO2R11 

(llhi) , 

including the step of forming a first reaction mixture of QHC-CQ2Rn, a reducing agent, and 

a compound of Formula Va: 

NH, 
I 

^ (\ a) , 

under conditions suitable to form the compound of Formula Ilia, wherein group Rn can be 

Ci-C6 : 

[0015] In some embodiments, the present invention provides a method of preparing a 

compo und of Formula Ilia: 

HN^COzR11 

i J / \ 
(Ilia) , 

including the step of forming a first reaction mixture of HiN-CHi-COiR1*, a non-nueleophilic 

base, and a compound of Formula Via: 
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OHC^x'sss 
/ v 

"v^C-N 3 v/ (Via) . 

under conditions suitable to form an intermediate compound, The method also includes the 

step of forming a second reaction mixture of the intermediate compound and a reducing 

agent, under conditions suitable to form the compound of Formula Ilia, wherein R.n can be 

CI-CG alkyi. 

[0016] In some embodiments, the present invention provides a compound having the 

structure: 

HN"""CG2Et 9 
I J-k -OH * ® 2 H0 Y 

' ' 6 

.71 In some embodiments, the present, invention provides a method of preparing a 

compound having the structure: 

HN'^C02Et J 

S'~V""N"\ •2 H0' YOH 
KJ V-~/ 0 

including forming a reaction mixture of oxalic acid and a compound having the structure: 

HN"'^vC02et 

Snr-o 
under conditions suitable to prepare the salt, 

[00181 ln some embodiments, the present invention provides a method of preparing a 

compound of Formula Ila: 

NH2 

RlO-'^N*' -LG (Ila) , 

including forming a first reaction mixture of ammonia, a non-nucleophilic base, and a 

compound of Formula lib having the structure: 

CI 

Rl N LG 
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under conditions suitable to form the compound of Formula Ila, wherein R3 can be CrC& 

alkyi, and LG is a leaving group selected from halogen, -OH, or -OSO2R0, wherein Rf3 can 

be Ci-C6 alkyi, C .~C6 haloalkyl or aryl, wherein the aryl group can be substituted with 1 to 3 

RI3a groups which can each independently be CpCg alkyi, halogen, or NO2. 

[0019] In some embodiments, the present invention provides a compound of Formula He: 

R12 

N-VN0* 
R1 A 

O N LG (He) 

wherein RJ of Formula He can be Cj-Q, alkyi, LG is a leaving group selected from halogen, -

OH, or -0S02Rij, wherein IIscan be CrCc, alkyi, Cj-Cs haloalkyl or aryl, wherein the aryl 

group can be substituted with 1 to 3 Rl3a groups which can each independently be CrCf> 

alkyi, halogen, or NO2, R1' can be halogen, -OH or -NH2, subscript x can be 1 or 2, such that 

when R!i is ~NH2 and subscript x is 2, then LG is a halogen, 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] Figure 1 shows the preparation of the compound of Formula Ilia via alkylation of 

the compound of Formula Va. 

[0021] Figure 2 shows the preparation of the compound of Formula Ilia via reductive 

animation with the compound of Formula Va. 

[0022] Figure 3 shows the preparation of the compound of Formula Ilia via reductive 

amination with the compound of Formula Via, wherein the compound of Formula Via is 

prepared from 3-bromo-benzaldehyde reductive amination using pyrrolidine, followed by 

Grignard reaction with dimefhylfonnamide to install the aldehyde. 

[0023J Figure 4 shows the preparation of the compound of Formula Ilia via reductive 

amination with the compound of Formula Via. where the compound of Formula Via is 

prepared by reduction of the eyano precursor. 

[0024J Figure 5 show s the preparation of the compound of Formula lie from the dihydroxy 

deri vati ve by first nitrating the 5-position of the pyrimdine ring, conversion of the 4,6-

hydroxy groups to chloro groups, and then conversion of one chloro group to an amine. 
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[0025] Figure 6 shows the preparation of the compound of Formula I by co upling the 

compound of Formula II having a chloro leaving group, with the bis-oxalate salt of the 

compound of Formula III, followed by ring closure using Zn/HOAc. 

[0026] Figure 7 shows the preparation of the compound of Formula I by coupling the 

compound of Formula II having an -O-tosyl leaving group formed in situ with tosyl-chloride 

and 2,4,6-collidine, with the bis-oxalate salt of the compound of Formula III, followed by 

ring closure using Raney/NL Preparation of the compound of Formula II is also shown. 

[0027] Figure 8 shows the preparation of the compound of Formula I by coupling the 

compound of Formula II having a chloro leaving group , with the compound of Formula III, 

followed by ring closure using Raney/Ni. Preparation of the compound of Formula III is also 

shown, 

DETAILED DESCRIPTION OF THE INVENTION 

L GENERAL 

{0028] The present invention provides a method of making compounds of Formula I, such 

as 4-amino-2-butoxy-8-(3-(pyrrolidin-l-yIn3ethyl)henzyl)-7,8-dihydropteridin-6(5H)-one. 

Several different methods can be used. For example, compounds of Formula II, such as 2-n-

butoxy~6-chloro-5-nitropyrimidin-4-amine, can be combined with compounds of Formula III, 

such as, ethyl N-(3-pyrrolidin-l -ylmetbyl)ben2yl glycinate bis-oxalate, to form intermediates 

of Formula IV, which are then modified to form the compounds of Formula I. The present 

invention also provides methods for preparing the compounds of Formula II, Formula III and 

Formula IV. 

XL DEFINITIONS 

[0029] "Forming a reaction mixture" refers to the process of bringing into contact at least 

two distinct species such that they mix together and can react. It should be appreciated, 

however, the resulting reaction product can be produced directly from a reaction between the 

added reagents or from an intermediate from one or more of the added reagents which can be 

produced in the reaction mixture. 
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[0030] "Non-nucleophilie base" refers to an electron donor, a Lewis base, such as nitrogen 

bases including triethylamine, diisopropyiethyl amine, N,N~diethylaniline, pyridine, 2,6-

lutidine, 2,4,6~colHdine, 4-dimetliylaminopyridine, and quiiTuelidme. 

[0031] "Solvent" refers to a substance, such as a liquid, capable of dissolving a solute. 

Solvents can be polar or non-polar, protic or aprotic. Polar solvents typically have a 

dielectric constant greater than about 5 or a dipole moment above about 1.0, and non-polar 

solvents have a dielectric constant below about 5 or a dipole moment below about 1.0. Protic 

solvents are characterized by having a proton available for removal, such as by having a 

hydroxy or carboxy group. Aprotic solvents lack such a group. Representative polar protic 

solvents include alcohols (methanol, ethanol, propanol, isopropanol, etc.), acids (formic acid, 

acetic acid, etc.) and water. Representative polar aprotic solvents include dichlorornethane, 

chloroform, tetrahydrofuran, diethyl ether, acetone, ethyl acetate, dimethylformamide, 

acetonitrile and dimethyl sulfoxide. Representative non-polar solvents include alkanes 

(pentanes, hexanes, etc.), cycloalkanes (cyclopentane, cyelohexane, etc.), benzene, toluene, 

and 1,4-dioxane. Other solvents are useful in the present invention. 

[0032] "Reducing agent" refers to an agent capable of reducing an atom from a higher 

oxidation state to a lower oxidation state. Reducing agents can include, hut are not limited to, 

zinc, iron, Raney nickel, sodium sulfide, sodium dithionite, ammonium sulfide, palladium on 

carbon, and hydrogen donors such as lithium aluminum hydride, sodium borohydride and 

sodiumtriacetoxyborohydride, 

[0033] "Leaving group" refers to groups that maintain the bonding electron pair during 

heterolytic bond cleavage. For example, a leaving group is readily displaced during a 

nucleophilic displacement reaction. Suitable leaving groups include, hut are not limited to, 

chloride, bromide, mesylate, tosvlate, triflate, 4-nitrobenzenesulfonate, 

4-chlorobenzenesulfonate, etc. One of skill in the art will recognize other leaving groups 

useful in the present invention. 

[0034] "Nitration agent" refers to a reagent capable of adding a nitro group, -NO?,, to a 

compound. Representative nitration agents include, but are not limited to, nitric acid. 

[0035] "Chlorination agent" refers to a reagent capable of adding a chloro group, -CI, to a 

compound. Representative chlorination agents include, but are not limited to, phosphorous 

oxychloride, thionyl chloride, oxalyl chloride and sulfuryl chloride. 
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[0036] "Alkvl" refers to a straight or branched acyclic hydrocarbon containing normal, 

secondary, or tertiary carbon atoms, For example, an alkyi group can have 1 to 20 carbon 

atoms (i.e, C3-C20 alkyi), 1 to 10 carbon atoms (i.e., C1-C10 alkyi), or 1 to 6 carbon atoms 

(i.e., Ci-Cf, alkyi), Alkyi can include any number of carbons, such as C1..2, C't-3, CM, C}_5, 

Cf-6, C3-7, Ci..g, Cj.<h C1-10, C2-3, C2.4, C2»5, C2-6, €3-4, C3.5, (J3..6, C4-5, C4-6 and CVe- Examples 

of suitable alkvl groups include, but are not limited to, methyl (Me, -CH.0, ethyl (Et, -

CH2CH3), 1 -propyl (n~Pr, n-propyl, -CH2CH2CH3), 2-propyl (i-Pr. i-propyl, -CH(CH3)2), 1 • 

butyl (n-Bu, n-butyl, -CH2CH2CH2CH3), 2-methyl~1 -propyl (i-Bu, i-butyl, ~CH2CH(CH3)2), 

2-butyl (s-Bu, s-butyl, -CH(CB3)CH2CH3)5 2-methyi-2-propyl (t~Bu, t-butyl. -C(€H3);;). 1-

pentyl (n-pentyl, -CH2CH2CH2CH2CH3), 2-pentyl (s-Pn, s-Pentyl, -CH(CH3)CH2CH2CH3), 

3-pentyl I- C"l 1(C I i .).•}, 2-methyl-2~butyl (t-Pn, f-PentyL ~C(CH3)2CH2CH3), 3-methyl-2-

butyl (neo-Pn, neo-Pentyl, -CH(CH3)CH(CH3)2), 3-methyl-1-butyl (-CfhCHaCl^Cl-kk), 2-

methyl-1 -butyl (-CHNCTf (Oi i ^CU^ lh). 1-hexyl (-CH2CH2CH2CH2CH2CH3), 2-hexyl 

(-CH.(CH3)CH2CH2CH2CH3), 3-hexyl(-CH(CH2CH3)(CH2CH2CH3)), 2-methyl-2-pentyl 

(-C(CH3)2CH2CH2CH3), 3-methyl-2-pentyl(-CH(CH3)CH(CH3)CH2CH3)} 4-methyl~2-pentyl 

(•(:H(C'l 1 ;)Ci I;Ci 1{CB 1)3). 3-mcthyl-3 -pentyl i-nCHulCIK'llihK 2-methyl~3-pentyl (-

CH(CH2CH3)CH(CH3)2), 2,3-dimethyl-2-butyl (-C(CH3)2CH(CH3)2), 3,3-diinethyl-2-butyl (-

CH(CH3)C(CH3)3, and octyl (-(CH^vCrh). 

[0037] "Alkenyf' refers to a hydrocarbon containing normal, secondary, or tertiary carbon 

atoms with at least one site of unsaturation, i.e, a carbon-carbon, sp2 double bond. For 

example, an alkenyl group can have 2 to 20 carbon atoms (i.e., C2-C20 alkenyl), 2 to 12 

carbon atoms (i.e., C2-Cj2 alkenyl), or 2 to 6 carbon atoms (i.e., C'2~C(, alkenyl). Examples of 

suitable alkenyl groups include, but are not limited to, ethenyl, vinyl (-CH~CH2), allyl 

(~CH2CH=CH2), and 5-hexenyl (-CH2CH2CH2CH2CH=CH2). 

[0038] "Alkynyl" refers to a hydrocarbon containing normal, secondary or tertiary carbon 

atoms with at least one site of unsaturation, i.e. a carbon-carbon, sp triple bond. For example, 

an alkynyl group can have 2 to 20 carbon atoms (i.e., C2-C2o alkynyl), 2 to 12 carbon atoms 

(i.e., C2-C12 alkyne), or 2 to 6 carbon atoms (i.e., C2-C6 alkynyl). Examples of suitable 

alkynyl groups include, but are not limited to, acetyl emc (~C=CH), propargyl (-CH2G=CH), 

and the like. 

[0039] "Alkylene" refers to a saturated, branched or straight chain hydrocarbon group 

having two monovalent radical centers derived by the removal of two hydrogen atoms from 
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the same or two different carbon atoms of a parent alkane, For example, an alkylene group 

can have 1 to 20 carbon atoms. 1 to 10 carbon atoms, or 1 to 6 carbon atoms. Typical 

alkylene groups include, but are not limited to, methylene (-CH?-), 1,1 -ethylene (-CH(CH3)-), 

1.2-ethylene (-CH2CH2-), 1,1-propylene (~CH(CH2CHB)~), 1,2-propylene (-CH2CH(CH.3)-), 

1.3-propylene (-CH2CH2CH2-), 1,4 -buiyiene (-CH2CH2CH2CH2-), and the like, 

[0040j "Alkenylene" refers to an unsaturated, branched or straight chain hydrocarbon 

group having two monovalent radical centers derived by the removal of two hydrogen atoms 

from the same or two different carbon atoms of a parent alkene. For example, and alkenylene 

group can have 1 to 20 carbon atoms, 1 to 10 carbon atoms, or 1 to 6 carbon atoms. Typical 

alkenylene groups include, hut are not limited to, 1,2-ethylene (~CH=CH-). 

[0041j "Alkynylene" refers to an unsaturated, branched or straight chain hydrocarbon 

group having two monovalent radical centers derived by the removal of two hydrogen atoms 

from, the same or two different carbon atoms of a parent alkyne. For example, an alkynylene 

group can have 1 to 20 carbon atoms, 1 to 10 carbon atoms, or 1 to 6 carbon atoms. Typical 

alkynylene groups include, but are not limited to, acetylene (-0=C-), propargylene 

(-CH2O2C-), and 4-pentynylene (-CH2CH2CH2(>C--). 

[0042] "Alkoxy" refers to a group having the formula -O-alkyl, in which an alkyi group, as 

defined above, is attached to the parent molecule via an oxygen atom. The alkyi portion of 

an alkoxv group can have 1 to 20 carbon atoms (i.e., CS-CJO alkoxy), 1 to 12 carbon atoms 

(i.e., C1-C12 alkoxv), or 1 to 6 carbon atoms(i.e.„ C;-C6 alkoxy). Examples of suitable alkoxy 

groups include, but are not limited to, metboxy (-O-CH3 or-QMe), ethoxv (-OCH2CH3 

or -QEt), t-butoxy (-O-CfCHjjj or -OtBu), and the like. 

[0043] "Halogen" refers to F, CL Br, or L 

[0044] "Haloalkyl"' refers to an alkyi group, as defined above, in which one or more 

hydrogen atoms of the alkyi group is replaced with a halogen atom. The alkyi portion of a 

haloalkyl group can have 1 to 20 carbon atoms (i.e., C;~C2o haloalkyl), 1 to 12 carbon 

atoms(i.e., CrCi2 haloalkyl), or 1 to 6 carbon atoms (i.e., C]-C6 alkyi). Examples of suitable 

haloalkyl groups include, but are not limited to, -CF3, -CHF2, -CFH2, -CH2CF3, and the like. 

[0045] "Haloalkoxy" refers to a group -QRa, where Ra is a haloalkyl group as herein 

defined. As non-limiting examples, haloaikoxy groups include -OCH2F, -OCHF2) and -

OCF3. 
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[0046] "Heteroalkyl" refers to an alkyi group where one or more carbon atoms have been 

replaced with a heteroatom, such as, O, N, or S. For example, if the carbon atom of the alkyi 

group which is attached to the parent molecule is replaced with a heteroatom (e.g., Q, N, or 

S) the resulting heteroalkyl groups are, respectively, an alkoxy group (e.g., -OCH3, etc.), an 

amine (e.g., -NHCH3, -N(CH3)2, and the like), or a thioalkyl group (e.g., -SCH3), If a non­

terminal carbon atom of the alkyi group which is not attached to the parent molecule is 

replaced with a heteroatom (e.g., O, N, or S) and the resulting heteroalkyl groups are, 

respectively, an alkyi ether (e.g., -CH2CH2-O-CH3, etc.), an alkyi amine 

(e.g., -CH2NHCH3, ~CH2N(CH3)2, and the like), or a thioalkyl ether (e.g,,-CH2-S-CH3). If a 

terminal carbon atom of the alkyi group is replaced with a heteroatom (e.g., Q, N, or S), the 

resulting heteroalkyl groups are, respectively, a hydroxyalkyl group (e.g., -CH2CH2-OH), an 

aminoalkyl group (e.g., -CH2NH2), or an alkyi thiol group (e.g., -CH2CH2-SH). A 

heteroalkyl group can have, for example, 1 to 20 carbon atoms, 1 to 10 carbon atoms, or 1 to 

6 carbon atoms. A Cj-Cg heteroalkyl group means a heteroalkyl group having 1 to 6 carbon 

atoms. 

[0047] "Heteroalkylene" refers to a heteroalkyl group having two monovalent radical 

centers derived by the removal of two hydrogen atoms from the same or two different atoms 

of a parent heteroalkane. For example, a heteroalkylene group can have 1 to 20 carbon 

atoms, 1 to 10 carbon atoms, or 1 to 6 carbon atoms. 

[0048] "Carbocycle" or "carbocycly!" or "cyeloalkyl" refers to a saturated, partially 

unsaturated, non-aromatic ring having from 3 to 20 ring atoms. For example, the carboeycle 

can have 3 to 7 carbon atoms as a monocycle, 7 to 12 carbon atoms as a bicycle, and up to 

about 20 carbon atoms as a polycyele. Monocyclic carbocycles have 3 to 6 ring atoms, still 

more typically 5 or 6 ring atoms. Bicyclic carbocycles have 7 to 12 ring atoms, e.g., arranged 

as a bicyclo (4,5), (5,5), (5,6) or (6,6) system, or 9 or 10 ring atoms arranged as a bicyclo 

(5,6) or (6,6) system. Carbocycles includes non-aromatic mono-, bi-, and poly-cyclic rings, 

whether fused, bridged, or spi.ro. Carbocycle can include any number of carbons, such as 

Cj.f,, €4-6, C5-6, C3.8, C«, C5.8, Cft-s, C3-Q, C340, C3.it, and C3-12. Saturated monocyclic 

carbocycle rings include, for example, cyclopropyl, cyclohutyl, eyelopentyl, cyclohexyl, and 

cyclooctyl. Saturated bi cyclic and polycyclic carbocycle rings include, for example, 

norbornane, [2.2.2] bicyclooctane, decahydronaphthalene and adamaniane. Carbocycle 

groups can also be partially unsaturated, having one or more double or triple bonds in the 

ring. Representative carbocycle groups that are partially unsaturated include, but are not 
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limited to, cyclobutene, cyelopentene, cyclohexene, cyclohexadiene (1,3- and 1,4-isomers), 

cycloheptene, eycloheptadiene, cyclooctene, cyclooctadiene (1,3~, 1,4- and 1,5-isomers), 

norbomene, and norbornadiene. When carbocycle is a saturated monocyclic C3-S carbocycle, 

exemplar>? groups include, but are not limited to cyclopropyl, cyclobutyl, eyelopentyl, 

cyclohexyl, cycloheptyl and cyclooctyi. When carbocycle is a saturated monocyclic 

C3-6 carbocycle, exemplary groups include, but are not limited to cyclopropyl, cyclobutyl, 

eyelopentyl. and cyclohexyl. Carbocycle groups can be substituted or unsubstituted, 

[0049] "Carbocyclylene" refers to a carbocyclyl or carbocycle as defined above having two 

monovalent radical centers derived by the removal of two hydrogen atoms from the same or 

two different carbon atoms of a parent carbocyclyl. 

|0050] "Carbocyclylalkyl" refers to an acyclic alkyi group in which one of the hydrogen 

atoms bonded to a carbon atom, typically a terminal or sp3 carbon atom, is replaced with a 

carbocyclyl group as defined above. Typical carbocyclylalkyl groups include, but are not 

limited to the cycloalkylalkyl groups such as cyclopropyimethyl, cyelobutylethyl, 

cyclohexylmethyl and the like. The cycloalkylalkyl group can comprise 4 to 20 carbon 

atoms, e.g., the alkyi moiety is 1 to 6 carbon atoms and the cycloaikyl group is 3 to 14 carbon 

atoms. 

[0051] "Carbocyclylheteroalkyl" refers to a heteroalkyl as defined herein, in which a 

hydrogen atom, which may be attached either to a carbon atom or a heteroatom, has been 

replaced with a carbocyclyl group as defined herein. The carbocyclyl groups can be bonded 

to a carbon atom of the heteroalkyl group, or to a heteroatom of the heteroalkyl group, 

provided that the resulting carbocyclylheteroalkyl group provides a chemically stable moiety. 

[0052] "Heterocycle" or "heterocyclyP or "heterocycloalkyl" as used herein includes by 

way of example and not limitation those heterocycles described in Paquette, Leo A.: 

Principles of Modern Heterocyclic Chemistry (W.A, Benjamin, New York, 1968), 

particularly Chapters 1,3,4, 6, 7, and 9; The Chemistry of Heterocyclic Compounds, A 

Series of Monographs" (John Wiley & Sons, New York, 1950 to present), In particular 

Volumes 13, 14, 16, 19, and 28; and J. Am. Chem, Soc. (1960) 82:5566. In one specific 

embodiment of the invention '"heterocycle" includes a "carbocycle" as defined herein, 

wherein one or more (e.g. 1,2,3, or 4) carbon atoms have been replaced with a heteroatom 

(e.g. O, N. P or S). The terms "heterocycle" or "heterocyclyl" includes saturated rings, and 
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partially unsaturated rings, Heterocycles includes non-aromatic mono-, bi-, and poly-cyclic 

rings, whether fused, bridged, or spiro, 

[0053] Heterocycle groups can include any number of ring atoms, such as, 3 to 6, 4 to 6, 

5 to 6, 3 to 8, 4 to 8, 5 to 8, 6 to 8, 3 to 9, 3 to 10, 3 to 11, or 3 to 12 ring members, Other 

suitable sizes of heterocycle groups include 3 to 20 ring atoms, 3 to 18, or 3 to 15 ring atoms. 

Any suitable number of heteroatoms can be included in the heterocycle groups, such as 1, 2, 

3, or 4, or 1 to 2, 1 to 3, 1 to 4, 2 to 3, 2 to 4, or 3 to 4. The heterocycle group can include 

groups such as aziridine, azetidine, pyrrolidine, piperidine, azepane, azoeane, quinuclidine, 

pyrazolidine, imidazolidine, piperazine (1,2-, 1,3- and 1,4-isomers), oxirane, oxetane, 

tetrahydrofuran, oxane (tetrahydropyran), oxepane, thiirane, thietane, thiol ane 

(tetrahydrothiophene), thiane (tetrahydrothiopyran), oxazolidine,. isoxazolidine, thiazolidine, 

isothiazolidine, dioxolane, dithiolane, morpholine, thiomorpholine, dioxane, or dithiane. The 

heterocycle groups can also be fused to aromatic or non-aromatic ring systems to form 

members including, but not limited to, indoline. Heterocycle groups can be unsubstituted or 

substituted. For example, heterocycle groups can be substituted with Cu, alkyi or oxo (=0), 

among many others. 

[0054] 'When heterocycle includes 3 to 8 ring members and 1 to 3 heteroatoms, 

representative members include, but are not limited to, pyrrolidine, piperidine, 

tetrahydrofuran, oxane, tetrahydrothiophene, thiane, pyrazolidine, imidazolidine, piperazine, 

oxazolidine, isoxazolidine, thiazolidine, isothiazolidine, morpholine, thiomorpholine, dioxane 

and dithiane. Heterocycle can also form a ring having 5 to 6 ring members and 1 to 2 

heteroatoms, with representative members including, but not limited to, pyrrolidine, 

piperidine, tetrahydrofuran, tetrahydrothiophene, pyrazolidine. imidazolidine, piperazine, 

oxazolidine, isoxazolidine, thiazolidine, isothiazolidine, and morpholine. 

{0055] "Heterocyclylene" refers to a heterocyclyl or heterocycle as defined above having 

two mono valent radical centers derived by the removal of two hydrogen atoms from the same 

or two different atoms of a parent heterocyclyl. 

[0056] "Heterocydylalkyi" refers to an acyclic alkyi group in which one of the hydrogen 

atoms bonded to a carbon atom, typically a terminal or sp3 carbon atom, is replaced with a 

heterocyclyl group (i.e., a heteroeyclyl-alkylene- moiety). Typical heterocyclyl alkyi groups 

include, but are not limited to heterocyclyl-CHj-, 2-(heterocyelyl)ethan-1 -yl, and the like, 

wherein the "heterocyclyl" portion, includes any of the heterocyclyl groups described above, 
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including those described in Principles of Modem Heterocyclic Chemistry. One skilled in the 

art will also understand that the heterocyclyl group can be attached to the alkyi portion of the 

heterocyclyl alkyi by means of a carbon-carbon bond or a carbon-heteroatom bond, with the 

proviso thai the resulting group is chemically stable. Thus, the heterocyclylalkyl group can 

have from 4 to 20 carbon and heteroatoms. The heterocyclyl alkyi group comprises 2 to 20 

carbon atoms, e.g., the alkyi portion of the arylalkyl group comprises 1 to 6 carbon atoms and 

the heterocyclyl moiety comprises 1 to 14 carbon atoms. Examples of heterocyelylalkyls 

include by way of example and not limitation 6-membered sulfur, oxygen, and/or nitrogen 

containing heterocycles such as piperidmyJmethy!, piperazinylmethyl, morpholinylmelhyl, 

and the like. 

j'9057J "l-Ieterocyclylheteroalkyl" refers to an acyclic heteroalkyl group defined above in 

which one of the hydrogen atoms bonded to a carbon or heteroatom. is replace with a 

heterocyclyl group. The heterocyclylheteroalkyl group can comprise 6 to 20 atoms, e.g., the 

heteroalkyl moiety is 2 to 6 atoms and the heterocyclyl moiety is 5 to 12 atoms. 

10058) "Aryl" refers to an aromatic ring system having any suitable number of ring atoms 

and any suitable number of rings. Aryl groups can include any suitable number of ring 

atoms, such as, 6, 7, 8, 9, 10, 11, 12, 13, .14,15 or 16 ring atoms, as well as from 6 to 10, 6 to 

12, or 6 to 14 ring members. Aryl groups can be monocyclic, fused to form bicyclic or 

tricyclic groups, or linked by a bond to form a biaryl group. Representative aryl groups 

include phenyl, naphthvl and biphenyl. Other aryl groups Include benzyl, having a methylene 

linking group. Some aryl groups have from 6 to 12 ring members, such as phenyl, naphthyl 

or biphenyl. Other aryl groups have from 6 to 10 ring members, such as phenyl or naphthyl. 

Some other aryl groups have 6 ring members, such as phenyl. 

J0059] "Aryiene" refers to an aryl as defined above having two monovalent radical centers 

derived by the removal of two hydrogen atoms from the same or two different carbon atoms 

of a parent aryl Typical aryiene groups include, but are not limited to, phenylene. 

[0060] "Arylalkyl" refers to an acyclic alkyi group in which one of the hydrogen atoms 

bonded to a carbon atom, typically a terminal or sp3 carbon atom, is replaced with an aryl 

group, Typical arylalkyl groups include, but are not limited to, benzyl, 2-phenyl ethan~l ~yls 

naphthylmethyl, 2-naphthylethan-l-yl, naphtbobenzyl, 2-naphthophenylethan~I-yl and the 

like. The arylalkyl group can comprise 6 to 20 carbon atoms, e.g., the alkyi moiety is 1 to 6 

carbon atoms and the aryl moiety is 6 to 14 carbon atoms. 
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|CK>61) "Arylheteroalkyl" refers to a heteroalkyl as defined herein, in which a hydrogen 

atom, which may be attached either to a carbon atom or a heteroatom, has been replaced with 

an aryl group as defined herein. The aryl groups may be bonded to a carbon atom of the 

heteroalkyl group, or to a heteroatom of the heteroalkyl group, provided that the resulting 

arylheteroalkyl group provides a chemically stable moiety. For example, an arylheteroalkyl 

group can have the general formulae -alkylene-O-aryl, -alkylene-O-alkylene-aryl, -alkyiene-

NH-aryl, -alkylene-NH-alkylene-aryl, -alkylene-S-aryl, -alkylene-S-alkylene-aryl, and the 

like. In addition, any of the alkylene moieties in the general formulae above can be further 

substituted with any of the substituents defined or exemplified herein. 

[0062] "Heteroaryl" refers to a monocyclic or fused bieyclie or tricyclic aromatic ring 

assembly containing 5 to 16 ring a toms, where from 1 to 5 of the ring atoms are a heteroatom 

such as N, O or S. Additional heteroatoms can also be useful, including, but not limited to, 

B, Al, Si and P. The heteroatoms can also be oxidized, such as, but not limited 

to, -5(Q)~ and -S(0)2~. Heteroaryl groups can include any number of ring atoms, such as, 

3 to 6, 4 to 6, 5 to 6, 3 to 8, 4 to 8, 5 to 8, 6 to 8, 3 to 9, 3 to 10, 3 to 11, or 3 to 12 ring 

members. Any suitable number of heteroatoms can be included in the heteroaryl groups, 

such as 1,2. 3, 4, or 5, or 1 to 2, 1 to 3, 1 to 4, 1 to 5, 2 to 3, 2 to 4, 2 to 5, 3 to 4, or 3 to 5. 

Heteroaryl groups can have from 5 to 8 ring members and from 1 to 4 heteroatoms. or from 5 

to 8 ring members and from 1 to 3 heteroatoms. or from 5 to 6 ring members and from 1 to 4 

heteroatoms, or from 5 to 6 ring members and from .1 to 3 heteroatoms. The heteroaryl group 

can include groups such as pyrrole, pyridine, imidazole, pyrazole, triazole, tetrazole, 

pyrazine, pyrimidine, pyridazine, triazine (1,2,3-, 1,2,4- and 1,3,5-isomers), thiophene, furan, 

thiazole, isothiazole. oxazole, and isoxazole. The heteroaryl groups can also be fused to 

aromatic ring systems, such as a phenyl ring, to form members including, but not limited to, 

benzopyrroles such as indole and isoindole, benzopyridines such as quinoline and 

Isoquinoline, benzopyrazine (quinoxaline), benzopyrimidine (quinazoiine), benzopyridazines 

such as phthalazine and cinnoline, henzothiophene, and benzoforan. Other heteroaryl groups 

include heteroaryl rings linked by a bond, such as bipyridine. Heteroaryl also includes 

monovalent aromatic heterocyclyl comprising an aryl moiety and a heteroaryl group. Non. 

limiting examples of these heteroaryls are: 
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TV-O \j==/ 

V'NH 

"Heteroarylalkyl" refers to an alkyi group, as defined herein, in which a hydrogen 

atom has been replaced with a heteroaryl group as defined herein. Non-limiting examples of 

heteroaryl alkyi include -CH2-pyridinyl, -CHa-pyrrolyl, -CHh-oxazolyl, -CH2-indolyl, -CH2-

isoindolyS, -CKb-purinyL -CH2-furanyL -CH^-thienyl, -CHi-benzofuranyl, -CH2-

benzothiophenyi -CH2-carbazolyl, -CH2Tmidazolyl, -CHj-thiazolyl, -CHs-isoxazolvl, -CH2-

pyrazolyl, -CHi-isothiazoly], -CHj-quinolyL -CH2-isoquinolyl, -CHj-pyridazyl, -CH2-

pyrimidyl, -Cfb-pyrazyl, -CH(CH3)-pyridinyl, -CH(CH3)-pyrro!yl, -C.H(CH3)~oxazolyl, -

CH(CH3)-indolyl, -CH(CH3)-isoindolyl, -CH(CH3)-purinyl, -CH(CH3>furanyl, -CH(CH3)-

thienyl, -CH(CH3)-benzofuranyl} -CH(CH3)-benzothiophenyl5 -CH(CH3)-carbazolyl, -

CH(CH3)-imidazolyl, -CH(CH3)-thiazolyl, -CH(CH3)-isoxazolyl, -CH(CH3)-pyrazolyl} -

CH(CH3)-isothiazo3yl, -CH(CH3)-quinolyl, -CH(CH3)-isoquinolyI, -CH(CH3)~pyrida2yl, -

CH(CH3)~pyrimidyl, -CH(CH3)~pvra;zyl, and the like. 

"HeteroarylheteroalkyT refers to a heteroalkyl group, as defined herein, in which a 

hydrogen atom has been replaced with a heteroaryl group as defined herein. The 

heteroarylheteroalkyl group can comprise 6 to 20 atoms, e.g., the heteroalkyl moiety is 2 to 6 

atoms and the heteroaryl moiety is 5 to 12 atoms. 

"Amino'' refers to an -NR'R" group, where R' and R" can be any suitable 

substituent, such as hydrogen or alkyi, 

"•Ammonia" refers to 

[0067] "Azido" refers to --N-N'-N" or -N-s 

"Cvano" refers to -CM, 

•'Hydroxyl" refers to -OH, 

;<Nitro" refers to -N02. 
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[0071J "Aldehyde" refers to -CHO or -C(0)H, and can be written in reverse for chemical 

structures: "OHC-" or "H(0)C-". 

[0072] "Ketone" refers to -COR or ~-C(0)R, and can be written in reverse for chemical 

structures: "ROC-" or "R(0)C-'\ 

[0073] "Ester" refers to -CO2R or -C(0)0R, and can be written in reverse for chemical 

structures: "ROiC-" or "RD(0)C~". 

[0074] "Kilogram scale" refers to a reaction performed where at least one of the reagents 

used is in an amount of at least 1 kilogram. 

HI. COMPOUNDS 

[0075] The methods of the present invention can be used to prepare compounds of 

Formula I: 

[0076] In some embodiments, groups Z-Y of Formula I can be -CR4R5-, -CR4R"-CR4R5-, -

C(0)CR4R5-, -CR4R5C(OK -NRsC(0)~, -C(0)NR8~, -CR4R5S(0)2", or -CRS=CR5-. In some 

embodiments, groups Z-Y of Formula I can be -CR4RS- or -CR4R5-CR4R5-. In some 

embodiments, groups Z-Y of Formula I can be -CP/E"'-. In some embodiments, groups Z~Y 

of Formula I can be -CH2-5 -CH(CH-})- ox -CH2CH2-. In some embodiments, groups Z-Y of 

Formula I can be -CH?-. 

[0077] In some embodiments, group L1 of Formula I can be -NRS-, -Q-, ~S~, ~S(()}2-, -S(Q)-

, or a covalent bond. In some embodiments, group Ll of Formula 1 can be -NR8-, -O-, or a 

covalent. bond. In some embodiments, group L1 of Formula I can be -NR8-, or -0-. In some 

embodiments, group L1 of Formula I can be ~NH~ or -0-. In some embodiments, group L1 of 

Formula 1 can be -0~. 

[0078] In some embodiments, group R3 of Formula I can be alkyi, substituted alkyi, 

haloalkyl, alkenyl, substituted alkenyl, alkynyl, substituted alkynyl, heteroalkyl, substituted 

heteroalkyl, carbocyclyl, substituted carbocyclyl, carbocyclylalkyl, substituted 

(R i3-

(I) 
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carbocyclylalkyl, heterocyclyl, substituted heterocyclyl. heterocyelylalkyl, or substituted 

heterocyclylalkyl, arylalkyl, substituted arylalkyl, heteroarylalkyl, substituted heteroarylaikyl, 

carbocyclylheteroalkyl, substituted carbocyclylheteroalkyl, heterocyclyl heteroalkyl, 

substituted heierocyclylheteroalkyl, arylheteroalkyl, substituted arylheteroalkyl, 

heteroarylheteroalkyl, or substituted heteroarylheteroalkyl. In some embodiments, group R1 

of Formula I can be Cf-C6 alkyi, substituted CrCg alkyi, CrQ, haloalkyl, C2-C6 alkenyl, 

substituted C2-C6 alkenyl, C2-C6 alkynyl, substituted C2-C6 alkynyl, CJ-CG heteroalkyl, 

substituted CrQ heteroalkyl, C3-C20 carbocyclyl, substituted C3-C20 carbocyclyl, C4-C20 

carbocyclylalkyl, substituted C4-C20 carbocyclylalkyl, CS-CJO heterocyclyl, substituted C3-C20 

heterocyclyl, C4-C20 heterocyclylalkyl, or substituted C4-C20 heterocyclylalkyl, €<,-€20 

arylalkyl, substituted C(s-C:>o arylalkyl, CVC^o heteroarylalkyl, substituted €{,-CN.-i 

heteroarylalkyl, C4-C20 carbocyclylheteroalkyl, substituted C4-C20 carbocyclylheteroalkyl, 

C4-C20 heterocyclyl heteroalkyl, substituted C4-C20 heterocyclyl heteroalkyl, Q-C20 

arylheteroalkyl, substituted C6-C2o arylheteroalkyl, C6-C20 heteroarylheteroalkyl, or 

substituted CVC20 heteroarylheteroalkyL 

[0079] In some embodiments, group R1 of Formula I can be alkyi, substituted alkyi, 

haloalkyl, alkenyl, substituted alkenyl, alkynyl, substituted alkynyl, substituted or 

unsubstituted. Cj-Ce heteroalkyl containing one or more heteroatoms (selected from N, O, or 

S), cyclopropyl, substituted cyclopropyl, cyclobutyl, substituted cyclobutyl, eyelopentyl, 

substituted eyelopentyl, cyclohexyl, substituted cyclohexyl, bicyclo[3.1.OJcyclohexyl, 

tetrahydropyranyl, substituted tetrahydropyranyl, furanyl, substituted furanyl, pyrrolidinyl, or 

substituted pyrrolidinyl. In some embodiments, the group R1 of Formula I can be alkyi, 

substituted alkyi, Ci-C6 substituted or unsubstituted heteroalkyl containing one or more 

heteroatoms (selected from N, O and S), cyclopropyl, substituted cyclopropyl. cyclobutyl, 

substituted cyclobutyl, eyelopentyl, substituted eyelopentyl, cyclohexyl, substituted 

cyclohexyl, bicyclo[3.1,0]cyclohexyl, tetrahydropyranyl, substituted tetrahydropyranyl, 

furanyl, substituted furanyl, pyrrolidinyl, or substituted pyrrolidinyl In some embodiments, 

group R! of Formula I can be alkyi, substituted alkyi, haloalkyl, alkenyl, substituted alkenyl, 

alkynyl, substituted alkynyl, CrQ, substituted or unsubstituted heteroalkyl containing one or 

more heteroatoms (selected from N, O, or S), cyclopropyl, substituted cyclopropyl, 

cyclobutyl, substituted cyclobutyl, eyelopentyl, substituted eyelopentyl, cyclohexyl, 

substituted cyclohexyl, bicyclo[3.1.0]cyclohexyL tetrahydropyranyl, substituted 

tetrahydropyranyl, foranyl, substituted furanyl, pyrrolidmy], or substituted pyrrolidinyl. 
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[0080] In some embodiments, group R1 of Formula I can be alkyi, In some embodiments, 

group R1 of Formula I can be Ct-Q, alkyi. In some embodiments, group R! of Formula I can 

be methyl, ethyl, n-propyl, iso-propyl, n-butyl, iso-butyl, sec-butyl, i-butyl, n-pentyl, tert-

pemtyl, neopeniyi. iso-pentvl, sec-pentyl, 3-pentyl hexyl, and 2-ethyl-hutyl. In some 

embodiments, group R1 of Formula I can be butyl. In some embodiments, group R1 of 

Formula I can be n~buty3. 

[0081] In some embodiments, group XJ of Formula I can be Ci-C6 alkylene, substituted C-;-

C6 alkylene, Ci-Cs heteroalkylene, substituted Cj-C6 heteroa3ky3ene, CrCs alkenylene, 

substituted C2-C& alkenylene, C2-C6 alkynylene, substituted C;>~C6 alkyrsylene, C3-C20 

carboeyclylene, substituted C3-C20 carbocyclylene, C3-C20 heterocyclylene, substituted C3-C20 

heterocyciylene, -NR8-, -O-, -C(0)~, -S(O)-, S(0>2~, or a bond. In some embodiments, group 

X1 of Formula 1 can be alkylene, substituted alkylene. heteroalkylene, substituted 

heteroalkylene, or a bond. In some embodiments, group X! of Formula I can be CpQ, 

alkylene, substituted €i~C6 alkylene, Ci-Ce heteroalkylene, substituted Ci-Cf, heteroalkylene, 

or a bond. 3n some embodiments, group X3 of Formula I can be alkylene. In some 

embodiments, group X1 of Formula I can be Ci~C(, alkylene. In some embodiments, group X1 

of Formula I can be Cj-Ce alkylene, C-i-Cg heteroalkylene or Ci-Cfi substituted 

heteroalkylene. In some embodiments, group X1 of Fonnula I can be CrQ, alkylene. In 

some embodiments, group X1 of Formula I can be -Ob - or -CH{CH3)-. In some 

embodiments, group X! of Formula I can be methylene. 

[0(182] In some embodiments, group D of Formula I can be carbocyclyl, substituted 

carbocyclyl, heterocyclyl or substituted heterocyclyl wherein the carbocyclyl, substituted 

carbocyclyl, heterocyclyl or substituted heterocyclyl can be substituted with, one or two -L2-

NR6R7, or D can be a heterocyclyl, substituted heterocyclyl, heteroaryl or substituted 

heteroaryl wherein the heterocyclyl, substituted heterocyclyl, heteroaryl or substituted 

heteroaryl comprises one to four nitrogen atoms. In some embodiments, group D of Formula 

I can be C3-C20 carbocyclyl, substituted C3-C20 carbocyclyl, C3-C20 heterocyclyl or 

substituted C3-C20 heterocyclyl wherein the carbocyclyl, substituted carbocyclyl, heterocyclyl 

or substituted heterocyclyl can be substituted with one or two -Li-NR6R', or D can be a C3-

C20 heterocyclyl, substituted C3-C20 heterocyclyl, C5-C20 heteroaryl or substituted C5-C20 

heteroaryl wherein the heterocyclyl, substituted heterocyclyl, heteroaryl or substituted 

heteroaryl comprises one to four nitrogen atoms. In some embodiments, group D of Formula 

1 can be carbocyclyl. substituted carbocyclyl, heterocyclyl or substituted heterocyclyl wherein 
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the carbocyclyl, substituted carbocyclyl, heterocyclyl or substituted heterocyclyl can he 

substituted with one or two ~L2-NR6R' groups. In some embodiments, group D of'Formula I 

can be phenyl, biphenyl, or pyridinyl, wherein the phenyl, biphenyl, or pyridinyl can be 
2 6 ^ substituted with one or two ~L -NR R', In some embodiments, group D of Formula 1 can be 

phenyl, biphenyl or pyridinyl, wherein the phenyl, biphenyl or pyridinyl can he substituted 

with ~L2~3MR6K'; or D can be pyridinyl, piperidinyi, piperazinyl or 1,2,3,4-

tetrahydroisoqxiinolinyl, wherein the pyridinyl, piperidinyi, piperazinyl or 1,2,3,4-

tetrahydroisoquinoliny! can be substituted with one or two -I/~NR°R7; or group D can be 

pyridinyl, piperidinyi, piperazinyl or 1,2,3,4-tetrahydroisoquinolinyl. In some embodiments, 

group D of Formula I can he phenyl or biphenyl, wherein the phenyl or biphenyl can be 

substituted with -I/-NR6R'. In some embodiments, group D of Formula I cars be phenyl, 

wherein the phenyl can be substituted with -L/'-NR6R'. 

|00S3] In some embodiments, each, group L2 of Formula I can independently he alkylene, 

substituted alkylene, heteroalkylene, substituted heteroalkylene, or a covalent bond. In some 

embodiments, each group L2 of Formula I can independently be Ci-C^ alkylene, substituted 

Cf-C6 alkylene, Ci-Cg heteroalkylene, substituted Cj-C-6 heteroalkylene, or a covalent bond. 

In some embodiments, group V of Formula I can be Cj-C6 alkylene or a covalent bond. In 

some embodiments, group L2 of Formula I can be alkylene. In some embodiments, group L2 

of Formula I can be C.-Cti alkylene. In some embodiments, group L2 of Formula I can be ~ 

CHr or -CH(CH3)-. In some embodiments, group I.2 of Formula I can be methylene. 

[0084J In some embodiments, each group RJ of Formula I can independently be halogen, 

cyano, azido, nit.ro, alkyi, substituted alkyi, hydroxyl, amino, heteroalkyl, substituted 

heteroalkyl, alkoxy, haloalkyl, haloalkoxy, -CHG, -C(0)0R8, -S(0)R8, ~S(0)2R8, -

C(0)NRf'R30, -N(.R.9)C(0)R8, carbocyclyl, substituted carbocyclyl, carbocyclylalkyl, 

substituted carbocyclylalkyl. alkenyl, substituted alkenyl, alkynyl, substituted alkynyl, -

S(0)2NRV°, -N(R9)S(0)2RS, -N(R9)S(0)20R10, -OS(O)2NR9Ri0. In some embodiments, 

each group R3 of Formula 1 can independently be halogen, cvano, azido, nitro, CrC6 alkyi, 

substituted C[-C6 alkyi, hydroxyl, amino, C}-C§ heteroalkyl, substituted CrCg heteroalkyl, 

Ci-C6 alkoxy, CrC6 haloalkyl, CrC6 haloalkoxy, -CHO, -C(0)0Rs, -S(0)R8, -S(0)2R8, -

C(0)NR9RK'. -N(R9)C(0)R8} carbocyclyl, substituted C-3-C2o carbocyclyl, C4-C20 

carbocyclyl alkyi, substituted GrC2Q carbocyclylalkyl, C2-C6 alkenyl, substituted C2-C6 

alkenyl, C2-C6 alkynyl, substituted C2-C6 alkynyl, -S(0)2NR'!'R50, -N(R9)S(0')2R8, -
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N(R9)S(O)2ORi0, -OS(O)2NR9R!0. In some embodiments, group R ' of Formula I can be 

cyano or -CHO. 

[0085] In some embodiments, group n of Formula I can be 0,1, 2, 3, 4 or 5. In some 

embodiments, group n of Formula I can be 0 or 1. In some embodiments, group n of Formula 

I can be 0, 

[0086] In some embodiments, each recitation of groups R4 and R5 of Formula I can each 

independently be H, alkyi, substituted alkyi, haloalkyl, heteroalkyl, substituted heteroalkyl, 

carbocyclyl, substituted carbocyclyl, carbocyclylalkyl, substituted carbocyclylalkyl, 

heterocyclyl, substituted heterocyclyl, heterocyclylalkyl, substituted heterocyclylalkyl, 

arylalkyl, substituted arylalkyl, heteroarylalkyl, substituted heteroarylalkyl, 

carbocyclylheteroalkyl, substituted carbocyclylheteroalkyl, heterocyclylheteroalkyl, 

substituted heterocyclylheteroalkyl, arylheteroalkyl, substituted arylheteroalkyl, 

heteroarylheteroalkyl, or substituted heteroarylheteroalkyl, cyano, azido, OR*, -C(0)H, ~ 

C(G)R8, -S(G)R8, -S(0)2RS, -C(Q)ORS, or -C(O)NR9Ri0; or R4 and R5, taken together with 

the carbon to which they are both attached, can form a carbocycle, substituted carbocycle, 

heterocycle or substituted heterocycle; or R4 and R5, when on the same carbon atom, can be 

taken together with the carbon to which they are attached to form -C(Q)- or -C(NR8)-; or two 

R4 or two R5 groups on adjacent carbon atoms when taken together with the carbons to which 

they are attached can form a 3 to 6 membered carbocycle, substituted carbocycle, heterocycle 

or substituted heterocycle. In some embodiments, each recitation of groups R4 and R5 of 

Formula I can each independently be H, Ci-Q alkyi, substituted Q-Q alkyi, Ci~C5 haloalkyl, 

Cj-Cf, heteroalkyl, substituted Ci-Cg heteroalkyl, C3-C20 carbocyclyl, substituted C3-C20 

carbocyclyl, C4-C20 carbocyclylalkyl, substituted C4-C20 carbocyclylalkyl, C3-C20 

heterocyclyl. substituted C3-C20 heterocyclyl, C4-C20 heterocyclylalkyl, substituted C4-C20 

heterocyclylalkyl, C-6-C20 arylalkyl, substituted C6-C2o arylalkyl, C6-C2o heteroarylalkyl, 

substituted C6-C2o heteroarylalkyl, C4-C20 carbocyclylheteroalkyl, substituted C4-C20 

carbocyclylheteroalkyl, C4-C20 heterocyclylheteroalkyl, substituted C4-C20 

heterocyclylheteroalkyl, C&-C20 arylheteroalkyl, substituted Q-Cbo arylheteroalkyl, C6-C20 

heteroarylheteroalkyl, or substituted C6-C20 heteroarylheteroalkyl, cyano, azido, OR8, -

C(0)H, -C(0)R8, ~S(Q)Rs, ~S(0)2R8, -C(0)0R8, or -C(O)NR9Ri0; or R4 and R5, taken 

together with the carbon to which they are both attached, ears form a C3-C20 carbocycle, 

substituted C3-C20 carboeycle, C3-C20 heterocycle or substituted C3-C20 heterocycle; or R4 and 

R5, when on the same carbon atom, can be taken together with the carbon to which they are 
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attached to form -C(O)- or ~C(NRS)~; or two R4 or two R J groups on adjacent carbon atoms 

when taken together with the carbons to which they are attached can form a 3 to 6 mernbered 

carbocycle, substituted carbocycle, heterocycle or substituted heterocycle, 

[0087J In some embodiments, each recitation of groups R4 and R5 of Formula I can each 

independently be H, alkyi, substituted alkyi, haloalkyl, C.-G, substituted or unsubstituted 

heteroalkyl containing one or more heteroatoms (selected from N, O, or S), cyano, azido, 

QRS, -C(0)H, -C(0)Rs, -S(0)R8, -S(0)2R8, ~C(0)GR8, or -C(G)NR9R!0. in some 

embodiments, each recitation of groups R'1 and R5 of Formula I can each independently be H 

or Ci-C-6 alkyi, or can be taken together with the carbon to which they are attached to form • 

C(Q)~ or a carbocycle. In some embodiments, each recitation of groups R4 and R3 of 

Formula I can each independently be H or Cj-Cg alkyi, or can be taken together with the 

carbon to which they are attached to form a carbocycle. In some embodiments, each 

recitation of groups R4 and R5 of Formula I can each independently be H or CrQ> alkyi In 

some embodiments, each recitation of groups R4 and R5 of Formula I can each independently 

be H or methyl, or can be taken together with the carbon to which they are attached to form 

cyclopropane. In some embodiments, each recitation of groups R4 and R5 of Formula I can 

each independently be H or methyl, in some embodiments, each recitation of groups R4 and 

R;> of Formula I can each independently be H, or taken together with the carbon to which they 

are attached can be -C(0)~ or cyclopropane. In some embodiments, groups R4 and R5 of 

Formula I can each independently be H, 

|0088] In some embodiments, each recitation of groups R6 and R7 of Formula I can each 

independently be H, alkvl, substituted alkyi, alkenyl, substituted alkenyl, alkynyl, substituted 

alkynyl, haloalkyl, heteroalkyl, substituted heteroalkyl, carbocyclyl, substituted carbocyclyl, 

carbocyclylalkyl, substituted carbocyclylalkyl, heterocyclyl, substituted heterocyclyl, 

heterocyclylalkyl, substituted heterocyclylalkyl, arylalkyl, substituted arylalkyl, 

heteroarylalkyl, substituted heteroarylalkyl, carbocyclylheteroalkyl, substituted 

carbocyclylheteroalkyl, heterocyclylheteroalkyl, substituted heterocyclylheteroalkyl, 

arylheteroalkyl, substituted arylheteroalkyl, heteroarylheteroalkyl, or substituted 

heteroarylheteroalkyl, -C(0)H, ~C(0)R8, -S(0)R8, ~S(0)2R8, -C(0)0R8, or -C(0)NR9R10, 

S(0)2NRVR10; or R6 and R', taken together with the nitrogen to which they are both attached, 

can form a substituted or unsubstituted heterocycle, which can contain one or more additional 

heteroatoms selected from N, O, P, or S; or R7 taken together with L2, and the N to which 

they are both attached, can form a substituted or unsubstituted 3 to 8 mernbered heterocycle 
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which can contain one or more additional heteroatoms selected from N, Q, S, and P, In some 

embodiments, each recitation of groups R6 and R' of Formula I can each independently he H, 

C,-C6 alkyi, substituted C.VQ, alkyi, Cj-Cg alkenyl, substituted C2-C(, alkenyl, C2-C6 alkynyl, 

substituted Ci-Ce alkynyl. Cj-C6 haloalkyl, Ci~C(, heteroalkyl, substituted Cj-Q, heteroalkyl, 

C3-C20 carbocyclyl, substituted Cx-Cyjj carbocyclyl C4-C20 carbocyclylalkyl, substituted C4-

C20 carbocyclylalkyl, C3-C20 heterocyclyl, substituted C3-C20 heterocyclyl, CU-C20 

heterocyclylalkyl, substituted C4-C20 heterocyclylalkyl, C6~C2o arylalkyl, substituted C6-C20 

arylalkyl, C.6-C20 heteroarylalkyl, substituted Cfi-Cjo heteroarylalkyl, C4-C20 

carbocyclylheteroalkyl, substituted C4-C20 carbocyclylheteroalkyl, C4-C20 

heterocyclylheteroalkyl, substituted C4-C20 heterocyclylheteroalkyl, C6-C20 arylheteroalkyl, 

substituted Q-C20 arylheteroalkyl, C(,~C2o heteroarylheteroalkyl, or substituted C6-C2o 

heteroarylheteroalkyl, -C(0)H, -C(0)R8, -S(0)R8, -S(0)2R8, -C(G)ORs, or ~C(0)NR9RK\ 

S(O)2NR9R!0: or R6 and R7, taken together with the nitrogen to which they are both attached, 

can form a substituted or unsubstituted C3-C20 heterocycle, which can contain one or more 

additional heteroatoms selected from N, O, P, or S; or R7 taken together with L2, and the N to 

which they are both attached, can form a substituted or unsubstituted 3 to 8 mernbered 

heterocycle which can contain one or more additional heteroatoms selected from N, O, S. and 

P, 

[0089] In some embodiments, each recitation of groups R" and R? of Formula I can each 

independently be H or alkyi; or R6 and R7 taken together with the nitrogen to which they are 

attached can form a substituted or unsubstituted 4-6 mernbered heterocycle comprising 0 to 2 

additional heteroatoms selected from N, O and S. In some embodiments, groups R6 and R'' of 

Formula I can be taken together with the nitrogen to which they are attached form an 

unsubstituted 4-6 mernbered heterocycle comprising 0 to 2 additional heteroatoms selected 

from N, O and. S. In some embodiments, groups R6 and R7 of Formula I can be taken 

together with the nitrogen to which they are attached to form an unsubstituted 4-6 mernbered 

heterocycle comprising 0 to 2 additional N heteroatoms. In some embodiments, groups R" 

and R' of Formula.! can be taken together with the nitrogen to which they are attached to 

form a heterocycle that can be pyrrolidine, piperidine, or piperazine. In some embodiments, 

groups R6 and R ' of Formula I can be taken together with the nitrogen to which they are 

attached to form a heterocycle that can be pyrrolidine or piperidine. In some embodiments, 

groups R6 and R/ of Formula I can be taken together with the nitrogen to which they are 

attached to form a heterocycle that can be pyrrol-dine. 



WO 2016/044183 PCT/US2015/050039 

[00901 ^ some embodiments, each recitation of group R8 of Formula I can be H, alkyi, 

substituted alkyi, haloalkyl, alkenyl, substituted alkenyl, alkynyl, substituted alkynyl, 

heteroalkyl, substituted heteroalkyl, carbocyclyl, substituted carbocyclyl, carbocyclylalkyl, 

substituted carbocyclylalkyl, heterocyclyl, substituted heterocyclyl, heterocyclylalkyl, 

substituted heterocyclylalkyl, arylalkyl, substituted arylalkyl, heteroarylalkyl, substituted 

heteroarylalkyl, carbocyclylheteroalkyl substituted carbocyclylheteroalkyl, 

heterocyclylheteroalkyl, substituted heterocyclylheteroalkyl, arylheteroalkyl, substituted 

arylheteroalkyl, heteroarylheteroalkyl, or substituted heteroarylheteroalkyl In some 

embodiments, each recitation of group R8 of Formula I can be H, Oj-Oa alkyi, substituted Cj-

Cf, alkyi, Ct~C(, haloalkyl, C2~C6 alkenyl substituted C2-Cg alkenyl, CZ-CG alkynyl, substituted 

Ca-Q, alkynyl, Cj-C-6 heteroalkyl, substituted Ci~C6 heteroalkyl C3-C20 carbocyclyl 

substituted C3-C20 carbocyclyl C4-C20 carbocyclylalkyl, substituted C4-C20 carbocyclylalkyl, 

C3-C20 heterocyclyl, substituted €3-020 heterocyclyl, C4-C20 heterocyclylalkyl, substituted Cr 

C20 heterocyclylalkyl, C6-C20 arylalkyl substituted C6-C20 arylalkyl, C&-C20 heteroarylalkyl, 

substituted C16-C.-2o heteroarylalkyl, C4-C20 carbocyclylheteroalkyl, substituted €4-020 

carbocyclylheteroalkyl, C4-C20 heterocyclylheteroalkyl, substituted C4-C20 

heterocyclylheteroalkyl, C6-C20 arylheteroalkyl, substituted C^-Oso arylheteroalkyl, C6-C20 

heteroarylheteroalkyl or substituted C6-C20 heteroarylheteroalkyl In some embodiments, 

group Rs of Formula I can be H, alkyi, substituted alkyi haloalkyl, alkenyl, substituted 

alkenyl, alkynyl, substituted alkynyl, or Oj-C-6 substituted or unsubstituted heteroalkyl 

containing one or more heteroatoms (selected from N, O, or S), In some embodiments, group 

R8 of Formula I can be H, CrC6 alkyi, substituted C\~C(} alkyi, Cj-Os haloalkyl CVCs 

alkenyl, substituted C2-C6 alkenyl, C2-C6 alkynyl, substituted C2-C6 alkynyl, or Ci-Os 

substituted or unsubstituted heteroalkyl containing one or more heteroatoms (selected from 

N, O, or S), 

[0091] In some embodiments, each recitation of groups R9 and Ri0 of Formula I can each 

independently be H, alkyi substituted alkyi alkenyl, substituted alkenyl, alkynyl, substituted 

alkynvi, haloalkyl, heteroalkyl substituted heteroalkyl, carbocyclyl, substituted carbocyclyl, 

carbocyclylalkyl substituted carbocyclylalkyl, heterocyclyl, substituted heterocyclyl 

heterocyclylalkyl, substituted heterocyclylalkyl arylalkyl substituted arylalkyl, 

heteroarylalkyl, substituted heteroarylalkyl, carbocyclylheteroalkyl substituted 

carbocyclylheteroalkyl heterocyclylheteroalkyl, substituted heterocyclylheteroalkyl 

arylheteroalkyl, substituted arylheteroalkyl heteroarylheteroalkyl, or substituted 

25 



WO 2016/044183 PCT/US2015/050039 

heteroarylheteroalkyl; or R9 and Rl0, taken together with the nitrogen to which they are both 

bonded, can form a substituted or unsubstituted heterocycle, In some embodiments, each 

recitation of groups Rv and R10 of Formula I can each independently be H, Cj-Cs alkyi 

substituted Cj-Cg alkyi, Cj-Q, alkenyl, substituted Ca-Cf, alkenyl, C2-C6 alkynyl, substituted 

C2-C6 alkynyl, CrQ, haloalkyl, CrC6 heteroalkyl, substituted Cj-CA heteroalkyl, C3-C20 

carbocyclyl, substituted C3-C20 carbocyclyl, C4-C20 carbocyclylalkyl substituted C4-C20 

carbocyclylalkyl, C3-C20 heterocyclyl substituted C3-C20 heterocyclyl, C4~C-?o 

heterocyclylalkyl substituted C4-C20 heterocyclylalkyl, Q-C20 arylalkyl, substituted C6-C20 

arylalkyl C6~C2o heteroarylalkyl substituted C<rC2o heteroarylalkyl, C4~C2o 

carbocyclylheteroalkyl, substituted C4-C20 carbocyclylheteroalkyl, C4-C20 

heterocyclylheteroalkyl, substituted C4-C20 heterocyclylheteroalkyl, Cg-Cao arylheteroalkyl, 

substituted C6-C20 arylheteroalkyl C&-C20 heteroarylheteroalkyl, or substituted Q-C20 

heteroarylheteroalkyl or R9 and R10, taken together with the nitrogen to which they are both 

bonded, can form a substituted or unsubstituted C3-C20 heterocycle. In some embodiments, 

each recitation of groups R and R' of Formula I can each independently be H, alkyi, 

substituted alkyi alkenyl substituted alkenyl, alkynyl, substituted alkynyl haloalkyl, CVQ, 

substituted or unsubstituted heteroalkyl containing one or more heteroatoms (selected from 

M, O, or S). In some embodiments, each recitation of groups K9 and R10 of Formula 1 can 

each independently be H, Cj-C6 alkyi, substituted Cj-C6 alky], C2-C6 alkenyl, substituted C2-

Cf, alkenyl, C2-C& alkynyl, substituted C2-Q alkynyl, Cj-Ce haloalkyl Ci-C& substituted or 

unsubstituted heteroalkyl containing one or more heteroatoms (selected from N, O, or S). 

(6092J In groups Z-Y, R5, R3, R4, R5, R6, R7, Rs, R9, R50, L2, X!, X2, and D of Formula I, 

each substituted alkyi, substituted alkenyl substituted alkynyl, substituted heteroalkyl, 

substituted carbocyclyl substituted carbocyclylalkyl, substituted heterocyclyl substituted 

heterocyclylalkyl, substituted arylalkyl, substituted heteroarylalkyl substituted 

carbocyclylheteroalkyl substituted heterocyclylheteroalkyl, substituted arylheteroalkyl 

substituted heteroarylheteroalkyl, substituted alkylene, substituted heteroalkylene, substituted 

alkenylene, substituted alkynylene, substituted carbocyclylene, or substituted heterocyclylene 

can independently be substituted with one to four substituents selected from -halogen, -R, -0~ 

, =0, -OR, -SR, -S-, -NR2, -N(+)R3, =NR, -C(halogen)3, -CR(halogen)2, -CR2(halogen), -CN, 

-OCN, -SON, -N=C=0, -NCS, -NO, -N02, =N2, -N3, -NRC(=0)R, -NRC(=O)0R, -

NRC(=0)NRR, -C(::::0)NRR., -C(=0)0R, -0C(=0)NRR, -0C(=0)0R, -U-0)R, -

S(-0}20R, -S(=0)2R, -0S(=0)20R, -S(=0)2NR, -S(=0)R, -NRS(=0)2R, -NRS(=0)2NRR, -

26 



WO 2016/044183 PCT/US2015/050039 

NRS(=0)20R, -0P(=0)(0R)2, -P(=0)(0R)2, -P(0)(0R)(0)R, -C(=0)R, -C{-S)RT -

C(=0)OR, -C(~S)OR; -C(=0)SR, •( (•• S)SR, -C(=0)NRR, •C(.r'S)NRR, -C(=NR)NRR, and 

NRC(=NR)NRR; wherein each R can independently be H, alkyi, cycloalkyl, aryl, arylalkyl 

or heterocyclyl 

In some embodiments, the compound of Formula I can he a compound of Formula 

I ' H Arv 
"WV 

-N. 

In some embodiments, the compound of Formula S can he a compound of Formula lb: 

^H2 H O 

V N 
-A, 7 O N N'Z 

X NR6R7 

(lb) . 
Groups Z-Y, R1, R6, R '. and X' of Formulas la and lb are as defined above for Formula I 

[0094J In some embodiments, the compound of Formula I, Formula la or Formula lb can 

have the striscture: 

^ O N 
r J 

Tj J m 
In some embodiments, the compound of Formula I, Formula la or Formula lb can have the 

structure: 

j H 
N" 

I ̂  

NH? 
H 
N„,-0 x ,. 

N" "N' 

1 J 
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NH2 
1 ,0 H 

^ A X ) 
" ^ O" N N 

L _ 
or (A-NJ _ 

In some embodiments, the compound of Formula I, Formula !a or Formula lb can have the 

structure: 

NH2 H 

vV 

x/ 

A -A , X) "N "M' 

In some embodiments, the compound of Formula I, Formula Ta or Formula lb can have the 

structure: 

NH2 

N' 
I " H 
A N -O 

11 ' N 

In some embodiments, the compound of Formula 1 can be a compound of Formula 

la, wherein group R1 can be alkvl. In some embodiments, group R! of Formula la can be 

Cj-C-6 alkyi. In some embodiments, group R' of Formula la can be methyl, ethyl, n-propyl, 

iso-propyl, n-butyl, iso-butyl, sec-butyl, t-butyl, n-pentyl, tert-pentyl, neopentyl, iso-pentyl, 

sec-pentyl, 3-pentyl, hexyl, and 2-ethyl~butyl. In some embodiments, group R1 of Formula la 

can be butyl. In some embodiments, group R1 of Formula la can be n-butyl. 

In some embodiments, the compound of Formula I can be a compound of Formula 

lb, wherein group R! can be alkyi, groups Z-Y can be -CR4R5- or -CR'tR5-CR4R5-, group X! 

can be alkylene, and groups R6 and R' can be taken together with the nitrogen to which they 

are attached form an unsubstituted 4-6 mernbered heterocycle comprising 0 to 2 additional N 

heteroatoms. In some embodiments, the compound of Formula I can be a compound of 

Formula lb, wherein group R1 can be CrC6 alkyi, groups Z-Y can be -CH2-, -CH(CHJ)- or -

CH2CH2-, group X3 can be Cj-Cg alkylene, and groups R6 and R-' can be taken together with 
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the nitrogen to which they are attached to form a heterocycle that can be pyrrolidine or 

piperidine, 

[0097] In some embodiments, groups Z-Y of Formula lb can be -CR4R3- or -CR4Ri-

CR4R5-. some embodiments, groups Z-Y of Formula lb can be -CR4R5-. In some 

embodiments, groups Z-Y of Formula lb can be -CH?-, -CH(CH3)~ or --CH2CH2-. In some 

embodiments, groups Z~Y of Formula lb can be -CH2-. 

[0098] In some embodiments, group Rf of Formula lb can be alkyi. In some embodiments, 

group R1 of Formula lb can be Ci-Cg alkyi In some embodiments, group R! of Formula lb 

can be methyl, ethyl, n~propyl, iso-propyl, n-butyl, iso-butyl, sec-butyl, t-butyl, n-pentyl, tert-

pentyl, neopentyl, iso-pentyi, sec-pentyl, 3-pentyl, hexyl, and 2-ethyl-butyl. In some 

embodiments, group R1 of Formula lb can be butyl. In some embodiments, group R: of 

Formula lb can be n-butyl, 

[0099] In some embodiments, group X! of Formula lb can be alkylene. In some 

embodiments, group X! of Formula lb can be Ci-Q alkylene, In some embodiments, group 

X1 of Formula lb can be -CH2- or --CH(CH3)~. In some embodiments, group Xs of Formula 

lb can be methylene, 

fOlOO] In some embodiments, groups R° and R'' of Formula lb can be taken together with 

the nitrogen to which they are attached to form an unsubstituted 4-6 mernbered heterocycle 

comprising 0 to 2 additional N heteroatoms. In some embodiments, groups R6 and R' of 

Formula lb can be taken together with the nitrogen to which they are attached to form a 

heterocycle that can be pyrrolidine, piperidine, or piperazine. In some embodiments, groups 

R6 and R; of Formula lb can be taken together with the nitrogen to which they are attached to 

form a heterocycle that can be pyrrolidine or piperidine. In some embodiments, groups Rb 

and R' of Formula lb can be taken together with the nitrogen to which they are attached to 

form a heterocycle that can he pyrrolidine, 

IV, METHOD OF PREPARING FTERIDINONES OF FORMULA I 

fOIOl] The compounds of Formula I can be prepared by a variety of means. For example, 

the compounds of Formula I can be prepared as described below, via N-arylation of a 

compound of Formula II with the compound of Formula III, namely ethyl N-[3-pyrrolidin~l~ 

yimethyl)benzyl]g!yeinate. The intermediate, Formula IV, can be converted to the compound 

of Formula I under reducing conditions to close the ring and form the desired compound. 
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The aryl ring of Formula II can include a leaving group such as a chloro or -O-tosyi group. 

Moreover, the ring closure of Formula IV cars be performed with a variety of reducing agents 

such as Raney nickel or Zn/'HOAc. 

[0102] In some embodiments, the present invention provides a method of making a 

compound of Formula I: 

NH2 H p 
A f Y V 

XVY'^ 
( D J 

(I) 
by forming a first reaction mixture of a compound of Formula II: 

NH2 

.A .NO-> 
RI.A.1 

L' N LG (II) . 

a non~nucleophilic base, a first solvent, and a compound of Formula III: 

Z„ XO?R11 
HN' Y 2 

XV"V^(R3)n 
K D J y (III) , 

under conditions suitable to form a compound of Formula IV; 
NH2 

N 

R\1^NArZ'Y-C02R11 

-(R3)n sy V 
! D I 

(IV) , 

The method also includes forming a second reaction mixture of the compound of Formula IV, 

a second solvent and a reducing agent under conditions suitable to prepare the compound of 

Formula I. 

[0103] Groups Z-Y, R!, R3, Lf, X1, D, and subscript n, of Formulas I, II. Ill and IV, are as 

defined above for the compounds of Formula 1. In some embodiments, group R13 of 

Formulas III and IV can be alkyi or alkyl-aryl. In some embodiments, group R1' of Formulas 

III and IV can be Ci-C6 alkyi or Ci-Ca alkyl-aryl. In some embodiments, group Rf! of 

Formulas III and IV can be CrC6 alkyi. In some embodiments, group R31 of Formulas III 
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and IV can be methyl, ethyl, n-propyl, iso-propyl, n-butyl, iso-butyl, sec-butyl t-butyl, n~ 

pentyl, tert-pentyl, neopentyl, iso-pentyl, sec-pentyl, 3-pentyl, hexyl, and 2-ethyl-butyl. In 

some embodiments, group R:l of Formulas III and IV can be ethyl. In some embodiments, 

[0104] In some embodiments, group LG of Formula II can be any suitable leaving group, 

In some embodiments, group LG of Formula II can be chloro, brorno, methanesulfonate 

(-OMs), trifluoromethanesul fonate (-OTf), toluenesulfonate (-OTs or -O-tosyl), 

4-nitrobenzenesulfonate, and 4-chlorobenzenesuIfonate, In some embodiments, group LG of 

Formula 11 can be halogen, -OH, or -OSQjR'3, wherein R13 can be Cj-Q alkyi, Cj-Ca 

haloalkyl or aryl, wherein the aryl group can be substituted with 1 to 3 R;3<i groups which can 

each independently be Ci-Cs alkyi, halogen, or NOi. In some embodiments, group LG of 

Formula II can be chloro, -OH, or --OSO2R % wherein R ' can he methyl, irifluoromethyl or 

phenyl, wherein the phenyl can be substituted with 1 Rl3a group that can be methyl, fiuoro, 

chloro, bromo or N02, In some embodiments, group LG of Formula II can be chloro, bromo, 

hydroxy, methanesulfonate, trifluoromethanesul fonate, toluenesulfonate, 

4-nitrobenzenesulfonate. and 4-chlorobenzenesulfonate. In some embodiments, group LG of 

Formula II can be halogen, -OH, or -O-tosyl. In some embodiments, group LG of Formula II 

can be halogen. In some embodiments, group LG of Formula II can be chloro or bromo. In 

some embodiments, group LG of Formula II can be chloro. In some embodiments, group LG 

of Formula II. can be chloro, -OH, or -O-tosyl. In some embodiments, group LG of Formula 

II can be chloro or -OH. 

j'0305] In some embodiments, the compound of Formula 11 can be a compound of Formula 

Ila: 

In some embodiments, the compound of Formula II or Formula Ila can have the structure: 

NH, 

In some embodiments, the compound of Formula II or Formula Ila can have the structure: 

some embodiments, group R5! of Formulas 111 and IV can be methyl, ethyl or propyl, In 

group Rn of Formulas III and IV can be benzyl. 

NH2 
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NH2 

-•AN ^ NO;,' N 

/ " o"" ^OH 

In some embodiments, the compound of Formula II or Formula Ha can have the structure: 
NH, 

1 
.NO? 

x ^ Q "M OTs 

Groups R! and LG of Formula Ila are as described above for Formula II. 

[0106| In some embodiments, the compound of Formula III can be a compound of Formula 

Ilia: 

HN^CO2R11 

V^I -I x> J "A 
(Ilia) . 

In some embodiments, the compound of Formula III can be a compound of Formula lifts: 

HN-Z'Y'00>R11 
( 
XL--'^,, NR6R7 

jj ^±_J 
(Illb) •: 

Groups Z-Y, R6, R.\ Rn, and X] of Formula Ilia and Formula Illb are as described above for 

Formula III. 

[01071 in some embodiments, the compound of Formula III, Formula Ilia or Formula Illb 

can have the structure: 

ecu 
HN^COjR11 

L ^' 
HN' CG2I >11 

or 

HN'^C02R11 

r"\ 

In some embodiments, the compound of Formula III, Formula Ilia or Formula Illb can 

the structure: 

HN' "C02Et 
l. 

i \ 

\s 

In some embodiments, the compound of Formula III, Formula Ilia or Formula Illb can have 

the structure: 
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HN' "CO,Et HN" "C02E1 HN" CO^Et 
I I 1 V /--v v ,^V ,/\ k -•%_ 

/"-"l ff "TP N •) "f r"*\ 

in some embodiments, the compound of Formula III, Formula Ilia or Formula Illb can have 

the structure; 

HN'"NX02Et 

^ 
V_ 

In some embodiments, the compound of Formula III, Formula Ilia or Formula Illb can have 

the structure: 

HN'^COoEt 
L ^ r \ II 

The compound of Formula III, Formula Ilia or Formula Illb can be in any suitable 

form. For example, the compound of Formula III. Formula Ilia or Formula Illb can be in a 

neutral form or a salt form. Suitable salt forms of the compound of Formula III, Formula Ilia 

or Formula Illb include, but are not limited to, inorganic acid addition salts such as chloride, 

bromide, sulfate, phosphate, and nitrate; organic acid addition salts such as acetate, oxalate, 

galactarate, propionate, succinate, lactate, glycolate, malate, tartrate, citrate, maleate, 

fomarate, methanesulfonate, p-toluenesulfonate, and ascorbate; salts with acidic amino acid 

such as aspartate and glutamate. In some embodiments, the compound of Formula III, 

Formula Ilia or Formula Illb can be a salt. In some embodiments, the compound of Formula 

III, Ilia or Illb can be the bis-oxalate salt. In some embodiments, the compound of Formula 

III, Ilia or Illb can be the his-oxalate salt: 

HN' CO?Et 
O 

OH 
2 HO* Y 

O 

In some embodiments, the compound of Formula III, Formula Ilia or Formula I lib can be the 

bis-oxalate salt: 

HN'^CGaEt 9 
* 2 HO"XYOH 

\ / 6 
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some embodiments, the compound of Formula IV can be a compound of Formula 

IVa: 

Rl 1 JL 

NH2 
X ,NO2 ^ 4* 

or "N" "M" "GOoR11 

' V O 
v.-'' Va) . 

In some embodiments, the compound of Formula IV can be a compound of Formula IVb: 
NH2 

A ,N02 N ^r 
R A. .<A „,, 2. w X02P11 

O N N Y 2 

f1 ^ NR6R7 
'-] / 

-VA 
Groups Z-Y, R!, R°, R/, Rn, and X1 of Formula IVa and Formula IVb are as described above 

for Formula IV. 

[0110] In some embodiments, the compound of Formula IV, Formula IVa or Formula TVb 

can have the structure: 

NH? 

' O'' " N '' "NT 
\ • / 

In some embodiments, the compound of Formula IV, Formula IVa or Formula IVb can 

the structure: 
NH, NH2 

N ^ 
A 

NO2 

CT N N CO?Et 

N' 
A 

..NO, 

^O" ^N^N''NvCO?Et 

x, \ ( 
'•v,. 
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A X G N" N* CO?Et 

or 

In some embodiments, the compound of Formula IV, Formula IVa or Formula IVb can have 

the structure: 

In some embodiments, the compound of Formula IV, Formula IVa or Formula IVb can have 

the structure; 

[01I I ] In some embodiments, the present invention provides a method of making a 

compound of Formula la, including the step of forming a first reaction mixture of a 

compound of Formula Ila, a non-nucleophilic base, a first solvent, and a compound of 

Formula Ilia, under conditions suitable to form a compound of Formula IVa. The method 

also includes the step of forming a second reaction mixture of the compound of Formula IVa, 

a second solvent and a reducing agent under conditions suitable to prepare the compound of 

Formula la. Group R1 of Formulas la. Ila and IVa, and Ru of Formulas Ilia and IVa can 

each independently be CrQ, alkyi; and LG of Formula Ila can be selected from halogen, -

OH, and -GSOiR1"', wherein Rb is selected from the group consisting of Cj-Q alkyi, Cj-Q, 

haloalkyl and aryl. wherein the aryl group is substituted with 1 to 3 R1'53 groups each 

independently selected from the group consisting of C-.-C& alkyi, halogen, and NO?. 

[0112] In some embodiments, the present invention provides a method of making a 

compound of Formula la, including the step of forming a first reaction mixture of a 

compound of Formula Ila, a non-nucieophilic base, a first solvent, and a compound of 

NH2 

NH2 
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Formula Ilia, under conditions suitable to form a compound of Formula IVa. The method 

also includes the step of forming a second reaction mixture of the compound of Formula IVa, 

a second solvent and a reducing agent under conditions suitable to prepare the compound of 

Formula la. Group R! of Formulas la, Ila and IVa. and Rf{ of Formulas Ilia and IVa can 

each independently be Cj-C-6 alkyi; and LG of Formula Ila can be selected from halogen, 

OH, and -O-tosyl. In some embodiments, groups R5 and LG can he as described above. 

In some embodiments, the present invention provides a method of making a 

compound of Formula lb: 

O M fsf-Z 
l 

NRSR7 

U1 (lb) 
including the step of forming a first reaction mixture of a compound of Formula Ila: 

NH2 N"VN°2 

RVO^N* "LG (ila) , 

a non-nucleophilic base, a first solvent, and a compound of Formula Illb: 

HN'Z"Y'C°2Rl' 

2 H .0 
\ 
Y 

xl NR'R' 

(Hlb) , 

under conditions suitable to form a compound of Formula IVb: 
IMH, 

N"VN0* 
R'-oA^^.Y^OaR" 

NR6R7 

^ (IVb) .. 

The method, also includes the step of forming a second reaction mixture of the compound of 

Formula IVb, a second solvent and a reducing agent under conditions suitable to prepare the 

compound of Formula lb. In some embodiments, groups Z-Y can be -€R4R5- or -CR4R5-

CR4R5-, group R1 can be alkyi, group X* can be alkylene, groups R6 and R.7 can be taken 

together with the nitrogen to which they are attached form an unsubstituted 4-6 mernbered 
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heterocycle comprising 0 to 2 additional N heteroatoms, group Ru can be alkyi, and group 

LG can he halogen, -OH, or---OSO2Rl3, wherein Ru can be Ci-Ca alkyi, CrC6 haloalkyl or 

aryl, wherein the aryl group can be substituted with 1 to 3 Ri3a groups which can each 

independently be Cj-Cc, alkyi, halogen, or NO?.. In some embodiments, group R1 can be 

Ci-C6 alkyi, groups Z-Y can be --CH2-, ---CHfCHs)- or-CHaCHj-, group X1 can he 

CrC6 alkylene, groups R6 and R7 can be taken together with the nitrogen to which they are 

attached to form a heterocycle that can be pyrrolidine or piperidine, group R1! can he C-rCe 

alkyi, and group LG can he selected from chloro, -OH, and -O-tosyL In some embodiments, 

groups Z-Y, R1, R4, R5, R6, R', Rn, R!"1, Xl and LG can be as described above. 

[0114] Any suitable non-nucleophilic base can be used in the method of the present 

invention. In some embodiments, the non-nucleophilie base can be selected from 

triethylamine, diisopropyletliyl amine, N.N-dieihylaniline, pyridine, 2,6-lutidine, 2,4,6-

eollidine, 4-dimethylaminopyridine, and quinuehdine. In some embodiments, the non-

nucleophilic base can be selected from triethylamine. diisopropylethyl amine, pyridine, 2,6-

lutidine, and 4-dimethylaminopyridine. In some embodiments, the non-nucleophilic base can 

be triethylamine. In some embodiments, the non-nucleophilic base can be selected from 

pyridine, 2,6-lutidine, and 2,4,6-collidine. In some embodiments, the non-nucleophilic base 

can be 2,4,6-collidine, 

[0115] The first solvent can be any suitable solvent, such as ethyl acetate, isopropyl acetate, 

tetrahydrofuran, acetonitrile, dimethylformamide, dimefhylacetamide, dimethylsulfoxide, or 

combinations thereof. In some embodiments, the first solvent can be ethyl acetate, isopropyl 

acetate, tetrahydrofuran, acetonitrile, or combinations thereof, hi some embodiments, the 

first solvent can be ethyl acetate, isopropyl acetate or tetrahydrofuran. In some embodiments, 

the first solvent can be ethyl acetate. In some embodiments, the first solvent can be ethyl 

acetate or isopropyl acetate. In some embodiments, the first solvent can be isopropyl acetate. 

In some embodiments, the first solvent can be tetrahydrofuran, acetonitrile, 

dimethylformamide, dimethylacetamide or dimethylsulfoxide. In some embodiments, the 

first solvent can be acetonitrile, 

[0116] The compound of Formula III, Ilia or Illb can be any suitable form. In some 

embodiments, the compound of Formula III, Ilia or Illb can be the bis-oxalate salt of 

Formula III, Ilia or Illb. In some embodiments, the compound of Formula Ilia can be the 

bis-oxalate salt of Formula Ilia, 
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[0117] The N-arylation step of forming the compound of Formula IV, IVa or I Vb can be 

performed under any suitable reaction conditions. For example, the first reaction mixture can 

be at any suitable temperature, such as, but not limited to, below room temperature, at room 

temperature, or above room temperature. In some embodiments, the temperature of the first 

reaction mixture can be from about -20 °C to about 100 °C, or from about 0 °C to about 50 

°C, or from about 10 °C to about 40 °C, or from about 10 °C to about 30 °C. In some 

embodiments, the temperature of the first reaction mixture can be at about 20 °C. In some 

embodiments, the temperature of the first reaction mixture can be from about 0 °C to about 

100 °C, or from about 25 °C to about 100 °C, or from about 50 °C to about 75 °C, In some 

embodiments, the temperature of the first reaction mixture can be at about 60 °C. 

[0118] The N-arylation step of forming the compound of Formula IV, IVa or IVb can be 

performed for any suitable reaction time. For example, the time reaction can be for minutes, 

hours or days. In some embodiments, the reaction time can be several hours, such as 

overnight. The first reaction mixture can also be at any suitable pressure. For example, the 

first reaction mixture can be below atmospheric pressure, at about atmospheric pressure, or 

above atmospheric pressure. In some embodiments, the first reaction mixture can be at about 

atmospheric pressure. 

[0119] The N-arylation step can prepare the compound of Formula IV, IVa or IVb in any 

suitable yield. For example, the yield of the compound of Formula IV, IVa or IVb can be at 

least about 10% from the compound of Formula II or Ila, or at least about 15%, 20, 25, 30, 

35, 40, 45, 50, 55, 60, 65, 70, or at least about 75% from the compound of Formula II or Ila. 

In some embodiments, the yield of Formula IV. IVa or I Vb can be at least 25% from the 

compound of Formula II or Ila. In some embodiments, the yield of Formula IV, IVa or IVb 

can be at least 35% from the compound of Formula II or Ila, In some embodiments, the yield 

of Formula IV, IVa or IVb can be at least 50% from the compound of Formula II or Ila. In 

some embodiments, the yield of Formula IV, IVa or IVb can be at least 75% from the 

compound of Formula II or Ila. 

[0120J The compound of Formula IV, IVa or IVb prepared in the N-arylation step can be in 

any suitable form. For example, the compound of Formula IV, IVa or IVb can be in a neutral 

form or a salt form. Any salt form of the compound of Formula IV, IVa or IVb can be 

prepared in the N-arylation step. Suitable salt forms of the compound of Formula IV, IVa or 

IVb include, but. are not limited to, inorganic acid addition salts such as chloride, bromide. 
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sulfate, phosphate, and nitrate: organic acid addition salts such as acetate, galactarate, 

propionate, succinate, lactate, glycolate, malate, tartrate, citrate, maleate. fumarate, 

methanesulfonate, p-toluenesul fonate, and ascorbate; salts with acidic amino acid such as 

aspartate and glutamate. The salts can be in some cases hydrates or ethanol solvates. In 

some embodiments, the compound of Formula IV, IVa or IVb can be a salt. In some 

embodiments, the compound of Formula IV, IVa or IVb can be the hydrochloric salt. 

[0J211 When the compound of Formula IV, IVa or IVb is a salt, the method of the present 

invention can Include an optional step of forming the salt form of the compound of Formula 

IV. For example, the compound of Formula IV, IVa or IVb can be combined in a reaction 

mixture with an acid, thereby preparing the salt form of the compound of Formula IV, IVa or 

IVb, in some embodiments, the method can include forming a reaction mixture of the 

compound of Formula IV, IVa or IVb and hydrochloric acid to form a monohydrogenchlorlde 

form of the compound of Formula IV, IVa or IVb, In some embodiments, the method can 

include forming a reaction mixture of the compound of Formula IV, IVa or IVb and 

hydrochloric acid to form the monohydrogenchlorlde salt of the compound of Formula IV, 

IVa or IVb. Any suitable solvent can be used in the preparation of the salt form of the 

compound of Formula IV, IVa or IVb. For example, the solvent can be the same solvent as 

the first solvent used to prepare the compound of Formula IV, IVa or IVb. In some 

embodiments, the solvent can be ethyl acetate, isopropyl acetate or tetrahydrofuran, or 

combinations thereof. In some embodiments, the solvent can be ethyl acetate. In some 

embodiments, the solvent can be ethyl acetate or isopropyl acetate. In some embodiments, 

the solvent can be isopropyl acetate. 

[0122] The second step tor preparing the compound of Formula I, la or lb includes a 

reductive ring closure. The reducing agent of the second step can include any suitable 

reducing agent capable of reducing the nitro compound and allowing the ring closure to form 

the compound of Formula I, la or lb. Representative reducing agents include, but are not 

limited to, zinc, iron, Raney nickel, sodium sulfide, sodium dithionite, ammonium sulfide, 

palladium on carbon, lithium aluminum hydride, and sodium horohydride. In some 

embodiments, the reducing agent can be zinc or Raney nickel. In some embodiments, the 

reducing agent can be zinc. In some embodiments, the reducing agent can be Raney nickel. 

10123} The second reaction mixture can include any suitable solvent. For example, the 

second solvent can be acetic acid, water, methanol, ethanol, isopropanol, tetrahydrofuran, or 

39 



WO 2016/044183 PCT/US2015/050039 

combinations thereof. In some embodiments, the second solvent can include acetic acid. In 

some embodiments, the second solvent can include acetic acid and water, 

[0124] The reducing step of forming the compound of Formula I, la or lb can be performed 

under any suitable reaction conditions. For example, the second reaction mixture can be at 

any suitable temperature, such as, but not limited to, below room temperature, at room 

temperature, or above room temperature. In some embodiments, the temperature of the 

second reaction mixture can be from about -20 C'C to about 100 °C, or from about 0 °C to 

about 50 °C, or from about 10 °C to about 30 °C. In some embodiments, the temperature of 

the second reaction mixture can be of from about 10 °C to about 30 °C. In some 

embodiments, the temperature of the second reaction mixture can be at about 20 °C. 

[0125] The reducing step of forming the compound of Formula I, la or lb can be performed 

for any suitable reaction time. For example, the reaction time can be for minutes, hours or 

days, in some embodiments, the reaction time can be several hours, such as overnight. The 

second reaction mixture can also be at any suitable pressure. For example, the second 

reaction mixture can be below atmospheric pressure, at about atmospheric pressure, or above 

atmospheric pressure. In some embodiments, the second reaction mixture can be at about 

atmospheric pressure. 

[0126] The reducing step can prepare the compound of Formula L la or lb in any suitable 

yield. For example, the yield of the compound of Formula I, la or lb can be at least about 

10% from the compound of Formula IV, IVa or IVb, or at least about 15%, 20, 25, 30, 35, 40, 

45, 50, 55, 60, 65, 70, or at least about 75% from the compound of Formula IV, IVa or IVb, 

Irs some embodiments, the yield of Formula I, la or lb can be at least 25% from the 

compound of Formula IV, IVa or IVb, In some embodiments, the yield of Formula I, la or lb 

can be at least 50% from the compound of Formula IV, IVa or IVb. In some embodiments, 

the yield of Formula I, la or lb can be at least 65% from the compound of Formula IV, IVa or 

IVb. 

[0127 j In some embodiments, the method of preparing the compound of Formula la having 

the structure: 
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N^O 
I * H 

A X J 
O N' N' 

k 

includes the step of forming the first reaction mixture of the compound of Formula Ila having 

the structure: 

NH2 

N N02 

^-"v- .J-L 
"O N CI !> 

triethylamine, ethyl acetate, and the bisoxalate salt of the compound of Formula Ilia having 

the structure: 

HN'"""CG2£i 9 
-N^s, • 2 HO' Y0H 

V—y o 

under conditions suitable to form the compound of Formula IVa having the structure: 
N H, 
A -N02 P*| " 

"'N'' "C02Et 

Scno 
The method also includes the step of forming a reaction mixture of the compound of 

Formula IVa and hydrochloric acid to form a monohydroehloride form of the compound of 

Formula IVa. The method also includes the step of forming the second reaction mixture of 

the monohydroehloride salt of the compound of Formula. IVa, zinc, and acetic acid, under 

conditions suitable to prepare the compound of Formula la. 

fOIt#j In. some $rnbodi.mer&s> the method of preparing the compound of Formula .laihavin 

the structure: 

NH2 H 
. N, ,D 

1 I T 
" ' 0' ' H"' VN " 

1 ~ 
\ j 

41 



WO 2016/044183 PCT/US2015/050039 

includes the step of forming the first reacti on mixture of the compound of Formula Ila ha ving 

the structure; 

NH2 

NXL^NO2 

JJ 1 
--Q- ^ \Ci 

triethylamine, isopropyl aceta te, and the bisoxalate salt of the compound of Formula Ilia 

ha vine; the structure: 

HN^C02Et 9 
.A. OH * 2 HO- Y 

v__y o 

under conditions suitable to form the compound of Formula IVa. having the structure: 
NH,. 

NAYNO2 

A JL 
sO' N N' C02Et 

TTO 
The method also includes the step of forming a reaction mixture of the compound of 

Formula IVa and hydrochloric acid to form a monohydroehloride form of the compound of 

Formula IVa. The method also includes the step of forming the second reaction mixture of 

the monohydroehloride salt of the compound of Formula IVa, zinc, and acetic acid, under 

conditions suitable to prepare the compound of Formula la, 

[0129] In some embodiments, the method of preparing the compound of Formula la having 

the structure: 

H 
N •<r" V 

I, J V" "N'Y 

includes the step of forming the first reaction mixture of the compound of Formula Ila having 

the structure: 

-C.NO2 
/v 

-'"O- "N OH 
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2,4,6-coilidme, acetonitrile, and tosyl-Cl, under conditions suitable to form the compound of 

Formula Ila having the structure: 

NH2 

N ^ 

' O N OTs 

and adding to the reaction mixture the bisoxalate salt of the compound of Formula Ilia having 

the structure: 

O HN C02Et 
s. 

\ 

J-L OH 
9 2 H0' ¥ ' 

under conditions suitable to form the compound of Formula IVa having the structure: 
NH2 

A .NO, 
M ^ ^ 

""O" " N' N' CO-.Et 

where the compound of Formula IVa is formed. The method also includes the step of 

forming the second reaction mixture of the compound of Formula IVa. Raney nickel, 

hydrogen and methanol, under conditions suitable to prepare the compound of Formula la. 

[0130] In some embodiments, the method of preparing the compound of Formula la having 

the structure: 

NH2 H 
. ,0 

XT "H" 

; \ II / \ 
v! / 

includes forming the first reaction mixture having the compound of Formula Ila having the 

structure: 
NH2 

^ x X S NQ- VN-
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triethylamine, tetrahydrofuran, and the compound of Formula Ilia having the structure: 

HN''^C02Et 

Nr" ̂  r~" \ 
,rL/> 

under conditions suitable to form the compound of Formula IVa having the structure: 
NH, 

N-V"°2 

^ ^ A X -
/ —' *0' N'- JM' xC02Et 

I. 
"vV' r-— L> 

The method also includes the step of forming the second reaction mixture having the 

compound of Formula IVa, Raney nickel, hydrogen and ethanol, under conditions suitable to 

prepare the compound of Formula la. 

[0131] The present invention also provides a method of preparing a compound of Formula 

ill by a variety of methods. For example, the compound of Formula III can be prepared by 

alkylation of a primary amine, reductive animation, and other methods. 

[0132] In some embodiments, the present invention provides a method of preparing a 

compound of Formula III, including forming a first reaction mixture of Br-Z-Y-COaR3', a 

non-nucleophilic base, and a compound of Formula V: 

NH2 

*V-v-(R3)n 
( Dl 
V--' (V) 

under conditions suitable to form a compound of Formula SO, wherein the compound of 

Formula HI is present at the kilogram scale, thereby preparing the compound of Formula III. 

Groups Z-Y, R3, Rn, X1, D and subscript n of Formulas III and V and ofBr-Z-Y-COjR1' are 

as described above. 

[0133] In some embodiments, the compound of Formula 11 1 can be a compound of Formula 

Ilia or a compound of Formula Illb. In some embodiments, the compound of Formula III 

Formula Ilia or Formula Illb can have the structure: 
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HN-' xC02Et 

U v ' . 
[0134] In some embodiments, the compound of Formula V can be Formula Va: 

NH2 

H J / \ 
" (Va) , 

In some embodiments, the compound of Formula V can be Formula Vb: 
NH2 

NR6R7 

1 T~/ 
^ (Vb) , 

Groups R6, R ' and X1 of Formula Vb are as described above. 

[0135] in some embodiments, the compound of Formulas V, Va or Vb can have the 

structure: 

NH2 NH2 NH2 

In some embodiments, the compound of Formulas V, Va or Vb can have the structure: 
MH, 
i 

V N > 

In some embodiments, the compound of Formulas V, Va or Vb can have the structure: 
NH2 

\/\ , \ IX 
In some embodiments, the reagent Br~Z~Y-CQ?R can be Br-Q-b-CO-jR , hi 

some embodiments, the reagent Br-Z-Y-CCbR11 can be Br~CH2-CO?Et, 

[0137] In some embodiments, the present invention provides a method of preparing a 

compound of Formula Ilia, including the step of forming a first reaction mixture of 

Br~CHrCQ?Rn, a non-nudeophilic base, and a compound of Formula Va, under conditions 

suitable to form the compound of Formula Ilia, wherein the compound of Formula Ilia is 
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present at the kilogram scale. Group R!> of Formula Ilia and Br-CIFj-CC^R15 can be Cf-Cf, 

In some embodiments, the present invention provides a method of preparing a 

compound of Formula Illb, including the step of forming the first reaction mixture of 

Br-Z-Y-CGaR5', a non-nucleophilic base, and a compound of Formula Vb, under conditions 

suitable to form the compound of Formula Illb, wherein Z-Y can be -CR4R5- or -CR4R5-

CR4R5-, X1 can be alkylene, each recitation of R4 and R5 can each independently be H or Cj-

Cft alkyi, or can be taken together with the carbon to which they are attached to form a 

carbocycle, R6 and R7, taken together with the nitrogen to which they are both attached, can 

form a substituted or unsubstituted heterocycle, which can contain one or more additional 

heteroatoms selected from N, O, P, or S, and Rn can be alkyi. In some embodiments, groups 

Z-Y can be -CH2-, -CI 1{Q h ;••• or --CH2CH2-, X: can be Ci-C^ alkylene, groups R6 and R', 

taken together with the nitrogen to which they are both attached, can form a heterocycle that 

can be pyrrolidine or piperidine, and Rn can be Cj-C& alkyi. In some embodiments, groups 

Z-Y, R4, R5, R6, R7, Rl: and X5 cars be as described above. 

|0139) Any suitable non-nucleophilic base can be used in the method of the present 

invention for preparing the compound of Formula III, Ilia or Illb. In some embodiments, the 

non-nucleophilic base can he selected from triethylamine, diisopropyletbvl amine, N,N-

diethylaniline, pyridine. 2,6-lutidine, 2,4,6-collidine, 4-dimethylaminopyridine, and 

quinuelidine. In some embodiments, the non-nucleophilic base can be triethylamine. 

In some embodiments, the method of making the compound of Formula Ilia 

includes forming the first reaction mixture of Br-CH^-CC^Et, NEt.3, and the compound of 

Formula Va having the structure: 

under conditions suitable to form the compound of Formula Ilia having the structure: 

HN''^COsEt 
\ ^ .-'"X , .^"Vx ^ < ! \ ! 
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cove 

The compound of Formula III can also be prepared under reductive amination 

conditions. In some embodiments, the present invention provides a method of preparing the 

compound of Formula III includes forming a first reaction mixture of Ri4~C(0)~C0?Rn, a 

reducing agent, and a compound of Formula V, under conditions suitable to form the 

compound of Formula III wherein groups Z-Y are -~CH(R14)-, and R54 can be H or Cj-C& 

alkyi, Groups R3, Ru, Xf, D and subscript n of Formulas III, V and R!4-C(0)-CQ2Rn are as 

described above. 

12] In some embodiments, the present invention provides a method of preparing a 

compound of Formula III, including forming a first reaction mixture of GHC-CO2R11, a 

reducing agent, and a compound of Formula V, under conditions suitable to form the 

compound of Formula III wherein groups Z-Y are -CH;-, Groups RJ, Rij, X1, D and 

subscript n of Formulas III, V and QHC-CCbR'' are as described above. 

In some embodiments, the compound of Formula III can be a compound of Formula 

Ilia or a compound of Formula Illb as described above. In some embodiments, the 

compound of Formula III, Formula I lia or Formula Illb can have the structure: 

Hlsi"^C02Et 
I ~ 
YY^NA^ KJ 1 7 

In some embodiments, the compound of Formula III and Formula Illb can have the structure: 

HN^CO2R11 
I * 

XY-''Y! NRSR? 

II 3_/ 
YY 

[0144] In some embodiments, the compound of Formula V can be a compound of Formula 

Va or a compound Formula Vb as described above. In some embodiments, the compound of 

Formulas V, Va or Vb can have the structure: 

NH2 NH2 MH2 

YT'O 'YI O 
In some embodiments, the compound of Formulas V, Va or Vb can ha ve the structure: 
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NH, 

o -^N"\ 

In some embodiments, the compound of Formulas V, Va or Vb can ha ve the structure: 

NH2 

li 1 r \ 

[03.45] In some embodiments, the reagent OHC-CO2R11 can be OHC-COaEt. 

[014(5] In some embodiments, the present invention provides a method of preparing a 

compound of Formula Ilia, including the step of forming a first reaction mixture of 

OHC-CQiR1', a reducing agent, and a compound of Formula Va, under conditions suitable to 

form the compound of Formula Ilia, wherein group Rn is Ct~Q, alkyi. In some 

embodiments, group R3 5 can be as defined above, 

[0147] In some embodiments, the present invention provides a method of preparing a 

compound of Formula Illb having the structure: 

HN' VC02R' 11 

NR6R7 

including the step of forming the first reaction mixture of OHC-CO JR1 a reducing agent, 

and a compound of Formula Vb, under conditions suitable to form a compound of 

Formula Illb, wherein X; can be alkylene, R6 and R.7, taken together with the nitrogen to 

which they are both attached, can form a substituted or unsubstituted heterocycle, which can 

contain one or more additional heteroatoms selected from N, O, P, or S, and R! 1 can be alkyi. 

In some embodiments, X: can be Ci-Cg alkylene, groups R6 and R' can be taken together 

with the nitrogen to which they are attached to form a heterocycle that can be pyrrolidine or 

piperidine, and R'! can be CE-Cg alkyi. In some embodiments, groups R6, R', Rn and X! can 

be as described above, 

[0148J The reducing agent of the reductive amination methods can include any suitable 

reducing agents such as sodium triacetoxyborohydride (Na(OAc)3RH), sodium borohydride 

(NaBH4), sodium eyanoborohydride (MaBH3CN), lithium borohydride, potassium 

borohydride, sodium M?(2~methoxyetboxy)aiuminum hydride, lithium tri-ieri-

butoxvaluminum hydride, sodium tri-methoxyborohydride, sodium txi~(2~ 
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ethylhexanoyloxyjborohydride, zinc/hydrochloric acid, BHj-pyridine, or palladium on carbon 

with a hydrogen atmosphere. In some embodiments, the reducing agent can he Na(OAc)3BH, 

NaBH3CN, N&BH4, Zn/HCl, or BHj-pyridine. In some embodiments, the reducing agent can 

be Na(OAc)3BH. 

In some embodiments, the method of preparing the compound of Formula Ilia 

includes forming the first reaction mixture comprising QHC-COjEt, MaCQAc^BH, and the 

compound of Formula Va having the structure: 

NH2 

L ^ ̂  ̂  N > 

under conditions suitable to form the compound of Formula Ilia having the structure: 

HN' ^COjEt 

l[ J ^ 

C. Reductive A 

[0150] The compound of Formula III can be prepared under other reductive amination 

conditions. In some embodiments, the present invention provides a method of preparing a 

compound of Formula Hi, including the step of forming a reaction mixture of 

H2N-Z-Y-CO2R51, a reducing agent, and a compound of Formula VI: 

OHC „(R:\ 

(D) (vi) 
under conditions suitable to form a compound of Formula III wherein X: is -CH?-. Groups 

Z-Y, R\ RJi, D and subscript n of Formulas III, VI and H2N-Z-Y-C02RH are as described 

above. 

[0151] The reductive amination from Formula VI can also proceed via an intermediate 

compound. In some embodiments, the present Invention provides a method of preparing a 

compound of Formula III, including the step of forming a first reaction mixture of 

H2N-Z-Y-C02ll!!, a non-nucleophilic base, and a compound of Formula VI: 

OHCX/_^(R3}n 

f D T 
W (vi) 
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under conditions suitable to form an intermediate compound. The method also includes the 

step of forming a second reaction mixture of the intermediate compound and a reducing 

agent, under conditions suitable to form a compound of Formula III wherein X5 is -CH •>-. 

Groups Z-Y, R~, R*1, D and subscript n of Formulas III, VI and HzN-Z-Y-CChR11 are as 

described above. 

[0152] In some embodiments, the compound of Formula III and Formula Illb can have the 

structure: 

HN-Z.YXO2R11 

li _j / 

[0153] In some embodiments, the compound of Formula VI can be a compound of Formula 

Via: 

GHC_ / 

X.--' 

In some embodiments, the compound of Formula VS can be a compound of Formula VIb: 
0HC-^-'Y. NR6R7 

j| / 

(VIb) . 
Groups R° and R'' of Formula VIb are as described above. 

[0154] In some embodiments, tbe compound of Formula VI can be a compound of Formula 

Vic: 

Q 
—v-'{R3)n 

{ • ) 
(Vic) 

wherein Rw can be H or CJ-CG alkyi. In some embodiments, the present invention provides a 

method of preparing a compound of Formula III, including the step of forming a reaction 

mixture of H2N-Z-Y-C02Rii, a reducing agent, and a compound of Formula Vic, under 

conditions suitable to form a compound of Formula 1 1 1 wherein X1 is -CH(Rt4)- Groups 

Z-Y, RJ. Rn,D and subscript n of Formulas Hi, Vie and H2N-Z-Y-C02Ri! are as described 

above. 

[0155] In some embodiments, the compound of Formulas VI and Via can have the 

structure: 
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/ J 1 
OHC.. OHC OHC^. -

or 

In some embodiments, the compound of Formulas VI and Via can have the structure: 

In some embodiments, the compound of Formulas VI and Via can have the structure: 

[01.56] In some embodiments, the reagent H2N-2-Y-CO2R11 can be H2N-CH2-CO2R11 - In 

some embodiments, the reagent H2N-Z-Y-CO2R11 can be H2N-CH2-CQ2EL 

[0157] In some embodiments, the present invention provides a method of preparing a 

compound of Formula Ilia, including the step of forming a reaction mixture of 

H2N~CH2-C02Rn, a reducing agent, and a compound of Formula Via, under conditions 

suitable to form the compound of Formula Ilia, wherein RfJ is Cj-Cg alkyi. In some 

embodiments, the reaction mixture also includes an acid. 

10158| In some embodiments, the present invention provides a method of preparing a 

compound of Formula. Illb having the structure: 

including the step of forming a reaction mixture of HaN-Z-Y-CC^R1 \ a reducing agent, and a 

compound of Formula VIb, under conditions suitable to form the compound of Formula Illb. 

In some embodiments, the reaction mixture also includes an acid. 

[0.159] In some embodiments, the present invention provides a method of preparing a 

compound, of Formula Ilia, including the step of forming a first reaction mixture of 

H2N-CH2-CO2R13, a non-nucleophilic base, and a. compound of Formula Via, under 

conditions suitable to form an intermediate compound. The method also includes the step of 

forming a second reaction mixture of the intermediate compound and a reducing agent, under 

conditions suitable to form the compound of Formula Ilia, wherein Rn is CrC6 alkyi. 

[0160] In some embodiments, the present invention provides a method of preparing a 

compound of Formula Illb having the structure: 

OK" 

OHC_ 
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,Z. ,COoR11 
HN' Y 2 

'Y NReR7 

J / 

including the step of forming a first reaction mixture of H2N-Z-Y-CO2R11, a non-nucleophilic 

base, and a compound of Formula VIb, under conditions suitable io form art intermediate 

compound. The method also includes the step of forming a second reaction mixture of the 

intermediate compound and a reducing agent, under conditions suitable to form the 

compound of Formula Illb, wherein Z-Y can be -CR4R5- or -CR4R5-CR4R5-, each recitation 

of R4 and E/' can each independently be H or Ci~C6 alkyi, or can be taken together with the 

carbon to which, they are attached to form a carbocycle, R6 and R', taken together with the 

nitrogen to which they are both attached, form a substituted or unsubstituted heterocycle, 

which may contain one or more additional heteroatoms selected from N, O, P, or S, and R1 1 

can be alkyi In some embodiments, groups Z-Y" can be -~Cfi2-, -CHfCTTO- or -CH2CH2-, 

groups R° and R' can be taken together with the nitrogen to which they are attached to form a 

heterocycle that can be pyrrolidine or piperidine, and Rn can be Cj-Cg alkyi. In some 

embodiments, groups Z-Y, R", R5, R6, R', and Ru can be as described above. 

Any suitable non-nucleophilic base can be used in the method of preparing the 

compound of Formula III, Ilia or Illb from the compound of Formula VI, Via or VIb, as 

described above. I11 some embodiments, the non-nucleophilic base can be triethylamine. 

Any suitable reducing agent can be used in the method of preparing the compound 

of Formula III, Ilia or Illb from the compound of Formula VI, Via or VIb, as described 

above. In some embodiments, the reducing agent can be Na(QAc)3BFL 

[0163) Any suitable combination of non-nucleophilic base and reducing agent, as described 

above, can be used in the method of preparing the compound of Formula III, I lia or Illb from 

the compound of Formula VI, Via or VIb. In some embodiments, the non-nucleophilic base 

can be selected from triethylamine. diisopropyl ethyl amine, N,N~di ethyl aniline, pyridine, 2,6-

lutidine, 2,4,6-collidine, 4-dimethylaminopyri.dme, and quinuclidine; and the reducing agent 

can be selected from Na(OAc)3BH, NaBHjCN, NaBHU, Zn/HCi, and BHj-pyridine. In some 

embodiments, the non-nucleophilic base can be triethylamine; and the reducing agent can be 

Na(OAc)3BH. 

j$1 64] Any suitable acid can be used in the method of preparing the compound of Formula 

III, Ilia or Illb from the compound of Formula VI, Via or VIb. For example, the acid can be. 
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but is not limited to, formic acid, acetic acid, and others, In some embodiments, the acid can 

be acetic acid, 

[0165] The method of preparing the compound of Formula III, Ilia or Illb from the 

compound of Formula VL Via or VIb can also include additional reagents. For example, a 

sulfate salt such as sodium sulfate or magnesium sulfate, can be added to the first reaction 

mixture. In some embodiments, the first reaction mixture can also include a sulfate salt 

selected from sodium sulfate and magnesium sulfate, 

[0166] In some embodiments, the method of preparing the compound of Formula Ilia from 

the compound of Formula Via includes the step of forming the first reaction mixture of 

HjN-CTb-CGiEt, NEt-?, MgSQ*, and the compound of Formula Via having the structure: 

under conditions suitable to form the intermediate compound. The method of preparing the 

compound of Formula Ilia from the compound of Formula Via can. also include forming the 

second reaction mixture of the intermediate compound, Na(OAc)3BH, and acetic acid, under 

conditions suitable to form the compound of Formula Ilia having the structure: 

[0167) In some embodiments, the method of preparing the compound of Formula Ilia from 

the compound of Formula Via includes the step of forming the reaction mixture of 

FbN-CFh-CC^Et, NafOAc^BH, acetic acid and the compound of Formula Via having the 

structure: 

under conditions suitable to form the compound of Formula Ilia having the structure: 

HN^COzEt 

HN^CO?Et 
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D. Additional Reagents and Reaction Conditions for Methods of Preparing 

the Compound of Foraiisia III 

[0168] The methods of making the compound of Formula III, Ola or 1Mb can be performed 

using any suitable solvent, such as isopropanol, ethanol, methanol, dichioromethane, 

dichloroethane, diethyl ether, tetrahydrofuran, 2-methyltetrahydrofuran, methyl-tof-

butylether, acetonitrile. toluene, dimethyl aeetamide, or combinations thereof. In some 

embodiments, the solvent can be tetrahydrofuran, diethyl ether, 2-methyltetrahydrofuran, 

dichioromethane, or combinations thereof. In some embodiments, the solvent can be 

tetrahydrofuran. In some embodiments, the solvent can be isopropanol, ethanol, methanol, 

dichioromethane, tetrahydrofuran, 2~methylteirahydrofuran, methyl-/er£--butylether, 

acetonitrile, toluene, dimethyl aeetamide, or combinations thereof. In some embodiments, 

the solvent can be dichioromethane. 

[0169J The methods of making the compo und of Formula HI, Ilia or Illb can be performed 

under any suitable reaction conditions. For example, the first reaction mixture can be at any 

suitable temperature, such as, but not limited to, below room temperature, at room 

temperature, or above room temperature. In some embodiments, the temperature of the first 

reaction mixture can be from about -20 °C to about 100 °C, or from about 0 CC to about 50 

°C, or from about 10 °C to about 30 °C, in some embodiments, the temperature of the first 

reaction mixture can be at about 20 °C. In some embodiments, the temperature of the first 

reaction mixture can be from about 0 °C to about 100 °C, or from about 25 °C to about 100 

°C, or from about 50 °C to about 75 °C. In some embodiments, the temperature of the first 

reaction mixture can be at about 60 °C. 

[0170[ The methods of making the compound of Formula 01, Ilia or Illb can be performed 

for any suitable reaction time. For example, the reaction time can be for minutes, hours or 

days. In some embodiments, the reaction time can be several hours, such as overnight. The 

first reaction mixture can also be at any suitable pressure. For example, the first reaction 

mixture can be below atmospheric pressure, at about atmospheric pressure, or above 

atmospheric pressure. In some embodiments, the first reaction mixture can be at about 

atmospheric pressure, 

[0171] The methods of the present invention can prepare the compound of Formula III, ilia 

or Illb in any suitable yield. For example, the yield of the compound of Formula II I, Ola or 

Illb can be at least about 10% from the compound of Formula V, Va or Vb, or at least about 
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15%, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, or at least about 75% from the compound of 

Formula V, Va or Vb. In some embodiments, the yield of Formula III, Ilia or Illb can be at 

least 25% from the compound of Formula V, Va or Vb. In some embodiments, the yield of 

Formula III, Ilia or Illb can be at least 50% from the compound of Formula V, Va or Vb, In 

some embodiments, the yield of Formula III, Ilia or Illb can be at least 75% from the 

compound of Formula V, Va or Vb. 

[0172J The methods of the present invention can prepare the compound of Formula III, Ilia 

or Illb in any suitable yield. For example, the yield of the compound of Formula III, Ilia or 

Illb can be at least about 10% from the compound of Formula VI, Via or VIb, or at least 

about 15%, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, or at least about 75% from the 

compound of Formula VI, Via or VIb. In some embodiments, the yield of Formula III, Ills 

or Illb can be at least 25% from the compound of Formula VI, Via or VIb. In some 

embodiments, the yield of Formula III, Ilia or Illb can be at least 50% from the compound of 

Formula VI, Via or VIb. In some embodiments, the yield of Formula III, Ilia or 11Tb can be 

at least 75% from the compound of Formula VI, Via or VIb. 

[0173] The compound of Formula III, Ilia or Illb can be in any suitable form. For 

example, the compound of Formula 111, Ilia or Illb can be in a neutral form or a salt form. 

Suitabl e salt forms of the compound of Formula III, Ilia or Illb include, but are not limited to, 

inorganic acid addition salts such as chloride, bromide, sulfate, phosphate, and nitrate; 

organic acid addition salts such as acetate, oxalate, galactarate, propionate, succinate, lactate, 

glycol ate, malate, tartrate, citrate, raaleate, fumarate, methanesul fonate, p-toluenesul fonate, 

and aseorbate; salts with acidic amino acid such as aspartate and glutamate. The salts can be 

in some cases hydrates or ethanol solvates, 

|0174] In some embodiments, the compound of Formula III, Ilia or Illb can be a salt, In 

some embodiments, the compound of Formula III, Ilia or Illb can be the bis-oxalate salt: 
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In some embodiments, the compound of Formula III, Formula Ilia or Formula Illb can be the 

bis-oxalate salt: 

HN'"^C02Et 
J1 nn k. , 

Y; N « 2 HO" 

O HN' C02Ei 

V^l * 2 HO V"OH 
\ .is! A J T o <-v ^ 

o 
.-OH 

T o or 

HN CO,Et 

I ^ r"-\ ® 2 HO 

Q 
A 

1' 
,.OH 

Irs some embodiments, the compound of Formula III, Formula Ilia or Formula Illb can be the 

bis-oxalate salt: 

HN" XO?Et 
I ̂  

/ 1 1j "I \ jsi Ji A 

O HN' "C02Et 
, ,_A ^OH L 
HO Y 

0 or 

2 HO'V°H 

o 

In some embodiments, the present invention provides a compound having the structure: 

HN' ^C02Et 
i. /''V N > 

\ / 
2 HO"' 

,OH 

O 

[0175] The salt forms of the compound of Formula III, Ilia or Illb can be prepared by any 

suitable methods, In some embodiments, the present invention provides a method of 

preparing a compound having the structure: 

HN' C02Et 
o • \ 

'N^ 

9 U«A/OH 
2 HO jf 

O 

including forming a reaction mixture of oxalic acid and a compound having the structure: 

HN""^CQ2Et 

V 
-N u 

under conditions suitable to prepare the salt, 

|0176] The salt forms of the compound of Formula III, Ilia or Illb can be prepared by any 

suitable methods. In some embodiments, the present invention provides a method of 

preparing a compound having the structure: 
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HN'^CCbEf ? 
I *" A OH 

• 2 HO' Y 
' / O 

including forming a reaction mixture of oxalic acid and a compound ha ving the structure: 

HN^C02Et 

1 J V V .sis 

under conditions suitable to prepare the salt. 

[0.177J The bis-oxalate form of the compound of Formula III, Ilia or Illb can be prepared in 

any suitable solvent such as methanol, ethanol, isopropanol, ethyl acetate, tetrahydrofuran, 

water, or combinations thereof. In some embodiments, the solvent can be ethanol and water. 

[0178] The present invention also provides methods of making compounds of Formula II, 

4~amiiio-5~nitro-2,6-suhslituied pyrimidines. The methods include addition of an amine to 

the pyrimidine, replacing a chloro group. The chloro-substituted pyrimidine can be prepared 

from a 4,6-dihydroxypyrimidme by substituting a. nitro group at the 5-posit.ion, followed by 

conversion of the dihydroxy groups to chloro groups. 

[0179] In some embodiments, the present invention provides a method of preparing a 

compound of Formula If: 

HHZ 

N 
RV ,A A. L N LG (II) 

including forming a first reaction mixture of ammonia, a first non-nucleophilic base, and a 

compound of Formula lib: 
CI 

N' 
R1 jj 

*L1 "LG (lib) 

under conditions suitable to form the compound of Formula II. Groups Rj, L1 and LG of 

Formulas II and lib are as described above. 

|0180) In some embodiments, the present invention provides a method of preparing a 

compound of Formula Ila, including forming a first reaction mixture of ammonia, a first non-

nucleophilic base, and a compound of Formula lib having the structure: 
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CI 
NO? 

N 

"0"'"~N" "LG 

under conditions suitable to form the compound of Formula Ila, wherein R can be Ci~C6 

alkyi, and LG is a leaving group can be halogen, -OH, or -OSOiR1 \ wherein R]} can he Cj-

Co alkyi. C j-Cfi haloalkyl or aryl, wherein the and group can be substituted with 1 to 3 RBa 

groups which can each independently be Cj-Q alkyi, halogen, or NO2. 

[0181] The first non-nucleopliilic base suitable for the method of preparing the compound 

of Formula II or I la includes, but is not limited to, triethylamine, diisopropylefhyl amine, 

N,N-diethylaiiiline, pyridine, 2,6-lutidine, 2,4,6-collidine, 4-dimethylamiriopyridine, and 

quinuclidine. In some embodiments, die first non-nucleophilic base can be triethylamine. 

The method of preparing the compound of Formula II or Ila can include additional 

steps to prepare the compound of Formula lib. In some embodiments, the method of 

preparing the compound of Formula II or Ila can include, prior to the step of forming the first 

reaction mixture, the step of forming a reaction mixture of a nitration agent, and a compound 

of Formula lie: 

OH 
1 

^GH (Be) 

under conditions suitable to form the compound of Formula lid : 
OH 

Rl .A -/A 
Q N' OH (lid) , 

The method can also include forming a reaction mixture of a chlorination agent, a second 

non-nucleophilic base and the compound of Formula lid, under conditions suitable to form 

the compound of Formula lib having the structure: 
CI 

JL.o I 
CI 

•2 

|0183] The nitration agent can include any agent suitable for nitrating the 5-position of a 

pyrimidine ring. Representative ntiration agents include, but are not limited to, nitric acid. In 

some embodiments, the nitration agent can be nitric acid. 
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[0184] The chlorination agent can include any agent suitable to replace the hydroxy groups 

of Formula He with a chloro group. Representative chlorination agents incl ude, but are not 

limited to, phosphorous oxychloride, thionyl chloride, oxalyl chloride and sulfuryl ehioride, 

in some embodiments., the chlorination agent can be phosphorous oxychloride. 

[0185] The second non-nucleophilic base can be the same or different from the non-

nucleophilic base used to prepare the compound of Formula II or Ila. In some embodiments, 

the second non-nucleophilic base can be N,N-diethylani!ine. 

[0186] Any combination of the nitration agent, first non-nucleophilic base, chlorination 

agent and second non-nucleophilic base can be used in the method of preparing the 

compound of Formula II or I la, In some embodiments, the chlorination agent can be selected 

from phosphorous oxychloride, thionyl chloride, oxalyl chloride and sulfuryl chloride; and 

the second non-nucleophilic base can be selected from triethylamine, diisopropylethyl amine. 

N,N<limethylanilme, N,N~diethylaniline, pyridine, 2,6-lutidine, 2,4,6-collidine, 4-

dimethylaminopyridine, and quinuclidine. In some embodiments, the first non-nucleophilic 

base can be triethylamine; the nitration agent can be nitric acid; the chlorination agent can be 

phosphorous oxychloride; and the second non-nucleophilic base can be N,N~diefchylaniline. 

[0187] In some embodiments, the method of preparing the compound of Formula Ila can 

include forming the reaction mixture of nitric acid, acetic acid, and a compound of 

Formula He: 

The method can also include forming the reaction mixture of phosphorous oxychloride. N,N-

dimethyianiline, and the compound of Formula lid, under conditions suitable to form the 

compound of Formula lib having the structure: 

OH 
1 

O N OH (He) 

under conditions suitable to form the compound of Formula lid: 
OH 

(lid) 

CI 
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The method can also include forming the first reaction mixture comprising ammonia, 

triethylamine, and the compound of Formula lib, under conditions suitable to form the 

compound of Formula Ila, 

[0188] The method of making the compound of Formula II can be performed using any 

suitable solvent, sueb as isopropanol, ethanol, methanol, dichioromethane, dichloroethane, 

diethyl ether, tetrahydrofuran, 2-methyltetrahydrofuran, methyl-fcrf-butylether, ethyl acetate, 

isopropyl acetate, acetonitrile, toluene, dimethyl aeetamide, water, acetic acid, or 

combinations thereof. In some embodiments, the solvent can be acetic acid. In some 

embodiments, the solvent can be methanol and tetrahydrofuran. 

[0.189! The method of making the compo und of Formula II or Ila can be performed under 

any suitable reaction conditions. For example, the first reaction mixture can be at any 

suitable temperature, such as, but not limited to, below room temperature, at room 

temperature, or above room temperature, In some embodiments, the temperature of the first 

reaction mixture can be from about -50 °C to about 100 °C, or from about -50 °C to about 50 

°C, or from about -50 °C to about 0 °C, or from about 0 °C to about 50 °C, or from about 1.0 

°C to about 30 °C. In some embodiments, the temperature of the first reaction mixture can be 

at about -20 °C, In some embodiments, the temperature of the first reaction mixture can be at 

about 20 °€. 

[0190] The method of making the compound of Formula II or Ila can be performed for any 

suitable reaction time. For example, the reaction time can be tor minutes, hours or days. In 

some embodiments, the reaction time can be several hours, such as overnight. The first 

reaction mixture can also be at any suitable pressure. For example, the first reaction mixture 

can be below atmospheric pressure, at about atmospheric pressure, or above atmospheric 

pressure. In some embodiments, the first reaction mixture can be at about atmospheric 

pressure. 

VOL OF <IUL. 

[0191J The present invention provides compounds of Formula He; 

(He) 
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wherein R1 of Formula lie can be alkyi, substituted alkyi, haloalkyl, alkenyl, substituted 

alkenyl, alkynyl, substituted alkynyl, heteroalkyl, substituted heteroalkyl, carbocyclyl, 

substituted carbocyclyl, carbocyclylalkyl, substituted carbocyclylalkyl, heterocyclyl, 

substituted heterocyclyl, heterocyclylalkyl, or substituted heterocyclylalkyl, arylalkyl, 

substituted arylalkyl, heteroarylalkyl, substituted heteroarylalkyl, carbocyclylheteroalkyl, 

substituted carbocyclylheteroalkyl, heterocyclyl heteroalkyl, substituted 

heterocyclylheteroalkyl, arylheteroalkyl, substituted arylheteroalkyl, heteroarylheteroalkyl. or 

substituted heteroarylheteroalkyl. LG of Formula lie can be a leaving group which can be 

halogen, -OH, or-GSCbR1'1, wherein Rf3 can be Cj-C& alkyi, Ci-Q, haloalkyl or aryl, wherein 

the aryl group can be substituted with 1 to 3 R,3a groups which can each independently be Q-

Q alkyi, halogen, or NO2. Group R * of Formula He can be selected, from halogen, -OR ~ 

and -N(R12a)2, wherein each R12a can independently be H or Cj-Cs alkyi. Subscript x of 

Formula He can be 1 or 2. And when R! 2 is -NH2 and subscript x is 2, then LG is a halogen. 

[0192] In some embodiments, the present invention pro vides a compound of Formula lie, 

wherein R! of Formula He can be CrC* alkyi, LG is a leaving group selected from halogen, -

OB and -O-tosylate, R12 can be halogen, -OH or --NH2, and subscript x can be 1 or 2, such 
12 that when R is -NHj and subscript x is 2, then LG can be a halogen. 

[0193] In some embodiments, R.1 of Formula lie can be alkyi. In some embodiments, R1 of 

Formula lie can be Ci-Cs alkyi- In some embodiments, R1 of Formula lie can be methyl, 

ethyl, n-propyl, isopropyl, n-butyl, iso-butyl, sec-butyl, tert-butyl, n-pentyl, iso-pentyl or n-

hexyl. In some embodiments. R1 of Formula lie can be methyl, ethyl, n-propyl, or n-butyl. 

In some embodiments, R1 of Formula lie can be n-butvl. 

[0194J In some embodiments, Rn can be methyl, trifluoromethyi or phenyl, wherein the 

phenyl can be substituted with 1 Ri3a group that can be methyl, fluoro, chloro. bromo or NO2, 

[0195] In some embodiments, R'2 of Formula lie can be chloro, -OH or -NI L. In some 

embodiments, R!2 of Formula lie can be -NH?.. 

[0196] In some embodiments, the leaving group LG of Formula He can be chloro or -OH. 

In some embodiments, the leaving group LG of Formula lie can be chloro, 

[0197] In some embodiments, subscript x can be 1 or 2. In some embodiments, subscript x 

can be I, In some embodiments, subscript x can be 2. 
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[0198] In some embodiments, R1 can be n-butyl, R:2 can be chloro, -OH or -NH2, and LG 

can be chloro or-OH, In some embodiments, the compound of Formula He can be selected 

from: 

NH2 

O N CI 

and 

CI 

^ ̂  A . * 'O N X:l 

NH2 
Ax xNO N "V 

0 i 
"OH 

OH 
X 

N' 

"O"N'" "OH 

In some embodiments, the compound of Formula lie has the structure: 

NH2 
1 NO, N' V 2 

^ ̂  A X ' ^ O N CI 

|0199] The compounds of Formula He include the isomers, salts, hydrates, and prodrug 

forms thereof. 

IX. EXAMPLES 

[0200] Preparation of 2~«-butoxy~6~ehloro~5-nitropyrimidin-4-amine is described. 

N,k .NO, 
A . -R-BUQ N Ci 

/I-BUGH. ACCI 
?!MCN 

NH 
X HCI 

n-BuO iNir>2 

[0201] A flask was charged with w-butanol (250 mL) and acetyl chloride (20,6 g, 262 

mmol, 1.1 equiv.} was slowly charged at a rate to keep the internal temperature of the 

solution to below about 30 °C. After the addition was completed, the solution was stirred for 

approximately 15 minutes. To the solution was slowly charged cyanamide (10 g, 238 mmol, 

1.0 equiv,) as a solution in «~butanol (250 mL) at a rate to keep the internal temperature of 

the slurry below about 40 °C. Once addition is complete, the content temperature was 

adjusted to about 40 °C and maintained until reaction is complete (typical reaction time 6 -
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24 hours). The mixture was concentrated under reduced pressure to provide »-butyl 

carbamidate hydrochloride. 

Preparation of" 2-«-butoxypyrin?idiee~4,6-dioI 

OH 
NH s HQ MeO,C"^v"CO,Me 

.A. «•-
n-BuO NH2 m MeOHa R n^u^nn 

n-BuO N OH 

[0202] #-Butyl carbamidate hydrochloride (1.36 kg) was dissolved in methanol (7 L) and 

cooled to about -5 °C. Sodium methoxide in methanol (3.44 kg of 98% NaOMe in 4.9 L 

MeOH) was slowly charged to the solution at a rate to keep the internal temperature below 

about (5 °C. Once the sodium methoxide addition was complete, methyl malonate (1.18 kg) 

was added. The resulting reaction mixture was stirred at about 20 °C until the reaction was 

complete. Upon completion, the solution was concentrated and the pFI was adjusted to pH 4 

to 5. The resulting precipitate was filtered to provide 2-n-butoxypyriTnidine-4,6-diol. 

OH OH 
1 HMOs ! 

IA, - N Y 
tr-BuO' OH H0AC ^ OH 

[0203] 2-n~Rutoxypyrimidine-4,6-diol (850 g) was added to a premixed solution of fuming 

HNO3 (2.1 kg) and acetic acid (4 L) at about 0 to 10 °C, The solution was stirred at ambient 

temperature overnight. The resulting mixture was added to water (4 L) which was extracted 

with dichioromethane (4 L). The organic phase was concentrated and co-evaporated with 

toluene to give of2-n-butoxy-5~nitropyrimidine-4,6-diol. \H NMR (400 MHz, DMSO-dg) 8 

4.08 (f, J - 6.7 Hz, 2H), 1.58 (tt, J -7.1, 7.3 Hz, 2H), 1.35 (tq, J - 7.5, 7.5 Hz), 0.90 (t, J -

7.4 Hz, 3H). 

Preparation of 2~H~butoxy~4,6~dkMor0-5-mtropyr!midme 

on poci^ Ci 

^ 
!]j | N,N<iMhy\ j| T 

n-BuO^N^OH anilirie n-BuO^N^Ci 

[0204] A reactor was charged with 2-w4)utoxy~5~nitropyrimidme-4,6-diol (700 g) followed 

by POCI3 (2.5 L). The mixture was heated to about 40 °C and Av/V-diethylaniline (1.2 L) was 

slowly added. Once the addition was completed, the internal temperature was adjusted to 

about 60 °C for additional 3 hours. Once the reaction was deemed complete, the temperature 
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was adjusted to about 20 °C. The resulting solution was slowly added to water (10 L). The 

mixture was extracted with dichioromethane (5 L) and concentrated under reduced pressure. 

The resulting oil was passed through a pad of silica gel eluting with ethyl acetate and 

heptanes to provide 2-H-butoxy-4,6-dichloro-5-nitropyrimidine. A purified sample of 2-n-

butoxy-4,6-dichloro-5~mtropyrimidine has the following spectrum: JH NMR (400 MHz. 

CDCI3) S 4.46 (t,J= 6.6 Hz, 2H), 1.81 (tt, J - 7.1, 7.3 Hz, 2H), 1.49 (tq, J - 7.5, 7.5 Hz, 2H), 

0.98 (t, J-7.4 Hz,3H). 

Preparation of 2~«-hufGxy~6~cMoro~5~mtr0pyrlmidm~4-jmime 

[0205] 7M NH3 in MeOH (180 mL) was added dropwise into a solution of 2-?j-butoxy-4,6-

dichloro-5-nitropyrimidme (339 g, 1.2 moles) with Et3N (240 mL) in THF (1.5 I.) at 

about -20 °C. The mixture was stirred at this temperature for about 2 hours and then an 

additional 20 mL of 7 M NBU in MeOH was added and stirred for about one hour. To this 

solu tion was added 500 mL water and 500 ml MTBE, Layer separation and extract of the 

water layer with 500 mL MTBE followed by washing with 1 N HC1 and 50% NaH2P03 gave 

a MTBE solution. The solution was concentrated was and then crystallized from 1.5 liter of 

EtOAc:petroleum ether (1:4), to give 2-«-butoxy~6~ebloro~5~nitropyrimidin~4~arnine. A 

purified sample of 2~?i~hutoxy-6-ehloro-5-nitropyrimidin~4~a.mine has the following 

spectrum: SH NMR (400 MHz, CDC13) S 4.35 (t, J - 6.6 Hz, 2H), 1.75 (tt, J- - 7.0, 7.2 Hz. 

2H), 1.46 (tq, J-7.5, 7.5 Hz, 2H), 0,96 (t, J= 7.4 Hz, 3H), 

[0206] Preparation of ethyl N-(3-pyrrolidin-l-ylmethyi)benzyl glycinate bis-oxalate salt is 

described. 

Ci 
AWNQ2 

NH3/ MeOH 

Et3N, THF, -20 °C 
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Preparation of 3~(pym>!Mm-!-yk 

"^r Y 
pyrrol Idirse 

OHC., .XN MaBH4. HOAC N " 
XN 

[0207] Sodium borohydride (6.2 kg) and dichioromethane (285 kg) were combined, The 

content temperature was adjusted to about 0 °C and acetic acid (29 kg) was slowly charged 

over about 2 hours. The mixture was agitated at about 0 °C for 2 hours and then warmed to 

about 20 °C. 

In a second reaction vessel was combined 3-cyanobenzaldehyde (14 kg), 

dichioromethane (52 kg) and pyrrolidine (7.8 kg) and the resulting mixture was agitated at 

about 20 °C. To this mixture was slowly charged with the sodium 

borohydride/diehloromethane mixture over about 2 hours at about 20 °C. After the addition 

was complete, the mixture was agitated for about 12 hours at about 20 °C. Once the reaction 

was deemed complete, an aqueous sodium hydroxide solution (105 kg, 10% w/w) was added. 

The phases were separated and the aqueous phase was extracted with dichioromethane (53 

kg) three times. Water (71 kg) was added to the combined organic phases and the pH was 

adjusted to ~2 by adding an aqueous HQ solution (71 kg, 2M). The phases were separated 

and the organic phase was extracted with an aqueous HC1 solution (44 kg, !M). The pH of 

the combined aqueous phases was adjusted to 12 by adding an aqueous sodium hydroxide 

solution (62 kg, 10% w/w). The aqueous phase was extracted with dichioromethane (62 kg) 

three times. The organic phase was washed with water (14 kg) two times, dried over sodium 

sulfate, and concentrated, Tetrahydrofuran (20 kg) was charged and concentrated to provide 

3 -(pyrrolidin-1 -yImethyl)benzonitrile. A purified sample of 3 -(pyrrolidin-1 -

ylmethyl)benzonitrile has the following spectrum: NMR (400 MHz, CDCI3) S 7.64-7.40 

(m, 4H), 3.63 (s, 2H), 2.50 (s, 4H), 1.80 (s, 4H), 

-y 

\ / \ 
v A Reci-Al PhEvfe V 

N N 

lyVCN * LYY^NHz 

Red-A.l (65 wt% in toluene, 6.8 kg, 55 equiv.) in toluene (3 L) solution was cooled 

to about 0 °C. To this solution was added with a solution of 3-(pyrrolidin-1-
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y].Tnethyl)benzonitrile (810 g) in toluene (8 L) while maintaining an internal temperature of 

below about 5 °C. Once the addition was complete, the solution was agitated at about 0 °C 

for about one hour and then warmed to about 20 °C and agitated for about 16 hours. 

At the end of the agitation period, the reaction contents were added to a cooled 

(about 0 °C) aqueous potassium hydroxide solution (25 volumes, 20 I.) at a rate to 

maintaining the internal temperature of less than about 5 °C. Once the addition was 

complete, the contents were warmed to about 20 °C. The phases were separated and the 

aqueous phase was extracted with toluene (8 L). The combined organics were concentrated 

under reduced pressure to provide to provide (3-(pyrrolidin-1 -ylmethyl)phenyl)roethaiiaxrune. 

A purified sample of (3-{pyrrolidin4-ylmethyl)phenyl)methammine has the following 

spectrum: NMR (400 MHz, CDC13) 5 7.19-7.28 (m, 4H), 3.85 (s, 2H), 3.61 (s, 2H), 2.51 

(s, 4H), 1.78 (s, 4H), 1.65 (br s5 2H). 

Preparation of ethyl N~!3-pyrroMdm~l~y!metiiyI)foeu2yl]glyd)fiate 

9 
! , 4 2 J.jQ jli^ 

I \ 1.8rCH2C02B ( \ Y 
'"N"" B3N. THF N'' 6 

"NH2 2. oxalic acid If U C02Et 1 J Et0H 

[0211] Tetrahydrofuran (130 kg) at about 20 °C was combined with (3-(pyrrolidin-1-

ylmetbyl)phenyl)methanamine (15.1 kg) and triethylamine (10.5 kg). Ethyl bromoacetate 

(13.9 kg) was then charged to the reaction contents over about 2 hours and the 

resuitingmixture was agitated at about 20 °C until the reaction was deemed complete. Water 

(520 kg) was charged to the reaction mixture followed by ethyl acetate (135 kg). The phases 

were separated and the aqueous phase was extracted twice with ethyl acetate (135 kg). The 

combined organic phases were washed with water (75 kg). The organic phase was 

concentrated under reduced pressure. The resulting oil was reconstituted in methy-ter?-

butylether and treated with silica gel (4 kg). The slurry was filtered and washed mefhy-terf-

butylether (30 kg). 

[2] The filtrate was concentrated and the resulting foam was reconstituted in ethanol 

(312 L) and water (16 L). The mix ture was heated to about 70 °C. A. solution of oxalic acid 

(11.4 kg) dissolved in ethanol (40 kg) was slowly added. The resultant slimy was heated to 

about 60 °C and agitated for about 2 hours. The slurry was slowly cooled to about -5 °C over 

about 4 hours. The slurry was filtered and the solids were washed with ethanol (50 kg). The 
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solids were dried in a vacuum oven to provide ethyl N-(3-pyrrolidin-1 -y1methyl)benzyl 

glycinate bis-oxalate . A purified sample of ethyl N-(3~pyrrolidiii~l-ylmethyl)benzyl 

glycinate bis-oxalate has the following spectrum: *H NMR (400 MHz, CDCI3) 5 7.43-7.56 

(m, 4H), 4.27 (s, 2H), 4.23 (s, 2H), 4.13 (q, J--- 7.2 Hz, 2H), 3.88 (s, 2H), 3.35-3.45 (m, 2H), 

2.98-3.16 (rn, 2H), 1.98-2.06 (in, 2H), 1.79-1.95 (m, 2H), 1.13 (1, J- 7.2 Hz, 311). 

Preparation of ethyl N-(3-pyrrolidin-l-ylmethyl)benzyl glycinate bis-oxalate is 

described. 

O 
X EtOzC H o 2 

1 Na(OAc)3BH, DCE V 
" 2. oxalic acid 

EtOH 

N' 
L 

o 
HOYJLOH 

0 

" "CO',Et 
H 

|0214| (3-(Pyrrolidin-l-ylmethyl)phenyl)metha;namine (500 mg, 2.6 mmol) was dissolved 

in dichloroethane (7.5 ml..). Ethyl glyoxalate (540 mg, 2.9 moles, ~50 weight% solution in 

toluene) was added followed by the addition of sodium acetoxy borohydride (840 rog, 3.9 

mmol). Once deemed complete, the reaction was quenched with a saturated sodium 

bicarbonate solution (5 mL). The phases were separated and the organic phase was 

concentrated. The oxalate salt was prepared in a similar manner as previously described. A 

purified sample of ethyl N-(3-pyrrolidin-l-ylmethyl)henzyl glycinate bis-oxalate has the 

same fH NMR as previously described. 

Preparation of ethyl N~(3-pyrrolidin-l-yimethyl)benzyl >is~oxalate is 

described. 

Preparation of l-(34>romobenzyl)pyTroi»dme: 

V O 
OHC, /Br 

H N' 

1 j) NaBH4, MeOH 
,Br 
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[0216] A solution of 3-bromobenzaldehvde (350 g, 1.83 mol) in ethanol (1.9 L) was cooled 

to about 15 °C and pyrrolidine (135 g, 1.90 mol) was added while maintaining the reaction 

content temperature below about 25 °C, After the addition was complete, the reaction 

mixture was stirred at room temperature for about 2 hours. The reaction mixture was then 

concentrated and diluted with ethanol (1,4 L)„ 

j0217] To a separate round bottom flask was charged ethanol (960 mL). Sodium 

borohydride (96 g, 2.5 mol) was charged portionwise over about 30 minutes maintaining the 

temperature to about 15 °C. The ethanolic solution initially prepared was added to the second 

ethanolie solution via an addition funnel over 30 minutes keeping the temperature below 

about 35 °C, Once the addition was complete, the mixture was stirred at room temperature 

until the reaction was deemed complete. The reaction mixture was cooled to about 0 °C and 

quenched by adding water (800 mL) over 30 minutes keeping the temperature below about 

25 °C. Aqueous HC1 (1,5L) was added over 30 minutes keeping the temperature below about 

35 °€. The mixture was vigorously stirred at room temperature for about 10 minutes alter the 

addition. The mixture was extracted with methyl-fert-butylether (2 L) and the acidic aqueous 

layer was then basifted by adding aqueous NaOH (780 mL), The resulting aqueous layer was 

extracted with methyl-/e/t-butylether (4 L x 2), The combined organic layers were 

concentrated and co-evaporated with toluene. The solution was treated with potassium 

carbonate (80 g, 325 mesh) and the slurry was filtered and the cake was rinsed with toluene 

(300 mL) and concentrated to providel-(3-bromoberszyl)pyrroltdine. A purified sample of 

(1 -(3-bromobenzyl)pyrrolidine) has the following spectrum: NMR (300 MHz, CDCl?) 6 

7.1-7.5 (m, 4H), 3.6 (s, 2H), 2.4-2.6 (m, 4H), 1.7-1.9 (m, 4H). 

Preparation of 3-(pyrroSfdtn-l-ylHiethyl)foeii2;aidehyde 

[0218] Tetrahydrofuran (1,5 L) was charged to a round bottom flask and cooled to about 

5 °C. Isopropylmagnesimrs chloride (L9.M in THF, 215 mL, 406 mmol) was added over 

about 10 minutes, maintaining the temperature below about 15 °C. After the addition was 

complete, the solution was cooled to about -10 °C and «-butyUithiurn (1SM in hexanes, 542 

mL, 812 mmol) was added over about 30 minutes. The resulting solution was stirred at about 

0 °C for about 45 minutes and then cooled to about -10 °C. A solution of l-(3-

/-PrMgCI. fJ-BuLi N' 
THF, -10 °C k. - •'"HO 
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bromohenzyi)pyrrolidine (167 g, 88 weight%, 611 mmol) in dry tetrahydrofuran (750 mL) 

was added over 25 minutes while keeping the temperature at about -10 °C to -15 °C. Once 

the addition was complete, the mixture was stirred at about -1.0 °C to -15 °C until the reaction 

was deemed complete. 

A solution of AW-dimethylfomiamide (145 mL 1,88 mol) in tetrahydrofuran (150 

mL) was added to the reaction mixture at about -10 °€ to -15 °C over about 20 minutes. The 

mixture was stirred at about -5 °C to 0 °C for about one hour. Once the reaction was deemed 

complete, the mixture was cooled to about -10 °C, and the reaction was quenched by adding 

water (1 L) slowly over 20 minutes with vigorous stirring, keeping the temperature below 

about 0 °C to 10 °C, The mixture was warmed to room temperature and the bottom aqueous 

layer was discarded, The organic layer was extracted twice with 2MH3PQ4 (650 mL x 1 and 

150 mL x 1). These aqueous layers were combined and charged to methyl-ter^-butylether 

(500 mL). The mixture was cooled to about 10 °C with agitation. The aqueous layer was 

basified by adding 3ArNaOH (~550 mL) slowly keeping the temperature below about 25 °C. 

The mixture was filtered and the solids were washed with methyl-te/t-butylether (250 mL), 

The filtrate was transferred to a separatory funnel, and the layers were separated. The 

organic layer was washed with water (400 mL). The resulting organic layer (-960 mL) was 

concentrated and. co-evaporated with toluene to provide the product, 3-(pyrrolidin-1-

ylmethyljbenzaldehyde. A purified sample of 3-(pyrrolidin-.1 -ylmethyTjbenzaldehyde has the 

following spectrum; 'H NMR (300 MHz, CDCI3) 8 10.0 (s, 1H), 7.85 (s, 1H)S 7.75 (d, J 

7.5 Hz, 1H), 7.63 (d, J = 7.5 Hz, 1H), 7.48 (dd, J ::: 7.5, 7.5 Hz, 1H), 3.7 (s, 2H), 2.4-2.6 (m, 

4H), 1.7-1.9 (m, 4H). 

Preparation of ethyl N-(3-pyrroMdin-l-yImethyl)beiizyI glycinate bis-oxalate 

!—\ HCi j—\ *2 HOv A.. 
V y 1) H2N. ^.COjEt x ^ JT 

N i ^ N O 
,CHO Et3N, MgS04 

2) Na(OAc)jBH, HOAc: DCE 

3) (C02H)2i EtOH 

E0| A round bottom flask was charged with diehloroethane (1.2 L), 3-(pyrrolidin-1-

ylmethyl)benzaldeliyde (118 g. -70 weight%, 423 mmol) and glycine ethyl ester 

hydrochloride (118 g, 845 mmol). The mixture was agitated at room temperature for about 

10 minutes and then triethylamine (118 mL, 845 mmol) and magnesium sulfate (anhydrous 

1 "N"' "CQ,Et 
H 1 
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powder, 320 g) were added. The reaction mixture was stirred at about 35 °C for about 2 

hours, 

[02211 The mixture was filtered through a funnel which contained anhydrous magnesium 

sulfate (100 g), The filter cake was rinsed with diehloroethane (200 mL x 2). The combined 

filtrates were concentrated to approximately 200 mL, diluted with diehloroethane (1 L), The 

resulting solution was cooled to about 10 °C. Sodium(triacetoxy)borohydride (116 g, 550 

mmol) was added in five portions over 20 minutes. The temperature was adjusted to 

about -10 °C and acetic acid (120 mL, 2.1 mol) was added to the reaction mixture over about 

20 minutes keeping the temperature below about 0 °C. After the addition was complete the 

reaction mixture was wanned to the room temperature over about 1 hour until the reaction 

was deemed complete. The mixture was cooled to about -10 °C and quenched by adding 

water (200 mL) slowly over 15 minutes with vigorous stirring, keeping the temperature 

below about 10 °C. Once the addition was complete, the mixture was wanned to room 

temperature. Aqueous HC1 (300 mL) was added to the mixture until a pH of about 3 is 

achieved. The layers were separated and the diehloroethane layer was extracted with 0.3A'" 

HC1 (100 mL). The combined acidic aqueous layers were combined with methyl-fc/t-

butylether (600 mL) and cooled to about 10 °C. A 50% w/w NaOH solution (--250 mL) was 

added over about 20 minutes with vigorous stirring keeping the temperature below about 

25 °C until the pH was 9 to 10. The phases were separated and the organic layer was washed 

with water (250 mL). The combined aqueous layers were extracted with mdhyl-tert-

butylether (250 mL). The combined organic layers were concentrated and the residue was 

dissolved in ethanol (1.8 L). A solution of oxalic acid (66 g, 730 mmol, 2.1 equiv.) in ethanol 

(500 mL) was slowly added over about 1 hour with stirring at room temperature. The 

resultant slurry was heated to about 60 °C and agitated for about 2 hours. The slurry was 

slowly cooled to about -5 °C over about 4 hours. The slurry was filtered and the solids were 

washed with ethanol (500 mL). The solids were dried in a vacuum oven to provide the 

product, A purified sample of ethyl N-(3-pyrrolidin-l~ylmetliyl)benzyl glycinate bis-oxalate 

has the following spectrum; !H NMR (400 MHz, CDCI3) 6 7.43-7.56 (m, 4H), 4.27 (s, 2H), 

4.23 (s, 2H), 4.13 (q, J = 7.2 Hz, 2H), 3.88 (s, 2H), 3.35-3.45 (m, 2H), 2.98-3.16 (m, 2H), 

1.98-2.06 (m, 211). 1.79-1.95 iro. 2H), 1.13 (t, J7.2 Hz, 311). 
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Example 5, Preparation of ethyl N-(3-pyrroHdin-l-ylmethyl)beazvt glycksate Ms-

Preparation of ethyl N-(3-pyrrolidin~l~ylmethyl)beiizyl glycinate bis-oxalate is 

described. 

Preparation of 34pyrcxjHdin-l-ylniethyl)beiizaldehyde 

~\ 
J 

DsBAI-H NNX 

TT CH 
CH2Ci2> -78 "C T ,CHO 

[0223] 3-(Pyrrolidin~l-yImethyl)benzonitrile (200 nig, 1.2 mmol) was charged to a flask 

and dissolved in dichioromethane (.1.5 mL). The solution was cooled to about -78 °C and di-

isobutylaluminum hydride (1.5 mL, IM in toluene) was slowly added. The reaction was 

stirred at about -78 °C for one hour and then warmed to room temperature and stirred 

overnight. Hie reaction was quenched with a saturated sodium sulfate solution and extracted 

its to dichioromethane. The organic layer was concentrated and then chromatographed on 

silica gel eluting with dichioromethane and methanol to provide the desired aldehyde. A 

purified sample has the following spectrum: !H NMR (300 MHz, CDCK) 5 10,0 (s, 1H), 7.85 

(s, 1H), 7.75 (d, / = 7.5 Hz, 1H), 7.63 (d,7.5 Hz, 1H), 7.48 (dd, J- 7.5, 7.5 Hz, 1H), 3.7 

(s, 2H), 2.4-2.6 (m, 4H), 1.7-1.9 (m, 4H). 

Preparation of ethyl N-(3-pyrroMiss~l-ylmelhyl)benzyl glycinate bis-oxalate 

/ \ 

HC! 

0 H2N^_^C02Et 

Et-iN. MgSO< 

O 
HO. A 

OH 

. ̂  XHQ - -
| J 2) N«{OAC)3BH, HOAC. DCE 

^ 3) (C02H)2, EtOH 

[0224] The title compound was prepared as previously described. 

N 
L 

o 
r""~"scooEt 

[0225] Preparation of 4-amino~2-butoxy~8~(3-(pyrrolidin-1 -ylmethy!)benzyl)-7,8-

dihydropteridin-6(5H)-one is described. 
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Svrio > , 
I * H 

>L .0 
N ^ ^ 

Nr" 

n-BisQ N' 

Preparation of ethyl 2-((6-ammo~2~foufcaxy-5~nltrQpyrlmidm-4~yI)(3~(pyrro!idm-l-

2 HOr°-°H 

6 
NH2 

..NO-? 
N 

n- BuO ' ̂ ' N * "Ci 

.-A H 
"COoEt 

HH2 

N"V 
f?-BuO N' 

HCi 

sCO,Et 

i. Et3N, EtOAc V. 

ii. corsc. HCI, ElOAciEtOH ^ 

A flask was charged with 2~butoxy-6-cliloro-5-nitxopyrimIdin-4-ami.ne (300 g, 1.0 

equiv.), ethyl N-(3-pyrrolidixi-l-ylmethyl)benzvl glycinate bis-oxalate (555 g, 1.0 equiv.) and 

ethyl acetate (6 L). The mixture was agitated, and cooled to about 0 °C. Triethylamine (616 

g, 5.0 equiv.) was slowly added maintaining the internal temperature at about 0 °C, The 

mixture was warmed to room temperature and agitated until the reaction was deemed 

complete. The reaction was then quenched with an aqueous potassium carbonate solution (10 

w/w%, 6 L). The phases were separated and the aqueous phase was extracted with ethyl 

acetate (6L). The combined organic layers were concentrated and reconstituted in ethyl 

acetate (6 L). Ethanol (600 mL) was added and the resultant solution was agitated at room 

temperature. Concentrated HCI (102 mL, 1.0 equiv.) was slowly added to the reaction 

mixture. The resultant slurry was agitated at about 20 °C for about 16 hours. The solids 

were collected by filtration and washed with ethyl acetate/ethanol (600 mL, 9/1 v/v). The 

product was dried under vacuum to provide ethyl 2-((6~amino-2~butoxy-5-nitropyrimidin-4-

yl)(3-(pyrrolidin-l-ylmethyl)benzyl)amino)acetate hydrochloride (504 g, 79% yield). A 

purified sample of ethyl 2-((6-amino-2-butoxy~5~mtropyrinridin-4-yl)(3-(pyrrolidin-1 -

ylmethyl)benzyl)amino)acetate hydrochloride has the following spectrum: 3H NMR (400 

MHz, CDCI3) 8 12.71 (hr s, 1H), 7.63-7.69 (m, 1H), 7,57 (s, 1H), 7,30-7.43 (m, 2H), 4.77 (s, 

2.H), 4.05-4.25 (m, 8H), 3.50-3.66 (m, 2H), 2.71-2.94 (m, 2H), 2.10-2.31 (m, 2H), 1.90-2.10 

(m, 2H), 1.62-1.69 (m, 2H), 1.32-1.46 (m, 2Hh 1.21-1.29 (m, 3H), 0.85-0.98 (m, 3H). 
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-amitto-2-feutoxy-8-{3-(pyri*oI 

-6{SH)~one; 

n-BuO" "N" 

.•N02 

s HCI 

C02Et 

NH2 H 

Zinc, HOAc, H?0 

"N 

»v^ i x 
N 

II X \ 

A flask was charged with ethyl 2-((6-amino-2-butoxy-5-mtropyrimidin-4-yl)(3-

(pyrroSidin-l-ylmethyl)benzyI)amino) acetate hydrochloride (451 g, 1.0 equiv,), acetic acid 

(900 mL, 18 equiv.) and water (1.7 L). The solution was agitated at about 20 °C for about 15 

minutes. Zinc (196 g, 3.5 equiv.) was charged in portions while maintaining the internal 

temperature less than about 40 °C. After the zinc addition was complete, the mixture was 

stirred at about 20 °C for about 16 hours. Once the reaction was deemed complete, the 

mixture was filtered and the solids were washed with water (550 mL). The filtrate was 

slowly transferred to a flask that contained an aqueous sodium carbonate solution (11 L, 20% 

w/w) and the resultant slurry was agitated at room temperature for about 2 hours. The solids 

were collected by filtration and washed with water (10 L) and methanol (2.5 L). The solids 

were transferred to a flask and dissolved in a methanol and dichioromethane solution (13 L, 

1/2 v/v). The solution was purified by silica gel chromatography and triturated with 

methanol to provide 4-amino-2~butoxy-8-(3-(pyrrolidin-l -ylmethyl)henzyl)-7,8-

dihydropteridm-6(5H)-one . A purified sample of the product has the following spectrum : 
!H NMR (400 MHz, 99:1, CD30D:CD3C02D) 5 7,51-7.40 (m, 4H), 4.82 (s, 2H), 4.34 (s, 

21 [}, 4.19 (t, i 6.6 Hz, 2H), 3.93 (s, 2H), 3.24-3.34 (m, 4H), 2.06 (tt, J = 3,5, 3,5 Hz, 4H), 

1.67 (tt, J~ 7.1, 7.3 Hz. 2H), 1.42 (tq,J= 7.5, 7.5 Hz, 2H), 0.93 (t, J = 7.4, 3H). 

Preparation of 6-amino-2-butoxy-5-nitropyrimidin-4-ol is described. 

NH, 

A . n-BuO N OH 
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Preparation of 6-ammo-2-b«toxypyrimidiK-4-ol 

o NH2 

/7~BUO"" N'NH, BuONa, BuOH n.BuO'' "N OH A X 
[0229] A reactor was charged with 20% n-BuONa in n-BuOH (19.2g, 40 mmol, 2 equiv.) 

«~Butvl carbamidate hydrochloride (3.05g, 20 mmol, 1 equiv.) was added followed by n-

butyl cyanoacetate (2.82g, 20 mmol. I equiv.) and the mixture heated to about 80 °C. After 

about 3 hours, an additional charge of 20% «-BuONa in H-BUOH (9.5g, 20mmol, I equiv.) 

was added and the reaction stirred for about 9 hours at about 80 °C. The reaction was cooled 

to about 20 °C and quenched with AcOH (2 equiv., 2.4g) and partitioned between water and 

MeTHF. The organic layer was dried over MgSC>4 and concentrated to an orange solid. 

Purification on silica gel (95/5 v/v DCM/ MeOH) provided 6-amino-2-butoxy-5-

nitropyrimidin-4-ol. !H NMR (400 MHz, DMSO-ds) 6 11.30 (s, 2H), 6.29 (s, 2H), 4.67 (s, 

1H), 4.16 ft, ,/- 6.7 Hz, 2H), 1.87 (s, 1H), 1.58 (tt, J-- 6.7, 6.7 Hz, 2H), 1.32 (dq, 7.4, 6.7 

Hz, 211). 0.86 (t,./ - 7.4 Hz, 3H), 

Preparation of 6-aBimQ~2~fo«toxy~5~iiitrosopyriimdm~4-oI 

[0230] A flask was charged with 6-amino-2-butoxypyrimidin-4-ol (0,42 g, 2.3 mmol) and 

AcOH (4 mL). The resulting suspension was stirred at about 22 °C and solid sodium nitrite 

(0,16 g, 2.3 mmol, I equiv.) was added, turning the reaction mixture purple and giving a 

slight exothenn to about 26 °C over 2 minutes. After about 1 hour, the reaction mixture was 

concentrated and partitioned between MeTHF and water. The aqueous layer was acidified to 

about pH 1 with 1M NaHS04 and the layers separated. The aqueous layer was extracted 

twice with MeTHF, the organies combined and concentrated. !H NMR (400 MHz, CD3OD) 8 

5.23 (d, J = 6.6 Hz, 2H), 4.38 (t, J- 6.6 Hz, 2H), 1.68 (tt, J == 7.4, 6.6 Hz, 2H), 1.47 - 1.28 

(ni, 2H), 0.91 (t,,/ - 7.4 Hz, 3H). 

NHo NH, 
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o NH2 

BUO^T"CN |H " pTs0H Btj0Na N'^NV'N0 

N r?-BuO' ' ^NH2 " iL. J. 
OH 24% yidd n-BuO' N xOH 

A jacketed reactor was charged with 20% n-BuONa in «~BuOH (14 ,4 g, 30 mmol, 3 

equiv.) 0~(n-butylMsouronuirn tosylate (2,9 g, 10 mmol, 1 equiv.) was added followed by 

ethyl eyanoglyoxylate 2-oxime (1.4 g, 10 mmol, 1 equiv,) and the mixture heated to about 

40 °C for about 22 hours. The reaction was quenched with AcOH (2 equiv.) and partitioned 

between EtOAe and dilute brine, The organic layer was washed four times with water, dried 

over Na2SO,3, and concentrated arid purified on silica gel (95/5 v/v DCM/ MeOH) to provide 

6-aixdno-2-hutoxy~5~mtrosopyrimidin~4~ol. :H NMR (400 MHz, CD3OD) 8 5.23 (d,J = 6,6 

Hz, 2H), 4.38 (t, J--- 6.6 Hz, 2H), 1.68 (tt, ./==== 7.4, 6.6 Hz, 2H), 1.47 - 1.28 (m, 2H), 0.91 (t,./ 

= 7.4 Hz, 3H). 

Preparation of 6~ammQ-2-butoxy~5~iiitropyriniidiii~4~oI 

NH 2 MH? j -
i 30% H-JO-J A MO-, ,--V. ,-NO '• 2 N ^r--N H I 

TFA A ^ 
Vs., . n-BuO' N n-BuO N OH 

[02321 6-aniino-2-butoxy-5-nitrosopyrimidin-4-ol (400 mg 1.88 mmol) and trifhioroacetic 

acid (4 ml,) were combined and cooled to about 5 °C. 30% hydrogen peroxide (0.42 ml, 

3.77 mmol, 2 equiv.) was added dropwise and then stirred for about 1 hour. The reaction was 

deemed incomplete by conventional methods and an additional charge of 30% hydrogen 

peroxide (0.25 mL) was added and the reaction stirred for about 30 min. The reaction 

mixture was concentrated, partitioned between MeTHF and 1M NaOAc. Purification on 

silica gel (95/5 v/v DCM/ MeOH) provided 6~amino~2~butoxy-5-iiitropyrirmdin-4~oL !H 

NMR. (400 MHz, DMSO-d6) 8 12.04 (s, i B.}, 8.74-8.80 (m, 2H), 4.33 (t, J • • 6.6 Hz, 2H), 

1.66 (tt, 7.1, 7.2 Hz, 2H), 1.37 (tq, /== 7,4, 7,4 Hz, 2H), 0.91 (t, J= 7,4 Hz, 
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.4. 

NH2 NH2 NO2 

r-BuO"' ^N^N^COjEt X ;• 

[0233] A flask was charged with 6-amino-2-butoxy-5-nitropyrimidin-4-ol (0,28 g, 1,22 

mmol, 1 equiv.) and acetonitrile (4 mL). 2,4,6-Collidine (0.65 mL, 4 equiv,) was added 

followed by p-toluenesulfonyl chloride (0.23 g, 1 equiv.) The reaction mixture was stirred at 

about 60 °C for about 6 hours followed by an additional charge of pHoluenesulfonyl chloride 

(0.06 g, 0.25 equiv.) After one more hour at about 60 °C, ethyl N-(3-pyrrolidin-1-

ylmethyl)benzyl glycinate bis-oxalate sail (0,56 g. 1 equiv.) was added and the reaction 

mixture allowed to cool to ambient temperature and stirred for about 15 hours, The reaction 

mixture was diluted with MeTHF, washed with saturated aqueous potassium carbonate, 

saturated aqueous sodium chloride and concentrated in vacuo. The residue was purified on 

silica gel (95/5 v/v DCM/ MeOH) providing the product. The NMR matches that described 

previously in WO 2010/077613. 

1.0234] The compound was prepared according to scheme shown in Figure 8. 

f 11235] Preparation of 4-( br omont ethyl}~benzaidehy de. To a solution of 4-

(bromomethyl)-benzonitrile (18.50 g, 94,4 mmol, 1 equiv.) in toluene (185 mL) at 0 °C was 

added Dibal-H (1.5 M in toluene, 78.7 mL, 118 mmol, 1.25 equiv.) over about 90 min. Once 

addition was complete, the reaction was allowed to stir an additional 90 min. Then 1.0 M aq 

HCI (462.5 mL, 462.5 mmol) was added carefully, and the reaction was allowed to stir for 15 

% 
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min. The organic phase was collected, and the aqueous phase was extracted with ethyl acetate 

(2 x 250 mL). All organic extracts were combined, dried over NaaSO^ filtered, and 

concentrated to give 4~(bromomethyl)~herszaldehyde which was used directly to the next step. 

(0236] Preparation of 4~(pyrroHdm~l~ylmethyl)beiizaIdehyde. A suspension of K.2CO3 

(35.4 g, 257 mmol, 3 equiv.) in absolute ethanol (150 mL) was treated with pyrrolidine (6.12 

g, 85 mmol, 1 equiv.). To the mixture was added 4-(bromomethyl)-benzaldehyde (17 g, 85 

mmol, 1 equiv,), and the reaction was heated at about 65 °C for about 1 h. The reaction was 

cooled and filtered. The cake was washed with ethanol. The filtrate was concentrated to give 

a residue, which was partitioned between DCM (500 mL) and 2% w/v aq NaHCOj (500 mL). 

The organic phase was collected, and the aqueous layer was extracted with DCM (2 x 300 

mL). The organic layers were combined, dried over Na?S04, filtered, and concentrated, and 

purified with silica gel column chromatography giving 4-(pyrrolidin-l-ylmethyl)~ 

benzaldehyde. 

[0237] Preparation of ethyl N~(4»pyrroMiii-l~ylmethyl)beiizyl glycinate. Glycine ethyl 

ester hydrochloride (270 mg, 1.94 mmol, 3 equiv.), 4-(pyrrolidin--l-ylmethyl) benzaldehyde 

(122 mg. 0.65 mmol, 1 equiv.), and 1,2-dichloroethane (5 mL) was treated poriionwise with 

NaBH(OAe)3 (274 nig, 1.67 mmol, 2.6 equiv.) at ambient temperature. After about 5 min, 

glacial AcOH (77 mg, 1.3 mmol) was added dropwise over about 5 min at ambient 

temperature. Upon reaction completion, the mixture was quenched with saturated aq. 

NaHCO.? to pH of about 8,0. The quenched reaction was wanned to ambient temperature and 

stirred for about 30 min. The biphasic system was extracted with DCM (3x 20 mL). The 

organic layers were combined, dried (Na^SO.^), filtered, and concentrated to afford the title 

compound. 

|0238] Preparation of [(6-Amm0-2-foutoxy-5-nitro-pyrimidin-4-yl)-(4-pyrroIidin-l-

ylmethyl- beHzyI)«ammo]'-acetic acid ethyl ester. To a solution o f 2 -but ox y~ 6 - chloro - 5 ~ 

nitro~pyrimidin-4-ylamme (0.25 g, 1,02 mmol, I equiv.) in THF (5 mL) at about 0 °C was 

added Et3N (0.31 mL, 2.25 mmol, 2,2 equiv,) and the mixture was allowed to stir for about 

15-20 minutes. To this mixture was added the ethyl N~(4-pyrrofidin-l~ylmethyl)benzyl 

glycinate (0,3 g, 1.1 mmol, 1,1 equiv.) in THF (3 mL) over about 5 min. 'The reaction mixture 

was stirred at ambient temperature until reaction is completed. The reaction mixture was 

filtered and the filter cake was washed with EtOAe. The filtrate was concentrated and 

purified with silica gel column chromatography to give the title compound. 
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[0239] Preparation of 4»SM?l5io~2-b5itoxy-8-(4~pyrro!idm-l~ylmetliyi-Sieiizyl)»7,8~ 

dihydro-SH- peridlii-6-osse. To a solution of [(6-Aniino-2-butoxy-5-nitro-pyrimidin-4-yl)-

(4-pyrrolidin-1 -ylmethyl- benzyl)-amino]-acetic acid ethyl ester (0.25 g, 0.49 mmol, 1 equiv.) 

in MeOH (10 mL) was added Raney-Ni (100 mg, wet). The mixture was degassed and filled 

with hydrogen (3x), The mixture was stirred under a hydrogen atmosphere at ambient 

temperature overnight, filtered and concentrated to give the crude product, which was washed 

with MeOH/Ethyl acetate (1 *.] 0 v/v), and dried to give the title compound. LC-MS: 410, 

found 411 (M+l). The NMR matches that described previously in WO 2010/077613. 

iethvl)beazvl)-7,8-

[0240] Preparation of 4-amino-2-butoxy~8-(3-(pyrrolidiB-l-ylnietliyl)benzyl)~7,J 

dihydropteridin~6(5H)-one is described. 

NH 2 H 
..N,Q 

n-BuO' "N'' "N" 
v 

£V->~ 

J V / 

NH2 
1 

N 
I! , 

( .) 
N 

•2»/OH 
o 

.NO2 J 
N""x Ci 

GO2R 
NH: HQ 

i1 J 
n-BuO'" ^N^N^"CQ2Et 

I 
"Yf 

n-BuO"' "N' Xii j. Et3N, IPrOAc 

ii. conc. HCI, iPrOAc:iPrOH 

|0241] A flask was charged with 2-butoxy-6-chloro-5-nitropyrimidin-4-araine (125 g, 1,0 

equiv.), ethyl N-(3-pyrrolidin-l-ylmethyl)benzy1 glycinate bis-oxalate (231 g, 1.25 equiv.) 

and isopropyl acetate (2.5 L). The mixture was agitated and cooled to about 5 °C. 

Triethylamine (256 g, 5.0 equiv.) was slowly added maintaining the internal temperature at 

about 10 °C. The mixture was warmed to room temperature and agitated until the reaction 

was deemed complete. The reaction was then quenched with brine (1.5 w/w%, 1.5 L), 
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NH4OH (125 g) and water (0.75 L). The phases were separated and the organic phase was 

washed with water (1 L). The combined aqueous phases were extracted with isopropyl 

acetate (1.25 L). The combined organic layers were concentrated to about 2.5 L in volume. 

Fresh isopropyl acetate (1.5 L) was added and the resultant solution was concentrated to 

about 3.2 L in volume. Isopropyl alcohol (250 mL) was added at 20 °C. Ethyl 2~((6-amino~ 

2~hutoxy-5-nitropyrimidin-4~yl)(3-(pyrrohdin-l~yhnethy1)benzyl)a.mmo)aeetate 

hydrochloride seeds (3.75 g) were added followed by concentrated HCI (43 mL, 1,0 equiv.) 

added slowly to the reaction mixture. The resultant shiny was agitated at about 20 °C for 

about 16 hours, The solids were collected by filtration and washed with isopropyl 

acetate/isopropanol (625 mL, 9/1 v/v). The product was dried under vacuum to provide ethyl 

2-((6-amino-2-butoxy~5-mtropyrimidin-4-yl)(3-(pyrrohdm~ 1 -ylmethyl)benzyl)amino)acetate 

hydrochloride (239 g, 90% yield). A purified sample of ethyl 2-((6-amino-2-butoxy~5-

nitropyTimidin~4-yl)(3-(pyTroiidin- l-ylmeihyl)benzyl)amino)acetate hydrochloride has the 

following spectrum: !H NMR (400 MHz, CDCI3) 6 12.71 (br s, !H), 7.63-7.69 (m, 1H), 7.57 

(s, 1H), 7.30-7.43 (m, 2H), 4.77 (s, 2H), 4.05-4.25 (rn, 8H), 3.50-3.66 (m, 2H), 2.71-2.94 (m, 

2H), 2.10-2.31 (m, 2H), 1.90-2.10 (m, 2H), 1.62-1.69 (m, 2H), 1.32-1.46 (m, 2H), 1.21-1.29 

(m, 3H), 0.85-0,98 (m, 3H). 

Preparation of 4-amino-2-butoxy~8-(3-(pyiTolidin-l-vfmethyt}bei«yl}~7,8~ 

dlfey dro pteridlB-6(SH)~0Me: 

|0242| A flask was charged with ethyl 2-((6-armno~2-butoxy-5-nitropyrimidm-4»yl)(3-

(pyrrolidin-1 -ylmeth.yl)benzyl)amino), acetate hydrochloride (200 g, 1.0 eq), water (740 mL) 

and acetic acid (382 mL, 17.5 equiv.). The solution was agitated at about 20 °C for about 15 

minutes. In a separate flask, zinc (87.5 g, 4 equiv.) and water (400 mL) was mixed, and the 

solution from the first flask was added slowly to the internal temperature below about 40 °C, 

After the addition was complete, the first flask was rinsed with 250 mL water and added to 

the reaction and the mixture was stirred at about 20 °C for about 1 h. Once the reaction was 

deemed complete, the mixture was filtered and the solids were washed with water (400 mL). 

Ammonium hydroxide (770 mL) was slowly added to the filtrate and the resulting slurry was 

N 

NH2 « HCI 

Zinc, HOAc, H20 
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stirred at about 20 °C for about 2 h. The solids were collected by filtration and washed with 

with water (2 x 1 L) methanol (1 L) and isopropyl acetate (I I..-). The solids were transferred 

to a flask and dissolved in a methanol and dichioromethane solution (4.2 L, 1/2.2 v/v). The 

solution was purified by silica gel chromatography. The purified solution was concentrated 

to about 1,3 L, Methanol (2.5 L) was added and the mixture was concentrated to about 1.3 L. 

An additional portion of methanol (2.5 L) was added and the mixture was concentrated to 

about 1,3 L. The resulting slurry was stirred at about 20 °C for 3 h. The solids were collected 

by filtration and washed with methanol (260 mL) and isopropyl acetate (260 mL). The 

product was dried under vacuum to provide 4-amino-2-butoxy-8-(3-(pyrrolidin~l-

ylmethyl)benzyI)-7,8-dihydropteridin-6(5H)-one (111 g, 85%). A purified sample of the 

product has the following spectrum: *H NMR (400 MHz, 99:1, CDsQL^CDjCQ,?!)) 8 7,51 -

7.40 (m, 4H), 4.82 (s, 2H), 4.34 (s, 2H), 4,19 (t, J = 6.6 Hz, 2H), 3.93 (s, 2Hi, 3.24-3.34 (m, 

4H), 2.06 (tt, J - 3.5, 3.5 Hz, 4H), 1.67 (tt, J = 7.1, 7.3 Hz, 2H), 1.42 (tq,,/- 7.5, 7.5 Hz, 2H), 

0.93 (t, J = 7.4, 3H). 

[0243) Although the foregoing invention has been described in some detail by way of 

illustration and example for purposes of clarity of understanding, one of skill in the ait will 

appreciate that certain changes and modifications may be practiced within the scope of the 

appended claims, in addition, each reference provided herein is incorporated by reference in 

its entirety to the same extent as if each reference was individually incorporated by reference, 

Where a conflict exists between the instant application and a reference provided herein, the 

instant application shall dominate, 
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WHAT IS CLAIMED IS: 

wherein 

A method of making a compound of Formula la: 

T'2 H 

RV"0""^N^N 

in 
^ 'T % ^ (la) 

composing: 

(a) forming a first reaction mixture comprising a compound of Formula Ila: 
NH, X -N°' 

M •vy' 
Rl !! A 

"O'* N LG (Ila) , 

a non-nucleophilic base, a first solvent, and a compound of Formula U fa: 

~^CG-,R11 

Y / . 
x>''' (Ilia) , 

under conditions suitable to form a compound of Formula IVa: 
NH 

N' 
•! J 

:2 

:I ; 
""O" "" N' N ' 'C02R11 

k ̂  
il J / \ 

)• 
s-'" (JVa) ; and 

(b) forming a second reaction mixture comprising the compound of Formula IVa, 

a second solvent and a reducing agent under conditions suitable to prepare the 

compound of Formula I, 

R1 and Rh are each independently Ci-C6 alkyi; and 

LG is selected from the group consisting of halogen, -OH, and -OSO;;R:'', wherein 

Rn is selected from the group consisting of CrQ, alkyi, Ci-Q> haloalkyl and 

aryl, wherein the aryl group is substituted with 1 to 3 Rlja groups each 

independently selected from the group consisting of CrC6 alkyi, halogen, and 

NO2. 

81 



WO 2016/044183 PCT/US2015/050039 

2. The method of claim L wherein the non-nucleophilic base is selected 

from the group consisting of triethylamine, diisopropylethyl amine, N,N-diethylaniline, 

pyridine, 2,6-lutidine, 2,4,6-collidine. 4-dimethylaminopyridine, and quinuclidine. 

3. The method of claim 1 or 2, wherein the non-nucleophilic base is 

triethylamine, 

4. The method of claim 1 or 2, wherein the non-nucleophilic base is 

2,4,6-collidine. 

5. The method of any one of claims 1 to 4, wherein the first solvent is 

selected from the group consisting of ethyl acetate, isopropyl acetate, tetrahydrofuran, 

acetonitrile, and combinations thereof. 

6. The method of any one of claims 1 to 5, wherein the first solvent 

comprises ethyl acetate. 

7. The method of any one of claims 1 to 5, wherein the first solvent 

comprises isopropyl acetate. 

8. The method of any one of claims 1 to 5, wherein the first solvent 

comprises acetonitrile. 

9. The method of any one of claims 1 to 8, wherein the compound of 

Formula Ilia is the bis-oxalate salt of Formula Ilia. 

10. The method of any one of claims 1 to 9, farther comprising prior to 

step (b): 

(al) forming a reaction mixture comprising the compound of Formula IVa and 

hydrochloric acid to form a monohydroehloride form of the compound of 

Formula IVa. 

11. The method of any one of claims I to 10, wherein the reducing agent 

selected from the group consisting of zinc, iron, Raney nickel, sodium sulfide, sodium 

dithionite, ammonium sulfide, palladium on carbon, lithium aluminum hydride, and sodium 

borohydride. 
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12, The method of any one of claims 1 to 11, wherein the reducing agent is 

zinc, 

13. The method of any one of claims 1 to 11, wherein the reducing agent is 

Raney nickel. 

14. The method of any one of claims 1 to 13, wherein the second solvent is 

selected from the group consisting of acetic acid, water, methanol, ethanol, isopropanol , 

tetrahydrofuran, and combinations thereof 

15, The method of any one of claims 1 to 14, wherein the second solvent 

comprises acetic acid and water. 

16, The method of any one of claims i to 15, wherein the second reaction 

mixture is maintained at a temperature of from about 10 °C to about 30 °C, 

the group consisting of methyl, ethyl, n-propyl, iso~propyl, n-hutyl, iso-butyl, sec-butvl51-

butyl, n-peiityl, tert-pentyl, neopentyS, iso-pentyl, sec-pentyl, 3-pentyl. hexyl, and 2-ethyl-

butyl. 

18, The method of any one of claims 1 to 17, wherein the leaving group 

LG is selected from the group consisting of chloro, -OH, and -O-tosyl. 

19. The method of any one of claims 1 to 3, 5, 6, 9 to 12, 14 and 16 to 18, 

wherein the compound of Formula la has the structure: 

17, The method of any one of claims 1 to 16, wherein R ! is selected from 

and the method comprises: 
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(a) forming the first reaction mixture comprising the compound of Formula Ila 

having the structure: 

NH, 

A -A 
5 

triethylamine, ethyl acetate, and the bisoxalate salt of the compound of 

Formula Ilia having the structure: 

HN'^C02Et 9 Srr o •»r°" 
under conditions suitable to form the compound of Formula IVa having the 

structure: 
MH2 

MA^N02 N 

"N^N'^'CC^ 
L x 

(al) forming a reaction mixture comprising the compound of Formula IVa and 

hydrochloric acid, to form a monohydroehloride form of the compound of 

Formula IVa; and 

(b) forming the second reaction mixture comprising the monohydroehloride .form 

of the compound of Formula IVa, zinc, and acetic acid, under conditions 

suitable to prepare the compound of Formula la. 

20. The method of any one of claims 1 to 3, 5, 6, 9 to 12, 14 and 16 to 18, 

wherein the compound of Formula la has the structure: 

NH2 H 

- ^ J. X ^ o r 
•Vs. 

and the method comprises: 

84 



WO 2016/044183 PCT/US2015/050039 

(a) forming the first reaction mixture comprising the compound of Formula Ila 

having the structure; 

m2 

U^<sfHOz 

^ ^ A JL 
/ x/ "N CI 

9 

triethylamine, isopropyl acetate, and the bisoxalate salt of the compound of 

Formula Ilia having the structure: 

HN^C02Et i? 

Vvo *2 HO>YOH 
kr-J '• ' 0 

tinder conditions suitable to form the compound of Formula IVa having the 

structure: 
NH2 ArN°2 

|! X 
k /5s. /-v..'-'N 

hi 

(al) forming a reaction mixture comprising the compound of Formula IVa and 

hydrochloric acid to form a monohydroehloride form of the compound of 

Formula IVa; and 

(b) forming the second reaction mixture comprising the monohydroehloride form 

of the compound of Formula IVa, zinc, and acetic acid, under conditions 

suitable to prepare the compound of Formula la. 

21. The method of any one of claims 1, 2, 4, 5, 8, 9, 11, 13, 14, and 16 to 

1S5 wherein the compound of Formula la has the structure: 

NH2 H NVY° 
il J 

"cr N" 
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and the method comprises: 

(a) forming the first reaction mixture comprising the compound of Formula Ila 

having the structure: 

W 

NH2 

-k^NOj 

>''' VN" "OH 

2,4,6-collidine, acetonitrile, and tosyl-Cl, under conditions suitable to form the 

compound of Formula Ila having the structure: 
NH 2 

N-JWN02 

,4 ^ O "N "OTs 

and adding to the reaction mixture the bisoxalate salt of the compound of 

Formula Ilia having the structure: 

HN^C02Et 9 
I ^ ^ ^OH 

^ * if 
|( \...J Q 

under conditions suitable to form the compound of Formula IVa having the 

structure: 
NH2 

1 -NG2 

"O" N" ' "CO^Et 

; and 
(b) forming the second reaction mixture comprising the compound of Formula TV, 

Raney nickel, hydrogen and methanol, under conditions suitable to prepare the 

compound of Formula la. 

22. The method of any one of claims 1 to 3, 5, 11, 13, 14, and 16 to 18, 

wherein the compound of Formula la has the structure: 

NH2 
i H 

. A X , O M N 
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and the method comprises: 

(a) forming the first reaction mixture comprising the compound of Formula Ila 

having the structure: 

NH2 

./.NO? 

•- "cr ~N xci 
5 

triethylamine, tetrahydrofuran, and the compound of Formula Ilia having the 

structure: 

HN^CO-jEt 
I. 

under conditions suitable to form the compound of Formula IVa having the 

structure: 

NH2 

,NO5 N A X , . ~0 "N "N XX32Et 

; and 

(b) forming the second reaction mixture comprising the compound of 

Formula IVa, Raney nickel, hydrogen and ethanol, under conditions suitable 

to prepare the compound of Formula la. 

23. A method of preparing a compound of Formula Ilia: 

HN"^C02R11 

L 
-N 3 N/ (Ilia) 

comprising forming a first reaction mixture comprising Br-CH2-CX>2R! f, a non-

nucleophilic base, and a compound of Formula Va: 

NH? 

(Va) 

under conditions suitable to form the compound of Formula Ilia, w herein the 

compound of Formula Ilia is present at the kilogram scale. 

wherein 
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24. The method of claim 23, wherein the non-nucleophilic base is selected 

from the group consisting of triethyl amine, diisopropylethyl amine, N.N-diethylaniline, 

pyridine, 2,6-lutidine, 2,4,6-collidine, 4-dimethylaminopyridme, and quinuclidine. 

25. The method of claim 23 or 24, wherein the non-nucleophilic base 

comprises triethylamine, 

26. The method of any one of claims 23 to 25, wherein the method 

comprises forming the first reaction mixture comprising BrCHjCOaEt, NEt3, and the 

compound of Formula Va having the structure: 
NH2 

I 
1 :T t ) 

under conditions suitable to form the compound of Formula Ilia ha ving the structure: 

HN'^CQpEt 
i *-

X /v. ./X X X-- "N* 

27. A method of preparing a compound of Formula Ilia: 

HN^COaR11 

k -
M .) 

(Ilia) 

comprising forming a first reaction mixture comprising OHC-CO;>Rli, a reducing 

agent, and a compo und of Formula Va: 
NH2 

y*i ^ 
(Va, 

under conditions suitable to form a compound of Formula Ilia, 

wherein 

R11 isCrCg alkyi. 

28, The method of claim 27, wherein the reducing agent is selected from 

the group consisting ofNa(OAc)3BH, NaBH3CN; NaBH4, Zn/HCl, and BHs-pyridine. 
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29. The method of claim 27 or 28, wherein the reducing agent is 

Na(OAc).?BH. 

30. The method of any one of claims 27 to 29, wherein the method 

comprises forming the first reaction mixture comprising OHC-CO--;Et, Na(OAe)3BH, and the 

compound of Formula Va having the structure: 
NH2 

under conditions suitable to form the compound of Formula Ilia having the 

structure: 

HN^COjEt 

Y^PO 
31. A method of preparing a compound of Formula Ilia: 

HN'""VC02R11 

^ (Ilia) 
comprising 

(a) forming a first reaction mixture comprising H2N-CH2-CO2R3l, a non-

nucleophilic base, and a compound of Formula Via: 
OHC. G : 

-N' ) 
(Via) 

under conditions suitable to form an intermediate compound, and 

(b) forming a second reaction mixture comprising the intermediate compound and 

a reducing agent, under conditions suitable to form the compound of 

Formula Ola, 

wherein 

Rn isCrC6 

32. The method of claim 31 . wherein 
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the non-nucleophilic base is selected from the group consisting of triethylamine, 

diisopropyl ethyl amine, N,N-dietbylaniline5 pyridine, 2,6-lutidine, 2,4,6-

collidine, 4-dimethylaminopyridine, and quinndidme; and 

the reducing agent is selected from the group consisting of NafOAc^BH, NaBILCX, 

NaBHU, Zn/HCl, and BH^-pyridine. 

33. The method of claim 31 or 32, wherein 

the non-micleophilie base is triethylamine; and 

the reducing agent is Na(OAe)3BH. 

34. The method of any one of claims 31 to 33, wherein the first reaction 

mixture further comprises a sulfate salt selected from the group consisting of sodium sulfate 

and magnesium sulfate. 

35. The method of any one of claims 31 to 34, wherein the method 

comprises 

(a) forming the first reaction mixture comprising HaN-CHa-CC^Et, NEt3, MgS(>4, 

and the compound of Formula Via having the structure: 

under conditions suitable to form the intermediate compound; and 

(b) forming the second reaction mixture comprising the intermediate compound, 

Na(GAc)3BH, and acetic acid, under conditions suitable to form the compound 

of Formula ilia having the structure: 

HN'"^C02Et 

36. A compound having the structure: 

HN^COpEt o 

0 
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37. A method of preparing a compound having the structure: 

H!sr^C02Et 9 
I J-k OH k ../s ® o HO V 
X X N ^ ii u J \ / 6 

comprising forming a reaction mixture comprising oxalic acid and a compound 

having the structure: 

HN""v'C02Et 

ii J \ / 

under conditions suitable to prepare the salt. 

38. A method of preparing a compound of Formula Ila: 

NH2 

X 

N" 
$1 / . . , O N* LG 

R1 \\ J 
"M"" "LG 

comprising 

forming a first reaction mixture comprising ammonia, a first non-nucleophilic base, 

and a compound of Formula lib having the structure: 

CI 
„NO? N X x X N* 

under conditions suitable to form the compound of Formula Ila, 

wherein 

R1 is Ci-Cg alkyi; and 

LG is a leaving group selected from the group consisting of halogen, -OH 

and -OSO2R0, wherein R!'' is selected from the group consisting of Ci-C6 

alkyi, CrCe haloalkyl and aryl, wherein the aryl group is substituted with 1 to 

3 Ri3d groups each independently selected from the group consisting of CpCg 

alkyi, halogen, and NQ2. 

39. The method of claim 38, wherein the first non-nucleophilic base is 

selected from the group consisting of triethylamine, diisopropylethyl amine, N,M-

diethyl aniline, pyridine, 2,6-lutidine, 2,4,6-collidine, 4-dimethylaminopyridine, and 

quinuclidine. 
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40. The method of claim 38 or 39, wherein the fits! non-nucleophilic base 

is triethylamine. 

41. The method of any one of claims 38 to 40, further comprising, prior to 

the step of forming the first reaction mixture, the steps of: 

(a) forming a reaction mixture comprising a nitration agent, and a compound of 

Formula He: 

OH 

RVJV^-QH (fie) 
under conditions suitable to form the compound of Formula lid: 

OH 
^NO2 N 

R! 
O N OH (nd) ; and 

(b) forming a reaction mixture comprising a chlorination agent, a second non-

nucleophilic base and the compound of Formula lid, under conditions suitable 

to form the compound of Formula lib having the structure: 
CI 

hl/k 'N02 N 
Rl, O N* "CI 

42. The method of claim 41, wherein 

the chlorination agent is selected from the group consisting of phosphorous 

oxychloride, thionyl chloride, oxalyl chloride and sulfuryl chloride; find 

the second non-nucleophilic base is selected from the group consisting of 

triethylamine, diisopropylethyl amine, N,N-dimethylanilme, N,N-

diethylaniline, pyridine, 2.6-lutidine, 2,4,6-collidine, 4-

dimethylaminopyridine, and quinuclidine. 

43. The method of claim 41 or 42, wherein 

the first non-nucleophilic base is triethylamine; 

the nitration agent is nitric acid; 

the chlorination agent is phosphorous oxychloride; and 

the second non-nucleophilic base is N,N-diethylaniline. 
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44. The method of any one of claims 41 to 43, comprising 

(a) forming the reaction mixture comprising nitric acid, acetic acid, and a 

compound of Formula lie; 

OH 

R1 J-l A 
XT "N OH (He) 

under conditions suitable to form the compound of Formula lid: 
OH 

N>VN02 

RV^N^OH (lid) : 
(b) forming the reaction mixture comprising phosphorous oxychloride, N,N-

dimethylaniline, and the compound of Formula lid, under conditions suitable 

to form the compound of Formula lib: 

CI 

A,-NO* 
Rt, -A. -A O N Ci (Hb) : and 

(c) forming the first reaction mixture comprising ammonia, triethylamine, and the 

compound of Formula lib, under conditions suitable to form the compound of 

Formula Ila, 

45, A compound of Formula He having the structure: 

Ff-

R1 
"O" M' "LG 

wherein 

R! is C,~C6 alkyi; 

LG is a leaving group selected from the group consisting of halogen, -OH 

and -OSOsR'3, wherein Ri3 is selected from the group consisting of Cj-Cft 

alkyi, C\~C(, haloalkyl and aryl. wherein the aryl group is substituted with 1 to 

3 Rlja groups each independently selected from the group consisting of Ci~C6 

alkyi, halogen, and NOj; 

RS2 is selected from the group consisting of halogen, -OH and -NH-?; and 

subscript x is I or 2, 
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such that when R32 is -NH? and subscript x is 2, then LG is a halogen. 

46. The compound of claim 45, wherein subscript x is 1. 

47, The compound of claim 45, wherein subscript x is 2, 

48. The compound of any one of claims 45 to 47, wherein 

Rf is n-butyl; 

R12 is selected from the group consisting of chloro, -OH and -NHa; and 

LG is selected from the group consisting of chloro and -OH, 

49. The compound of claim 45 or 48, wherein the compound of 

Formula lie is selected from the group consisting of: 
NH2 CI OH 

N N' N- ">sSy 
1 ̂  

-N- -C1 -Q- -N' -Q, / ^ ^ 

fVN0 
<;-A 

and ' ^ O N OH 


