
HETEROAllYL COMPOUNDS USEFUL AS INHIBITORS OF 
E1 ACTIVATING ENZ¥MES 

PrioDty Claim 

[001] This application claims priority from U.S. Provisi'""'-' Patent Application 

Serial No. 50/836,158, fili!d on AU&"5t S, 2006, which Is hereby iru:orporated by reference in 

il:!l entirely. 

Field pf the Invention 

[002] '!his invention relates to compounds, wmpositiDrlS and Inethods for the 

treatment of various disonleno, partlrula:rly disorders of ""11 proliferation. including <ru\O!r.l, 

and inflrunm.atmy disordem. In particular, the invention provides rom pounds whicl\ inhibit 

the activity of In type activating enzymes. 

Background of the Jroo:nlion 

[Q-D3J The post-translational modification of proteins by ubiquitin-like Inoiecules 

(ubls) is an important regulatory prore;s within cells. playing Ja,y roles in controlling many 

biological pr""eSS"S Including cell division_ cell signaling and the. immune response. Ubls 

are small proteins !hat are co1lalenlly attached to a lysin<! on a ta:rget protein via an 

isopeplide linkage w:ilh a C-tenninai glycine of lhe ubi. The ublqullin-like n"tOiecule alters 

the InOlecular slllface of the target prctein and can affect such properties as protein-protein 

interactions, enqrnallc activity, stability and oellular localttatlon of the t.>rget. 

[OM] Ubiquitln and other ubls are activated by a specific El enzyme which 

calalyzes the fonna.tionof an ao:yl-adenyl.o.te inlerm<!diale wilh the C-terrninal glycine of the 

ubi. The activated ubi molecule is then tran<ferred to the calalyli<: cysteine <ffiidue within 

the E1 enzyme through formation of a thiaester bond intermediate. The Bl-ubl inteonedlate 

and an E2 associate.. resulting in a thloesler exchange wherein the ublls !Iansferred to the 

active site cysteine of the E2. The ubi is then conjugated to the target protein, either directly 

or lnconJunctionwithart E311gase, lhroughisopeptide bond fo=tionwith the amino 

group oi a 1)'5lne Bide chain in the target protein. 

(005] The biological C!lnSequence of ublinodification depends on the targetin 

question. Ubiquitin is lhe best charac!erl:i:ed of the ubls and a consequence of mOOi/ication 

by ubiquitina.tion Is the degradation of poly-ubiquitinated protelns by the 265 proteasome. 

Ubiquitin is con}ugated to ils target proteins thr!IUgh an enzymatic cascade involving its 

sped.fic El activating enzyme, Ubal {ubiql.litin activating enqme, UA"E), a conjugating 
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enzyme from !he family of E2s, and a ubiquitin ligase from e.llher the RING or HECr classes 

of E3g. See, Huang et al., Or=f{ene, 23:1958-71 (2004). T~rget specificity is controlled by the 

particular combination ofE2 and E3 protein.. with>40 E2s and >100E3sbeingknown·~t 

present. In ~ddilion to ubiquitin, then! a:re at !ea.o;t 10 ubiq Liitin-l.ike proteins, each believed 

to be activated by a sperilk El actiVatlng enzynu- and processed through s!mllar but distinct 

dOWPStteam conjugation pathways. Other ubls for which El activating enzymes have been 

identified include NeddB (APPBP1-Uha3), ISG15 (UBElL) and !l,e SUMO family 

(Aos1-Uba2). 

(006] The ublNOOdS Is activated by lhehcterodimerNeddS-activatinge=yme 

(APPBP1-Uba3) (NAE) and Is transferred to a single E2 (Ubcl2), ultimately resulting in 

ligation to cullin prot..iru. The function of neddyJation is the activali<m ol cullin-based 

ubiquitin l1gases involved in ihc ublquitinallon and heno. turnover of ltlmlJ!" a.ll cycle and 

cell signaling proteins, including p27 and I-ldl. See Pan f!l a/., Oru:age~><. 23:1985-97 (2004}. 

Tile ubi SUMO I.. adi\'aled by the hcterodimer sumo activating: enzyme (Aos1-Uba2) (SAE) 

and is trans!erred to a single E2 (Ub<9), followed by coordination With multiple E3 ligase;, 

ullilrlalely resulting In sumoylation of target proteins. Sumo modification can affect the 

a.llular IOM!Izalion of lru:get pl"oteins and protein<; modifini by SUMO family members a<e 

involved innuclea:r transpon,. signal transduction and the stress response. See Seelet and 

Dejean, Nat Rev Mol Cell B;m. 4o69(}..9, (2003). The function of swnoylation includes 

activation of cell signaling pathways (e.g., cytolcinc, WNT, growth factor, and steroid 

hormone siw-aJing) Involved in transcription:regul.ation; as well as pathways involved in 

control of genomic ln!egrlly (e./1., IJNA replJcation, response to DNA damage, 

recombination and repair). See Muller<! 14, Oru:ogene. 23:1991!-2006, (20M). There are other 

ubls (e.g., ISG15, FATIO, Apg12p) for which the biological functions are slill under 

investigation. 

[007) A partirular pathway of lmporlan<1' which is regulated via El activating 

enzyme acllvities is the ubiqllitin-proteasome pathway (UPP). As discussed above, the 

enzymes UAE and NAE :regulate the UPP at two dilferent steps in the ubiquilinalion 

mscade. UAE activate.. ubiquilinin the first step of the ca.=.de, while NAE, via activation 

of NnidS, is responsible for the activation of the cullin based ligases, which in tum are 

required for the final tr.onsfer of ubiquilin to certain ta:rgrt prote!lls A functiona!UPP 

pathway is requfu:d for normal cell mainleruula.. Tile UPl' plays a cent:ral role to the 

turnover of many key regulatory pmteins Involved in uar..cr!plion, cell cycle progression 

and apoptosls, all of which are imporlant In d\sease ..tales, includ.\ng tumor O'lls. See, e.g., 
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l<irlg et tzl., Scitmo;e 274.: 1652-1659 (1996); Vorhees et al., Clin. Qmar IWJ., 9: 6316-6325 (2003); 

and Adams et al., Nat. Rev, G:mcer, 4: 349-360 {2004). Pmlifemting cells are particularly 

sensitive toinhibitionof tlu: UPP. See. Drexler,Pmc. Nat/. ACilll. Sd., USA 94:655-860 (1977). 

The role of the UPP palhway in oncogenesis has led to tlu: investigation of proteasome 

inhibition as a pott:ntial an!iaru:~:r lhei<tpy. For ex;unple, modulation ol the Ul'P pathway 

by inhibition of the 26S proteasome by VELCADE"' (borte<arnib) has proven to be an 

effective treatment in certain can<:l!ffi and is approved for the treatment of multiple myeloma 

and mantle O'!lllympboma patients who have Iea'ived at least"""' prior therapy. Examples 

oi proteins whose levels are amtrolled by oill:in-based ublqu>tin ligases which are 

downstream of NAB and UAE activity include !he CDic inhibitor pzt""' and the inhibitor of 

NF1<B, kB. See, Podwt et al., Prtx:. Nat/. Awd. Sr;i., 97: 45'19-4584 (2{100), and Read et aL, Mal. 

Ct-1/llio.l., 2(1: 2325-2333 (2000). Inhibition o/ the degradation of p27 ill expected to block the 

progression of a:lls through the G1 and Sphasesof thea:Ucycle. Interfering wilh !he 

degmclation of IKB should prevent the nucleilr lomlization of NF-I<B, transcription of varlo"" 

NF-Kil-<!ependent genes associated with the malignant phenotype, and -..:sistance to 

standard cytotuxi.e therap;e.. Additionally. NF-Kll plays a key role in the apression of a 

nwnber of pro-inflammatory mediator.;,. impHcaling a role for such Inhibitors in 

inf!iliiU>I3tory diseases. Furthermore. lnhlbition ofUPP has been implicated as a useful 

target for additional theupeutks, such as inflammalory disorders, including.. r.g., 

rheumatoid arthritis, asthma, multiple scleWI!is, psoriasis and reperfusion illjury; 

neurodegeneralive disorders, including e.g., Parkinson's dlsease, Ah:helmer"s Wsense, triplet 

repeat disorders; neuropalhi" pain; ischemie disorders, e.g., stroke, infan:tion,. kidney 

diso~ and cachexia. See, e.g., Elliott and Ross, Am. J: C/in. Plllhol., 116:637-46 (20lll); 

Elllott d tll,.J, Mol. Mer!.., 81:23545 (2lla3); Tarlae and Storey, J. Neurosa. Res. 74: 406-416 

(2003);Mortd u/,.Neurcp!Jih. Appl. NeJ<robio1.,31: 53-61 (2005); Ma~ Curr. Pain Headadl~ 

Rep., 8: 192-B {2004); Dawson and Oi<WSOI'I, So:~im.,, 302:819-822 (2003); l<ukan,J. PhysioL 

Phani!Dc.ol., 55: J-.15 (2004); Wojcik and DiNapoli. Stroke, l\5:1506-18 {2004); U!zarus et ul., Am 

J Physi<J/._27:E332-41 (1999). 

(DOB] Targeting El activating enzymes provides a unique opportunity tQ interfere 

with a variety ofbiochem:lcal pathways important fur maintaining the integrity of cell 

division and cell signaling. E1 activating enzymes function at the first ~!ep of ubi 

conjugation palhways; th\.13, inhlbitinn of an El activating eru:yme will specifially modulatE: 

the downsrream biological cons.quenc:es of !he ubi modiflc•tion. As ouc:h. inhibition of 

lhese activating en:<yUif"S. and the resultant inhibition of downslzeam effects of 
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I 
ubl-qmjugation, represents a method of ln~~g wilh the integrity of c..U division, cell 

&ignaling, and sever.ll asp""'S of relll>lar physiology which are llllportant for disease 

mecltanisms. Thus, El eru<ymes sudt as UAE, NAE. and SAE, as regulators of dive= 

cell~ functions, are potentially Important therapeutic large Is for the idenJ::if!cation of novel 

approaches to treatment of "diseases and disordErS. 

l?esgjptiQn of the fnvenlj<!J! 

(009) This irrventlon provides o::ompoundlllhat are effective Inhibitors of El 

a"'ivating enzymes, particularly NAE. The compounds are useful for inhibi!lng El activity 

;., uift'o and 1'n virlo, and are useful for the treatment of disorders of cell proliferation. 

parti=liu-ly canren;, and other dis=de.s associated with El activity. Compounds of the 

invention are of the general formula (1): 

or a phamlaceullcally acceptable salt theteof, wherein: 

Ring A is a 6-metnbered nltrogen-conlalnh!g heteroaryl rin~ optionally fused to a 5- or 

6-membezed aryL he!eroaryl, cycloallphalk or heterncyc:llc: ring, wherein either or 

both rings is optionally substitut<!d and one <ingnittogen atom io optionaUy 

o:tidlv!d; 

W is -Cfl,_· ,-cHF-,-CF,-,-O'.I(R1)-, -CF(R1)-, -NH-, -N(R')-. -0-, -&-,or -NHC(O)-; 

R
1 r.. C,_. aliphatic or C , .. fluoroaliphati.:; or R

1 
is a C,_. alkylene chain that is altached 

to a rlng posHio:n on Ring A to form a 5-, 6-, o:r 7-mernbcn!d fused ring, wherein 

the aJkylene cllain optionally Is substituted with C... aliphatic, C, .. fluormliphatic, 

..o, -en 01"-C(OJN(R.'),; 

X js -CH,-, -CHJ:t., -CF,-, -NH-, CI -Q-; 

Y ;s-o-, -s-, or<(Rj(R")-; 

R" Is ~\ecled from the group co:nsisling of hydrogen,. fiU<>J:o, -CN, -N,. -OR', -N(R'),.. 

-NR'co}{', -NR'C(O)R', -C(O)N(R')., -C(O)R', -OC(O)N(R'),, -OC(O)R', ..()C(),R', or 

' 
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a C,~ aliphatic or C,_. fluoroaliphatk optionally substih.lll!d with one or lwo 

substituents independenlly selected from the group consisting of -OR"', -N(R'}(R''), 

-~",or -C(O)N(R'}(R''); orR' one! R' tog~ther form a bond; 

Rb is selected from the group consisting of hydrogen. lluoro, C, .. aliphatic.. and CN 

fluoroaliphalic; 

R' is selected from the group rnMi8ting of hydrogen.. fluoro,-CN, -N,. -OR", -N{R"},. 

-NR'cO,R', -NR0C(O)R', -C{O)N(R"),. -C(O)R',-OC(O)N{R'),.-ex::{O)R", -OCO}l-1, or 

a C,.. aliphatic or C,.. fluoroaliphatic optionally substitu!ed wilh one or lwo 

substituen!s illdependently selected from the group o:msls!lng of -OR'', -N(R'}(R''), 

-co;t", or -C(O)N(R'}(R"'); orR' and R' togelher form a bond; 

Rd is selected fmm the groL.tp consisting ol hydrogen. fluoro, C, .. allphalic.. nnd C,.. 

fluoroa.li phati<;.; 

R' is hydi"ogen. or c, .. aUphatic; orR', talcen rogether with one R' and lhe lntervl!lling 

.:arbon atoms, fonns a 3- to 6-membered spiroeycllc ring; or R', taken together wilh 

R"' and the intervening carbon atoms, forms a fused cyclopropane ring. which is 

optionally substitutci with one or lwo oubstituents indeperu:l<mtly selected. &om 

fluo;o or c,_. aliphatic; 

R" is hydrogen or c, .. aliphatic; orR", taken together with R"' and the int.!rvenlng catbon 

atoms, fonns a fused cyclopropane ring.. whld\ is optionally suhotituted with one or 

Lwo substiru!:I>IS independently selectci from fluoro or C, .. aliphatic; 

each R
1 
is indeperu:lently hydr<Jgen. fluoro, C1_, allphatk, or C,_, fluoroaUphatic; or two R' 

taken together form ~o; or Lwo R1, !<~ken together with the .:arbon atom to which 

they are attached, form a 3- to 6-membered c;ubocyclic ring: or one R1, taken togelher 

with R' and the inte>:Venlng ca:rbon atoms, fomiS a 3- to 6-membered spinxycllc ring; 

R"' is hydrogen, fluoro, -N(R'J,. or an optionally substituted C,_, aliphatic group; orR~ 

and R~ together fonn -o or ~(R'),_; orR"' and R•, taken rogether wilh the 

inteiVening carbon atoms, form a fused cyclopropane ling. which is optionally 

substituted with one or lw<> sut>stituents independently selected from fluom or 

C,~ aliphatic; orR"' and R~, taken together wilh lhe intenrening .:arbon atoms, fonn a 
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fused eycloprop.me ring. which is opdonally substituted with one or two 

substituenls independomtly selecll!d from fluoro or C, .. aliphatic; 

R." is hydrogen. lluoro, ot an optionally substituted c;.. aliphatic group; orR."' and R" 

togelhez fonn =Oor,.C(Ri,; 

eacl\ R
4 

independently is hydrogen OI an Opllonally substituted aliphatic,. aryl,. 

hetero;uyl,. or heterocyclyl group; OI 1:wo R4 on the ~=e nitrogen atom,. taken 

together w:ilh the tUtrogen alom, form an oplionally substituted 4- to &-membered 

heterocydyl ring having. In addition t<> the nitrogen aklm. 0-2 ring heteroatoms 

independently selected from N, 0, and S; 

R .. is hydrogen,. c;.. alkyl,. c,__. Uuoroalky.\, <>rC .. 10 ar(C,.Jalkyl, the aryl ponion ofwhlcl. 

may be optionally substituted; 

'It' is hydrogen,. C... alkyl, C,.. fluomalkyl, C,.,. ar(C,_Jalkyl, the aryl portion of which 

rnay!,., optionally ..W..Iituled, ot an optionally suhslituled 5- or 5-~red aryl, 

hetema.ryl, or he!erocydyl nng. or 

If' and R'', taken together: with the nitrogen atom to which they are attached, form an 

optionally substituted 4- to 8-membered hetemcyclyl ring having, in addition to the 

nitrogen atom, 0-2 ring heteroatoms inde~tly selected from. N, 0, and S; and 

each R" independently ill hydrogen or an oplionally substituted aliphatic, aryl, 

heteroaryl, ot helerocyclyl !JfOUp; 

each It' independently is hydrogen, C.., alkyl, C,.. fluoroall<yl, or an optionally 

substl tul<!d c._,. aryl or c._,. ar(C,..Jalkyl; 

eacl. R• independently Is an optionally substituted i>liphalic, aryl, or heteroaryl group; 

=' 
mis1,2,or3. 

[010] Compounds of the inventioninclude those ~ihed gener.illy above, and 

are further defuled and illustrated by the detailed description ond examples herein. 

(11111 As used herein, the term "El," "El enzyrrue, ~or "El. oi.ctivatingenzyme" refers 

to any one O( a Iru:n.il.y of related ATP-deperldent activating enzymes involved In activating 

or promoting uhiquitln or ubiqu.itin-lik {colle£tively "ubn conjugalio.n to target molecules. 



El aoivatlng <!liZfill'!" function through an adenylation/thloesl<!r interntedlate formation to 

ttansfer the appropriate ublto lhe respective E2 ronjug<>ting enzyme through a 

transth.ioiation reaction. The resulting activated ubi-E2 proiiWto.s ultimate conjugation of lhe 

ubi to a ~argetprolein. A variety of cellular proteins lhat pl~y a role in celi.,;:gnaiin~ cell 

cyde, and protein turnover"-"' substrates fo,-ubl ronjugation which is regulated lhrough E1 

activating enzymes (~.g., NAE, UAE, SAE). Unless olherwise indicated by conle>Ct, the term 

nEt enzymew is meant to refer to any El a.ctlvating enzyme protein, includlng, without 

limitation, neddB activating enzyme (N"AE (APPBPI!Ubo3)), ubiquit:in adivat:ing eru:yme 

(UAE {Ubat)), sumo a<:livallr1'l"enzyme (SAE (Aosl/Uba2)).. or I$G15 activating enzyme 

{Ut>elL)- Preferably, the term MEl enzymea rrler3 to human NAB, SAE nrUAE, and more 

preferablyrefe<s to NAE. 

[012J The term "El enzyme inhibitor" or ainhibitor ofEl enz;ymen is u::;o;-d to signify 

a rompound having a structure as defined herein, which is capable of intesacting with an El 

enzyme and inhibiting 11:9 enzymatic actlvily. Inhibiting Et enzymatic activity means 

reducing !he ability of an E1 enzyme to activate ubiqnilin like (ubi) ronjugation to a 

substrate peptide or protein {e.g., ubiqull:lnation, neddylation,. sumoylation). tn various 

embodiments, such reduction of El enzyme activity is a! least about 5(1%, at least about 75%, 

at least about 90%, at least about 95%, or at least about 99%. In various e<nbodhnenls, the 

co..wntratlon of El enzyme inhibitor :requil'ed 10 reduce an El enzymatic activity is Ieos than 

aboutl !lM,Iess titan about 500 nM, less !han about 100 nM;. less than about 50 nM, or less 

t:hanabouttrlnM. 

(013] In sonre ernbodimenbl, suclt Inhibition l5 seledive, Le., the B1 enzyme 

inhibitor redua!s the ability of onl'. or more El enzymes (e.g., NAE, UAE,. or SAE) 10 promote 

ubi conjugaHon to substrate peptide or protein ala conrenlrlolion !hat is lower, prefe-rably at 

lt.a.st 2-Iold, 5-fold, !Mold, SO. fold, or 100-fold Wwe-<, than the concentraHon of the Inhibitor 

lhat Is required w produce anolller, unrelated biological effect. In some such embodlm•nts, 

the El enzy=e inhibitor reduces the actlv:lty of one El enzy=e at a concentration that is 

lower than the roncentraHon of the inhibitor !hat is required to redua! enzymatic activity o£ 

a different E1 enzyme. In other embodiments. the El enzyme inhibitor also reduces the 

en%)'Q"I"li<: adlvity of another El ~·preferably one that is implicated in regulation oi 

pathways involved ill cancer (e.g., NAE and UAE). 

[Dl4] TI>etenn Mahout" is used herein to meanapprol<imal:ely, in the region of, 

mughly, or around. When the term Mabouta is used ill conjiUictionwilh a numerical range, 

It modifies !hat range by ""tending the bowldali!!!! above and below the numerical values 
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set forth. In general. the mrm ~about" is used herein to m<>dilj a numerlml v .. Jue above and 

bEllow the stated value by a vari>lru:e of lO'X.. 

[OlSJ 'The lean ~alipha!k", "" used herein. means str;tight.rnain, branchM. or cydk 

c,-e,, hydrocarbons which are completely s~tura1ed '"which ron lain one or more units of 

unsaturalion,. but which arc not aromatic For exampfe, suitable aliphatic groups include 

substituted or unsubstltuted linear, brnru:hed or cyclic alkyl. allcenyl, alkyt1yl groups and 

hybrids !hereru, sud, as cycloalkyl, (cydoalkyl)aJkyl, (cydoalkenyl)alkyl or (cycloalkyl)­

alkenyl In various emb<>dlmenl!;, the aliphatic group has one to ten,. one to eight,. 0<\C to sil(. 

one to four, or one, two, or l:hme cartxms. 

[016.] The terms -alkyl~, -alkenyl", and "alkynyl", used alone or a.. part ofa larg<or 

llt<liety, refer to a straight and bran.:hed crurin aliphatic group having /<Om one to twelve 

carbon atoms.. For purposes ol the present Invention.. the lenn "alkyl" will be used when the 

carbon atom atmcltlng the aliphatic gcoup to the rest of the molerule;, a saturated c:mbon 

a rom. However, an alkyl group may include un,...turntion at oiher arbon atoms. Thus, 

alkyl U0UP5 include, without limitation.. methyl, ethyl, propyl, allyl, propargyl, butyl, 

pentyL and hexyl. The l:eml -alkoxy" >efers to an -0-aJkyl radical. 

(011! For purposes of UteP"'sent Invention.. !he lerm "alkenyl" will be used when 

the carbcm atoiil attaching the aliphatic group to the llffit of the mole<:ul!o forms pan d. a 

carbon-carbon double bond. Alkenyl groups .include, without limitation. vrnyl, 1-propenyl, 

1-butenyl, 1-penten.yl,and l..hm.:enyJ. 

(018] For pUipOS<!S of !he present Invention.. !he tenn "alkynyl" will be used when 

lhe carbon atom attaching the aliphatic group to the n:st of the molecule forms part of a 

carbon-carbon triple bond. Alkynyl groups includ"- without limitation.. ethynyl, 1-propynyl, 

1-butynyl, 2-pentynyl, and 1-hexynyL 

[019] Tite term acyclo.Wphatk", used aiOTII! or as part of a la'8"f mo!ety, refers to a 

saturated or partially unsaturated cyclJc atiph~tic ring syslem haYing from 3 to about 14 

members, wheteffi the aliphatic ring system is option.illysllbstituted. In some 

embodiments, !.he cycloallphatic .Is a monocyclic hydrocarbon ha\'ing 3-8 or 3-6 .ring carbon 

atoms. Nonllm.ilillg e><amples include cyclopropyL cyclobutyL cyclopentyl, cyclopentenyl, 

cyclohexyl, cyclohexenyl, cycloheptyl, cycloheptenyl, cycl"""'yl, cyclooctenyl, !Uld 

cyclcoctad!enyl. In some embodiments, the cycloalipha.tlc is a bridged or fused bicyclJc 

hydrocarbon having 6-12. 6-10. or tHI ring carbon atoms, wherein any Ind.Mdual ring in the 

blcyclk ring system. has 3-8 mernben;. 

• 
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{020] In SOD:\e embodiments, two adjacent subslituenls an a cyrloaliphalic ring. 

lal:en together with lhe int..rvening ring atoms, furman optionally •ul>mtuted fused 5- !XI 

6-membered a:romatic cr_3.- to 8-membered non-aromatic ring having D-3 ring heteroatoms 

sel""led from the gro11p co!15isling of 0, N, and S. Thus, the term dcydoaliphatic" incl11des 

aliphatic rings that are fusW to one or more aryl, heteroaryl, or hetemcydyl rings, where the 

radical OJ: point of attacltment Is on the aliphatic tinS·· Nonlilniting examples include 

indanyl, 5,.6,7 ,8-!et:rahydroquin~yl.. decahydronaphlhyL or tetrahydronaphthyL where 

!he radical OJ: point of attachment is on the aliphatic ring. 

[021] The tenns "haaoallphatic", ''haloalkylH, "haloalkenyld and "haloalkoxy" refer 

to an aliphati.;.. ..Jkyi. alkenyl or alkrucy group, as lhe case may be, which is substituted with 

one or more halogen atoms. As used herein, lhe term uhalogend or uhalo~ means F, Cl,. Br, 

or L Tiu! h!rrn "fiuoroallphalic"' refers to a haloaliphatic wherein the halogen is fluorc. 

Nonllmltlng e><arnples of tluowal.iphatics include -Cff,F, -CHP,.. -CF,. .cH.,a,.. -CF,CH,. 

and--CF,CFy 

[022] The 1erms ~""Yl" and "ar-", used alone or as part of a larger moiety, ~.g., 

"aralkyl", "aralkoxy", OT uaryloxyalkyl", referto a C6 to C11 aromatic hydrocMbon, 

romprising one to three rings, each of which Is optionally substituted. Preferably, the aryl 

group is a c;_,. aryl group. Aryl groups :Include, without limitation. phenyl,. naphthyl, and 

anlhracenyl. In some I!Oibodiments, lwo adjacent substituent. on an aryl ring. tak"" 

togelher with the lntervenillg ring atoms, furm. an option;illy subslitutM fused 5- to 

6-membemd aromatic or 4- to 8-membered non-aromatic ring having D-3 ring hereroa.toms 

selected from lhe group consisting ol 0, N, and S. Thua. the term "atyl", as used herein, 

includes groups 1n which an aromatic ring: is fused to one or more heb!roaiyl, cydoaliphatic, 

or heterocyclyl rings, where the radical or point of attaclunent is on the aromatic ring. 

Nonlimiting examples of such .fused ring systems indll<ie indolyl.. isoindo.lyl_ benzothienyl, 

benzofuranyl, dlbenzofuranyl, illda.wlyl. benrimidazolyl, benzlhlazo.lyl, qulnolyl, 

lsoquinclyl, dnnollnyl.. phthalazinyl, quinazolinyl, quino..alinyl, carbazolyl, acrldlnyl, 

phena.:tinyl, phenothiazinyl, phenoxazinyl, tetrahyd.<oquinclinyl, tetrahydroisoquinolinyl, 

fluorenyl.. Jndanyl, phenanlhridinyl, tetrahydmnaphthyl, indolinyl, phenru<azinyl -

l>enzodloxanyl, and benuldloxolyl. An acyl group may be mono-, bi-, tri-, or polycyclic, 

preferably mono-, bl-, or tricycli.;.. atOrt' prefeJ;<~bly mono- or bicydlc. The term "aryl" may 

be used interchangeably with the tenns daryl gwup", wary! moiety", and daryl ring". 
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[023} An naralkyln or ~ru:ylalkyl~ group comprises an uyl group rovaien!ly 

attached to an alkyl group, either a£ whkh iruiepcnd...,l]y jg optionally substituted. 

Preferably, the aralkyl group IS C.,.,.myl(C,.Jalkyl, lndudlr.g.. without UmJiation, benzyl, 

ph<methyl, and naph!hylmethyt 

[0241 The terms "heteroru:yl" and nheteroa<-n, used alene oraspartofa larger 

moiety, "-8·• hete(oaralky_l, o• nhell!roal"alkO><y", refe< to groups having 5 to 14 ring atoms, 

pref'">ably 5, 6, 9, or 10 ring atoms; having6, 10, or 14 n eled:mn5 shawd in a cyclic anay; 

and having.. in add; lion to carl>onato<ns, from one to four heleroatoms. The~ 

"heteroatum~ refers to nitrogen.~ or &Ulfur, and includes any OXid!xed form of 

nitrogen or wlfur, nnd any quatemi:>l>d form of a basic nitrogen. Thus, w~ used in 

rel'enm<:e to a ring atom of a heleroaryl, the tenn nrutrogenn lndudesan~dizedni~ 

(as in pyridine N-oxlde). Culaln ntuogen atoms of 5-membered heteroaryl groups also are 

subst:ituJabie, as ~defined below. Heteroaryl gmup<1 include, w:Hhout limitation,. 

lhienyl,. futanyl,. pYil'Olyl.. imidazolyL pyra:wlyl,. lria2olyl,. teua:wlyl, O>o:a2>Jiyl,. ~yl, 

oxadlazolyl, thlazolyl,. isothlazolyl, thiadiazolyl, pytidyl, pyrlclazinyL pyrlmidlnyl, 

p )'l"tin yl, iru1 oliziny l, purinyl, naphthyridi:nyl,. and p teridinyl. 

[0251 In some en'lbl><funenb, two adjacent subslltucnts on a hetcroary-1 ring, taken 

togelher with the U,tervening ring atoms. form an optionally substi[Uil!d fused 5-- to 

IS-~ aromatic ru: 4- to 8-membered non-aromallc r1ng having 0-3 ring hell!roatoms 

selected frwn the group consisting of 0, N, and S. Thus, the terms nhele«mryln and 

"heteroar-~, as used herein, also include groups in which a heteroaromatic ring is fused to 

one or mrue aryl, cycloallphatic, or heterocydyl rirog:s, where the radical ru point of 

attacl.ment is = the heteroaromatic ring. Nonlirrtiting e>camples Include iruloiyl, isoindolyl,. 

henzol:h.ienyl, berrzofuranyl, dibenzofur.myl, lndazolyl. be~azol yl, benz!hia:;rolyl, 

quinolyl,.isoqulrmly-l, clnnolinyl, ph!halazinyl, qulnll.zollnyl, quino:<alinyl, 4H--qulnoliz.inyl, 

o:arhazolyl, acrldinyl, phcnazlnyl, phenothiazlnyl, phenoxazinyl, tetrahydroqulnolinyl, 

tetrahydroisoquinollnyl, and rJrido{2,3-h_I..1~(4H)-one. A heteroaryl group may 

be mono-, hi-, tri-, or polycyclic, preferably mono-, hl-, or tricyclic, more preferably mono- or 

blcyclk The tenu nhe<eroary-1~ may be use<l1nferdlangeably with the terms "heteroaryl 

ring". or "heteroaryl group" ,any of whkh terms include rings that am optionally 

substituted. The tenu Mheteroaralkyl" refers to an alkyl group~ubslituted by a heteroaryl, 

wherein the alkyl and heteroaryl portions inde~dcntly are optionaUy substituted. 

[026] As used herein,. the terms naromaticring" and "aromlltiC ring system" refer to 

<m optionally substituted mono-, hi-, or tricyclic group having 0-6, preferably 0-!1. ring 

'" 
! 
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heteroatoms, and having 6, 10, o:r 14 n electrons shared in a cyclic array. Thus, the terms 

n"-""matic ring'' and Maromaticring system'' encompass both aryl and heteroaryl gmups. 

(027] AS used herein,. the terms ~heterocycle~, Mheterocyclyln, "heterocyclic 

radical», and nhelemcydlc ring» are ll5ed inten:hangeably and refer to a sblble 3- to 

7-rnemhernd m<Jnoo:ydic, o:r to a fused 7- to 11).-membered or bridged 6- to 11).-membered 

bkyclic hetcroeydic: moiety that is eithe.r saturated or partially unsaturated, and having, in 

addition Lo mrbon atoms, one or more, preferably one to four, hetetoatoms, as defined 

above. When used In rnfere""" 10 a Ong atom of a heteroeyde, the term unltrogenn includes 

a substituted nltrogen. AS an example, in a heteroxydyl ring having 1-3 ~tematoms 

selected from oxygen, sulfur or nitrogen, the nll:rogenmay 'oe N (as in 

l'l,4-dihydro-2H-pyrrolyl), NH (as in pyrro1ldinyl), or "NR (as in N-subsl:ituted pyrrolidinyl). 

A he!lerocydic :ring mn be atlached toils pendant group at any heteroarom or: rnrbon atom 

that results in a ot:ablestructure, and any ol the ring atoms can be optlonaily sub!;tituted 

Examples of such satur3ted or partially unsaturated he~ic radt..,Js indude,. without 

limilati<>n, tetrahydmfuranyl, tettahydrothlenyl, pyrro!idtnyl, pyrmlidonyl, piperidinyl, 

pyrrolinyL Letrahydroqulnollrlyl., tet<:ahydroisoquinolinyl, de<:ahydroquinolinyL 

oxazolldlnyL piperarinyl, dloxanyL dioxotanyL ~YL o>=.epinyL thlazepinyL 

moq>ho!inyl, and quinudldinyl. 

(028] In some errWodiments, two adjacent substituents on a heterocyclk ring, taken 

together with the Intervening ring atoms, fonn an optionally substituted fused 5- to 

6-mernbered aroma.tk or 3- to 8-membered non-aromatic ring having Q-3 ring heteroatoms 

selected from the group cansisting of 0, N, and S. Thus, the terms »heterocycle", 

"hetero:yclyln, Mhetemcyclyl ring", ''he!erocyclie group", "heterocyclic moiety", and 

"he-ocyclic zadicaln, are used interclmngeably herein, and include groups irl which a 

helllrocyclyl rlng ls fused to one or m.ore aryL hetemaryl, or cycloallphatic rings, such as 

indollnyJ. JR-indolyl. chromanyl, phenanthridinyl, or tetrah.ydroquinolinyl, where the 

radical or point of attachment ls on the heterocyclyl ring. A heterocyclyl group may be 

mono-, bl-, tri-, or polycyclic, preferably mono-, bi-, or tricyclic, more_ preferably mono- or 

bicydic. The term »heterocyclylallcyl" refers~ an alkyl group substituted by a he~clyl, 

wherein the alkyl and he!erocyclyl portions independently are optionally ~SUbstituted. 

[029] As used herein, the Lerm "partially unsaturated" refer.; to a ring moiety thai 

includes at least one double ar triple bond between ling atoms. Tht: term "pa:o:tlally 

WIS<>turated" is intended to encompass rlngs havint;: multiple sites of unsaturation, but is not 

intended to include aryl ar heteroaryl mo:letie& as herein delilled 

n 



(0301 The lerm "linker group" or~linker" mearu;;anorganio:: rnoiely lhat«W~eets 

two parts of a compound. l.Jnkem typically comprise an a!Om such as oxygen or sulfur, a 

W'lit such as -NH-, -CJ-1,-, -C(O}-. -C(O)NH-, O< a chain of a!oms, such as an alkylene chain. 

The molecula:r onass of a linker Ls typically in the range ofabout 14 to 200, preferably in the 

rnnge ofl4 lo 96 withalengthofup to aboutslxatoms.. 1rl some embodiments, !he linker is 

a C. .. alkylene chain whlcl-. is optionally substituted. 

[031) The term "alkylenl!"' refers to a bivalent alkyl group. An "alkylene dtain":ls a 

palymethylene group, Le,. -(01,).-, wherein n is a positive integer, prefe.-ahly from one to 

sb<, fr<unone to four, from Oil!! to three, I rom Oil!! to two, or from two to three- Asubslltuled 

alky!ene chain is a polymethylene group In whkh one or more methylene hydro~;an atoms is 

replaaod with a substit\lent. Suitable sub5tituenls ;nclude those described below for a 

substituted aliphatic group. An alkylene chain also may be subslitu"":' at one or more 

positions wilh an aliphatic group or a substituted aliphatic group. 

[032] All alkylene chain also C2Il be optionally inl:enupled by a functional group. 

An alkylene chain Is "intcrrupu:d" by a functional group when an internal methylene unit Is 

repl.aa:d with the functional group. :&amples of suitable "interrupting fundional. groups" 

Include -C(R•),.C(R')-. --C=C-, -0-, -&-, -s(O)-, -5(0),-, -5(0),.N(R)-, -N(R'h -N(RjCQ-, 

-N(R')C(O)N(R')-,-N[R"}C0
1
-, .qO)N{R)-, -C(O}-. -C(O}-C(O)-, -Co,_-, -OC(O}-, -OC(O)O-, 

-OC(O)N(R'}-. ·C(NR'),.N, -C(OR"")=N-, -N(R)-N(R)-, or-N(R)S(O),-. Each R", 

indepelldently, is hydrogen or an opticmally sub5L:ituted aliphatic,. aryl, heteroaryl.- or 

hoterocy<:lyl p;roup,or twoR' on the se.rne nitrogen atom,. taken tog<olhetwith the nitrogen 

atom, form a fi\l"e to eight membered aromatic or non-aromatic ring having. In addition to 

the nitrogen atom, Zero to two ring heteroatorn. selected from N, 0, and S. Each R~ 

independently Is hydrogen or an optionally substituted aliphatic, aryl, heteroa>yl, or 

heterocyclyl grt>Up. 

f033] Examples of c,_. alkylene chains that have been "interrupted" with -0-

i:nclude -CH,OCH.,_-. -Cl-I,O{Of,)1-, -CH,_O(CHJ,-, -Cl-J.,O(CHJ.-. -(CHJ,OCH, ·, 

-(CHJ,O(CHJ,-. -(CHJ:.O(CH,),-, -(CH,),O(CH,)-. -(Of,),O(CH,J,- , and -(CH,)p{CE-1,}-. 

Other e>:amples of all:ylene chains that are -lnteoupted" wilh functional groups in dude 

-c:H,GCl-1,-. -O:I,_G(CH,).,-, -CH.,G(CH,),-, -CH,G(CHJ,-, -(CI-J,);,GCH.,-, -(c::HJ:,G(CH,)1-, 

-(CHJ,G(CHJ,-, -(CH,_),G(CH,)-, -(CHJ,G(CH,),-, m~d -(CH.,),G(CH.,)-. wherein G is one of 

the "inlernipll:ng" funcliona! gl"OUP" I.Igted above. 

" 
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{034] For purposes of clarity, all bivalent groups described herein,. inclu~ ··~·· 

thealkylen~chain linkers described. above and the variables D, E. f,G, Q U, W, Y, v', T', T, 

i', and 1"' are intended to be read from left to right, with arnrn!Sponding left-to-righl 

reading of the furmula or structure in which the variable appears. When the bivalent gmup 

is contained within a ring.. a left-to-.right reading of the variable =nesponds tt> a clockwise 

r....dlng of the ring structure In which the variable appe~ 

[035] Ona of ordiniuy skill in the art will re:ognize !hat when an alkylene cha\n 

having an interruption Is attached to a hmctional gmup, certain combinations are not 

sufficiently stable for phannaceutica.l use. Only stable or ch<=lcall.y feasible compoUllds are 

wilhln the scope of the present invention. A s1able rn: chemically feasible compoUlld Is """ 

in whlclt the chelllicalstructure is not substan.tlally altered whm kept at a temperature from 

about -80 •c to about +40 "C.. preferably from about-20 •c to about+40 "C. in the ahsenc:e of 

moisture or other chemically reactive conditioru, for at least a week, or a compoUIId which 

maintains itli integrity long enough to be useful for therapi!lltlC or prophylactte 

administration to a patient.. 

[036] Tile term wsubstituted~, ""used herein,. means that a hydrogcnmdical of the 

dl!Signated moiety is :replaced with the radiO'Il of a specified substi~ent, provided that the 

substitution results in astable orchemicaJ,iy feasible compound.. 1he term "substitu!ablew, 

when used in referenee to a designated atom, means \h;J.t allached to the atom is a hydrogen 

radkal. whlchcan be u:plaa.d with !he radical of a suitable substituent. 

[0371 The phrase ~one or more suhslituen!S", as used herein,. rcfe<Sio a number of 

suhstituents that equals from one to the maximum number of subslituents possible bMed on 

the number of available bonding sites.. provided that the above conditions of stability and 

chemical feasibility are met. Unless otherwise Indicated,. an optionally substituted gtOllp 

may hav" a suhstituent at eaclt Sklbslitutable position of the group, and the subslituents may 

be ellher the same o~:d!ffcrent.. Asusedhereln,.l.he tenn "independently selected» means 

that the same or dlffetent values may be selected for multiple instances of a given variable in 

a singlE compound. 

[038] An aryl (inclllding the .lry1 moiety in aralkyl, a.al.koxy, aryloxyalkyl and thE. 

like) or heteroaryl {Including !he heteroaryl moiety in heteroaralkyl and hetemaralkoxy and 

the like) group may contain one or more substituents. "Exampl!$ of sui !able substltuents on 

the unsaturated carbon atoll"\ of an aryl or heteroaryl group include -halo, -No., ..eN,. -R•, 

-C(R")=C(R'),. -O=C·R•, ..CJR', -SR", -5(0)R", -&lji!.", -SQ,N(R")
1

, -N(Rj, -NR'C(OJR•, 



-NR'C(O)N(R),. -NR'CQ,R', -0-crJ.j!..', -OC(O)N(Rl,, -0-C(O)R", -cq,R•, -C(O}C(O)R", 

..C(O)R', -C(O)N(R),.. .C(O)N(R)QR•, .C(O)N(RlC(~NR.)-N(R),.. .C(=NR)-N(R),, 

-(:(~NR'}N(R)-OR•, -C(:NR}-oR•, -C(R)~N-QR•, -N(R)-N(R \ .. -N(RioR', 

-N(R)C(~NR '}-N(R),, -N(Rjq=NR)-N(R)-C(O)R', -N(R)C(-NR.j-R', -NR'SO,R', 

-NlfSO,N(R)., -P(O)(R•J,. -P(O)(OR"J.• -0-P(O)-OR', and -P(O)(NR)-N(R),, wherein R' is 

an optionaUy substihl!ed alipha.t:ic or aryl group, and R' and R' are as defined above, or two 

adjaamt substituen!s, taken together with their bltervenirlg atoms, form a 5- to 6-membe:n!d 

unsaturated or parti:illy unsaturated ring hav:ing O-J ring atoms selected from the group 

con'<isting of N, 0, and s. 

1039] An aliphatic group or a non-al"ODlatic heiErcicydk ring may be substituted 

with one or more substituenls. ll,.-amples of suitable subslituents on the saturated caibon of 

an aliphatic group or of a non-ammalic heterocyclic ring include, without limitation, those 

listed above for the W~Sahtrnted carbon of an aryl or hcteroo..ryl group and the .following:- =-0, 

.. s, =C(R"),.. -=N"·N(R),.. -=N-OR', =N-NHC(O}R', =N-NHCO,R", -=N-NHSO,R', or =N-R', 

where= '"'J'Tesenls a dcuble bond, and each R• and R' is as defined above. One of o<dinary 

skill in the art will r~gnize that s\lbstituents that are attached by way of a double bond 

roquires replacement of two hydrogen radicals on the substitutable carllon atom. For the 

purpo!ies of clarity, the term "substituted aliphatic" refers to an aliphatic group having at 

least one non-aliphatic substituent. 

[G.I.O] Suitable subsUtuenls on a s\lbstitutable nitrogen atom o1 a heteroaryl or 

heterocyclic ring !ndude -R•, -N(R•),.. -C(O)R', -COzR', -C(O)-C{O)R' -C(O)Cl:I,C(O)R", 

-so,R•, -SO,N(R•J,. -(:(..SJN(R")., -C(:NH}-N(R')., a.nd -NR"'SO,R"; w~in eaclt R' and R" 

i3 as delined above. 

(0\11] Unless olherwlsestaled, structures depleted herein are meant to include 

comp01>nds whkh differ only in tru. preseno;, of one or more iontopically enriched atoms. 

Fur e><ample, compounds having the pn:sent structure e><repl fur the replacement o1 a 

hydmgen atom by a deuterium or tritium, o:r the :replacement of a carbon atom by a "C- o:r 
11

C-enriclted carbon are within the SMp!! of the invention. 

1042] It also will be apparent lo one skilled in the art \hat cert.lln mmpounds of this 

invention may exist in tautomeric fo:rms, aU suclt tautomeric fQliiiS of the compounds being 

within the scope of !he invenli<>IL Unless stereochemical configuration is e<p<essly defmed, 

stroctures depicted herein are meanl to include all s!eceochemica! fonns of the structure; !.e., 



the R and S conf:igwations for each aeynunetric center. Therefore, unless otherwise 

indicated. single slereochemiUI! isomers as well as enantiomeric and diastereon>Mc 

mi><tuies of the present wmpound'l are within the scope of the invention. ay way of 

exa.mple, the compounds of formula (l) wherein R' is hydroxy canha.ve R or S configuration 

at !he carbon atom hearing R'. Both the R and the 5 stereochemical isomers, as well as all 

rn!xturcs thereof, are Included within the smpe of the Invention. 

[043l Wh2re stereochemical configuration Bl a given asymmetric ='Iter is defined 

by slnlcture, unless slated otherwise, th2 depicted configuration indicates stereochemistry 

relative to clher asymmetric =tl:ers in the :molecule. Where s!:ereochemlool configuration Is 

defined by chemical name, the designations (<el), (R."), and (5"") Jnd.lcatc relative 

stereochemistry, while the designatiDnS (+), (-), (R), (S), and (abs) indica!e ahsolult! 

s!ereochemistry. 

[044] Jn the co:mpounds of formula (J), whe<e relative stereoch=Ustry is defirn!d, 

the diastereomeric purity of the compound p~ferably is at least 80%, more preferably at 

least 9llo/o, slill more prefer.Wiy at least 95%, and :most preferably at least 99%. As used 

herein, the ter:m "dlaslen!omeric purlty" refen; 10 the amount of a compound having the 

depicted relalive stereochemi.s!:J:y, ""P""sed as a pe.rentage of the lolal amount of all 

dlas!ereomers pr!!61!nt. 

[045) In SOilU! embodiments, steii!ochemical configurations deplcred at asteris!<ed 

positions indicate absolute as well as relativeslereoch~!:J:y. Preferably, the enantiomeric 

pun1y of lhe compound io at least SCI%, :more preferably at Jeast90%, still more preferably at 

least 95%, and most preferably at least 99o/.._ As used herein, the tenn "enantiomeric purity" 

refers to the amount of a compound having the depleted absolute stereochemlstry, 

e><pressed as a percentage of the total amount of the depicted compound and !Is enanliomer. 

[11461 Methoda for determining d;astereomeric lind """"liomericpurity are well-

known in the art. ·Diastereom.ericpurlty can be deten:nined by any analytical method 

capable oi quantitatively distinguishing between a compOund and Its diastereomers. 

Examples of suitable analytiml methods Include, without limitation, nuclear magnetic 

resonan.:e spectroscopy (NMR), gas chromatography (GQ, and high pedo=an"" liquid 

chromatography (HPLQ. Similarly, enant'iomericpurity can be det:ermiru!d by any 

analytical method capable of quantitatively distinguishing between a compound and its 

enar\liomer. Examples of suitable analytical melhod5 include, without liroitation, GC oT 



HPLC, using ~ chlral ct~lumnpaclting material EnanllomeJS may also be disttngulshable by 

NMRif fu:s! dcriva!ized with an optically eru:iched derivatizing ~gent, eg-, Masher's acid. 

[047] In the compoundsoHonnula (1), X 1s-or,-,-CHF-,-CF,-,-NH-, 01"--Q-. In 

some emhodimen!s, X is --CH,-, -NH-, or-O-. In certairl embodiments, X is -NH- or-o-. 1n 

certain partirular entbodlments,X 1s -o-. 

[0118] 1n !he wmpDimds of fomnula (I), Y ls -o-, -s-, or -C(Rj(R')-, where R"' and R" 

are as described above. In some embodiments, R"' Is llydrogen. fluoro, -~ 

-NH(C._. alipha!:ic), -N(C,_, alipha!:ic),.. or c,__, alipha!k. [n some other cmbodimenls,R~ and 

R" together form .. o. 1n other embodinteii!s, R"' and R", taken togelher wiU. !he U.tervening 

carbon atoms, form a fused cydop«lpa<l!'. ring, which it; op!:ionally subs!ltuled wi!hone or 

two subs!ituents independently selected fromnuoro or C,:. aliphatic;; or Rm and R', taken 

together with the ln!ervening carbon atoms, fomo a fused cydoprop""" ring. which is 

optionally sub.!:ituled wilh <me or two suht;lituents independently selected from fluoro or 

C,_, alipha!k. In ce.-tainembc:dimeri!S, Y is-0- or -CH,- In ce.-talll. parliall11r emi>odimentB, 

y is -CH,_. 

[049] In the compounds offo<mula (1), Wis-cH,-, -CHF-, -a=,-, -CH(R'h -cF(R.'h 

-Nfl-. -N{R1}-.--Q-, -S-, or-NHC(O)-. where R' is c,__, aliphatic or C,... fluoroaliphalic,. orR' is 

a C,.. alkylene chain lhatis attached to a ring position on Ring A to form aS-, 6-,or7-

membered fused ring, where.ln the alkylene <:hain opti<mally is substituted wilh 

C,_, aliphatic. C,_, fluoroallphatic,. =0, -CN, or -C(O)N(R'),. In some embodiments, W is­

CH(R
1
}-or--N(R'), and R' is a c,_., alkylene chain thatisatliiched to a rlngposili<m on Ring A 

to form a 5- or 6-membered fused ring. whereln the alkylene cha1n op!i.onally Is subs!itu!ed 

wl!h C,_, aliphatic,. C,_,lluoroal.iphatic,. =0, -CN, or -C(O)N(R'),. In some other 

embodirnen!s, Wis -oJ,_-, --CHF-, -CF,-, -NH-, -0-,-5-, or-NHqO}-. In certain 

embodiments, Wis -0-, -NH-,or-NHC(O)-. In certain patlicularemhodimenls, W is-NH•_ 

(050] In the compounds Of fomoula (1), R" i'l S<!leded from. the group consisting af 

hydrogen, nuazo, -CN, -N, -OR',-N(R'J,,-NR'CO,R" ,-NR'C[O)R0, -C(O)N(R"'),. -C(O)R', 

-<X:(O)N(R'),, ..QC(O)R', -oco,R', or a C.... aliphatic or c,~ fluoroallphatic cptionally 

subslltu!cd with one or two substituenJ:s independently selected from. !he group consUlting­

of --OR'•, -N{R"'){R''), -CCJ;!I!', or -C(O)N(R"')(R"); or R" arod R" together form a bond. In 



some embodlrnentsR" is selected from the group consi3ling of hydrogen, fluoro, -CN, N,. 

C,.. aliphatic,. c,., fluoroallphalic, .OR", -NH(R\ -N(H)CO,R', -N{H)C(O)R0, -C(O)NHit', 

-C(O)R
5
,-0C(O)NHR', -<X:(O)&', and -OC(O)OR0. In some embodiments, R' Js selected 

from the group consisting ofhyd.rogen,. -oa ..QCH, c,.. aliphatic. c,.. fluoroa.liphatic,. and 

fluoro. In certain embodi"""'-ts, R' is selec"'<l. from the group cansisling of hydrogen. -OH, 

-0CH,. -CH,. ;md fluoro. In certain particular embodiments, R' Js -OH. 

(051) In the compounds of fu:pnuia (l), R• is selected from the group consisting of 

hydrogen, fluoro, -CN, -N,. -OR", -N(R'),. -NR'CO,R', -NR'C(O)R", -C(O)N(R'),. -C(O)R', 

-OC(O)N(R'),. -OC(O)R•, -OOJ,R', or a C... aliphatic rn: C,.. fluoroalipha.tic optionally 

substituled with one or two substituellls independently selected from the group ronsisting 

of -OR'", -N(R")(R''), -CO;t"', or .C(O)N(R"j(R''J; orR" ;md R' together form a bond. In 

some embodimen!S, I( is hydrogen. fluoro, -CN, N,. C..._ aliphatic, C, .. fluoroaliphatlc,. -OK"', 

-NH(R'J, -N(H)COp', -N{H)C(O}R5, -c(O)NHR', -C(O)R", -OC(O)NHR', -OC(O)R", and 

-OC(O)OR'. In -=lain embcdiments, R' :Is hydrogen, -OH, ..QC11,. or fluoro. 111 certain 

particularembodintenls. R' is hychclgert or-OR 

(052) In !he rompound.s of fo<mula (I), a• and R' am each independently selected 

from the group consisting of hydrogen, lluoro, C,., allpha~ and C,., fluoroaliphatic. In 

some embodimen!S, one of R" and R' is C, .. aliphatic and !he other is hydrogen. In some 

embod.Unents, R' and R' are each hydrogen. 

(053) In one embodiment, R' and R' are eacli-OH,. and R' and R4 are eacll 

hydrogen. In another embodimer!t, R"is -OH,. and each of R", I(, and R• .l!l hydrogen. In 

anotherembodirnent,R'is-OH, R'is fluoro or -OCH,. and R" and a•are each hydrogen. In 

another embodiment, R' is -OH, a• Js -CH,.. R' is hydrogen or -OH.. and R
4 

is hydrogen. In 

another embodiment, R' and R' to"gether form a bOl\d,. and R' and R0 are each hydrogen. 

[054) In the compounds oJ lormn!a (I), ead> R' indep<!lldently is hydrogen. fluoro, 

C,., aliphatlr:, or C,.,. fluoroa.llphatlo;; or two R', taken together with the carbon atom to which 

they are attached, form a 3- to 6-melllbered cycloaliphatic ring; or one Jt, taken together 

with R" and the intecvening carbon atoms, forms a 3- to 6--rne111bered spi<ocydic ring; or two 

R' together fon:n=O In some embodimenls, R' is not fluoroifX is-0-or-NH-. In some 



~.each R' indepenilently Is hydrogen or c, .. aliphatic. In .IIOml! such 

embodiments, each R' iruleperuiently is hyilmgt>n or -CH,· In a:rtain embadimen!s, one R1 is 

hydmgen <II -CH, mil the <1ther R'.;, hydmgerl. In cerialn particular embodiments, each R' 

is hydrogen. 

(055} In the comp<1unds of formula (l), R" is hydrogen <1r C,.. aliphatic;"' II.', taken 

together w:ilh one J.l anillhe intervening carbon atoms, forms a 3- to 6-ll"lel1\bereil spirocyclk 

ring; orR", taken together with R"' imd the intervening carbon atoms, forms a fused 

cyclopropane ring;. whlclt i8 optionol.ly substituted with one or lwo substituenls 

indeperuienUy selected from fluoro or c, .. aliphatic In some =Wodiments, R' is hydrogen 

or c, .. aliphatic. In &orne such embodiments, R' is hydrogen or -o-J,. In =tam 

embodin"lents, R' is hydrogen. 

(056} ln the compounils offormula {1), R~ is hydrogen or C.... aliphatic; or R", taken 

together with R"' arui the interv<lning ~arbon atoJru, forms a fused cyclopropane ring, which 

Js optionally substituleil wlth one or twosl.lbstituents independently selected from fluoro or 

C.... aliphalk. In some embodiments, R" Is hydrogen or C.... aliphalic. In rome such 

embodimento, R"ls hydrogen or -CH,. In certain embodiments, R~ is hydrogen. 

(057] In the wmpouruls of formula (l), the variable m Is 1, 2, or 3. In """"' 

embodim~ m is 1. 

[058) ln the compourn:IB of ftrrm\lla (1), Ring A 15 a 6-membemd nitrogen­

rontainlng heteroacyl ring. optionally fuscil to a 5- or 6-IIII!mbereil aryl, heleroaryl. 

cycloaliphalk or helerocyclic ring. w~in either or both rings are optionally sub.stituled 

and one ring nitrogen atom. is optionally O>:idized. In some embodimenls, Ring A is an 

optionally sub.stituled pyridine, pyrlrnidlne, or 1,3,5-trlazine ring. In other embodiments, 

Ring A is a pyridlne or pyrimidine ring that is Jused to a 5- or 6-membcrer::l aryl, heteroaryl, 

cycloaliphatic or heterocyclic ring.. wherein either or both rings are optionally substituted. 

ln some sudt embodimmls, Ring A is fused to an optionally substituted benze.ne, imiila20le, 

pyrrole, or ox.i..zole rlng. 

[059] In some embodiments, !he invention relates to a compormd offormula {1) or a 

pharma,.,.,tically aoxeptable salt lhereof,character4ed by one or more of !he following 

featutOS". 

(a) Xis -0-; 

" 
I 

' i' I 



(b) y is -c:H,_-; 

(c) Wis-NH-; 

{d) R' is -OH; 

(e) R" and R' are each independently hydrogen ocC, .. aliphatic> 

(f) R' is hydrogen..lluorc,or-OR'; 

(g) R'andR~ !me each hydrogen; 

(h) each R' is hydrc~ and 

{i) "' is 1. 

[060} Io some embodiments, the invention relates to a subgenus of lhe rompounds 

of formula (J), characterized by lom\u.!a (I-A) or {I-D)! 

{I-A) (I-B) 

or a pharmareulica.lly aca:ptable salt thereof, wherein Ring A and the variables W, X, 

Y, R', If, R', R• ,R•, R~, R', and m have the val""" and preferred values desc:nbed above for 

.formula {J). 

[061] Io some embodiments, the invention relates to a subgenus of the compounds 

of formula (J), characterized by fonnula (IJ), (II-A), or (ll-B); 

(n) 



or a pharmaceutically acc..ptable salt thereof, wherein: 

Dis -N'" or--C(R")~; 

E is -N= or ..qR'):; 

R" is hydrogen, halo, cyano, -C(R")=C(R'),. -O=C-R', -OR',-SR0
, -5(0)R0

, -so~•, 

-SO;zN(R'),. -N{R'J,. -NR'qo)R', -NR'C(O)N(R'),. ..N(RjC(-NR')..N(R').­

·N(R)C(d'-JR)-R•, -NR'co,R', -N(Rjso,R', -N(R')so~[R'),.. -0-C(O)R', -<X07R
0
, 

-OC(O)N(R'),.. --C(O)R',-co_,R', -C(O)N(R'),..-C(O)N(Rj-OR', 

--C(O)N(R')C(o.NR.j-N(R\, -N(R'Jq-NR'}-N(R')-c{O)R', -q-NR')..N(Rj,_, 

-C(:NR')-oR', -N(R'}-N(Rj., -N(R'}-OR', -C(:NR')-N(R')-QR",-C(R')~N-QR', or an 

optionally substituted aliphatic, aryl, heteroaryl, or heterocyclyl; 

each R' independently is hydrogen, halo, -CN-, -OK', -N(R')., -SR'. or an optionally 

substituted C,.. aliphatic group; and 

the variables W, X, Y, R", R", R•, R", R", R~, R' and mhave the values and pn"fen:ed values 

described above for formula()). 

(062] In some embodiment.r, eacl\R• in fonnuJae (Il), (U-A).and {II-B) 

independently is hydro&m- halo, -eN, -OH, -0-(C.... aliphatic), -NH,.. -NH-(C,_. a!Jphalk), 

-N(C,_. aliphatic),. -sH, -S-(C,.... aliphatic), or an op~onally substituted C. .. aliphatk group. In 

certain embodirnenl>l, eaclt R" independently is hydrogen, lluoro, -CH,. -CF,. or-OH. In 

certain plllticula:t embodiments, R" is hy<hogen. 

!063] In some embodirnml>i, Ring A is selectW from the group co.nslstlng of: 

'" 



[064] In some cmbodlments., R" is hydroger~s C,.., aliphatic. C, .. lluoroaliphalic. halo, 

-R10, -R"',-'f' -R'", -'f' -R"', -V'-T'-R'", -V1-T1·R", -V'-R'<, or -'f' -V'-R'~, where thev.uiables R", 

R"', V
1
, illld T' have the values descri~ below. 

[065] T' is a c, .. alkylene chain substituted with 0-2 independently selected R"' or 

R"", wherein the a!ky!ene chain optionally is Interrupted by -C(R')-c(R'J-, -C-.:C-,-0-, -s-, 
-S(O)-, -S(O),-, -50,.N(R')-, -N(R~-, -N{R')C(O)-, -NR'qO)N(R')·, -N(R")C(-NR')-NiR"J·, 

-N(R")-C(.:NR'h -N~C01-, -N(R")so,-, -N(R')sop(R")-, -OC(Oh -OC(O)N(R'h -C(O}-, 

-CO,-, -C(O)N(R'J-, -C(:.NR')..N(R"J-, -C(NR')~N(R')-, -C(~NR')-0-, or -C{R')..N-0-, and 

wherein T' or a portion thereof optionally forms part of a 3-7 membered ring. In some 

embodiment!;, T' is a C,_. a.lky!ene chain optionally substitulcd wil:h one or two groups 

independently o;e!..cted from fluoro, <;_. aliphatic. and C,_. fluoroaliphatio:. 

[066) Each R"' independently is .d£!ckrl. &om the group consls~ng of..;F, ·OH;. 

-O(C, .. alkyl), -Gl, -N(Rj,. -C(O){C,_. all<yl), ..CO,H. -CO.,( C.., alkyl), -C(O)NH,. and 

-C(O)NH(C,_. alkyl). 

[067] Each R"' Independently iS a C,.. alipha!ic optionally substituted wilhR"' orR', 

or two substituen19 R"' on l:he same carbon atom,. taken together wf!h the carbon atom to 

which !hey are attached, form a 3- to 6-membered cycloallphatlc ring. 

(1)&8] Each R' independently is an optioruilly substitutM aryl or heteroaryl ring-

[069] V' Is -C{R')-c{R")., -O>C-, -0-, --5-, -S{Oh -5(0)._-, -5o,N(R'h ·N(R')-, 

-N(R'jc(O}-, -NR'C(O)N(R")-, -N(R")C{cNR')..N(R'J-, ·N(R')C(=NR'J-, -N(R")CO,·, 

-N(R')SO,-, -N(R')SO,N(R'}-, ·cx:(Oh -OC(O)N(R')-, .C(O)-, -CO,-, -C(O)N(R'J·, 

-C(O)N(R'}o-, -C(O)N(R"JC(=NR')-N(R'J-, ·N(R"JC(-NR'}-N(R'rc(O)-, -C(~NR')-N(R'}-, 

-C(NR')=N(R"J·, -Q.~NR'J-o-, or -C(R"J=N-0-. In oome cmbodlmenls, V
1 

is -N(R')C(O)·, 

-N~C(O)N(R'J-, -N(R')so,-, ·N(R')SO,N(R'}-, or ·N(R')co,-. In certain such 

embodim£,nts, V' is -N{R')c(O)· or-N(R')C(O)N(R')-. In olherembodilnents, V' Is 

-C(R'J.-<(R'J, --OC, -0-, -5-, or -N(R")•. 

[070] Each R"' independently is an optionally ~ubstitured aryl, heteroaryl, 

hetezocydyl, or cycloalipha!k ring. 



[071) Each R>o independently Is -NO, -CN, --c(R')=C(R'), -Cce-R', -OR', -SR', 

-s{O)R', -so.p..', --SO,N(R'), -N(R')., -NR'QO)R', -NR'C(O)N(R'), -N(R')C(uNR"J-N(R'),.. 

-N[R')q .. NR')-R', -NR'CO,R', -N(R')so,R', -N(R'Jso!J(R\. -0-C(O)R0
, -<XO.jt', 

-OC{O)N(R'), -C(O)R', -C:.O}l',-C(O)N(R')" -C(O)N{R')-oR', -C(O)N(R"JC(=NR.')-N(R'),. 

-N(R')C(~NR"J-N(R').c(O)R', -C(=NR'j-N(R'),.. -C(-NR')-OR", -N(R)-N(R'), ·N(R')-OR', 

.C(=NR'J-N(R'}oR', or <CR"J=N-OK'. 

(072] The invention illso re\ares to a ~ubgenus of the compounds of fonnul.a (11}, 

characterized by formula (lJl): 

(ill) 

Q.ls-T'- or-v'-T'--; 

R' is hydrogen or c, .. aliphatic; 

T' is a c;.. alkylene chain optionally substituted wlth one or two groups lndependently 

scle.:ted fmm fiuo<O, C,_. alJphatlc, lll\d C,_. fluoroaliphalic; 

Ring C iii a 3-- to S-mernbered heh!rocyclyl or cydoaliph.atic ring.. or a 5- or 6-membered 

aryl orheh!mary-1 ring; and 

values descril>ed above for .fon:nulae (I) and (D). 

[073] The invention also re\ares to a subgenus of the .nmpounds ol formula (Ill) 

charnctffiud by formula (liT-A). (lll-B), (ffi-C), or{ffi-D): 

• 

' 



(ill-A) (UI-B) 

<m-<> (UI-D) 

or a pharmaceuti...Uy aa:eptable salt thereof, wherein all variables are as described 

for formula (Ill). 

[0741 In some embodiments, lling Cis substituted w:i!:h (1..2 R" and (1..2 R"", where: 

each R" independ""-Uy is halo, -NO., -CN, -C(R")=C{K'),, -C--c -R", -OR', -sR', -S(O)R', 

-50.}(0, -SO,N(R\. -N(R'),. -NR•qo)R', -NR1C(O)N(R')., -N(R)q .. NR')-N(R')., 

-N(R')C(:NR')..R', -NR'cO,R', -N(R")so,.R.', -N(R')SO,N(R\, -0-C(O)R', 

-OCO,Jt', -QC(O)N(R').. -C(O)R', -CO,R", -c(O)N(Rh, -C(O)N(R')-OR', 

-C(O)N(R'JC(=NR")..N(R')., -N(R')C(=NR")..N(R")-e(O)R', -C(=NR'J-N(R'), 

-C(=NR')..oR', -C(=NR':I·N(R'}oK', -C{R')-.N-OR", or an optionally substituted 

allpl>atk, or an optionally substituted aryl. helerocyclyl, or he~l group; or 

two R" on the same saturated ring carbon atom, taken !<>gelher w:ith the carbon 

a 1om,. form an optionally substituted 3- to 8-membered spirocyclic cycloallphalic 

or heterocyclyl ring.: or two adjacentR", taken together wilh the intervening ring 

atoms, form an optionally substituted fused 4- to &-membered aromaUc or non­

aromatic ring having 1)-3 ring hcteroatoms selected from the group consisting of 

O,N,andS; 



each R .. independently is selected &om the group cansisting of C,_. allph.ali<;,. 

C,.. fluoroaliphati"- h.alu, -Off', -N(R')(R"), or a C,_. aliphatic or 

C,_. fluoroal.iphalic optionally substituted w;th -OR"', -N(R")(R''), -CO.J1'", or 

-C{O)N(R")(R"); and 

the variables R", R'', and R"' have the values described above for follllula (1). 

[1175] In some sucl>.el%\bodim.ents, Ring C is a c;.. cycloaliph.alic, phenyl, pyrrolyl, 

imidazolyl, oxazolyl, thiazolyl, tooxazoJyJ, isothiazolyl, pyrazolyl, lriazolyl, tetra%0lyl, 

o:oadiazolyl, thiaclia>:olyl, pynolinyl, imidazollnyl, pyrazolinyl, pyrrolldinyl, imidazclidinyl, 

py.:azolldinyl, plperidlnyl, morpholinyl, plperazinyl, pyrldyl, pyrida.zinyl, pyrlmldinyl, 

pyrazinyl, or !etr.ohydropyrlmldlnyl ring. any of whicl>. Js substituted wl!h 0-2R" and 0-2 R". 

Ir! certain embodiments,. Ring Cis a C,.. cydoallphati"- phenyl, oxazolyl, or isoxazol~l ring.. 

any of which is substituted with 0-2 R'" and optionally is n..s..d 1o an optionally substituted 

benzene, dioxolane, or dioJ<ane riiig. 

(G76] The invention also ..,late; to a subgenus of the compounds of forn"tula {ll), 

chancteri2ed by Jorrnula (IV), (W-A), or (IV-B): 

'"' 

(lV-A) (IV-B) 

or a pharmaceutically acceptable salt lhereoJ, wher..ut: 

' 



v' is -N(R~-,-o-,or-5-; 

R' is hydrogen or c,_, aliphatic; 

Ring V !s an optionally substituted mono- or bicydic ring system; and 

the variables D, E, W, X, Y,R",R',Rc,R0
, R',R"', R',R',and mha\'e the values and 

preferred values described. above for formula (m. 

(077] In some embodimen\5... Ring D an optionally substituted furanyl thienyl,. 

pi=>lyl,. O>:azolyl, lhiazolyl imidazolyl pyrazolyl, isoxazolyl,. isolhiazolyl oxadiazolyl, 

trlazolyllhiadiazoiyl, phenyl, naphthyl, pyranyL pyridyl, pyrldazinyL pyrimidlnyl 

pyrazinyl, !riatinyl indolizinyl,. indolyL. isoindolyl, indazolyl. benz.imidazolyL 

benzthlazolyl, benwthienyL benzofur.myl,. purinyl, quinolyL isoquinolyl cinnolinyL 

phlhalazinyl, qulnazolinyl, quino;ulinyl,. naphthyridinyl pterldinyl, tetrahydrofuranyl, 

tetr:lhydrol!Uenyl pynoUctinyL pyrrolidonyi, piperidinyl, pyrrolmyl, tetrahydroquinollnyL 

tetrahydmisoquinolinyl,. dea.hydroquinolinyl, oxa=lidinyL plperazinyl, dloxanyL 

dioxolanyl dia:t.eplnyl, oxazeplnyl,. lhlazepinyl,m~olinyl quinudldinyL 

tctrahydroqulnoUnyl, telrahydroisoquinolinyl,. indanyl,. phenanthridinyL 

tetrahydronaphlhyt indolinyl, benzodloxanyL ben:<odioxolyl, chrcmanyl, cyclopmpyl, 

cyclobu!yl, cyclopentyl,. cyclopentenyl, cyclohexyl,. cyclohexenyl, cycloheptyl, cycloheplellyl, 

cyclooctyl, cyclooctenyl,. cyclooctadienyL bicycloheptanyl or blcyclooctanyl. In.!<ame 

embodiments,. Ring Dis an optionally substituted qclopenty\ or cyclohexyl- In some 

embodiment., Ring Dis an optionally substituted indanyl, tetrahydmnaphlhyl,. or 

chmmanyl. 

[078) Ring D may be unsubstituted or may be substituted on either or both of its 

mmponent ringa, and the substituenls may be the sante or dlfferenl In p;uticular, each 

substitutable saturated ring carbon atom in Ring D is unsubstituted or substituted with =0, 

,5, =C(R\_, "N-N[R\, =N-OR', =N-NHC(O)R', =N-NHCQ,R', =N-NHSO}t6, -N-R' or-R". 

Each. substitutable unsaturated ring carbon atom in Ring D is unsubstitutcd or substituted 

with -R•. Each substitutable ring nitrogen atcm in Ring D ;g unsubsiituted or substituted 

with -R,..' 1he varlables R" and R,. have the valu"" described beiow-

10791 Each R" independently is halo, -NO,, -CN, -C(R~-c(R'),.. -c..-c-R', -OR', -5R', 

-S(O)R•, -SO,R
6
, -SO,N(R"),.. -N(R"),. -NR"c{O)R

5
, -NR'C(O)N(R"),.- -N(R")C(--NR'}-N(R\, 

-N(R")C{,NR')-R', -NR4CO}t•, -N(R~SO,R6, -N(R')~(R\, -0-C(O)R', -OCO,R6, 



I 
-OC(O}N(R\,. -C(O)R.', -co,R',.C(O)N(R\, -C(O)N(R')-OR', -C(CI}N(R')C(~NR')-N(R\, 

-N(R")C(,NR')-N(R.')-C(O)R', -C(=NR).N(R'),...c(=NR")..OR',-C(-..NR')..N(R'}-oR', 

-c(R')=N<m', or om opllonally substituted aliphatic, or an optionally s'!hstilllted aryl, 

hetero<:yclyl,or he tewary1 group; or two ll" on the same saturated carbon atom.. taken 

rogether with the carbon atom to which they are attached, limn an optionally subs!ituled3-

to 6-membered spirocyclic cycloai.J}XIalic ring. 

[080] Ea<:h R" Independenlly iS -C(O)R', -C(O)N(R},. -0:).}{', -~', -SO,N(R'),. or 

a C,.. aliphatic optionally substituted with R' or F( 

[0!111 In some embodiments, eaclt R" inc:lependcntly is ,..lec!ed from the group 

consisting of halo, C',.. aHphatic, C, .. flUOl'Oal.iphatic,. -R'", -R"',-T'-R .. , and • i'-R"'; or IWO R" 

on the same saturated carbcm a kim, taken togo> !:her with l:he carbon atom to which they are 

attadted,. form an optionally substituted 3- to 6-membeted spicocyclic cycloallphatic ring. 

The variables R'', R"', and T'- have U, values described below. 

{082} T' is a c; .. alkylene chain optionally substituted with R"" orR"'. 

[083] Each R'" independently is an optionally substituted ;uyL heteroaryl, or 

heterocyclyl group. 

(OM] Each Ii4' independently is-NO, -eN. -C(R')~(R'),. -c=c-R', -QR', -sR6, 

-S(O)R', ·SO.j?.', -SO,N(R'J,, -N(R\,-NR'C{O)R', -NR•C(o)N(R),, -N(R)C(-NR')..N(R'),, 

-N(R)C(-NR'J-R', -NR'CO,R0, -N(R')so,_R', -N{R')so,N{R\. -0-C(O)R', -OC0-}{0, 

-OC(O)N(R),, -C(O)R', -c0,R', -C(O)N(R')., -C(O)N{R)-OR5
, -C(O)N(R")C(-NR')..N(R'),, 

-N(R")C(-NR")-N(R')-e(O)R', -C(-NR'J-N(R'),. -C(-NR')-QR', -C(-NR)-N(R')-OR', or 

-C(R')-N-OR0. 

(085] In some embodiments, Ring D ~g selected from the group consisting of; 

. f"''"'' ' t"\"'' 
~ ·v 
!fi'"'J. !A"'!, 



each R' independently is selected from the group consisting of fluom, -OR"", -N(Rj(R"'), 

-CO;t", or -C(O)N(R")(R''), O< a c, .. aliphatic O< ~ fluoroaliphatlc optionally 

substituted with -OR", -N(R)(R''), -CO;Jt'", or -C(O)N(R)(R''J; 

ead-t R'" irldepcmd=tly ;s selected from the group consisting of flu<:>ro, -OR"', 

-N(R'}(R"J, -CO,Jt"", or -C(O}N(R")(R11), or a C,_. aliphatic or C,_. fluoroaliphatic 

optionally substituted with -OR"', -N(R")(R
4
'), -CO,R"', or -C{O)N(R")(R'1); or two 

R'' on the same carbon atom together form ~o or -=C{R"J,; provided that R"' is otlu!r 

than -OR.'" or -N{li"){R'') when located at a position adjacent to a ring oxygen atom; 

sis0,1,2,.3,or4; 

I is 0, 1,o:r2; ami 

the varla.bles R .. , R", R,. have the values descri.bed abmre for formula (1), 

[086) In ooiiii! cmbodimm!S, sis 0, Lor 2. In some embodiments, sis 0, 1, 2,. or 3. 

In certain embodiments, Ring D is selectedlrom the group o:msist:ing of: 

~· ~ ~ $_"~ ~~ ~ I<(C><..lo 

, ~ ... ~ •• ' ' ' 

~% ~~ ~ 9t ~~ -{i "' 
' 

·~ ~ "" •• ~' ~ 

' ' 

p ~- 56 
~ 

""' -
(0811 In rertairl particular embodiments, Ring D is selected from the group 

consisting of: 



I 
I 

~ 
0 

~ ~ ~ ~ ~' ~ r'c""* '< "{ ~H.. "( ·._,.(CH,}., 

" ~ -~ ~.~ - ~~ ~m 

' ' 

"~-8 ~ ~ \~ ~~ 9£:~ 'l;" 'bcH, ' - OCH, 
CcH, ' " - ~ ~- ~m ~~- -' ' 

~ "~ '<0 ~ .P, 
-0, '""' -~ - - - "" ' 

50 
~--' 

wherein stel!eOChemical designations indicate ~boolute configurations. 

{11!181 'The invention also relates to a subgenus of the compounds of fo=ula (fl), 

wherein: 

R' is hydrogen orC, .. aHphatic; 

R9ls hydrogen.. C, .. aliphatiC, -'J" -R,. or-1" -R'"; 

T' ls a C, .. alkylene chain substituted with 0.2 independently selected R" orR"'; 

1" is a Cu, alkylene cll<rin substituted wilh 0-2 in~penden!ly selected R"' or R""; 

fi• is -CCRi~(R'J, ..O.C-R', -S(O)R', ~·, -502-N(R'),. -C{Ri---N-OR', -co,R'. 

-C(O}-C(O)R', -c(O)R', -C(O)N[R'),. -C{,.NR'}-N[R"J,, or -C{=NR'J-OR'; and 

R,. is halo, -NO,. -CN, -OR', -sR', -N{R'),. -N(R')C(O)R', -N(R')C(O)N(R\, 

-NCR}cqR', ...O.CO,-R', -OC(O)N(R'),. -QC(O)R', -N(R'}-N(R'J., -N(R')S(O),R', 

or -N(R')SO,-N(R'),. 

' • 
,, 



' 

[089) In some such embodlments, R' Is hydrogen or a C,.., aliphatic or 

C,4 fluoroaliphatie optionally subs!ituted with one or lwo e.ubstituen!S independently 

selected from the group amsisting of -oR", -N(R')(R~). -CO~. -C(O)N[R'J(R''J. 

{0901 Anotltcr embodil:nent of l:he Invention relares fO a subgenus of the 

compounds of fonnula (l) characterized by fcrmula (V), (V-A), or (V-B): 

(VJ 

{V-A) (V·B) 

or a p~ticilly acceptable salt thereof, wherein: 

RingE is a 5- or 6-rnernbered ai)'J.. heteroaryl, cycloaliphatk or het.mxyclk ring; 

Eis·N=or.qR')..; 

each R" indeperu:le>'tly ;., hydrogen. halo, -CN·, ..t:ffi!, -N{R~.,. -5R", or an optionally 

substitul2d C, .. allphatk group; 

eaeh R' independently is hydrogen,. halo, ·NO, -CN, -OR', -SR', -5(0)R0
, -SO,_R', 

-SO,N(R\_, -N(R\, ~NR'C(O)R•, ·NR'C(O)N(R'), -N(R~C(=NR')-N(R'),, -N(R')C{=NR"}R', 

-NR'CO,R', ·N(R'JSO,R', -N(R')SO,N(R\. -Q-C(O)R
5
, -OCO;t'. -OC{O)N(R'),. -C(O)R', 

-CO/{', -C(O)N(R"J., -c(O)N(R'}-oR•, -C(O)N(R'}c(=NR'J-N{R')., 

-N(R'JC{=NR")-N(R'}-c(O)R', -C(=NR')..N(R'J,. -C(=NR')·OR', ·N(R')-N(R\_, -N(R"}oR". 



-C( ~NR}-N(R}-oR', -C(R)=N-OR', or an optionilly !J\Ibs l:ltuted aliphatic, myl, het<>roaryl, 

or het<>rocyclyl; 

" is 0, 1,. 2. 01: 3; and 

lhe variables W, X. Y,R", R'. R',R0, R', R~,R', and m five the values and p<efur<ed 

val'-""'de<aibed.above for fonnula (1). 

[09:1] Jn some o:mbodirru!nts, R' is an optionally substituted C, .. ~liphall<;. or an 

bclcrooyclyl ring. 

[On] In some embodln"><!nts, the inventlonrela.t<>s to a SUbg<'<'US of the compounds 

of Io:nnulo (V) dlan<teri=:l bJfo:nnula (VI), .CVl..-1.), w: (VI-B)• 

(W-A) 

or a phai<nareut:icolly ao;cplable salt !hereof, Wi=cin: 

U Is a "lvalenl bond, C, allcylenc.. ..Q-, -S-, -5(0)-, or -5(0),-; 

R"' Is halo, C,~ aliphatl<;, or c, .. lluoro.aliphallc; 

Ring I' 1s an optionally substituted mono-, bl-, or b:leycllc ring system; and 

'"" 

(W-B) 

efiling
Pencil



RingE,. and the11ariables E, W,X, Y,:R', R',a•,R•, R",R"',R', R",and m have the 

11alues and preferred 11..t11es descdbed above for formula (V). 

(093] In some embodimems, Ring F is selected from. the group e<msisting of 

fwanyl, lhlenyl, pyrrolyl, ox<EWiyl, thia:T..olyl, imida=lyl, pyrazo!yl, i.soxazolyl,. isothiazolyl, 

oxadiazolyl, lriazolyl, thladlazolyl, phenyl, naphthyl, pyranyL. pyrldy!, pyrldaz.Inyl, 

pyrlm.Jdlnyl, pyrazinyL. triazinyl, indoliz.inyl. mdo!yl, isoindolyl, >ndazo!yL. benzimldazolyl, 

be=thiazol.yl, benzolhlen y L. b<lllzofuranyl, purinyl, quinolyl, isoquin<>lyl, cinnollnyL. 

phthalazlnyl, quinazolinyl,. quinoxalinyL naphtb.yridinyl, pletidinyL. <=bazolyl,. JluorenyL. 

dibenzofuranyl tet:rahydro!'uranyL. tctrahydrothi=yl, pyrrolidinyl, pyrrolid~yL. 

piperidinyl, pyrrollnyl, dlhydroberiZOfuranyl, dihydrobenwthienyl tctrahydroquln<>linyl, 

te!rahydroisoquinollnyl, demhydroquinolinyl, rumzolld1nyl, piperazinyl, di<>xanyl, 

dioxolanyl, diazepinyl, oxazepinyl. thiazepinyl, motpholinyl, quinuclldinyl, 

tetrahydroquino!Inyl, tetrahydroisoqulnolinyl, indanyL phenanthrldinyl, 

tetrahydronaphlhyl.. indolinyl, benzodioxanyL benzodioxolyl, clu:omanyl, cyclopropyl, 

cydobmyl, cyclopenlyl, cyclopenteny\, cydohexyl,. cyclohexenyl, cyclohepty!, cyclohepteny\, 

cydooctyl, cyclooctenyl, cydooctadienyl, bicycloheptanyl and bicyclooctanyl, any of whidt 

optionally is substituted on any substitut:able ring carbon atom and any substitutable ring 

nitrogen atom. 

{094] In SOIIIe embodiments, rung F is selected from the group consisting of thienyl,. 

oxaz<>lyl, lhiazolyl, imida>.o!yl, pyra:z<>lyl, isoxazoly\, ls<>!hiazolyl, phenyl, naphthyl, irul<>lyL 

isoindolyl, benzimidazolyl, benzthiazolyl, benzothienyl, benzofuranyl, quiru>lyl, isoquinolyL 

naphthyridinyl, carbazolyl, floorenyl, diben=fumnyl, dlhydrobenzofuranyl, 

dihydrobenzothienyl, ll!trahydroquinollnyl.tet:rahydroisoquinolinyl, tetrahydronaphthyl, 

in<l<>linyl, bcnzod.ioxanyl, benzod.ioxa!yl, cyclopentyl, cyclohexyL. any of which optionally is 

suhslltuted on IUlY suhstitutabJ., ring; carbon atom an<! any substitutable ring nitrogen atom. 

In particular embodiments, Ring F is an optionally substituted phenyl, naphthyl, 

lelrahydronaphlhyl, or dihydroben2£lfunnyl. 

[095] In some embodiments, each substihltable ring nilmgen atom -in Ring F is 

unsubstituted OI is substituted wilh R'\ and the substitutable ring carbon aloiN are 

substihlted with 0.4 R01, wherein.: 

e"Ch R"' independently is selected from the group CO"IlSisting of C... aliphatic, 

CH fluoroallphatiC,:halo, -OR .. , -N(R"'/(R''), an optionally ~ubstituted 5-- or 



6-membered ammatic: ring. or a. C.~ aliphatic or C... fluoroallphatic optionally 

substiltl.!ed with -OR'", -N(R'){R"), -COzR", or -C(O)N(R')~; 

R"' independently is ..C(O)R', -C{O)N(R\. -CO;(, -SOzR', -SO,N(R'),. or a 

C,_. aliphatic: optionally :rob5tituled with R' or Ji; and 

the variabJes R',R'", R". R'", and R' have the values descn'bed above fur foanula (I). 

(0%] The invention also relates to a subgenus OI the compounds of fonnula. {l') 

characterized by f<mrU.Jla {lin), {VIl-A), or {V1l-B): 

'"'" 

{VH-A) (VU-B) 

or a phannaceuti«ill.y acceptable salt l:heroof, wherein: 

F is -N{R''h -0-, or ..S.; 

R"' 15 hydmgen, -C{O)R', -c(O)N(R'), -CO.Jl', -SO.)l.', -SO,N(R'),_, or a C, .. iiliph.itic 

optionally subsl;tuted with R' orR'; 

each R" ind.!pendently Is hydrogen, halo, -CN-, -OR', -N{R')., -sR', or an optionally 

substituted C, .. aliphatic group; 



each R' independenUy is hydrogen, halo, -NO,, -CN, -OR', -SR', -S(O)R',-SO,R', 

-50,N(R}., -N(R\,. -NR'qO)R', -NR'qO]N(R'J,. -N(R"JC{=NR'J-N(R~., -N(R')c(=NR'J-R', 

-NR'co,R', -N(R"JSO,R', -N(R")so,N(R'J,. -0-C(O)R', -OCO.Jt', -OC(O)N(R~,.. -C{O)R', 

-CO.JI..', -C(O)N(R\. -C(O)N(R')..oR', -C(O)N(R')c(:NR'}-N(R'),. 

-N(R')c(=NR~-N~-c(O)R0,. -c(=NR')..N(R"),, -c(=NR"J-OR', -N(R'}-N{R'j,. -N(R')-OR',. 

-C(=NR'}-N(R')-OR',. -C(R'l=N-OR', or an optionally substituted a!iphati~ acyl, heteroaryl, 

or hererocyclyl; and 

tlu! variables W,. X, Y,. R',. R',. R",. R", R', R", R1, R', R', R', R6, R', and m have tlu! values 

and pref=ed values described above for formula (1). 

[097] In cerlaln embodiments, the invention relat<!s to a subgenus of the 

rompounds of formula (VlJ),.dwacterized by fomnlla (VII-C) or (\III-D): 

or" pharma..,utkally acceptable salt !hereof, wherein: 

dashed lines indicate single or double bonds; 

each R11 independently is hydrogen. halo, -OR .. , -N{R"}(R''), or a c, .. aliphatic or 

C,_, fluoroaliphallc oplianally substituted with -OR", -N(R")[R''), -CO,R'•, or 

-c(O)N(R")(R"}; or both R"', taken together with tlu! intervening ring carbon atoms, form an 

optionally substituted fused ~or 6-rnembered cydoa.li.phati~ aryl, hderoaryl, or 

heterocyclic ring-

(G9B] The invention also relates to a subgenus of the compounds of formula (V) 

cltaract:eriud by formula (VII1),. {VIll-A),. or (VIII-B); 



(A~}, 

I -, 

"'~ 
0 A6 ' 

o=§-x "' Ac 

H2tf A Rb frl 

(VlU-11) 

or a phannaamtically acooptahle saiL thereof, wherein: 

thevariabJesE, W,)(, Y, R",R',R",R", R", R~, R',R', R',and m have !he values and 

preferred values described above for fon:nul.ae (VII), (VII-A}, and (VII•B). 

[0!19J In some embodiments, R' in fonnula (VU), IVU-11.), (VII-B), (VIll}. (VIII-A), 

or (VIU·B) has the formula -U-Rlng F, wherein the variable U Mid rung P have the values 

and prefenW values described above for formula (VI). In some such embodiments, the 

variable U ia a rovalent borul. 

[01001 In a. pa.rtlcul5r embodlment, the invention relates to a subgenus of the 

compounds of formula (J), characterized by fOimula (IX-A) OI {IX-.B): 

(IX-A) 



(IX-B) 

or a pharmaceutically aa:eptable oalt thereof, whe"'in: 

the variable$ D, E. R', R\ R', R•, R0, R"", s, and t have the values and preferred values 

described above (orfor~nulae (I)-(llt). 

[0101] In some embodiments, lhe stereocltemlcal conflgwatioru; depicted at 

asterisked positions in any preceding f<mnula indicate relative stereodtem.istry. In other 

embodiment<;, stereodtemh:al configurations depicted al asterisked positions indicate 

al>solute stereocltemistry. In rerurin p;uticular embodiments, the invention relates to 

compounds of formula (I-11), (U-A), (Ill-A), (IV-A) (V-A), (VI-A), (VII-A), (V11l·il), or (IX­

A), whemin the stereodtemlcal oonfigwations depicted at asterisked positions indicate 

_absolute stereochemistry. 

(0102) Subgenus definitions for Ring A and variables W, X, Y, R", R', R', R0, R", R~ 

and R1 
described for formula (J) also apply to formulae (IJ)-(JX). Compmmds embodying 

an.y combination of the preferred values for the variables described herein are wilhln the 

scope of the present invention. 

[01031 Representative examples of compounds of formula _(I) are shown in Thh!e 1. 
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(0104] The wmpDWlds In Table 1 above may also be identified by the fullowing 

chemiral names: 

ChemioaJ Name 

I-1 I (1 R,2R,3SA.R)-4-[ ( & [[ (15)-4-fluoro--2.3-dihydro-lH-inden-1-yl]o.mlno]­
pyrim.idin-4-yl)amino]-23-dihydroxycydopenlyl]methyl sul!amate 

1-2 l(llUR.JS,4R.)-2,3-dihydroxy-4-[(&[((lR,2S}2-methO><y-2,3-dihydro-lH-inden· 
1-yl]arninolpyrimidin-4--yl)amino]cyclopentyl)meth.yl ~ulfamate 

l-3 I(IR,2R,3S,4R)-2,3-dihydroxy-4-{9H-purin-&ylarnino)cyclopentyl]melhjl 
sulfamate 

1-4 [{l/UR,3S.4R)-4{[2-[(cydohexyhnethyl)amino]pyrim.lclin-4yl]amlno)-2,3-
d!hydroxycyclopentyl]methyl •ulfamate 



1-5 [(15,2$,4R)-4{(6-[{1S}-2,3-dihydro-1H-inden-1-ylamino]pyrirnidin-4-yl)arrrlno)-
2-hy&oxycyclopentylJmeihyl sulfamate 

1-6 [ (1R,2R,35 ,4R)-4-[ ( 6-[ [ (15}-4,7 -difluoro-2,3-dlhydro- lH-indcn-1-yljaminol­
pyrlmidir>-4-yl)amino]-2,3-dihydroxycyclopentyl)melhylsulfrunale 

1·7 ((1R,2R,3S,UI)-4-[[2-{be=ylamino)pyrlmidin-4-yl]amino)-2,3-
dihydroxycyclopentyl)lill!lhylsulfamate 

1-tl [(1R,2R,3S,4R)-4-{[6-[(1R)-2,3-dihyd:ro-lH-irulen-1-yiamina]pyrim.idin-4-yl)-
amlno)-2.3-dihydroxycyclopentylJmethyl sullamate 

1-9 [(11UR.3S,4R}-2.3-dihydroxy-4-[(8-phenyi-9R-purln-6--yl)amino]cyclopentyl]-
rnethyl sulfamate 

1-10 [(lR.2R.35,4R}-2,3-dlhydroxy-4-([2-({3-melhyl-2,3-d1hydro-1R-Inden-l-yl}-
amlno]pyrimidin-4-yllamirto}<:yclopen!'fl]methylsullamate 

1-11 [(1S,2R,3S,4R)-4-({6-[(1S}-2,3-dihydro-1H-inden-1-ylarnino]pyrimldin-4-yt]-
arrrlno )-2,3-dihyd<o:<ycyclopenty IJ methy 1 sulf amate 

I-~ [(1R,2R,JS,4R)-2,3-dlhydroxy-4-{[6-[(1S]-1,2,3.4-tel:rahydronaphthalen-1-
ylamino]pyrim.idin-4-yl)amino)cydopentyl]m.athyi sulfa.rnate 

l-13 [(1R,2R,3S,4R)-4-[(6-amino-2-methylpyrimidin-4-yl)amino]-2,3-
dihydtoxycydopentyl)methylsulfama.te 

1-14 [(1R,2R,3S,4R)-4-{[6-[(qclohexylmethyl)amino]pyrlmidin-4-yl)arnlno)-2,3-
dlhydroxycyclopentyl]methyl sulfamate 

1·15 [(1R,2R,3S,-4.R)-4-[(2-([(1S)-3,3-dimethyl-2,3-dihydro-1H-Inden-1-yl]amino)-
pyrirnidin-4-yl)amlno}-2,3-dihydmxycyclopentyl)methylsulfamate 

1-16 [(1R,2R,3S,4R)-2,3-dihydroxy-4-[(pyridin-3-ylc:arbonyl)amino]cyclopentyl)-
methyl sulfamate 

1-17 [(1R,2R,3S,4R)-4-[(6-[[(1S)-5,6-difluoro-2,3-dihydro-tH-indei1-l-yl)aminol-
pyrimidin-4-yl)amlno}-2,3-dihydroxycyclopentyl)methyl sulfamate 

1-18 ((1R,2R,3S,4R)-4-{[6-[(15)-2,3-dihydro-1H-inden-1-ylamino]-2-
methylpyrimidin-4-yl)amino)-2.,3-dihydroxycyclopentyi)methyl sulfamate 

1·19 I (1 R.2R.3S ,4R)-4-[( 6-[ [(lS)-5-chiDio-2,3-dihydro-1 H-irul.,..·l-yl]amino )­
pyrlmidin-4-yl)amirto]-2,3-dihydroxycyclopentylbnethyl sulfamate 

l·:ZO [(1R,2R,3S,4R)-4-{f2-[benzyl(methyl)amino)pyrimldln-4-yl]amino)-2,3-
dihydroxycyclopentyl]me!hyl sulfamate 

1·21 !(1R,2R.35,4R)-4-[(6-![(15)-3,3-dimethyl-2,3-<lihydto-1H-inden-1-yl)amino]-
pyrimidin-4-yl)amlno]-2,3-dlhydroxycyclopentyl[methylsulfarnate 

l-22. ((1R,2R,3S,4R)-4-([6-[benzyl(methyl)amino]pyrimldin-4--yl!amlno)-2,3-
dihydro-"ycyclopenty1Jmethyl sulfamate 

1·2!1 [(1R,2R.35,4R}-2.3-dlhydroxy-4--[(pyridin-2-yl=bonyl)arnino]cyclopentyl]· 
methyl sulfamate 

1-24 [(lR,2R.3S;tR)-4-[(6-![(1S}-4-cltloro-2,3-dihydro-1H-inden-l-yl)arnino)-
pyrimidln-4-yi)amino]-2,3-dihydroxycyclopentyl( methylsulfamate 

1-25 ((1R,2S,4R)-4-{[6-[0S}-2,3-dihydro-1H-inden-1-yla<nino]pyrlmldln+yl]amlno)-
2-hydroxycyclopentyl].methyl sulfamate 



1-26 [{1R,2R,3SA.R)-4-(I4-[(1S)-2>dlhydro--1H-tnden-1-Yiamlno]-1..3.5-lrlatin-2-yl)-
amino)-2,3-dihydroxycydopentyl]rnethylsulfamate 

1-27 ((1R,2R,3S,4R)-4-([6-(ben>;yiautino)pyrimidin-4-yl]amino}2,3-
dihydr<»<ycyclopentyl)methyl9ulfamate 

I-ZB {(lR,ZR..3SAR)-2,3-dihydmxy4-(isonicolinoylamino)cyclop,...tyl]melhyl 
suiiamate 

1-29 [(1R,2R,3S,.(R}-4-([6-[(1S}-2,S-Olhy4ro-IH-1nden-1-ylam!no]pyrimiclin-4-yll-
amino)-2,3-dihydn>xycydopentyl]nmhyl sulfamate 

I-3D ((11UIUS,4R}-4-([6-(bcnzyl"ffllno)-2-mel:hylpyrlrcidin-4-yl]amir\ol-2,3-
dihydroxycyclopmtyl)methylsulfamate 

I-31 [(1S,25,4R)-4-(16-[(IS)-2,3-D!hydro-1H-indm--l-ylarnino)pyrimidin+yl)~}-2-
hydtnxycycl<>pentyl]melhylsulfumate 

l-32 1(1S,25,4R)-4-{[6-[(IS}-2,.3-dihydro--1H-iruien-l-ylarnin<>l-5-:methylpyrhnidii!-4-
yiJ<>><y)-2-hydroxycyclopentyl]methyl sulf<unate 

1-33 [(1S.25,4SJ-4-{I6-((1S)-Udlhycfro.11f..inden-l-ylamino]pyrimldln-4-yllmethyl}-
2-hydroxycydopentyl]met:hyl sulfarnate 

1-34 ((1S.:ZS,4R)-4-( [8-(2-chlorophenyi)-9H-purin-6-yl Jamlnol-2-
hydro~clopentyl.lmelhyl sulfrunate 

l-35 I (1&2S,4R)-4-[ (2-j [ (lS}-5-chlo ro-3,3-dimeth y 1-2.3-diliydro-IH-inden-l-y 1]­
amino]pyridin-4-yl)ol<}']-2-hydroxycyclopentyllmethylsulfarnatc 

1-35 [(15,25,'1R)-2-hydroxy+[(7-me!hyl-3-phenyl-7H-purin-6-yl}-
amino]cydopenfyl]methyl sullamate 

I-37 ((1S,.2S,4R)-2-hydruxy-4-[{S-(2-pheno"YJ>henyi)-9H-purin-6-yl]amlno)-
cye!opelltyl)mcthyl sulfamate 

1-36 ((1S.ZS,.§R)-2-hydroxy+((6-phenyi-7H-pyrrolol23-d]pyrlmidin-4-yl}-
amino]cyclopentyl)methyl sulfama!e 

l-39 ((1S,2S,4R)+[(8-dibe=[b,d.]furan-4-yi-9H-purin-6-yl)amino}2-
hydro~clopenlyl]methyl mtlfrunale 

1-40 [(ls,lSAR}-2-hydroxy-4-{[6-l{lS)-I-2.3,4-tetrahydmnaphthalen-I-
ylomino]pyrlmldln+yl]~)cyclopentyl]melhyl sulfamate 

1-41 ((ls;2S,4R)-4-If8-(2,3-dihydro-1,4-b<m:m<li<>l<in-S-yi)-9H-purin-6-yl}ominol-2-
hydro>:ycyclopeniyl.lmethylsulfamo.te 

- 1-42 [(1S,:ZS,4R)-2--hydrmy-4-((6-[(l-naphthylmelhyl)amlno]pyrimiditt-4-yl)-
""Y)CJclopentyl]me thy! sulfamale 

1--43 I (15.25,4R)-2-hydroxy-4-[( 6----( [ (15,25)-2-melh yl-2.,3--dihydro-1 H -inden-1-yl]­
amlno)pyrimidin-4-yl)o"Y!cyclopen-tyl)melhyl sulfamate 

l-45 I (1R,.2R,.3SAR)--4-(( 4-l (15}-2,3---dihydro-lH-tnden-1 ·y !amino }-6-methyl·I,3,5-
Iriazin-2-yl)amino)-2.3-dihydro,.,ycyclopenlyl]rnethyl sulfamate 

1-% ((1S.ZS,4R}-2-hydroxy-4-lmethy1[8-{1-naphthyl)--9H-purin-6-yl]aminol-
cyclopentyl)rnethyl5ul!amate 

1-47 . ((15 ,2S,4R)-:Z-hydroxy-4-[(6-( I (llUS)-2-methol<}'--2.3-dlhydt<>-lH-!ncl..n-1 -yl]­
amino]pyrinridin--4--yl)amino]cyclopentyl]rnel:hyi sulfama.te 

• 
' 



I-48 [(1S,2S,4R)-4-[(8-biphenyl-2-yl-9H-purin-6-yl)omino]-2-hydro><ycydupentyll-
methyl sullam.ate 

1-49 ((1S,2S.4R)-2-hydmxy-4-[[8-(l-naphthyl}9H-purin-6-yl]auri.no!<:ydopentyl)-
methylsulfamate 

1·53 ((15,2S.4R}4-[(6-([(1S,2R}2-I(ctimethyl3mino)methyl]-u-&hydm-1H-inden-l· 
yl)amino)pyrtmidin-4-yl]oxyl-2-hydrnxycyclopentyl):methyl sulfamiltc 

I-54 [(lS,2SAR)-4-((6-[(lS)-2,3-dlhydro-lH-Jruien.-1-ylomino)-2-oxo-2,3-
dihydropyrimidin-4-yl]amino}-2-hydroxycydopentyl]methylsulfam.ate 

l-55 ((lR,2R,3S,4R}-2.3-dihydroxy-4-[(4-U{tR.25}-2-methoxy·2.3-dihydro-lH-inden-
1-yl]amlnoi-W,5-triazln-2-yl)amino]cyclopentyl/mel:hylsulfamate 

I·S6 ((1S,2S,4RH-[[6-ch.loro-2-(l-naphlhyi}3H-imidaz<>[4,S.b]pyridln-7-yl]ominoJ-
2-hydroxycyclopentyl)methyl sulfamate 

1·58 ((1R,3R,4R.)-3-{(6-[{1S)-2,3-dihydro-lH-inden-1-ylamino]pyrimidln-4-yU-
amino}-4-hydroxycyclopentyl]methyl suli;u:na.te 

1-60 ({1S,2S,4R)-4-\(6-{:khlorophenyi}-9H-purin-6-yl]amino]-2-
hydroxycyclop..n!yl)methyl sulfa~~~~~te 

1-61 {(1S,2S.4R)-4-[(6-(3.4-dihydroisoqulruilin-2(1H)-yl)pyrirnidin-4-yl]ro:yl-2-
hydroxycyclopentyl)methyt sulfarnate 

l-62 [(15,2S.4R)-2-hydroxy-4-([8-[2-{trilluoromethoxy)phenyl]-9H-plllin-6-yll-
ilffiino)cyclopcnr:yl}melhyl sulfamali! 

I-63 [(1S,25,4R)-2-hydroJo/-4-[(8-phenyl-9H-purln-6-yl)oxy]cyclopentyl]methyl 
sulfamate 

I-64 [(IS,2S.4R)-4-([8-[4-{dlmet:hylamino)-1-naphlhyi]-9H-purln-6-yl)amino}-2-
hydro><ycyclopentyl]methyl sulfamate 

1-6.5 [(1S,2S,4R}4-((6-[((15)-3,3-dimeihyl-2,3-dihydm-1H-inden-1-yl]aminol-
pyrimidin-4-yl)amino]·2-hydrrucycyclopentyl)methyl sulfamate 

1-66 ((1S,2S,4R)-4-[[6-([(1S,2S)-2-[(dimethylamino)mrbonyl)-2,3-dihydro-1H-inden-
l-yl)amino)pyrlmidin-4-yl]o"Y)·2-hydroxycyclopentyl)melhyl sulfamate 

1-67 ((1S,2S,4R)-4-)[8-{2.3-dlmelho>cyphenyi}-9H-purln-6-yl]aminol-2-
hydroxycyclopentyl)methyl sullnmate 

I-68 [(1S,2S.4Rl-4-([!l-[2-{beneyloxy)phenyi]-9H-purin-6-yl)amino}2-
hydnnycyclopentyl]melhyl sulfamate 

1-69 [(1S,2SAR}-2-hydrm<y-4-[(8-ph2nyi-9H-purin-6-yl)amino]cydopentyl)methyl 

""""""" 1-71 ((l5,2S,-U)-4-[(6-[[{15)-3,3-dimethyl-2,3-dihydto-1H-inden-1-yl)amino)-5-
Jluoropyrimldin-4-yl)amino]·2-hydroxycydopentyl]melhyl sulfamate 

1-73 ((1S,2S,4R}-4-1(6-{7-chlomquinolin-4-yl)-7H-purin-6-yl]oxyl-2-
hydroxycyclopentyl)methyl sul.famate 

1·74 {(1S,2S,4R)-2-hydroxy-4-1[6-(l-naphthyi}-7H-pynolo[2,3-d]pyrlmldln-4-yl]-
amino)cyclopentyl)methyl sulfamate 

1·76 ((1S,3R.4R}-3-({6-[(1S}-2,3-dihydro-1H-Inden-l-ylamlno]pyrlmidin-4-yl)amino)-
>l--h ydroxycyclopentyl]methyl sulfamate 



1-77 l{15,2SAR)-2-hydr<»cy-4-[(6-l[(1S,2R)-1-~ydm-1H-inden·2-yl]· 
oxy)pyrimidin+yOoxy]<yclopentyl)me!hyl sulfamall' 

1·79 l(1S,2S,4R)-2-hydroxy-4-[(6-{[(1R.25)·1-~!hoxy-23-dlhydro-1H-Inden-2-yl]-
-oxy]pyrimidin-4-yl)oxy)cyclopentyl)melhyl sulfam.lte 

1·80 l(I5,2S,oiR}-+[(9-benzyi-9H-purin-6-yl)o><y]·2-hydroxycyclopentyl)me!hyl 
sulfamate 

l·Bl ((IS.2S,4R)-2-hydroxy+[[6-(2-phenylethyl)pyrimldin-4-yllamino]cydopentyl)· 
~thy! sulfamate 

1-112 N-(l(lS.2S,4R}-2-hyd.rc:<y+[(6-J[(lR;ZS)-2-methoxy--2.3-dihydro-1H-Inden-1-
yl)•mlno)pytimidin-4-yl)oxy]cydop~ntyl]rnethyl)suU;unide 

l-113 l(1S;2$.4R)-4-[(5-fluoro-6-[((1R,25}-2-methoxy-2,3-dihydro-1H-Wien-1-yl]-
amino)pyrim;din-4-yl)o..y]-2-hydro><ycydopentyllmcthyl sulfamate 

1·84 l(l$,2S,4R)-2-hydro>cy+i(lhJ.uinolir.-&yl-7H-p1Jrin..6-yl)aminolqdopentylJ-
methyl sulfamate 

I-llS j(IR.2R,35.4R)-4-[(6-/[{1R,2R)-2-(benzyloxy)cydopentyl]amino)pyrlmldin+yl)-
amlno)-2,3-dihydroxycydopentyl)rnethyl sulfamate 

1-86 ((1R,2R.35..4R)-2_3-diliydroxy-4-l[6-(2-phenylethyl)pyrimldin4-yl]amino}-
cyclopen lyl)methyl sulf;unate 

J..jj7 {(1$,2S,4R)-2-hydro><y-4-[[8-(l·naphthyi)-9H.purin·6-yl]oxylqclopentyl)rnethyl 

"'"''""'· 
1-BB [(15.2SAR}-4-[(8-benzyi-9H-purln-6-yl)aminoJ-2-hydroxycyclopentyl)methyl 

sullam.ate 

l-99 [ (IS,25.4R}+(I6-[ { 4-chlorobenzyl)<»<y ]pyrimld.ln-4-yl]<>xy)-2· 
hydroxycyclopentyl]methyl sulf;unate 

1·9tl· l(lS.2S-4R)-2-hydmxy4-[(2-phenyl[1.3]o:r.azolo.(5,4-d]pyrimidln·7-yl)-
amino]cyclopentylJmethyl sulfamate 

I-92 l(lR.2R,3S.4R)-4-[(6-/[(15,2S)-2-{benzyloxy)cyclopentyl]aminolpyrimidin-4-yl}-
amino]-2.3-dihydro><ycydopentylJrnelhyl5ulfamate 

1-93 ({lS,2S.4R)-4-l{6-{2h-dimeiho>;yph..nyl}-9H-purin-6-yl]aminoJ-2-
hydroxycyclope<ltyl)methyl sulfamate 

l-94 [(IS.2S,4R}-4-(I2-[(1S)-2;H:Jihydro-1H-inden-l-ylamino]pyridin+yl)ony}-2-
hydroxycyclopentyl]methyl sulfamate 

1·96 ((1S,2S,4R)-2-hydro><y-4-l(6-([{lR,2S}-2-methoxy-2.J-dihydro-lH-inden-1-yl]· 
oxy)pyrimidin-4-yl)ru<y)cydopentyl)methyl sulfamale 

1-9'7 ((1S,2S,4R)-2·hYdroxy+(pyrimio;iin-4-yloxy)cydopentyl]meihyl sulfama1e 

l-99 l(lS,2SAR)-2-hy9,mxy-4-[(6-l[(lS,2R}-2-meth.oxy-2.3-dihydro-1H·indewl-yll· 
oxy)pyrimidin+yl)oxy]cyclopentyllmeth.yl sulfarnate 

1·99 ((15,25,4R,l-2-hydroxy-4-l[8-(3-methoxyphenyl}-9H-purin-6-yl]aminol-
cydopentyl)melhyl sul!amate 

l"lOD J(15.2SAR)-4-UI!-('2.2·dlme!hyl·2,3-dihydro-1-benzofur.u\-7-yl}-9H-purin-6-yl]-
aminol-2·hydroxycyclopenlyl)methyl. sulfa mate 



1·101 [(IS,25,4R}-2-hydro:ry+{[8-[(3-methylphenyl)sulfonyi]-9H-purin-6-y!J. 
e>:y)cydopentyl]methyl sulfarnate 

1·102 [(IS.2S,4R)-4-([8-[4-(benzyloxy)phenyl]-7H·purin-6-yl)arnmo}-2-
hydrm<ycyclope:ntyl]methyl sulfMnate 

I-103 [(IS,25,4R}-4-{(8-[4-{dimethylamino)+naphthyl]-?H-purin-6-yl]oxy}-2· 
hydroxycydopentyl]methyl sulfamale 

1·105 [(1S,25.4R)-4-[(8-biphenyl-3-yl-9H-purin-6-yl)amirw[-2-hydroxycydopentyl]· 
methyl sulfamate 

1-106 ((IR2R.3S.4R}-4-[[6-{(1S}-2,3-dihydro-1H-Inden-1-ylamino]pyrimidin+yll-
(melhyl)amino]-2.3-dihydwxycyclopentyl]methyl sulfamate 

l-107 {(15,2S,4R)-2-hydroxy-4-IIS-{2-methylphenyi)-9H-purin-6-yl]amino]· 
cydopenlyl)mo:thyl sulfamate 

1-1011 {{1R,2R.3S,4R}-2,5-dlliyd=<y-4-1[6-{phenylethynyl)pyrimidin-4-yl]amirm)-
cydopentyl)methyl sulfan>ate 

1.109 ((1S,2SAR)-2·hyd.ro:qr-4-1[2-{l-naphlhyi}-3H-irnidazo[4.5-b[pyr!din-7-yl]oxy]· 
cydopentyl)methyl sulfam.ate 

1-110 {15,25,4R}-2-{hydroxyrnethyl)-4-[[8-(5,6,7 ,8-telrahydronaphthalen-l-yi}-9H­
purin-6-yl[;unino)cydopentanol 

1-111 ((15,2S,4R)-4-[[8-{4-chlorophenyl)-9H-purin-6-yl]amino)-2-
hydroxycydopemyl).methyl suJiamate 

1-ll2 I (1S25. 4R)-2-hydroxy-4-1 (8-i-;oq uinolin-4-yi-I'H-purll\-6-y l)ol<}' lcydopentyl I· 
methyl suliamate 

I-113 [(1R,2R,3S,.4R)-4-{(2-[(1S)-2,3-dihydro-1H-inden-l~ylamino]-'s-nuornpyrimidin-
4-yl)arnino)-2,3-dihydtoxycydopentyl]methyl sulfarnale 

1·11-1 ((15,25,4R)-2·hydroxy-4-[(6-phenylpyrim:ldin-4-yl)o><y]cyclopentyl]melhyl 
sulfamate 

1·115 ({15,25,4R}-2-hydroxy-4--[(6-l[(lR.2S)-2-me!hoxy-2.3-dihydro-1H-inden-l-yl)· 
amirlo]pyrimid.in-4-yl)oxy]cydopentyl)methyl sulfamate 

1·117 {(15,2S,-IR)-4-1[8-(2,3-dihydro-1-benzofur.tn-7-yl)-7H·purin-6-yl[amino]-2-
hydrDJ<ycyclopentyl)roelhyl sulfamale 

1·118 ((1R,2R.3S,4R)-2.3-dihydroxy-4-([6-(5,6,7 ,8-tetrahydronaphlha\en-1-
ylamino)pyrimJdin-4-yl]amino)cydopenlyl)methyl sulfurnale 

I -119 ( (lS,25,4R)-2-hyclroxy-4-(J 6-{l·llilphthy llnetho><y) pyrlmidin-4-yl]oxy I· 
cydopentyl)melhyl sulfamale 

l-120 ((1S,25,4R)--I-/[6-{1,3-dihydn:>-2H-isoindol-2-yl)pyrimidin-4-yl]o><y)-2-
hydroxycyclopentyl)melhyl sulfama.le 

l-121 ((1S,25,4R)-2-hydroxy-4-([8-{1,2,3,4-tetrahydrnnaphth~len-1-yi}-9H-?urin-6-yll-

amlno)cyclopentyl)melhyl sulfamate 

1·122 [(IS,2.5,4R)-2-hydroxy-4-((8-(2-{trlfluoromethyl)phcnyi}-9H-purin-6-yll-
amino)cydopentyllmelhyl sulfarnate 

1-lZl !(15,25,4R)-2-hydroxy-4-[methyl(9-methyl-8-phenyl-9H-purin-6-yl)-
arnlno]cydopentyl)methyl sulfamate 



1-124 ((15,25.4R)-4-J(6-j[(15)--3,3-dimethyl-2,3-dihydm-lH-inden-1-yi]amlno}-
pyrimidin-4-yl)oxy]-2-hydroxycyclopentyllmelhyl sulfamatc 

T-125 ((15,2S,4R)·2·hydrw.y-4-[(4-(J(lR,2S)-2-metho;o;y-2.3-dihydro-lH-inden-1-yl]-
amino J-1,3.5-triazin.-2-yl)amino }cyclopenly l(metnyl sulfam ail: 

I -126 ((1S,2SAR)-2-h ydro><y-4--!(6-{5,6.1..8-tetrahydronaphlhalen -1-y l)-9H-purin-6-yl }­
amino]cyclopentyl)methyl sullamate 

l-127 ((15,25,4R}4-j(6-jcyclopentylamlno)pyrlmldin-4-yl)oxyl-2-
hydroxycyclopentyl)melhyl sulfamatc 

1·128 ({15,.2SAR)-4-{{II-cyrlohexyi-9H-purin-6-yl)amino]-2-hydroxycyclopenlyl)-
meth.yl sulfarnate 

l-129 ((15,.25,4R)-4-([8-{I-benzyi-IH-pyrazol-4-yl).m:-purin-6-yl]~)-2-

hydroxycyclopcntyl)methyl sulfamate 

1-130 J(lS,2SAR)-2-hydro"J'-4-[(9-methyl-8-phenyl-9H-purin-6-yl)-
amlnoJcyclopentyl]methyl sulfamate 

1-131 [(1S.25,4R)-4-[(3-tcrt-hulyi-9H·purln-6-yl)amlno}-2-hydroxycyclopentyl)methyl 
sulfamatc 

1·132 ({15,2.9_4R)-4-[{6-~ylpyrlmidin-4-yl)oxy}-2-hydroxycyclopentyl]methyl 
sulfamate 

I-133 ((15,2S.,4R)-2-hydroxy-4-![8-{2-metl>oxyphenyi)-9H-purirt-6-yl]amino]-
cyclopentyl)methyl sulfamatc 

1-lM [(15,25,4R}-4-[(4-([(15}-J,3-dimethyl-2>-dihydro-lH-in<len-1-yiJaminn)-1,3.5-
lriazin..2-yl)arnino}-2·hydroxycyclopentyl)methyl sulfamate 

1-136 [(1S,25,4R)-2-hydroxy-4-([6-[(3-methylphlmyl)sulfanyi]-7H-pllrin-6-yl)-
oxy)cyclopenty l]I~~Cthy I sulfama te 

1-l37 [(15..2S,4R}-4-((S-[:2-(dimelh.ylamino)phenyl]-9H-purin-6-yllamlno)-2-
hydroxycyclopenlyl]methyl sulfamate 

1·138 CIS,2SAR)-4-([B-(2,3-dihydro-L4-benzodiwcin-5-yi)-9H-purin-6-yl]amino]·2-
(hydro:w.ymethyl)cyclopentanol 

1-139 ((1S.2SAR)-2-hydwxy-4-([8-{4-pym>lidin-1-yl-1-naphlhyl)·7H-purin-6-yl]oxyl-
cyclopenlyl)methyl sulfamat.: 

1·14.0 {(1S,2S,4R)-:2-hydroxy-4-![8-{1H-indol-3-yi)-1H-purin-6-yl)oxy]cyclopentyl)­
melhyl wl!amale 

1-141 ((15,25.4R}-2-hydmxy-4-[[6-(2-naphlhylrnelhoxy)pyrlmidin-4-yl]mcy]· 
cyclopcntyl)methyl sulfamate 

1·142 ((1S,2SAR)-2-hydroxy-4-j(6-(((1R,2.5)-2·methoxy-1,2,3,4-1etrnhydronaphthalen· 
1-yl]amlllo]pyrirnidln-4-yl)o><y]cyclopentyl]melhyl sulfamale 

1·143 l(l.S.2S.4R}-2-hydroxy-4-j(6-l[(15.2R)-2-methoxy-I,2,3A-tetrahydronaphthalen-
1-yl]amino]pyrimidin-4-yl)oxy]cydapentyl)methyl sullamatc 

1·144 [(IR;lR.JS,4R}-4-[(2·([(15}-2,3-dih.ydro-1H-inden-1-ylamino]carbonyl)pyridin-
4-yl)amlno]-2,3-dihydwxycyclopentyllmethyl sulfamale 

1·14S ((1R..2R.JS,4R}-4-l[2·(2,3-dihydro-1H-indol-l-ykarbonyl]pyri.tlin-4-yl]amino)-
2.3-<iihydroxycyclopentyl)methyl sulfamat.: 



1·146 ((15,2S,4R)-4-[oi-[(1S)-2,3-dlhydro-1H-Inden·l·ylamlno}5,6-dihydro-7H· 
pyrrolol2,3-d]pyrimldirt-7·yll-2·hydroxycyclopentyl}methylsulfamate 

1·147 [(1S.2S;'IR}-4-[(4-i[(IR)-2,2-difluoro-2,3-dihydro-1H-U.den-1-yiJamino)-1,3.5-
lrlazirl·2-yl)amino}2·hydrmcycyclopenlyl]methylsulfamate 

I-148 [[1S.2SAR)-4-[(6-[[(1S,2R)-2,7-dimelho>cy-1,2,3_4-b!trahydronaphlhalen·l·yiJ· 
amino]pyrtmidin-4-yl)oxy]-2-hydroxycyclopenlyl)melhyl ~ulfamate 

I ·149 [(15,2SAR)-4-[ (6-[ [(1R.25)-27 -dlmellloxy-1,2.3..4--!etrahydro~~aph.lhalen-1-yl]· 
amino]pyrimidin-4-yl]o>cy}-2-hydroxycyclopentyl)mcthyl sulfamate 

1·150 l(lS.2SAR)-2-hydroxy+[(6-j[(llUS)-2-methoxy-4A-dlmelhyl·1,2,3,4-
tetrahydronaph.thalen·1·yl]amlno)pyrimidin4-yl)rncy]cyclopcntyl]methyl 
sulfamate 

1·151 [{1S.25,4R)-2-h.ydco~(6-[[(1S.2R)-2-rnetho:<y-4.4-dimethyl-1,2,3,4-
tetrahydronaph.lhalen·l-yl]amino)pyrimi<lin-4-yl)oxy]cyclopentyl)methyl 
sulfamate 

1·152 ({15.35)-3-[[8-(l-naphlhyl)-'lli·purin·6-yl]rncy]cyclopentyl)methyl sulfamate 

I-153 [(lS.2SAR)-4-([ol-[(lS}-2.3-Gihydro-1H-1nden·l-yiamino)·l,3,5·trlazln·2·yl]· 
amlno)-2-hydml<)'cyclopentyl]melhyl sulfamate 

Genem/ 5ynthetk MethodolofiY 

[0105) The compounds of the present invention can be prepared by uurthods known 

to 01\e of ordinary skill in the art and/ or by refereru:e to the sclmme3 shown below and the 

synthetice><amples that follow. Exemplary synthelk routes an: set forth In Scltemes 1-21 

below, and In the Examples. 



Schemel: General route for the synthesis o£ 2- a.nd 6-oubalimted ((1R.2R,3S,4R)-4-
((pyrimldin-4-yDaminol-2.3-dihydmlC)'cy<lrtpt!ntyl)melhyl au1famale!J 

" a ·~ ")G;N •• •" HN ~.,,..R' WNH, 
~-· HH N~· ,. MoOhod B 

HO-a 
• """\1 "" '" ")$_ 'X: ·- HI) 0H . "" "' " " 

~"-" 
0 H:»R' ·~ . .---c;»· ,, 

M01-~ k--QN "MolhodD 

H,N-~ H,N-0 
0 - - 'X: 0 'X: "" '" ....... g.., 

"' • • • 

[01(16) Sch.,...l above shows a gen&a.i route for~ compounds of formula 

(I-B), wherein W is -NH- ancl R< is -OR Those of ordinary sltillin the art will recognize that 

compounds of formula (r-B) wherein Ring A is other than pyrimidine can be prepared by 

the same general route. beginning wilh appropriate starting matenals analogous to ;;. 

[0107) As shown In Scheme 1, conversion of I to the compounds of fonnula iii js 

aa:ompllshed by coupling with the appropriately substitu!ed pyriirrldines at elevated 

temperature in pro lie solv2n1:>, such as EtOH or BuOH, using an appropriate base, such as 

DIPEA or Et,N in the presenre of microwave irradiation (Method A). Selective protection of 

!he vicinal djol of iii IS effected at this stage by treatment with 2,2--dllru!thoxypropane in the 

presence of a.n organic add, such ""p-TsOH in a solvent, such as MeOH or acetone {Melhod 

B). Displarement of the aryl chloride of farmuJa iv .is actneved by coupling with the 

appropriately substituted nucleoplule, such "" an amine, alcohol or thloJ at elevated 

temperature usklg microwave irradiation in the absence of solvent (Method C). Further 

treatment wilh freshly prepared chlomsulfonamide vi affords the sulfamates ...U (Method 

D). Oeavall" of the acetal by treatment with a strong ~cid, suclt"" lFA, In the pn:sence of 

wa~r according to MethodE yieldB compounds of formuJa vill. 



Scheme2: 

(0108) 

-

Rolli<! for lite synlhesis of Mubstl.hl!ed [(15,2S,4R)-4-[(pyrimidin-4-yl)• 
amino]· Z..fi10Jlo &lld 2,3-dlhydmxycyclDpen!yl]methyl sulfamates 

Compowuls of foimllla (I-A) can be prepared. by !he methods described In 

Scheme 2. Melhods for the synthesis of !he intennedl.z.te alkene diol ix are known 

(N.,cleviildes, Nudtvlilhs £if Nudoic Acids, 20112. 21, 65-7.!). Upon treatment with m-Cl'BA, d.io! 

ix Is converted to epoxy dio! x. Subsequent protection ol the diol using p-anisaldehyde 

dimethyl ace!a.l in the preserl"" of pyridinium p-toiL>enesulfonate provides epoxide xi. 

Opening of the cpwdde using a mixture of phlhalimide ~d phlhalimide potassi~ salt in 

DMSO at elevated l"""'perature affords a!collol xii. nus alcohol is then alkylated. by 

treatment with chl.orophenylthi=ocarbonatc and DMJ\P in DCM to afford thiocatbonate 

xm (Method F). Deoxyg<:nalionat this stage is achi..ved by treatment with 

tris(trimeth.ylsilyl)silane ..nd. air in toluene foUowed by "BEt, in toluene to give xiv (Method 



G). Subsequent deprotoctlon with hydrazlne in EtOH at elevated letnJ"'l"tule gives amine 

"" (Method H). 

[0109] Conversion ol amine xv to compounds of fommla xvi is ac.:omplliihcd by 

coupling with the appropriately substituted pyrimidines at eleva led temperature inpcotic 

solvents, sud! as ElOH or "BuOH,. using an appropriate basoo_. such as Et,.Nin a sealed tube 

(Method 1). Again, those ol ordinary skill in the art will remgnize thatmmpounds of 

formula mel and ui.l wl\en,in Rmg A Is other than pyrimidine can be prepared by the satn<> 

gell<!rn.l route, using a starting material ;ma!ogous \:o ii. 

[0110) The treatment of comp<mn.ds having the generalfonnula xvi with an amine, 

sud\ as ~Jamlne, in the absenrn of solvent at elevated ll=peratwes using mlcrowa~e 

irradiation results In dcprotectlon of the diol, and then repeating the process In the presence 

of a base, such as DlPEA or Et,N at clevated temperatures in a protk: solvent. such as EtOH 

or BuOH using microwave "irradiation affonls substituted pyrimidines xviil {Methods J and 

K). 

[0111) Methods for the synthesis of lerl-butyl chlorosulfonylwrbamate xix,..., 

known (Hirayama et ~/., Bforg. Med. Chem .• 200l.l0, 1509-1523), and this reagent is reacted 

selectively with the primacy alcohol using a hindered base, such as 2.6-d..i-lert-butyl+ 

methylpyrldlne, in a oolvent, sud! as ACN, to afford Boc sulfamates of fonnula :a {Method 

L). Removal of the 9i.loxy group with a protk add sud! as TFA (Method M) yields the 

compounds of formula xxi. 

[0112] Alternatively, compound xii can be directly exposed \:o l:he conditions 

described in Melhods H-M,. \:o afford dfuydro:.ycyclopentyl melh:yl sulf.unates of formula 

nil. 



Scheme3: G~neralroute fo~ the synth.,.lo of 4-amido oubslitut.-d {UR,2R,3S,olRJ-2.3-
Dihydroxycyclopeilly!Jmelhyl sulfamlltes 

0 

o:ct=.. ~ref. -a.: •• ~NHOOO ~ Hti""()"N"o - - NoB'\ 

Ho' ~- B«<'' NOOO -... ...6 b .. -· - - - -· 
~~--· 
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. (0113] Compounds of fornlula (l•B), wherein W is -NHC(O)- can be prepared by the 

methods shown above In Scheme 3. Methods for the synlhe:sis of bicydic laet.lm xxlll are 

known (Daluge •I al., Nud=fdes, Nudwl:ides & Nur:li!i~ Acid6, WOO, 19, 297-327). 

Dihydroxylalion using osmium tetroxlde In 1hl! presence of an organi" N-oxide, such as N­

methylmorpholine oxide, in a solvent, such as aoetone, gives diol ::o::Qv. Global proledion of 

both alcohD!s using benzyl chloride and a base, such as Et,N, and a catalyst:,. such as DMI\P, 

in a solvent. such as 1)Qd.. gives compound xxv. The zesulting bicycli~ lactam is reduced 

using NaBH. to afford Boo-protected amine uri, which is then deprote::IE<i upon treatment 

with HO in the absenoe of water. The ..-...ulting secondary amine hydrochloride :.rvii is 

treated with an acyl c:hloride of formula xxviii in the presena:! of a base, sw:h as Et,N or 

Dll'EA, In an aprotic solvent. such as DCM to afford arnides of formula Jcdx acamling to 

Method N. The primary alcohol of liXJ( ill thensulfamoylaled by treatment with 

chlorosulfonantide vi and a base, sudt as DBU,In a polat aproli<: solvent, such as ACN 

(Method 0). Global deprolection of both seamdary alcohols using ammonia In a polar -

solvent,- such as MeOH, yields final sulfamates of formula II:JI:'ti {Method P). 

Scheme4: Syntheoill of 2- and &.lub9tituted ((1R,2S,4R)-4-[(pyrlntidin-4-yDamino]·l­
hydro%y"Y"lopentyllmdhyl su..lfamates 



""'• Compolll'1W. of formula (I-B), wherein W ia -NH- and R' lind R• are hydrogen 

can be pr~pared hy the methods shown above in Sch~me 4- Amino dlol xxx:ii (Obcr, M; 

Muller, H.; Pieck,. C; Gierlich,. J..; CMel1 T.f. Am. Chem. Sac. 2005, 127, 18143-18149) is m.ated 

with dichloropyrlmidines of formula ii aa:ording to Method I to give chloropyrirnidines of 

fDnml!a llXI<ii.i. Fl1l1:hcr reaction with an npproprialdy substituted nudeophlle a=ding to 

Method C or Method K gives compounds of formula JCIO<l.v. These d!ols are subsequentJy 

seledively sulfamoylated and depmlected according to Methods L-M as outlined in Sdleme 

'· 
Synth..,.is of ((UUR,3S,4RJ41(4-(IlS)·2.3-dihyd-lH•indUI·l"Yiamina]-
1,3,5-trlazin-2-yl}amino)-2,3-dihydn»cycyelopcnlyljmelhy1aulfamale 

" ,..,, ··~ '"' ""' CI...J!.N""-o ~"" ~.'(, ""'f:[ -- -· ~ ~ -· 

N(R'Jo 

JC' H~N N~ 
H6 0H 

ou.•mt 

p-<oluono - A --··-~~ ""''"""" ,,.., ... 
III•,.Ji..N~ 

'""C/ 
"X' ·-

[0115] Compounds of fonnula (I-B), wherein Ring A is a triazine ring. an be 

prepared as shown inSr:heme 5. Coupling of cyanuric chloride ;II>OW with a prtmary or 

secondary amlne in a solvent such as TI-lF usillg a base such as Dll'EA at reduced 

tem_pera.lute aff<mis dichloride x:ccri. Displacement of one chloride with amine 

hydrochloride ;lOC:CV!j, followed by selective protection of the vicinal hydra><yl groups using 

2,2-dimethoxypropane in the presence of pyridinium p-loluene sulfOnate affords alcohol 

:o:rlx. Remo"al of the remaining aryl chloride llSing hydrogen in the presence of palladium 

= carbOll (Method Q), followed by sulfamoylation using chlorosulfonamide vi gives 

sulfamale llli. 



Scltem~ 6: 

[0116] 

Geru:r.ol mule fnr synthesis nf ::t- and 6-substituled ((lS,::t5,4R}-4-
[(pyrlmidin-4-ylJoxy]-2-hydrv.<ycyclopentyl)melhyl S"lfamate!J 

nso.....,·frOH 
TUSO.-

oll• 

Compounds of formula (1-A), when:in W i3 -0- can be prepared as depicred 

above in &h"""' &. !T.ff.lhods for thr synthesis of diol xlil are known (MacKeilh et ul., /lWrg. 

Med. Chem-, 1994, 2, 387-394), and thb reagent is bi&protected using TBS-Cl and Et,N in lhe 

presena. ofDMAP at eleva led lemperatures. Subsequl!lll hydrobolatiOil-<>:tidation using 

catecholboralle and Wilkinson's catalyst followed by NaOH,. hydrogen peroxide and finally 

sodium sulfi~>o yields cydopent=ol xliv. This secondao:y alwhol i5 deprotonated with the 

use of wdiwn hydride, and then ~d w:ith dicltioropyrtmidines of formula il at reduced 

temperaw.re to afford coupled chloropjlrlmidines of formula dv. Oisplacement of !he ao:yl 

chloride is achieved by coupling wilh the appropriately substituted nucleophile, such as an 

amine, alcohol or lhiol a\ elevaled lcmperature using ..Ucrowave Irradiation In a solvent,. 

such as BuOH (Method R). Global deprotection of the silyl ethers using a fluoride reagent, 

such as TBAF according to Method S gives diols of foonula xlvii. Compounds of formula 

~lv;i are thenselectivelysullamoylaled and deprotected according to Methods L-M as 

omllned In Sclleme 2. 



Scl>eme '' 

[0117] 

General route for !l)'lllh!Sis of 2- and 6-allbotituted ((2R.3S,AR.SR).5-
[(pyrimid1n+yDaminol-3,4-dihydroxytetmhydrofur.m·:Z.yl)methyl 
sulfamales 

HCI HO~H, - ~ 
,., ... " 

Compounds of formula (I-B), wherein W is -NH· andY = -0- can be 

pre~ as shown above In Scheme 7. Methods fM the synthesis of methyl carbamale:dvili 

are known (Nicolaou ~tIll., J. Am. Or=. S«.,2()()1J, !26,6234-6235). Depro"'dion using an 

arid. sud> as HCI in the ahsena:. of water affurds amino aic<>holll. Compound II is lhen 

substituted wilh lhe appropriate substitw!nts acamllng to Methods A. thenC-E and carried 

on to compounds of formula (I-B) according to Sch!!flle 1. 

Sd!.eme B• 

[OIIB] 

G.,..eral runte for ~ynlhesi~ of 2· and 6-aubstitulrd ({2R,35,5R)-5-
[(pyrlmidln-4-yDamU.o]-3-hydru>:ytdrahydrofuran•2•yl)methylsu1famates 

• 

A general room fur the synthesis of onnpounds of formula (I .B). whemr> W 

~ -NH-, Y = ..(). and R' is -H is oulllned above In Scheme 8. Compounds of formula 1 are 

known (Ki!a, et al .• J. Org. Chnn., 1988, 53, 554-561). Displacement of the aryl d'lloride wing 

an appropriately substituted nucleophile accord.ing to Method C gives pyrlm.ldlnes ol 

formula li. Compound li is then selectively sulfamoylated and depmlected b:l give the final 

compounds acct>rdlng to Scl\eme 2 (Methods L-M). 



Scheme'!!: 

(0119] 

General <Ollie fo~ synlh.,ls of 2- and 6-subolitu\...:1. (US,2S,4RI-4-
((pyrimidln-4-yl)oulfanyl]-2-mono and 2,3-dihydroxycyclopentyl)melhyl 
oulfam~tes 

:xtl N Mothod T ... 
~-"'-R" 

'" 

The synthesis of compounds of fonnula (I-A), wherein W io -S- and R< is -OH 

is described in Scheme g_ The coupling of compawuls of formula liv with a nucleophile, 

such as an amine I<Ike5 place :in a solvent, such as DMF to afford substituted rompounds of 

formula lv {Method T). Subsequent opening of epoxide >i using a base, such as pola.,ium 

mrbonate in a solvent. such as DMF alfo{ds alcohollvi (Method U). Compound lvi is !hen 

optionally deoxygenated (Methods F-G) and substltuted with the appropdate substituen!S 

acco«iing to Methods J, then L-M and cani...:l. on to compounds of fornwla (I-A) according 

to Scltem.e 2. 

Scheme 1(); General mute for gyntlu••l• of 2- and 6-!Jub•tituted ((15,25,45)-4.. 
[(pyrimidin-4-yl)methyll-2-mono and 2,3-dihyd>o%ycyclopentyllmelhyl 

'""""""" 

(11120] Compounds of fmmula (I-A), wherein Wis--CH.,- can be prepared as shown 

above in Scheme 10. Methyl pyrimidines of formula !vii are coupled with a nucleophlle, 

such"" an anUrue according to Method Ito' give 2-chloropyril:nidlnes of formula I viii. 

Hydto-dechlorination aocording to Method Q gives melhylpyrlmldirles of fonnula !viii. 

Deprotonation of the melhyl group of b·iii is effe~ted by treatmentwilh a strong base, such 

"" phenyllithium,. and this carbanion is used lo open epOJ<ide .ri (Method V). Resulting 

compounds of formula llx are then optionally dea,;ygenated (Methods F-G), deprotected 



and selectively sulfamoylated (Melhods J, then L-M) carried on to compounds of formula (l­

A) according to Sclterne2-

Scheme 11: Gen~ral rout~ for oynlhesio of 2- and 6-sul>slituted {(2S,3S,SS).5-
[(pyrimidin-4-yDm~lhyl]-3-mono and 3,4-dlhydrnxytetrahydrnfn<an-l':•yl)• 
methylsutfllrul!es 

[0121] Compounds of formula (1), wherein W Is -CH,- andY = -0- can be prepared 

above in Scheme 11. Compound lx is known (Rem:, eta/., U..bigs Anml/m threhemie, 1~86. 6, 

957-966). Coupling with anappmpriatelysubslituted nucleophl!e, such as an amine 

accoidJng to Method K gives the substituted, fully deprole<:ted trlollxi. Compounds of 

forn"lll.lQ l:d a"' then arrJed on acmrding to Scheme 2 {Methods L-M). 

Scheme 12: Gen=l mute for oynlhesis of 2- and 6-oubalituted N-[({1R.2R,3S.4R)-4-
((pyri:Illidin-4-yl)aminoJ-2,.3-dihydm:o:ycyclopenlyl)meUtylbulfamid"" 

[OWl 

........ ~ ... 
'"" 

""' 
Compounds of formula (l-B) wherem X a -NH- can be prepared by the 

mel.hods outlined m Sch'"'lle 12- Me !hods for the synthesis of t...-:1-but:yl {aminosulfonyl}­

carl>amate lxii are known (M..,.ui, dill., Tet. Lett., 20M, 45, 1S53-18S5). Compounds of 

furmulalv are coupled with this carbamate in the presence of an azodic&ttboxylate.. such as 

diisobutyl e.wdirarboxylate m the presence o! triphenylphosphine in a solvent. such as 

EtOAc to give U..,.protec:ted compounds of fozmula lxiii (Method W). These compoUIIds 

are then substituted with the appropriate subslitueniS and globa!Jy dcprorected to give 

compounds of formula {I-B) acoording to Methods T and E (Sch!!mi!S 9 and 1). 



Scheme 13: R011.te to Ute 9]mth""ls of z- and 6-Bubstituted 2·((1R,2R.35.4R)+ 
((pyrimidin-4-yl)amiJloJ-2,3-dlllydroxycyclopentyl)ethane!iullonamideo 

• -

'""'' Compounds of fonnula (I-B) wherein X a CH, can be prepared by -the 

llll!thods outlined in Scheme 13- Compounds of formula " are o>ddiV"i using an oxidizing 

agent. sw:h as Dcss-Mazlin periodirume in a sol'lent..sueh as DCM (Me !hod X). Methods for 

the synillesis of lxv are known (Carretero, •t ~r., T•lr~lwlnm., 1987, 43, 5125-Sl:»), and lh!s 

compound is deprotonated using n-lluLIIn TiiF and added to aldehyde b:iv to affmd 

aikenes of formula lxvl.. Reduction of the double bond using NaliH, in EtOH. followed by 

heating of !he T""ulting sulfonale esteT with Et,:N in DCM using microwave irradiation 

yields sulfonic add l.orvlil. Trea!ment with thionyl chlmide at reduced temperature in DCM: 

in W presence of a catalyst. such as DMF gives sulfonyl cltlorides of fo>:mulit hi><. Finally, 

lrealmentwith ru:runonla in a solvent, such as 1,oklloxane in the p<esence of DIPEA in OCM: 

at reduced temperoture:o yields sulfonamides of formula lxx. 

" 



Scheme 14! Ro\lte to thuynlherds of 2.- ~nd 6-oubsl:lbl.ted 2.-((l.R,2R.3S,4R}-4-
((pyrlmidin-4-yl)amino]-2,3-dihydroxy~Jop""tyl)..l,.l­

difluormthan.,.ulfonounides 

* _:":"!'-

'"" 

• 0 rrHBoa 
··~ 

... ., •• v 

••• 

[01241 CompolUids of formula {I-B) when!in X= CF, can be prepared by the 

melhO<b ouilin'"<i in Scheme 14. Carboqlic acid ln:i is decarborylaled using sodiumsulfare 

in wafer 10 give sulfonyl fluoride IJ<IdL. which is then converted to the =espondirtg 

sulfonamide using ammonia in 1,4-dioxane. Boo;,.prohoct:lon of the nllrogen using Bor: 

anhydride in the p!ESen<>! of DMAP and Et,N In DCM ylelds Boc sulfonamide ln:iv. 

Deprotonation of the Cl',H group using a str<Jng base, such as LiHMDS at redU<'ed. 

tempera lUre In a solv"<>t, such as THF follow~ by trcalment Vrilh trillates of fonnllla I;Q;Vi 

(generated by treatment of alroho!llOCY with trlfluoroa<'l!tlc anhydride and E\,N in DCM) 

gives compounds of formula luvii (Method Y). These wmpounds are then substituted with 

!he appmpnate substituent<> and ,o:Jobally deprotected to g~ve compmmds of formula {I-B) 

a""ording to Methods T and E (Schemes 9 and 1). 



Sdleme 15: Rnute to the synthesis of 2- and 6-sobotituled :Z-l(l.R,.2R_3S.4R)-4-
((pyrlmidln-4-yi)amino]-2,3-dihydro:<y<yclopcnlyl)-l­
fluoroeU•anesulfonamldes 

1)1>-DuUHMPA 

' 

'1. "•"' 

[012.51 Compounds of formula (I) whclcin X- CHF can b" prepared by lhe methads 

outlined In Scheme 15. Methancsulfunyl chloride is coupled wi!h bjg(2,4-dlmethoxybenzyl)­

ornine ln lhe presenoe of Et,N and DMAP ln OCM to give sulfonamide h:xviii. Purth.,.­

treahnenl with n-BuLi and HMPA in THF at red"'-"!d temperah.tre followed by N­

fluorobenzenesulfonimide gives fluoromethylsulfonamide Lni:>c. 1bis compound is then 

!akm on to oompound!l of formula (I) by the proced""'!' de51:1ibed in Sdleme 14. 

Sdleme 16: Route to the synthesi9 of subslitoted :Z ((1S,2S,4R)·Z·hydroxy-4-{2-phenyl• 
3H·Imidazo-pyridin-7-ylamino)cyclopenlyDmethyl sulfamates 

""'" CompoUllds o£ formula (Vll-AJ when!ln W- NH can be prepared by the 

methods ou!llncd :in Sdlem2 16. The sodium Mll of bcxx, which is prepared as :in Example 

12Ba-c below, is condensed with a nitro aromatic l:a:x:i. Subsequently reduction with zm., ln 

acetic acid plOII;des lD:rii. Oxidative couplillg of an appropriate a_ldehyde such as 

naptltaldehyde in the presence of Na;;,o, provides compounds of the general formula 

~ii. De protection with acetic acid in water/'IHF{Tetrah<dron L!tt 1999,29, 6331) 

followed by sulf:amation with chloroslillonamlde and mno;unita.nl deprotection o£ the 

seccndary hydroxyl provides rompounds of the general f=n\lla VII-/I.. 



Scheme 1'1: Representative route to the synthl!sh of gubstituted ((1S,2S,4R).Z.hyd:ro>ey-
4-(8-(mllfonyD-9H•pu:rin-6-yloxylcyctopentyllmelhylolllfama."'s 

!'"" _ •• ,___ -~~DMF - s$. 
-~-·-·'"" 

·~ 

[012'11 Compounds of formula {VII-A) when!in W = 0 and Rk = -OOJI.' can be 

pmpared by the methods ouil.ined in Scheme 17. The sodium salt of :dlv Is condensed with 

6-chl.oro--9-{letrahydro-2H-p:P;m-2-yl)-9H-purine, which is subsequently iodinaled with NIS 

in THF to provide <mnpour!d ID<Kiv. The sodium. salt of an aryl thiola1e,sudl as 3-

melhylbenzenethioL is corukll.'iOd in DMF lo provide the U,terntediate lxav which, after 

deprotection and sulfamation as pmyiousl.y described, provides compound b:o:vi. Exposure 

to oxidative cond.Jiions such as Oxone in aqueous methanol provides compounds of general 

formula VI. 

Scheme 18: Route to the synthesl9 o1 9-substituted ((1S.2S).IR)-4-(!JH•purin-l'>-yl0lly)·:l· 
hydr<>xycyclopentyl)melhyl8ulfama.\.-s 

ro-55 >· 
~ }l\]J; (f!>,l') ...... lb(OIJl. '!""""""""-THF.><.o 

DME.il,<> ··--· -· • ~ ==t 
[0128] Compounds of formula (V11) wherein W = 0 and x• =aryl and heteroaryl can 

be pfi!Pared by the methods outlined In Scheme 1a Pd-mediated coupling of intermediat<5 

of l:he form lxx:rlv with boronir:acids provides compounds of formlxxnii.Deprotection 

followed by sulfamatlon with a. cltlorosulfonamlde ru: dlphenykarbamoylsulfamoyl clt1oride 

(prepared In a mannet similar to U.S. Pal AppL Pub!. (2005) ,US 2005282797 At )followed 

' 



by removal of !he sewnd;uy siloxy group with a protic acid, such as HO.. provides 

compounds af the r;eneral formula vn. 

Scheme 19: Synlheois af (S)·N·(2..1-dihydm-lH·lnden·l·ylHi,7-dihydm-SH·pyrrolo(2,3· 
dlpyrim.idin-+amin~. 

-
"''" (S)·N·(2,3-dihydro-1H·inden-t-yl)indolin+runlne Is synthesized as 

illuslrnted in Scheme 19. Reduction of2·(4.6--dichloropyrimidin-5-yl)acetaldehyde with 

sodiwn borohydrlde provides alcohol haviil, which is subsequenlly rnndensed with an 

3pproprlate antinoindane sllCh as (S)-2,3-dihydro-IH-inden-1-amine to pro>'ide the 

substituted p)'l"imidine l::<lWx. Displa=nent =derMiiSUnOhu type rondl.tions with 

phlhallmide and DIAD, fullowM by removal of the phlhaloyl g~oup with hydrarlne, 

fUOVldes the ainine intermediate xc. Cydl2ation under basi<; mndltions provides the final 

rompolUld (S)·N-(2p.dlhydl'o-1H·inden·l·yl)-6,7-dihydro-SH-pyttolo[2,3-d]pyrimlo:lin-4-

"""""· 
Soheme 20: Synlheols of substituted CttS,25,4Rl·2-hydroxy+lpyrlmidin-+ 

ylamino)cyclopenlyl)melhyl sul f :unateo. 



[0190] Compounds of fonnula (Vl) wherein W = NH em be pxepared by the 

methods ouillned in Scheme 20. Amine ku is condensed with chlorosubst!tulcd 

heterocycles of type :.:cl to provide a p<oduct tepiesented as ><cii. Deprolection of the 

primary ..Uoxy group with aqueous areti~ acid followed by sulfamalion with 

chlorosulfonamlde or diphenylcarbamoyisulfamoyl chloride provides lnlemtedl3tes of fozm. 

xciii, Rem.OYal of the primary hycko>:yl group with a Huoride scnrrce,. such as TBAF, or 

prolic acid, such as HO provides fue final compound of fonnula VI, 

Scheme 21: R01:1te lo lh~ synthESis of 2• illl<l6-suholituted 2·(UlUR.3S,4Rl-4-
((pyrladdio·4-yUamJn"]·2,3-dihydroxycydnpentyD-1-
flulll'Oelhan.,.uUonamldes 

(0131] As shown IJ'I Scheme 21, convemion of l(tiv (Ruediger, E; Martel, A; 

Meanweli,N;Solomon, C; TunneL B. T~mzhi'J!r~n Un. 2004..45, 739-742) to the mmpounds 

of fofm.ula I-A whom!in W = NH is acwmplished by paUadiumcalalyred hydrogenation 

followed by mesylate fonnalion to give x~. Hydrogenolysis of the primary be=yl group 

followed by displacement of the me:sylate using sodium azide in DMF yields xcri. Exposure 

of l<cvi to hydrogenation conditions yields the desired amino alcohol ~vii, which can 



subsequently be used In coupling reactions with a chioro-<;ubstitutci heterocycle such. as ii, 

Displacement ol the aryl chloride ol formula xcviii is achiC'Jed by coupliogwith the 

appropriately substituted nucleophile, such as an amino:, alcohol or thlol at elevated 

temperature using microwave lnadiatiDn in the absence of solvent (see Method q, Further 

treatment with freshly prepared chlorosulfonamide vi followed by cleavage of the TIJS­

protecling group using a suitable reagent, such. as TBAF, HF pyridine, or HO. affords Lhe 

sulfamates l·A as "'pteS<!nted by xo:ix. 

u..,. of Cam~ ~1 t~ f"""""= 

[01.321 The compounds of !his invention are useful inhibitors of El enzyme activity. 

In particular, the ccrnpounds are designed tube inhibitors of NAE, UAE, and/ or SAE. 

Jnhihitorn are mean\ to include wmpouncls which reduce the proiiiDllng ~ of E1 

enzymes in ubi conjugation ro target proielns (e.g., reduction of ubiquitination. neddylation. 

sumoylation), reduce inb:a<l!llular signaling mediated by ubi conjugation, and/or reduce 

proteolysis mediated by ubi conjugation c~.g., inhibition of cullin-d~t uhiquitination 

and proteolJ"'is {e.g., the ubiqultin-proleasome palhway)). Thus,. lhe compouflrls of lhis 

invention may be assayed for !heir ability to inhibit the E1 enzyme ;., vitro or ill virJO, or in 

cells or animal models acamllng to methods pmvided in further deW! herein, or methods 

known in the art. The oompoWids may be assessed for their ability to bind or mediate El 

enzyme activity directly. Alternatively, the activity of compounds may be asse--sd thmugh 

indirect aillular assaJ"', or~ measuring" downstream e(fe(,tg of El activation ro assess 

inhibition of downstream elleds of Bl inhibition (e.g., inhibition of cu11in- dependent 

ubiqultination and proteol}"'is). For example, activity may be a.sessed bydeted:lon of 

ubl-conjugaled substrate (e.g,, ubi-conjugated E2s, neddyl.aled cullins. ubiquitinated 

substrales, sumoy lated substrates); detection of downstreaii'I protein s ubsb:a!e stahili.za t!on 

(e.g., stabilli<ation of p27, slabllization of IJdl); detection of inhlbltion of UPP aot!vily.: 

detectiDn of downstream effects of protein El inlu'bition and substrate stabilizatiOn {e.g., 

reporll!~ assaJ"', e.g., Nl'I<B reporter """"")"5• p27 reporter assays), Assays lor assessing 

activities are described below in the Experimental section and/ar are known in the art. 

[Ol:J:J) One embodiment of this invention relates Loa .:ompositiort mmprising a 

compound of this invention or a pharmaceutically acreptable salt thereof, and a 

phannaceutically aoxeptable can:i"f. lt will be appreciated that the compounds of this 

invention may be derivatized at functional groups to provide prodrug derivatives which are 

capable of .:onv,.rsion back to the parent compounds in virJO. Examples of such prodrui!S 

Include the physlologkally aro!ptable and n'<'tabolically labile es\er derivatives, such as 



melhDXJ'Ill"lhyl esters, methylthlome!hyl esrorn, or plvaloyl0}'mf!thyl es1e111 derived from a 

hy.ho>;yl gr<>llp of !he rompotmd or a carbamoyl moiety derived from an amino group of 

the compound. Additionally, any ph )'BiOlogically acceptable equ.ivalen!S of the p~l 

compounds, simi!nr to the rnetaboliml!y labile e<l<m~ or carbamates, which are capable of 

p:roducing the parent compounds described hercin in vivo, are ffilhin the smpe ol tin. 

invention. 

"""~ U pharmaamlically aoreptable salts of the compOW'Ids ollhe invenliOI\ are 

utlllzed in these compositions. the salts pl1!ferably are derived from inorganic or organic 

adds and bases. For reviews of suitable salts, see, e.g., Berge et al,. }. Phmm. Sci. 66:1·19 

(1977) iUld Remington: The &::ience and Prncti"" of Pharmacy, 20th Ed, ed.A G<!nnaro, 

Lippi1'1cott Williams & W"illdns, 2000. 

'""" Nonlim.itins examples of suil<tble add addition salts Include the loUowing: 

acetate, adipate, algirul!c, aspartal<!, benzo3te, benzene sulfonal<!, bisulfate, btJlyl<ltc, citrate, 

camplmrate, c:amphor sullonate. cydopen!anepropionale, digluconate, dodccylsuUate, 

etlumesulfonate, fumarate, lua:lheptanoate, gly=phoophale,hemisulfate, heptuloate, 

hex!onoate, hydrochloride, hydrobromide, hydroiodide, 2-hydroxyethanesulfonate, lactate, 

malea.Ee, melhanesulfonate,2-naphthalenesulfonate, nirollnate, oulale, pamoate, pectinate, 

pcrsulfate, 3-phenyl-propionate, picrate, pivalate, propionate, succinate, lartrate, 

thlocy=ate, tosylate and undecanoate. 

'""' Suitable base addition salts include, wilhoutlimita!lon, 3Inln0rtium salts, 

alkali metal salts, such as sodiwn and potassiwnsalls, alkaline earth :metal salts, such as 

caldwn and .<nagneshun salts, salts wilh organic bases, such as dicydohexyla.mim: &ails, 

N-methyi·D-glucamine, and &ails wilh amino adds such as ru:ginine, lysine, and so forth. 

[0137) fu ""rtain particular embodiments, the invention relates to a base addition salt 

of a compound of !onnula I formed by deprotona!lon of the suJfamate (X= 0) moiety. the 

sul!amide (X"' NH) moiety, or the sulfonamide (X= CH,) IItOiety, as applicable. In some 

such embodiments, the invention relates to a sodium or pota.siurn salt of a rompow-d of 

formula I. 

'"""' Ai&o, ba.&!~ nitrogen-containing groups may be qualemlzed with such agen!S 

a.!llower alkyl halides, •uch il.'l methyl, ethyl, propyl, and butyl chloride, bromides and 

iodides; diall:yl sulfates, such as dimethyl, dlelhyl, Wbutyl and diamyl sulfates, long chain 

halides such as dccyl, law:yL myrlstyl and steatyl chlorida. bmmides and iodides, aralkyl. 



halides, such as benzyl and pheru:!hyl bromides and others. Water or all·soluhle or 

dispersible products are thereby ob\ained. 

10139] 'fllc phartnawutical compositions of the invention preferably are in a farm 

suitable for admlnlstrallon In a recipient subject. p...Cernbly a lniiiiUIIal. more preferably a 

human. The term "pharma.c:eutio:ally acceptable carrlerw is used herein to refer to a material 

that is compatible with the recipient subject, and is suitable for deUvering an active agent to 

the largetslte without temtinatillg the activity of the agent The toxicity or adverse effeciS, If 

any, associated with the canie:rpreferably are rnmmensurate with a reasollilblerisk/benelit 

ratio for the intended use of the active agent. 

(01411) Tile pharmac:eutic:al am.positiOI'IS of the invention can be manufacturecl by 

methods well known In !he art such as oonventianal granulating. mi>:ing, dissolving. 

encapsulating, lyophilizing. or emulsifyir>g pr• • es, among others. Compositions may be 

produced in various forms, Including granules, precipitates, or particulates, powders, 

including freeze dried. rotuy dried or spray dried powders, amorphous powders,. table !:I, 

capsules, syrup, suppositories, :injections, emulslOI'IS, ellxlrs, suspensions or solutions. 

Formulations may optionally caruain stabilizers, pH modifiem, surfactaniS, sGlublllzlng 

agents, blaa~;:tilability modifiers and combinations of these. 

I'harrn3teulkally acceptable carriers that may be used in lh<!se compositions 

indude, but are not limited to, ion exchangers, alwnina, aluminum stearate, lecithin, serum 

proteins,. such. as human serum albumin,. buffer subs-tances such as phosphates or 

carbonates.. glycine, sarb!c ru:id, potassium sal'ba.te, partial glyceride mixtures of saturated 

vegetable fatty adds, water, salts m electrolytes,. m>cll ""protamine sulfate, disodiun'l 

hydrogen phosphate, potasai.um hydrogen phosphate, sodium clllarlde, zinc salts, colloidal 

silica, magnesium trlsi.lkate, polyvinyl pyuolidone, Wlulosc-based S\lbstanoes, 

polyethylene glycol, sodium carboxymethyloellulose, polyacrylates, waxes, 

polyethylene-palyoxypropylene-block polymers, polyethylene glycol and wool faL 

ACI:ording to a preferred embodiment. !he compasltions of this invention are 

formulated for phatmaceutiml administration to a mammal, prefe.-ably a human being. 

Suclt pharmaceutical oam.positians oi lhe present inV<!ntion J:tl3.y·be administeted mally, 

parenlernlly, by inhal1Hon spray, topkal..ly, rectally, nasally, buc::ally, vaginally or via an 

implanted reservoir. The leim "parenteral" as used herein includes subculane<>u.s, 

intravenous, IntraperitoneaL. int:ramusoilar, inl::ta--artkular, intra-synovial inlras h!mal, 

Jnttalhecal, intrahepatic, illtrzlesianal and intracranial illjection or infusion teclmlques. 

Preferably, the compositions are adminish!red orally, int:raveru]US]y, or subcutaneously. The 

" 



formulations of the inventlon may be designed 1o be short-acting.. fast-releasing. or 

long-acting. Still further, compounds can be administered in a local rather than systemic 

means, such as administration {e.g., by ll¥ction) at a tuiJ:\or sHe. 

(0143] PhannacetJtical f<>rnrulations mAY be prepared ~s liquid suspension-; or 

solutions using a liquid, suclt as, but no! limited to, an oil, water, an alcohol, M\d. 

combinations of these. SoltJbilizing: agents such as cyclode~lrin:! may be included. 

PharmaceutkaUy suitable surfadants, suspending agents, or emulsifying agen!S.. ttu~y be 

added for oral or parenteral adminlslr.di011. Suspensions ""'Y include oils, such as but not 

limited to, peanut oil, sesame oil, wttonseed oil, com oil and olive oil. Suspension 

_pn:pualionmay also contain esters of latty acids sud\ as eth.yl oleate, isopropyl myristate, 

fatty actd glycerides and acetylated fatty acid glycerides. Suspension formulations may 

include alcohols, sw:h as, but not limited to, ethanol.. il;opropyl alcohol, he><adecyl alcohol,. 

glycerol and propylene glycol. Ethers, such ""but not limited to, poly(ethyleneglycol) , 

petroleum hydrocarbons such as mineral oJ1 and pelrolalum; and water may also be used in 

suspension fwmulations. 

101-Kl Sterile inj"Ctable forms of the "0111posltlons of this invention maybe aqueous 

or oleaginous suspension. These suspensions may be formulated accordlng to tedrnlques 

known h1 the art using suitable dispersing or wetting; agents and suspending agents.. The 

slerlle 1njectable ~atlon may also be a sterile injectable solutlort or suspension in a 

non-to:ric parenterally acceptable dll11ertt or solvent fOI example as a solution in 

].3-butanedioL Amo<1g l:he acceptable vehicles ~ solvents that may be employed are 

water, Rlngn"s solution and i{;otonk ood.lum chloride solution. In addition, sterile, fixed oJ1s 

are conventionally employed as a solvent or suspending medium. For this purp<JSe, any 

bhmd fixed oil may be employed including syntheti"=ono- or di-glycerides. Fatty acids, 

such as oleic add and its glr<"'ride derivatives are useful in !he preparation of lnjedal:>\e5, as 

are natural pharm.aceutic:al.ly-ae<."eplab)e oils, sueh as oli\re oil or rnstor oil. espe<:~ally in their 

polyoxyethylated versions. These oil solutions or suspensions may also contain a long-cltain 

akohol diluent or dispersant, such as rnrboxymethyl cellulose or slmilar dispersing agents 

which are commonly used !n the formulation of pharmareulirnlly aca:ptable dosage forms 

including emul:iion<l and suspensions. Other rorrunonly used surfadants, such as Tweens, 

Spans and other emulsifying: agents or bioavailability enhancets whiclt are coiiittlOnly used 

in the manufacture oi pharmaceutically ae<:eptable solid, liquid, or other dosage fonns fi13Y 

also be used for the purposes of fonnulalion. Compounds may be fonnulatcd for parenteral 



administration by injection such as by bolus injection or continuous infusion. A unit dosage 

fonnfor Injection may be in ampoules or in mlllti- dose amlaineni. 

[0145} The pharmaceutical compositions of this invention may be orally 

administered in any orally acceptable d05age Iorm incltt<fin&. but not limited to, capsules, 

tablets,. aqueollS suspl!ll!iions or solutions. When aqueous suspensions are required for oral 

use, the active ingredient is rornblned with emulsifying and suspending agents.. If desired, 

certain sweetening.. flavoring orcolorirlg agents may also be added. For oral administration 

In a capsule fonn,. useful dlluen!S include lactose and dried cDmstuch. In lhe case of tablets 

for oral use, carriers that are commonly used include lactose and = starcl\. Lubricating 

agents,. such as magnesium stearate, are also typically added. Coatings may be used fur a 

variety of purposes; e.g., to mask tasle, to affuct lhe .s!te of dissolution or absorption, or to 

prolong drug action. Coatin&" may be appHed to a tablet or 1<> gra~~ulated particles for use 

in a capsule. 

(0146] Alternatively, the phannacf,utical com.positi<>ns of this invention may be 

administered in the form of suppositories fur rectal administration. These .may be prepared 

by mixing the agent with a suitable non-irritating eKdpient which is sDI.id at room 

tempernt\lre but liquid at reda.llemperature iiild therefore will melt in the rectum to release 

the drug. Such materials include """""butter, beeswax and polyethylene glycols. 

{0147] The phannareutic:a.J compositions of this invention may also be administered 

topia>lly, especially when lhe !luge! of trcalment includes """"'or organs rnadily aca!ffiible 

by toplml. application,. including diseaops of the eye, lhe skin. 0<" lhe lower intestina) b-act. 

Suitable topical farmulalions are readi.Jy prep:ued fur each of these areas or o.gans. 

{0148] Topical application fa. the lowerinrestinal tract maybe effected in a rectal 

suppository fon:nulation (see abave) ar in a suitable enema formulation. 

Topically-transdeima.l patches may also be used. For topical appllrations_ lhe 

phannareutical oompos.llio:ns may be formula red. in a suitable ointment contairoing lhe active 

component suspended a. dissolved in one or more caniers. Caniets for topical 

administtation of !he wmpounds ollhis invention include, but are not limited to, mineral 

oll,llquld petrolatwn, white pelrolatum, propylene glycol, polyoxyel:hylene, 

polyoxypropylene compound, emulsifying wax and watEr. Allema.tively, lhe 

pharmaceutical compositions may be Iormu.lated in a •u.itab(e lotion ar cream containing the 

active componentg suspended or dissolved in""" or morn phannaceulicall.y a"""Ptable 

carriers. Suitable mn:iers include, but are not limired. to, m1ner"a] oil, sorbitan monos!Ea.ra!e, 



polysorbate 60, cetyl esl:efs wax, cetearyl a.lmhol, 2-octyldodecanol, benzyl alcohol and 

water. 

(0149] Fm oph~ liSe, !he pharmaCI'ltl:ical mmposltions may be formulated as 

mio:'Onized SIISperiSions In isotonic_ pH adjU1lted sterile saline, or, preferably, a solutions in 

is<>lonlc_ pH adjusted sterile saline, either w-ith our without a preservative such"" 

benzylaJJ<on.lum chloride. Altematively, for ophlhalmic: uses, the pharma«>utical 

mmposltlons may be fo=ulated in an ointment such as petrolatwn. 

ICI15<ll The pharmareutlcal compositions of !his invention may also be admlnlslered 

by nasal aerOS!ll o:t inhalation. Sllcli compositions are prepared IICCOrding t<> techniques well 

known in the art of pharm.aa:utical tonnulalion and may be prepared as solutions in saline, 

employing benzyl alcoh<>l or othel: suitable preservatives, absorption pmmolers to enhance 

bioava.ilability, fluorocarbons, and/o:t other conventional solubilizing or disp=lng agenls. 

(Gl51] The pharmaceutical compositions of !his invention are particularly useful in 

therapeutic applkations relating to disorders as descn'bed herein (•.g., pmU!eralion 

disorders, e.g., canc<!rs, lnflammatmy, neurodegenorativ.,.disorders). Prcfurably, the 

composition is formula!OO for administration to a patient having or a.t risk of developing or 

experleru:iilg a recunenre of the relevant disorder being treated. The tenn ~patient", o.s used 

herem, means an animal.- preferably a J1\IIPtmlll, more preferably a human. Preferred 

-phann.aceutical compositions of the invenlion are thos<: formulated for oral, intravenous, or 

subculaneous administration. However, any of !he abov" dosag.. forms containing a 

therapeutically effective amo~mt of a compound of the invention ""' well within the bounds 

of routine ""P"'rlmentation and therefore, well within the SI'OJ>e of the insl<ult invention. In 

certain embodiments, the pharmaceutical composition of the invention may further 

mmprlse another therapeuti" agent. Preferably, such ether thel:apeutk agent ill one 

normally administered to patients with the disorder, &so.ase or condition being treated. 

IG152] By ~therapeutically effective amount" is meant an ;unountof compound or 

rompcsition suffident, upon single or multiple dose administration, to cause a detectable 

decrease in El enzyme activity and/or the severity of the disorder or disease state being 

treated. "Therapeutically effective a:ncunt" ls also intended to include an amo\U\1 sufficient 

to treata cell, prolong or prevent advancement of the disorder or disease state being treated 

(•.g., prevent additional tumor growth of a .,...c...-, prevent additional inflammatory 

response), ;uru,liorate, alleviate, relleve. or Improve a subject's symptoms of !he a disord~ 

beyond that expected in the absence of such treatment. The amount of El enzyme inhibitor 

required will depend on the particular rompound of the mmposltion given, the type <>f 



disorder being treated,. the route of administration, and the l..ngth of lim!! required to treat 

the disorder. It should also be understood that a sp«ific dosage and treatment regimen for 

any partio:ular patient will depend upon a variety of factors, including the activity of the 

spedficcompowul. employed. the age, body weight, general health,. se>;, and diet of the 

patient, time of administration, rate of e:<aetion. drug combinations, the judgml>nt of the 

trealins physician,. and the severity ol the particular disease being treated In o:rtain aspects 

where the Inhibitor is administered in combination W'ith another agent, the amount of 

additional therapeutic agent present in a composition of this invention typically will be no 

more than the amount that "Would nonnally be administered in a cornpoaitioncomprising 

tk.t lherapeutic agent as the only active agent. Preferably, the amount of ~ddltlnnal 

therapeutic agent will range from about 50% ttl alxlut 100% of the amount normally present 

in a composition comprising that agent as the only therapeutically active a11=t. 

(0153] One embodiment of the invention relallos 10 a method of inhibiting or 

decreasing l>1 enzyme activity In a sample comprising contacting the sample with a 

compound of this invention,. or composition comprising a rompound of the invention. "The 

sample, as used herein, includes, without limitation, sample comprising purified or parlially 

purified El eneyme, cultured cells or extmctg ol mil cultures; biopsiOO cel.ls or Ouid obtained 

from a marnrnal, or extracts thereof; and body Ouid (e.g., blood,. serum,. saliva. urine, Jeres, 

se<nen, tears) ouxtracts thereof. Inhibition ofEl eneyme activity in a sample may be 

carried out m r>iln! or in virlo, il1 cdlulo, or in situ. 

[om] In another embodiment, the Invention provides a mclhod for treating a 

patient having a disorder, a symptom of a disorder, at risk of developing, or experiencing a 

recurreno. of a disorder, comprising a_dmlni.sterlng to the patient a compotmd or 

pharmaceutical CODipositicm. acwrding to the invention. Tzea.ting can be to=· heal,. 

alleviate, relieve, alter, remedy, ameliorate, palliate, improve or affect the disorder, the 

sympto!119 of the disorder or the predt"lp<IS]tlon towMd the dlsord ..... While not wishing lo 

be bowul. by theory, treating Is believed to cause the inhibition of growth,. ablation, or killing 

of a a.U or tissue in vitro or ;,. vivo, or otherwise reduce capacity of a rell or tissue (e.g., an 

aberrant cell,. a dise!lsed tissue) to mediale a disorder, e.g., a disorder as described herein 

(e.g .• a proliferative disorder, e.g., a cancer, inflammatory disorder). As used herein, 

"inhibiting the gtow\h" or "inhibition of growlh" of a cell or tissue (e.g., a proliferative cell, 

tumor tissue) refers to slowing.. interrupting. arresting or stopping its growth and metastases 

i!lld does not nece""arily indicate a total elimination of growth. 

" 



{015Sl DJsease applicati<m!l inclllde those disorders In which intubillon of E1 

enzyme activity Is detrimental to SU<Vival and/or ~nsion of diseased cells or tissue (e.g., 

cells are sensitive lo Ellnhibition;lnhibltion cl El activity di=lpts disease~ 

reduction of E1 activity stabilius protein which are inhlbllors of disease mechanisms; 

reduction of E1 activity resuliS in inhibilion of proteins which are activators oi dlse•5e 

mechanisms). Disease applications are also inhmded 1o include any dlsorde.-, disease or 

rondltion which I<!quireoll!ffective cuJlin and/or ubiquilinalion activity, which activity c.m 

be regulated by cllminishing E1 enzyme activity (e.g., NAB. UAE activity). 

{01561 For '""ample, methods of !he invention are useful in b:eatment of disorders 

involving cellular proliferation, Including, but not limited to, dlsor~rs which require an 

effective cullin- dependent ubi.qu.ilina.tlon and proteolysis pathway (e.g .• !he ubiquitin 

proteasome palhway) for maintenance and/or progression of lhe disease state. "Ill£, 

melhods. of !he invention are useful in treatment of disorders media!W. via protelns(e.g., 

NFKB activation,. p:zT'>' activation, p:n"""xm activation,. p53 activalion) whldt are regulated 

by El activity(e.g~ NAE activity. UAE activity, SAH activity). Relevant di5orders include 

p.roliferative disorders, most n<>lably cana.rs and inflammatory disorders (e.g., rheumat<Jid 

arthritis, inflammatory bowel disease, asUuna, chrOIUcobsl:rudive pulmonary disease 

(COPD), osteoarthritis, dermatosis (e.g., atopiC derma.ijtis, psoriasis), vMCUI,. proliferative 

di5orders (e.g., a!hemsclerosis, reslenosis) autoimmune diseases (e.g., mulliple sclerosl5, 

tissue and organ rejection)); as well as inllamm.ation associated with infection (e.g., immune 

:responses), neumdegenerative disorders (e.g~ Ahheimer's disell!le, Parkinson's disease, 

motor neurone disease, neuropathic pain, triplet repeat disorders, :a:l!rocytoma.. and 

rnrumd.egeneration as result ofalcohalic liver disease), ischemic injury (e.g., s!roke), and 

mchexia (e.g~ aocelerated muscle protein breakdown that accompanies various physiological 

and pal:holog:ical sl:lltes.. (o.g., nerve injury, fas~ lever, acidosis, HIV Wection,. cancer 

affliction, and certain endcainopalhies)). 

ID157l The compounds and pharrnaccutical eompositions of the invention are 

p,.ticula.dy useful for !he treatment of mncer. As used~ the term Mcanccrn refers to a 

ceUular disorder characterized. by uncontmlled or disregulated cell prollferation, decreased 

cellular differentiation, inappropriate abtl!ty to invade surrounding tissue, and/or ability to 

eslablish new growth at ectopic sites. The tenn "cancer" includes, but is not limited to, solid 

tumors and bloodbome tumors. The term "cancer" encomp"-"SCS diseases of •kln.. tiSSueS.. 

organs, bone, ca~gc, blood, and vessels. The term "<=ancer" further enoompMses primary 

and mel35tatic cancers.. 



[(Jl58] In some embodiments, the canrer is a solid tumor. Non-limlting e:<illtlples of 

solid twno~ that an be l:n!ated by Lhe m!!'lhods of the inventi<m Include pancreatic ci!Iu:er; 

bladder cancer; colorectal cancer; breast cancer, including metastatic bnw~t cancer; pros late 

canrer, illduding androgen-dependent and androgen-independent prostate caru:llr; renal 

cancer, !ndudirlg.. •. g., melaslatic renal rea ardlloma; hepatomllular cancer; lung cancer, 

including. "'If·· non-small cell lung cancer (NSCLQ, bronduoloalveolar carcinoma (BAQ, 

and adenocarrinom.a of lhe lung; ovarian cancer, includir.g.. o:.g., progressiveepilhelial or 

primary peritoneal cancer; cervical caru:llr; gaslric cancer; esophag.:al cancer; head and 11£ck 

can'7'· including.. •.g., squamous cell carcinoma of !he head and neck; melanoma; 

neuroendocrine caru:er, including metastatic neuroer~dooine tumors; brain~ 

including.. e.g., glioma, anaplastic oligodendroglioma,. adult glioblastoma multifonne, and 

adult anaplastic astrocytonta,; bone .:ancer;: and soft tissue sarcoma.. 

[0159] rn some olher embodimcn!!!, the cancer is a hematologic maUgnancy. 

Non-limiting examples nf hemalo_logic malignancy Include awte myeloid leukerrtia (AMI.); 

chronic myelogenous leub=ia (0«.), Including accelerated CML and CML blast phase 

(CML.-llP); acute lymphobla.stic leukemia (ALL); chronic lymphocytic leukemia (CLL); 

Hodgkin's diseMe (HD); non-Hodgkin's lymphoma (NHL). including follicular lymphoma 

and mantle cell lymphoma; :fl-o;,IJlymphonm; T-<:elllymphorna; multiple myeloma (MM); 

Waldenslrtlm's macroglobulinemla; my~lodysplastic syndromes {MDS), including refractory 

anemio (RA.), refractory anemia with ringed 6iderb!asls (RARS), (refractory anemia with 

e~cess blasts {RAEB), and RAEB ill transformation (RAEB-'1); and myeloproliferative 

syndmmes. 

(0160] In oome embodimenls, lhe'compound or composition of !he irlvention is used 

to treat a patient having or at risk of developing or experlendng a recunertC<! In a cancer 

selected from the group consisting of colorectal =· O'larian cancer, lung cancer, b.teas\ 

canaor, gastric cancer, prostate~. and pancrmtlc: cancer. In cerlain preferred 

embodiments. the cancer is selecbW. from the group consistiog oi lung mncer, co!orectal 

cancer, <JVarian cancer and hematologic cancers.. 

[0161] Depending on the parli_cular disorder or conditiOTI 1:0 be treated, in some 

emb-odiments, the El eru<yrne inhibitor of tho: irrlention is admlnlstered In conjunction with 

additional therapeutic agent or agents. In some embudi=ts, the additional therapeutic 

agent(s) is one l:h!lt i:l nonna.lly admlnlsh:!red to patients with the disorder or rnru!Hion being 

~ted. As used hen:in,additional therapeutic agents that arenorrnallyadminlstered to 



treat a particular disorder or condition are known as a appropriate for the disorder or 

amdition being trealed,a 

'""' The El inhibitor of the irwenlionmay be adntinislered wilh the ether 

therapeutic agent ln a single do>:s;age Ionn cr as a separate dcsage furm. Whw administered 

as a separate dosage form,. the other therapeutic agent may be adminJglered prior to, at the 

Sllllle lime as, or foUaw:ing admlnistration of the El inhibitor of the ln\fel\li<m. 

1011>3] In some embodiments, the E1 enzyme Jnlu"'bilcr of the invwlion Is 

administered in conjuneticm with a lherapeutk agent selected from the group cortslsting of 

cytotoxic agents, radiotherapy, =d immunotherapy appropriate fur treatment of 

prolifurntive dis<Jrders and cancer. Non-limiting examples of cytoto>dc ngents sui !able for 

use in combinatlon with Lhe m enzyme lnhibiton; ollhe invention incluclec: antim.eiabolites,. 

including.. e.g., capedhbine, gcmtilabine,5-fluorouracil or 5-fluorouraci)/ leucovorin, 

lludarabine, cytarabine, mcrcapiOpurine, thiOguanine, pentostalin, and melhotre>:ate; 

taporsomermie lnhlbilors, including, e.g., etoposide, leniposide, camptulhcdn, topote.:an, 

lr!notecan, dc><arubicin, and daunorobidn; vinca alkaloids. including. e.g., vincristine and 

vinbl.astin; lal<anes, including.. e.g., paclilaxel and docetaW; platinum agenl>i, including, e.g., 

cispla!in, carbopialln, and oxa!Jplatm; antibiotics, including, e.g., actinomycin D, bleom.ycil\. 

mitomycin C, adriamydn.. daunorubicin, idarublcin, doxorubi.cin and pegylated Jiposomal 

doxorublcin; aikylating agents such as melphalan,. cltlorambucil, busulfan, thiotepa, 

ilosfiiiilide, carmusline,lomustine, wmusline. streptozocin, decarb.azir>e, and 

cyclophosphamide; including, e.g., CC-5013 and CC-4W; protein lyl"osine kinase inhibitors, 

Including, ~.g~ imatinib meaylate and gelilinib; proteasome inhlbltors, induding.. «-g., 

bortezomib; thalidomide and related analog$ antibodies, including, e.g., trastm;umab, 

rituximab, mtuxlmab, and be11acizumab; mitoxantrone; de:<amethas!III2; prednis= and 

temozolom!dc. 

Other 1!Xampl~s of agenls the irlhlbltors of th~ in.ventlon may be comblned 

with include anti-inflammatory agent> such as corticosteroids, TNFbiockers, ll-l RA, 

azathioprine, cyclophosphamide, and sulfasalazine; immllrlomoduhtoiy ;md 

irrunun'15uppresslve al!"nls such ~ cycl05porine, taoolimus,.rapamydn. myccphenolate 

mofe 1!1, 1nte<ferons, COJrticostemids, cyclophospha mide. aza thioprine, methotzexa te, and 

su1183Plazine; antibacterial and anlivlral agents; and agcnts for Alzheime,..fi treatment such 

as don"f"'zi.l, galanlainine. memanline and rivasligmlne. 

[0165.1 In order that this Invention be :moro fully unde<stood, the following 

preparative and testing examples are set furth.. These examples are fo< !he pUIJ>O!iC of 



illustration only and are not to be construed as limiting the scope of the invention in any 

way. 
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ammonium acetate 

acetic acid 

acetonitrile 
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diclUoroDne~ 

diethylazodicarboxylate 

diisopropylazodicarboxylate 
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methanol 

d4-methanol 

magnesium sulfate 
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minutes 
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sodium carbonate 

sodium bicarbonate 
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NaOH 
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p-TsOH 

rt 
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Anolytical LC-MS Melh<>do 

sodium hydrruddo 

N-iodosuccinl:m.ide 

te tra-n-butyla!>un»nium fluOride 

triethylamine 

pom--toluenes ulfonlc acid 

room temperature 

ll'lJI uoroaretic add 

letrahydrofuran 

Spectra""""' oblained on a Hewlett-Packard ~1100 using the following conditio"": 

FA Standard: PhenO!nim>: LLllLil SjLm CIS SO>< 4.6 mm rolwnn at 2$ ml/mlngradien! of 
ACN containing 0 to 100 per<'CiltiU% RlrnricAcid in H,O for 3min 

AA Standard: Phenorninex LIU\0. 5f1D1 ClB 50 x 4.6 nun column at2..S ml/mln gradient of 
Ao.J ronlaining 0 to 100percentl0 mM Alrunonlum A<l:ltal<! in H,O fer Jmln. 

FA Wah=: Walem 5ym1netry Cl8 3.5J=t 4.6mm x IOOmm cr:~IUITU\.at l<nl/mln gradi<'nl of 
ACN ~=talning 0 to 9S pcmmt 0.1% Formic Add in H,O for lOmin 

AA WaLen;: Waters Symrnet.y083-S)Im4.6nun" 100mm column atlml/mln gradient ol 
ACN containing 0 to 75 Jl'CtC<'l'! (H-Ill, l() rnM Arrun<rniiiiD ,Aa,taJe in methanol ror lllinin 

FAL;mg: Waters Syrnmetry-ClB 35)1m 4.6mm ~ 10Cimm column at lll'li/min gradient of 
ACN containing 5 to lOll percent O.l 'l'o FomticAdd in H,O fur 12min 

AA long: Watern Symmetiy Cl8 3.5jun 4.6nun ~ lOOmm column at lml/mln gradient of 
ACN containing!i to lOOpercent 10 mMAnunonium Aa.tale inH,O for 12min 

&ample 1: [(1R.2R,3S_4ll:)-4{]6-[(1S)-2,3-Dihydro-IH-inden-l-ylamino]pyrin1idin-4-yl]­
arnlno )· ;u.dihydt<ll'ycyd<>pi'ntyl]mi!thyl sulfamalE (Compo1111d I-29) 

Ste;p"' (lR 2S 3R.5Rl-3-l~mldin-4--yllaminnl.§.!hydro'!yW'thy!l­
<;yclopentane-1.2-dlo! 

[0166) A mi:lllu.-c of (IR.2S,3R,SR)-3-amlno-5.-{hydroxymethyl)cyrlopentane-1,2-diol 

hydmchioride (200m~ 1.09 aunol),4,6-dlchloropyrimidinc {2<1.0. mg. 1.61 =I) and Et,N 

{0.300 mL, 2.7:1 mmol) In EtCH (3.00 mL) was bated to 150 "C for 15 mill wing MWI. The 

aude rnil<lul:e W2$ purilled via silica gcl chromatography eluting with a gradient of 0 to 15% 

MeOHin DCMtoalford the tiUea;unpoond (255 mg.!IO%). LC/MS:R,= l-13!MI. ES'26o. 

(AAs!and.ard). 

efiling
Pencil



(0167] A solution or (1K,2S,3.R,5R)-3-{(oXh.loropyrimidin-4-yl)amino]-5-

{hydroxymethyl}cyclopentane-1,2-diol (255 mg.. 0.982 =olJ, p-toluenesullonic acid 

monohydrate (187 mg.. 0.982 mmol) and 2,2-dimelhoxypropane (0.670 mL,. 0545 mmol) in 

MeOH {5.00 mL) was slirxed overnight. The reacllon was quenclled via addition ol 

saturated aqueous NaHCO, solution (10 IIIL) and MeOH WBS removed in vaCPO. The 

aqueous mixl:ure-was extracted with DCM (4 x20 mL) and lhe combined OJ:ganl<S were 

concentrntl!d in varuo. The crude mixture was pulified via 5ilic.a gel chmmatography 

elullllg with a gradient olO to 10% MeOH in DCM to afford lh~ title compound (135 ~ 

45.8%). LC/MS: R, = 1.77 min,. ES. 300. (AA standru:d). 

SLgnc; 

(0168) 

1<3aR.4R.6R.6aSW!6:[{1S).:2,3.Dihydro-1H-Inden-1-ylamino\p_yrlmldin+v!J­
amjnol-2,2-dime!hyl!e!rahydm-3aH-cyclopentald]l1.3!dif!l!nL+yllmethanol 

A mixture of !{3aRAR.6R,6aS)-6-[(6-<:hloropyrlmidin+yl)amirm]-2.2· 

dimethyltetrnhydm-3aH-cyclopenta[d][1,3]dlDX<>l-4-yl]methanol (200 mg. Oh67 mmol) and 

(S)-(+)-1-aminoindan (0.188 ml., 1.47 mmol) were heated to 180 "C for 3 h In a sealed tube 

U5lng MWL The mixtuJ:e was dissolved in DCM and the resulting suspension was washed 

with H,O followed by saturated ammonium chloride soluti<m. The organic layer was dried 

over MgSO.,. fU!ered and concentnted in varuo. The residue was purifH!d via silica gel 

chmmatngraphy eluting with n gradient of 0 to 10% MeOH In EtOAc to afford the title 

compound as an amorphC>li'> solld {218 ~ 82.4'l'o). LC/MS: R, = 1.44 min, ES• 397 (AA 

s_tandard). 

Step d· 

[0169] 

!(3aRAB 6R,6aSl-6:f!6:]{]Sl-2.}-Dihydro-1H-indgn-1-ylj!!l'lino]pyrlmldln-4-yll­
amjnW-2.2-djmrihylte!Jabydro-3aff-sydopenh!fd]ll3]dfoxn!-4-yllmethyl 
suU:amate 

A 2.00 M solution of chlorosulfonarnlde in ACN was prepared ..s follows, FA 

(1..30 ml., 61.0 nunol) was added dropwise, with stirring to chlotosulf<myi Isocyanate {520 

mL. 5~.'7 mmol) utoder an almosphere of nitrogen at 0 OC. After the addition was complete 

and the mixture had soUdified, ACN (22.5 mL) was added. The <esulting soluti<m ...as left to 

stand Ulld<!T a vented SOura! of nitrogen ovcrn.ight at %t. 

[0170] To a solution of [ (3aR,4R,6B,6a5)-6-{( 6-f (15)-2,3-dlhydro-lH -inden-1-

ylamlno]pyrimidin-4-yl]amino)-2_2-dlmethyltetrnhydro-3aH-cyclopenta.[d][1,3]dioxol-4-ylJ­

methanol (100. mg.. 0.252. mmol) and Et,N (1).0527 mL, 0.378 mmol) in DCM (2.50 mL) was 

.. 



added dropwise a 2.00 M solul:ion of dllomsulfonamlde in ACN (0.190 mL, 0.380 mrnol) at 0 

"C and the mlxtun! was slirred for 2 h. it,., reaction was di!Uied with DCM, quenched with 

H,O and the organiclayer was separated, then concentrakrl in vacuo. The residue was 

purified via silica gel chromatography eluting with a gradient of 0 to 10% MeOH in DCM to 

afford the t;Ue compound (65.0 mg.. 54%}. LC/MS: R,"' 1.58 min, ES' 476 (AA sliUidard). 

n 

f01?1] A solution of [(3aR,4RAR.6aS)-6-([6-f(l.$}2,.3-dihydro-lH-indm-1-

ylamino]pyrimidiJ>.4..yl)amino)-U-dime\hyl!etrahydro-3all-cydoperuafd][1,3]dioxol+yl]­

melhyl sulfamate (60.0 mg. 0.126 mmol) was treated with a 9:1 mixtun! ollrifl<Wn:>a<:e!lt: acid 

in H,O (5.00 rnL, 58.4 mmal) and the mixture was st;m!d for10 min before being 

concentrated in vacuo. The crude material wa. purified via rev~ phase C18 preparative 

HPLC eluting with a gradient of 5 to 70% of 0.1% FA/95% ACN/5% H,O in 0.1 o/o FA/99% 

H20/1% ACN over 16 min !o afford the t;Ue compound (27.0 mg, 49%). 'H NMR (400 MHz, 

DMSO-d6, 6): 8.13 (s, 1H), 7.98 (s, 1H), 7.44 (s, 2H). 7.28-7.02 (m. SH), 6.7l {bs, 1H), 5.53 (•, 

lH), 5.41 (s, UI), ~-63 (d. J a 5.3 Hz,. 1H), 4.09 {dd,J-= 5.1, 9.5 Hz. 1H).3.97 (dd,J a 7 .0,9.5 Hz, 

lll), 3.81 (bs, 1H),3.71-3.60(m. 2H),J.01-2.B7 (m, 1H), 2.B7-2.70(m, lH), 2.47-2.37 (m, HI), 

z.J0-2.09 (m,. 2H), 1.89-1.72 (m,.lH), 1.19-1.05(m, UI) ppm. LC{MS: R,c 1.13mln. ES' 436 

(AA standard). 

Example 2: {(1R,2R.JSAR}-4-[(6-[((1S}-3,3-Dirnethyl-2,3-dihydro-1H-inden-1-yl]amino)-

101721 

pyrimldin-4-yl)amino]·2,3-dihydroxy.:ydopentyl)methylsulfarna.tc 
(Compound I-21) 

f2Rl-2-(ID S') 3.3-J)jme!hyl-2.3--dihyd«>:lH-ind!lJ}-1•yHaminol-2 phrnvJethanol 

To a solution of 3,3-dimethylindan-1-one (925 mg. 5.77 mrnol) !IIId (R)-(-}-2-

phenylglycinol (89Jrng. 6.51 mmol) in toluene(10.0rnL) was added p-loluenesulfoni<: add 

monohydrate (625 mg. 0.328 mmol). The reaction was heated to reflux undet an 

atmosphere of nitrogen for 90 min. At this point. ttu. rrWr.ture wa~ cooled and diluted with 

toluene (10.0 mL). The mixture was washed with saturated aqueoUilNaHCO,solution and 

H,O. The orgaru<:lay~r was COl\rentrated in varuo and the residue was dissolved in THF 

(10.0mL) and cooled toO •c. Ao:OH (1.13 mL, 19.9 mmol.)was added,foUowed by soditUn 

borohydride (251 mg. 6.64 mmol.) and the reaction was allowed to""'="' to 23 •c overnight. 

The mixture was partitioned between DCM and saturated aqueo115 NaHCO, solution. The 



organic layer was concentrated and silica gel chromatog<ilphy duting w11h a gradient of 5 to 

35% EtOAc in DCMaffcrd""' !he Iitle compound (1.49 g. 74%)_ LC/MS:R, ~ 1.92 min. ES• 

282 (AA st=dard)-

Stepb• ~1Sb3.3-l?i:m!!tlwJindan-1--arnine 

[01731 A solution of (2R.)-2-{[(1S)-3,3.-dimethyl-2,3-dihydro-1H-inden-1-yl]atnlno)-2-

phenylethanol (1.44 g.. 5.13 nunol) inM<!OH (40.0 mL) was added to a stirred solution of lead 

~traacctale (3.75 g.. 8.1n mmo!) in MeQH (60.0 mL) at 0 •c dropwise o;wer 20 min. After 

stirring for 4511'Un. !he reaction was quencl>ed via addition of a lll"k solullon ofNa.,CO, in 

H,, (76.0 riu.) and the mixture was sl:i:rred for 10 min. DCM (200 mL) w~ !hen added and 

the layers were sepa:rated. 1he aqueoll!llayer was exll'acted w1th DCM (50.0 mL). The 

combined organic layers were coru:l!tl.l:rated in vacuo and the residue was dissolved in EtOH 

(190. mL) and treated with a 10.4 M aqueoLIS solution of HO (5.70 mi.. 59.3 mmol). The 

resulting mixture was lha:t heated to reRux for 16 h- The cooled reaction was ccnc:enlta.led 

in vacuo alld partitioned between H,O (150. mL) and Et,O (50.0 mL). 'Ole aqueous layer was 

adjus!ed to pH 10 via addition ofNa.,CO, and extracted with E~O (3 x 50.0 mL). The 

combined organk: hyers were con=~trated in vacuo and silica gel chromatography eluting 

with a gradient of 0 1o 10'10 MeOH in DCM to afford lhe tille compound as a pale yellow oil 

(420. mg.. 51%). 1H NMR (CD,OD, 300 MHz) S: 7.34-7.14 {m,. -UI). 4-45-4.37 (m, lH), 2.38 (dd, 

] ~ 7.1, 12.4Hz.1H), 1.73 (bs,.2H), 1.60 (dd,J~ 8.7, 12.4Hz, 1H), 1.39 (s, 3H), 1.19{s, 3H) 

ppm. 

[01741 n.e title compound was prepared following lhe procedure described in 

E><ample la-e using{lS)-3,3-climelhylindan-1-amine in step c. 1HNMR(CD,OD, 400MHz) 

& 7 95 {s, tH), 7.28-7.15 (m, 4H), 5.62. (s, Ui), 5.39 (bs, 1H), 422-4..12 (m, 2H), 3.92 (bs, 11-l), 

3.88 (dd, '~ 5.5, 5.5 Hz, 1H), ::1.78 (dd, 1 ~ s.s, s.s &. lH), 2.46-2.27 (m. ::IH), 1.84-1.76 (m, 

lH), 1.39(s; 3H), 135-1.27(rn,.2H), 1.25 (s, 3H) ppm. LC/MS! R,·= 1.42min, ES" 464 (AA 

standard). 



&ample 3, 1(1R.2R.3S,4R)-4-[(6-{[(1S)-4-Chloro-2.3-dlhydro-1H-inden-l-yl!amlnol-
pylimldin-4-y!}amino]-2.3-dlhydrnxyqn:lopentyl)methylsulfa=tte 
(Compound J-24) 

(01751 nu:, Iitle compound """" prepared following the pm.:edure described in 

Exarr!ple 2a-c wlng4-d\loroindan-l-one instep a. 'HNMR(CD,OD,400 MHz) .S: 8.01 (3,. 

I H), 7.26-7.15 (m.. 4H}, 5.69 (s, lH), 5.44 (b.s..lH), 4.17 (ddd<l, J =52, 9.7, 9.7, 9.8 Hz, 2H), 3.95 

(bs, 1H}.3.88 (~ J = 5.4 Hz.. lH), 329 (~ J =5.6 Hz,1H), 3.12-3.()4 (m, lH), 288 (ddd,. T = 8.2, 

8.2; 16.4Hz, lH), 2.66-256 (on, 1H), 2.43-228 (m,.2H), t.99-1.83(m. Ul), t.3S-1.28(m,.lll) 

ppm. U::/MS:- R, = 1.08 min, ES- 470. (fA standard). 

&ample 4: ((1R.2R,35,4R)-4-[(6-l[(15)-5,6-Dilluoro-2,3--dihydro-1H-Inden-l-yl]amino]-. 
pyrimldin-4-yl)amlno]-2,3-dihydr~opcntyl)melhylsulfumare 
(Compound 1-1'7) 

[0176] nu:, title compound Wa<J prepared following the ~ure described in 

Example 2a"" I1Sing 5,6-difluortrlru:lan-1-onein step a. 'H NMR (CD,OD, 400 MHz) ll: 7.% (s, 

lH), 7.14-7.02 (m, 3H), 5.62-558 {on, lH), 5.39 (3,. IH), 5.'28 (bs, lH), 422-4.13 (m, 2H), 3.59 

(d<L J = 5.5, 5.5 Hz. 1H),3.7l! (dd,. J = 5.4, 5.4 Hz, IH), 3.0~2.91 (m, lH}, 2.8S-2.77 (m, IH), 

2.64-2.55 (m.1H),2.44-2.32 (m, 1H), 1.97-1.86 (m, lH), 1.43-1.20(m,.2H) ppm. LCfMS: R, = 

1.02 .min, ES' 472 {FA standud). 

l!xample 5: ( (l.R.2R;3S ,4R.)-4-l ( 6-(i (15)-4,7-Difluom-2,3-dihydro-lH-inden-1-y l]amino)­
pyrlmidin-4-yl)antino}-2,3-dihydro><ycyclopentyl)ntethy!suliamate 
(Compound I-6) . 

{01'17) The title ccmpound was prepared following the procedure described in 

Example 2a-cusing 4,.7-difluorolndan-1-one instep a. 
1H NMR (CD,OD, 400 MHz) ll: 7.95 (s, 

lH), 7.02.-6.86 {m, 2H), 5.62•5.50 (m, 2H), 4.23-4.12 {m, 2H),3.92 (bs, lH), 3.68 (dd, T = 5-'i, 5..5 

Jh, tll),3.78(dd,T= 5.5, s.srrz, tH), 3.1&-3.05 (m. tH), 2.95-2.85 (m, tH), 2.62-2..50 (m..lHJ, 

. 2.45-2.28 (m, 2H),2.11-200(m,1H), 1.37-1.25 (m,.1H) ppm. U::/MS'. R, = O.!Mmin, FS' 4?2 

(FA standard). 

Example 6: [ (1R,2R,3S,4R.)-4-[( 6-[! (1S)-4-Fluoro-2.3-dihyo;lro-1fl-lnden-1-yl]aminol­
pyrimldin-4-yl)amlno]-2.3-dihy~dopcnlyl)melhyl sul1amate 
(Compound l-1) 

[0178] The title compound was prepared following the proc.:dure <iescribedin 

E><arnJ>Ie 2a-c: using 4-fluoromdan-l-one m step a. 1H NMR (CD,OD, 300 MHz) ,s, 6.06 (s, 

lH); 7.29-7.17 (m, 1H),7.15-7.06 (m, 1H), 7.03-6.91 (m,.lH), 5.75 (s, 1H),5.42 (bs, lH),4.27-



4.11 (m. lH), 4.08-J-89 (m, 2H), 3.89-J.BO [m, lH), 3.16-3.02 (m, lH), 2.96-7..80 (m. lH), 2.73-

255 {m.1H),2.47-227 (m,2H), 2.06-l.B9{m,.lH),l.47-1.23 {11\.lH) ppm. LC/MS: R, ~0-94 

orin. W 4~ (FAslaruhrd). 

&ample 1: ((1R.2R,.35,4R)+([6-((1R)-2,3-Dihydro-1H-inden-l-ybmlno]pyrlmldln-4-yll-
amlno)-2,3-dihydroxycydopenlyl]methyl su!f.unat., (Compound I-8) 

[0179] The title c:ompound wag p:repared following; the procedure dest::ribed in 

Example~ using(RM-)-1-aminolru:laninstep c 1HNMR (CD,0D.400MHi) li: 7.96 (s, 

tH), 121-7.U (m,. 4H}. 5.66 (s, 11-l), 5.30 (bs, lH), 4.23-<1.13 (m, 2H), 3.95 (bs,. lH), 3.90 (dii,J ~ 

5.5, 5.5 Hz, lH), 3.80 (dd, J ~ 5.6, 5.6 Hz, lH), 3.05-294 (m,.lH), 2.92--2.81 (m,. 1H), 2.63-2.50 

(m,. lH), 2.45-2.28 (1n, 2H), 1.96-7 .eo (m, IH), 1.33-1.27 (m.. lH) ppm. LC/MS: R," 1.07 min,. 

ES' 436 (FA standard). 

Example 8: ({l.R,2R,35,4R)+[(6-(Benzylrunino)pyrimidin+yl]amlnol-2,3-
dihydn:>xycydopentyl}methyl sulfamale (Compound l-27} 

[OlSDJ '!'he title rompounil was prepared following the procedure described in 

Example 1a-e using; benzyla<nine in srep c 'H NMR (CD,OD, 300 MH:i:) 6: 7.92 (s, lH), 7.35-

7.15 (m, 5H), 5.49 (s, 1H), 4.42 (s, 2H}, 4.21-4.07 (m. 2H), 3.91 (bs, tH), 3.87 (dd, 1 = 5.2, 5.2 Hz, 

Hl),3.74 (dd, 1 = 5.5, 5.6Hz, 1H),2.39--2.19 (m,.2H}, 1.46--1.11 (m,. 11-l) ppm. LC/MS:R, ~ 1.14 

min; ES' 406 (AA sl:andard). 

&amp!~ 9: ((1R,2R.3S,4R)-+{[6-(Benzyl(methyl)amino]pyrimiilin+yl)amino)-2,3-
dlhydro:.yeyclopenlyljmethyl sulfama.te (Compound I-22} 

[0181] The title compound was prepared following the procedure described in 

Example la-e using N-melllylbenzyl amine in step c 'H NMR (CD,OD, 300 MHz) 0: 7.99 (s, 

lH), 7.34-7.14 (m, .5H}, 5.62 {s, lH), 4.75 (s, 2H), 4.23-4.(1} {m, 2H), 4.01-3.90 (In, lH), 3.87 (dd, 

J = 5.5, 5.5 Hz, lH), 3.76 (dd, 1 = 5.5, 5.5 Hz, lH), 2.99 (s, 3H), 2.42-2.25 (m,. 2H), 1.35-1.20 (lH) 

ppm. LC/MS: R, = 1.21 min. ES' m (AAsl:andarcl). 

Example 10:. l(lR.2R,35,4R)-4-((6-I[(l5)-5-Chloro-2,3,-dihydro-lH-!nden-1-ylJamlno)­
pyrimidin+yl)amino]-2.;3-dihyd:roxycydopentyl)m.elhyl sulfamate 
(Compound I-19) 

[OIBZ] The tit!~ com_poWld w-as prepared following the proreilure ciescribeil in 

&:ample 2a-c IL'rlng 5-chloroindan-1--<~n~> in step a. 'H NMR (CD,OD, 400 MH>:) l'i: 7.94 (s. 

lH), 7.34-7.18 (m, 2H), 7.18-7.12 (m,. lH), 5.62 (s, lH), 5.30 (bs, lH}, 3.88 (dd, 1- 5.5, 5.5lh, 



lH), 377 (dd,} = 5.5, 5.5 Hz, lH), 3.03-294 (m, 1H), 2.92-2.81 (rn, lH), 2.61-2.51 (m. HI), 2.42-

2..:26 (m,2H), L97-l.S4(m. HI), 1.35-1.22(m, lH) ppm. LC/MS: R, =1.44min, E5" 470. (AA 

standoul). 

Exam ple 11: [(1 R ,2R,3S,4R)-2..3-Dihydloxy-4-(( 6-[(1.5)-1,2.3,4-tetrahydronaphthalen -1-
ylamino]pyrimidin-4-yllamino)cyclopentyl.}methyl sulfam.ate (O>mpound I­
") 

[0183] The lillecompoW>d was prepa...,d following the p...,dure d=:ibcd in 

EX8Inple 1a-e using (5)-(+)-1,2,3,4-letrahydro-1-napthylamine in step c. 'H NMR {CO,OD, 

WO MHz) 8: 7.93 (s, HI), 7 X-7.'11) (m, lH), 7 .1&.7.06 {m, 3H), 5.59 (s,. 1H), 4..99 (bs, HI), 4..:23-

4..11 (m, 2H), 3.92 (bs, lH), 3.88 (dd, f = 5.5, 5.5 Hz, 1H}, 3.77 {dd, J = 5.5, 55 Hz,.lH), 2.9(1-

270 (m,.2H),2.43-2.26 (m, 2H),208-1.76(m, SH), 1.35-122 (m, 1H) ppm.. LC/MS:R, = 1.33 

min, ES+ 450. (AA standard). 

E>rample 12: 1(1R.2R,35A.R)-23-Dlhydro><y-4-[(6-{[(1S,25)-2-rnl!tho><y-2,3-dihydro-1H­
inden-1-yl]amino}pyrimidin-4-yl)amino]cydopentyl/methyl suHam.ale 
(Compound I-2) 

Slee a: 1<7:1-Butyl fOR.2SM! hydroxy-2,3-dlhydro-IH-inden-1-yl!oarbrun~l!: 

\01841 (lR;lS)-1-Aminoind;m-2-ol (Ul3 g.l23 mmol) was dissolved in DCM: (70.0 

mL) >.nd TEA (3..42 mL, 245 l1UIIol) was added. Di-terl-l>utyldicarbonate (2.81 g,.12.9 mmol) 

was added and the reaclian mixture was slirrnd for 5 h.. The solution was amcentrated in 

vacuo and purified via silica gel chromatography eluting with a gradient o! 0 to 100% ElOAo 

ill. he>Gmi!S to afford the title compoWld (3.12 g.. 100%). LC!MS: R, = 1..55 min, FS" 250.. (AA 

. standud). 

5tepb: tert-Jlulyi!CIR,2SJ-.2-methcv-?.3=dihydro-Uf-inden-l yl!carbamale 

[0165] A mixture o! /erl-butyl [(1R,2SJ-2-hydroxy-2~ lH-lllden+yl]-

<2rbamale (6f!O. mg. 2.73 mmol), DMF (21.1), barium rnon<Uide (5.02 g. 32.7 nunol), barium 

hydroxide (2.80 g.. 16.4 mmol) and iodomelhane (1.70 mL. '2'7 .3 nunol) was slined ovemight. 

LC/MS showed no slarli:Qg material. The reaction was quendled via addition of a satmated 

:;olutio:n of NaHCO, and was extracted wllh DCM.. The organi~ layer was washed with H,O 

(3x), dried over sodium sulfate and concentrated in vacuo. The residue was purified ,.;a 

silica gel cllromatography eluting wilh a gradient of 0 to SO% EIOAc in hexanes to afford the 

title compound (178mg,. 25%). LC/MS<R, = 1.24 mln, ES'2M (AA standard). 

" 
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''"'" To tut-butyl {(1R,2S)-2-melhoxy-2,.3-dihydro-1H-inden-l-yl}cn-bamate {253 

mg. 0.961 rnmol) wag added a 4.00 M solution of HO in 1,4-diO><P.r;le (5.00 mL) and the 

mixture was stirred for 10 min, after which a white solid croshed out. The o;uspension was 

o:mcenttated in ""CUD aru1 co-evapoJllted with toluene !Q afford a white solid, whilh WilS 

dissolved in H,O. The solution was adJusted to pH 10. via addition of Na,CO,. Thi! mb:;ture 

was then extractru with Et,O (31< 30 mi.) and the organle extracts were cono..,.trated in 

vacuo to afford the till~ compound (150. mg. 99%). LC/MS: R,_ = 0.85 min,. ES' 164 {AA 

standard). 

Stgp d: IC1R.2R.3SARJ 2.H)Ihydmxy+fC6-f(f1R.25l-2-nwthmy-2.3-dlbydro-l ff-inden-1-
yllamlnp!pvrimidin±yii!!J!!inolcyclonenLyllmelhyl sulfrurn,\e /Compound I-2\ 

[01871 The Iitle oompound was prep~ed following the ~ure described in 

Ewnple 2a-c using (1JUS)-2-meth0%)'indan-1-ar:nine in step a. 'H NMR (CD,OD, 400 MHz) 

& 7.97 (s, lH), 7.28-7.10 (m,. 4H), 5.36 (bs. lH}, 4.21-4.10 (m,. 3Hp.93 (bs, tH), 3.86 (t J = 5.4 

Hz.. lH), 3.77 (t,.f = 5.6 Hz, lH), 3.32 (a, 3H), 3.12-2.95 (m,. 2H), '2..44-2.26 (m,. 2H), 1.36-1.25 (m,. 

UI) PJ>lTL LC/M£ R,_ = 0.94 min, ES' 466 (FA standard). 

&ample 13: !(1R,2R,35,4R)-4-{[6-{(Cydohexylmethyl)amin<>]pytlm1din-4-yl);unino)-2,3-
dihy~cydopentyllme!J1yl sulfarnate (Compound 1-14) 

(0168] 'The tll:le compound was pn:p;ued foll<>Wing the procedure de:scribcd ill 

Example ta-e using cydohexanemethy~ instep c. 'H NMR (CD pD. 400 MH:z) .S: 8.08 

(s. lH), 5.69 (s.lH), 42Z-4-l3 (m,. 2H), 4.00 (bs, 1H), 3.89 (dd,. J"" 5.2, 5.2 Hz, lH), 3.82 (dd, 1 = 

6.2, 6.5 Ho:, lH), 3.18-J.O'/ (m, 2H), 2.42-2.29 (m,. 2H), UG-153 (m, 7H), 1.44-1.14 (m. SH), 

1.0'1-0.92 (m, 2H) ppm. LC/MS: R, = 1.31 min, !:% 414 (AA standard.). 

I!::ciUllple U: [(lR,2R.lS,4R)-2,3-Dihydmx:t-4-(j2-[(3-methyl-2,3-d!hydro-1H-inden-1-yl)­
amlno]pyrimidin-4-yl)amino)cyclopentyl)methyl sulfama.le (Compound I-10) 

Step a: 3-Methylind•n-1-one pxjmc 

(0169] To· a solution of 3-methylinillin-1-one (221 mg. 1-5trrun6J) and 

hydmxytamiru: hydrochloride (295 mg. 4.25 rnmol) in MeOH (4.00 mL) was added a 

~olution ofNaOH (200 mg. 5.00 mmol) in H,O (2.00 mL) and the Jltixture was stitred at 80 'C 

lor 2 0. The cooled reaction. was =l:rated ;n varuo to rent(WC most of the MeOH, and 

lhe residue wa.s pilltitioned. between. DCM aru:l H,O. The Organic: layer was concentrated In 



vacuo to afford !he tille oompound as a waxy solid (23~ mg. 95%), LC/M5: R, ~ 1.51 min. 

ES•lli2 (Ail. slando:rd). 

(00:90) A mixture of].-mclhylindan-1-ono OJ!ime (223mg, 1.38 mmol) and 10%' 

palladium on ca<bon (14_7 mg. 50% wate~-wet) in MeOH (5,00 ml.) was stirred uilder an 

atmoophea: of hydmgcn overnight. Tile mixtu<e was then filll!<W through celite, w;tShcd 

through with MeOH and !he combined filtrates we<e ~ilcd in varuo to afford the 

title compound (19Smg. 96%). 'H NMR (COCI,. 300 MHz) & ?.39-7.14 (m. 4H), 4.26 (dd.J = 

7.2. 9.4Hz,. 1H), J.13-2.96 (m, lH}, 2.71 (ddd..l = 6.9, 6.9, u.s Hz,. lH), 1.75 (bs, 2Hl, 1.35 (d.. I 

""'6.6 Hz,. 3H), U5 (ddd,J = 9.9, 9.9, ll.7 Hz,.lH} ppm. 

lixample la-e uslng2,4-didlloropyrnnidine in sl<!p a and :J..metl>ylindan-1--amlnein stq> c. 

'H NMR (CD,OD, 300 MHz) 5: :7.65-7.36 (to, lH), 7.34-7.04 (m.5H), 6..23-5.99 (m.. IH), 5.62 

(bs, lJI), 4.53-4.36 (m. lH), 4.22-4.17;1 (m, 2H),3.94-3.Sl (m. 2H),3.25-3.08 (rn, 1H), 2-94-2.76 

(m.., 1H), 1.66-1.44 (m..lH), U4-1.20 {m,. 6H) ppm_ LC/MS; R, = U9 min,. ES'" 450. (AA 

srutdard}. 

E=npl" ts: I (1R.2R.3S ,4RJ-H 12-11 (15)-3 ,3-Dlme!hy l-2,3-dihydro-lH-indcn-1-yl]ambu>l­
pyrimidln-4-yl}Mnl.no]-2,3-dihyd~<>pcnlyl]melhyl sulfamate 
(Comp>und 1-15) 

. 101921 The title ccntpound was prepared foUowiog the pto<:edu.re d""""b!d In 

E>uttnpl.e la-e using 2,4-dichloropytimldine instep a arul (15)-3.3-<llrne:lhylindan-1-aminc In 

step c. 'H NMR (CD,OD, ~00 MHz) & 8.47 (s, 1H), 7-59 (s, tH), 7.32-7.17 (rn..4H), 6.06 (bs., 

1H), 5.64 (bs, 1H), 4.36 (bs. I H).. 4.21-4.09 (m. 2H), 3.91-3.81 (m, 2H).2.41" {dd, 1 = 7.3, 12.4 Hz, 

IH), 2.41-2.23 (m, 2H], 1.91 {bs, lH), I-'ll (s,SH), l.lfi (s, 3H), 0.99-M!I (rn, 1H) pptn. 

LCJMS: R, ~ 1.24 min. ES"" 4&1 (AA standard). 

hunple 16: [(1R,lR,3S,4R)-4-((2•[(Cyclohexylmetl>yl]amlno]pyrbnidin-4-yllamlno}-2,3-
dlhydtoxycyclopentyl]melhyl sulfamate (Compound I-4) 

(0193] The title contpolllld was prepaa:d follOWing the procedure d=lbed in 

E><ample la-e using ~{lropyrimidine Instep a and cydohexanemelhylamine in step <:. 



'H NMR (CD~OD, 400 !vii-h) 5: 7.50 (d, J "' 7.3 Hz.. 1H), 6.04 (d, J = 7.1 Hz, I H), 4.42 (dd.. I= 
7 ..9, 13.8 Hz.. lH), 4.22-1.43 (ll\. 2li), 3.93-9.85 (m,. 2H), 3.68 (S.. lH), 2.46-2.28 (m,. 2H}, 1.84-1.55 

(m. 7H), 1.37-1.13 (m,.SH), 1.07..0.93 (m,.2H) ppm. LC/MS: R, = 1.11 min, ES' 416 (AA 

standard). 

Example 17: ((1R,2R,3SAR}4-(l2-[Benzyl(melhyl)amino]pyrimidin-4-yllamino)-2..3-
<lihydroxycyclopentyl]methyl sullamate {Compound 1-20) 

[0194] The Iitle compound was prepared following the procedure described in 

Example 1a--e llSing 2,4-dkhloropyrimidine in step a and N-m<rthylbenzyl amine in step c. 
1H NMR (CD,OD, 400 MHz) 5: 7 59 (d, 1 = 6.8 Hz,. 1H), 7.311-7.25 {m.. SH), 6.14 (d, 1 = 6.6 Hz, 

lli), 5..03-4.95 (m,. I H), 4.37 (b9. 1H), 4.14 (d,J = 4.6 Hz, 2H), 3.S9-3.85 (m, 2H), 3.68 (s, 2H), 

3.15 (s,JH),:Z..86 (s, 1H),2.35-2.22(m,. 2lij, 1.28 (bs, lH) ppm. LC/MS: R,_ -1.16min, ES' 424 

(AA standard). 

Example lB: ((1R,2R,35,4R)+II2-(l}emylamlno)pyrimidin-4-yl]amlno)-2,3-
dihydro><yeyclopenlyl)methyl sulfamate (Compound l-7) 

[0195] The title compound was prepared following the procedure described in 

&ample la-e using 2,4-dichlompyrimidine in step a and beneyi=Une In step e. 'H NMR 

(CD,OD, 400MHz) 5:7.58 (d,J =5.4 Hz, 1H), 7.36-7.26 (m, 4H),l'.24-7.19 (m, lH), 5.90 (d,.J = · 

6.3 Hz, IH), 4.63-4.47 (m,. 2H}, 4.26 (bs, 1H), 4.111-4.07 (m, 2H), 3.86 (dd, 1 = 5.3, 5.3 Hz, lH), 

3.80 (dd,1=5..9,6.3 Hz, 1H),.2..34-2.19 (m,2H}, 1.31-1.14{m,.1H) ppm. t.c/li.!!S:R, = 1.07 

mln,E>' 410. (AA standard). 

&ample 19: [(JR,2R,3S,4R}-4-(16-((1S)-2,3-Dihydro-1H-inden-1-ylarnlno]-2-
mcthylpyrimidin-4-yl)amlno}-2,J..dlhydroxycydopentyl]methyl sulforna.te 
and ({lR.2R,3S,4R}-4-[{6-ami:no-2-melhylpyrimidin-4-yl)amino]-2,3-
dihydroKycyclopenlyl)methyl sulfamale (Compounds l-18 and 1-13) 

[0196] The title c:omp<nmds were prepared following the procedure described in 

Example la--e using 4.6-dlchlow-2-methylpyrimidine in step a and {5)-(+}-1-aminoindal"l in 

step c. Analytical data I<>< [(1R,2R,35,4R)-4-((6-((1S)-2,3-dihydro-1H-inden-1-ylamlnoJ-2-

melhylpyrimidin-4-yl]amino}-2,3-dihydrorycyclopenlyl]methj-l sulfamate (Comp<>u.nd J-

' 18): HNMR(CD,QD, 400 MHz)O: 7.31·1.14 (m,4H), 5.54 (s, lH), 5.29 (bs, lH), 4.22-4.11 (m,. 

2H),3.92 (bs, lH), 3.90 (dd,1 =5..2,5.2 Hz, 1H),J.78 (dd,1 =5.7, 5.7Hz, IH},3.06-296 (m,. 

UI),2.93-2..B2 {m, lH), 263-2-SZ {m, 1H), 2.40-2.31 (m,2H), 2.29 (s..:m), 1.98-1.85 {m, 2H), 

1.43-1.24 (m. 2H) ppm. LC/MS: :R, = 1.29 min, FS' 450. {AA standard). Analytical data 



forl(1R;ZR.3SA.R)-4-[(6-amin,_.2-methylpyrimidin-4-yl)amino]-2.3-dihydroxyqdopentyl]­

nmthyl sulfama.te (Compound I-13): 1H NMR (CD,OD, 400Mllz) & 7.45 (s, lH), 5.49 (8, lli), 

4..25-4.11 (:m. 2H), 3.95 (bs, lH), 3.92 (dd, J ~ 5.3, 5.8 Hz_ lH), 3.78 (dd,J ~ 5.8, S.S H>:, Ul), 

2$ (s, lH), 2.~1 (m,. lH), 227 (s, 3H}, 1.45-1.24 (m, lH) ppm. LC/MS; R, = 0.76 min, ES• 

334 (AAstandard). 

Example 211: ((1R,2R,.35A.R}4-([6-(Beney-Jamino)-2-melhylpyrintidin-4-yl}amlno]-2.3-
dihydroxycydopentyl}methyl sulfamate (Compound I-30) 

(0197] The title compound was prepared following the procedure desaibed in 

Example la-e Uliing 2,4-dichloropyrimidlne in step a and benzylamlne in step c. 
1
H NMR 

(CD,OO, 300 Mliz) 5: 7.41-7.31 (m,. 4H), 7.31-7.22 (m, lH), 5.55 (!;, lH), 4..52 (9,. 2H),421-4.09 

(m, 2H), 3.87 (dd, I= 4.9,4.9 Hz, 1H),3.79 (dd, J ~ 5.9,6.8 Hz, 1H),2.42 (s, 3H), 2.37-2.21 (m, 

2Hp.41-1.21 (m,. 'lll)ppm. LC/MS: R, =1.16mill, ES" 424(AA standard). 

Eom.ple 21: {{1R,25,4R}--4-(16-[(1S)-2,3-Dihydro-IH-inden-t-ylarnino]pyrtmidin+yl]-
amino)-2-hydmxycydopentyl]methyl sulfanta.te (Compo<md I-25) 

Step a: f15.2JMR}±rf6-.Ch!orooyrim!din-+yllamino]-2-fuydrni<Jl!!lelby!)cydOJ>entanOl 

[0198] To a neal mixt-ure of (1S,2RAR)--4-atnino-2-(hydro;<ym1!thyl)cyclopentanol 

(3.00 g. 22.9 mmol) and 4,6--dichloropyrimldlne (3.70 g, 24.8 mmol) was added isopropyl 

alcohol (30.0 mL) and Et,N (8.00 mL,57.4 mmoi) and the resulting mixture was heated to 9ll 

"C for 1 h. The rnlxtu:re "'"" lhen <>Doled lo 23 '"C flltered and cmt<:erltraled in vaeuo. Th<> 

residue was purtfied via silica. gel chromatography eluting wilh a gradient of 5 to 7% MeOH 

in DCM,. and the compOIIrld was tec:ryslall!yd from EtOAc Jo afford the title compound as a 

~hi!esolid (3.30 g,59%). LC/MS: R,_ =0.84 min,ES' 244 (AAstandard). 

Stgpb• flS ?8AID:+Il6-l!lSl-2,3-T?ihydm:Jff-inden-l-)'lamjno]V)'rimid[n+YJiaminol-2-
!hydro><ymethyllcyc!D_pen@nOI 

[0199] A mixture of (1S,2R,4R}-4-[(6-ddoropyrimidin--4--yl)amlno]-2-

(hydroxymethyl)cydopentanol (500. mg.. 2.05 mmol), 1-butanol (4.00 mL) and (S)-( +}-1-

amlnOU.dan (0.806 mL. 6.16 mmol) was healed 1<>200 •c for 90 min in a sealed tube using 

MWI. The mh:ttrre was """""'nlrat..d in vacuo and purified via silica gel clu-om.alograp-.y 

eluting with a gradient of 5 Jo 25% MeOH in DCM I<> affrn:d the title compound as an 

amorphous solid (513mg, '73%). LC/MS: R,_'"' 1.20 mln,.ES" 341 (AA standard). 

'" 



• 

Step c: tm-Butrl (ch!orosulfonyllcarbamate 

(0200] To a slirted solution of chlorosulfonyl isocyana.ll! {320 mL, 36.0 mmol) in 

benzene (15.0 mL) in a water bath at 23 'C was added lert-butyl alcohol (3.50 mL, 36.2 mmol) 

dropwise via syringe under an atmosphere of nitrogen. After 2 h, the mi>oture was diluled 

wilh he.um:5 (30.0 mL) and the resulting while precipitate was fiJtemd and washed with 

he><aru:s (3 x 20 mL). The rollected solid was dried. in a varuwn desi<=tor under house 

vacuum for lll min to afford lhe title ciJIIlpound as a white solid (S.OS g. 65'l'o). The product 

was stored under nitrogen In a free:t.,r. 1H NMR (300 MHz, CDC:Iy li): 8.44 (hs, ll-1), 1.57 {s, 

9H) ppm_ LC/MS; R, "' 0.939 min, ES'" 215 (AA standard). Reference: F. Hirayama et al, 

BIDrg. MM. Chem-, 2002,10, 15()9-1523. 

Stgp d· leri-Butyl ([[(1R2SARJ-+C!6-[(!Sl-2.3-sJihydrp-lH-inden-1 ybminoWyrlmldln+ 
yl!amjnol-2-bydroxycyclgprntvlhnelh<nylsulfonyJlcarbarnal!: 

(0201) A neal mixture of (lS,2R,4R}-4-{[6-[(IS)-2,3-dihydro-lH-inden-l-

ylamlno)pyrimldln-4-yiJamlno}-2-{hydroxymethyl)qclopenlan01 (100. mg.. 0294-mmol) and 

2,6-di-lot-butyl-4-mcthylpyridine (181 mg.. 0.881 mmol) was dissolved li\ACN (5.00 mL) 

before ter1-bulyl (o:hlorosulfanyl)<:arbamate (95.0 mg. 0.441 mmol, as prepared in &:ample 

2lc) was added. The reaction was stirred for 2 h before being quenched via addition of 

McOH (2 mL). The resulting mixture was concentnlted in vacuo and purified l'iB silica ge1 

chromatography eluting with a gradient of 10 to 2D% MeOH in DCM to afford the title 

oompoWJd "" an amorphDus solid (50.0 m&- 33%). LC/MS: R,_ c 1.24 min.. FS' 520. (AA 

standard). 

'""" To a soluti= of "'rt-butyl (![(1R,.25,4R.)4([6-[(1S)-2,3-dih.ydro-1H-Inden-1-

ylamino]pyrtm.ldin-4-yllamino)-2-hydroxycyclopentyl]methoxy)sulfonylprbamate (50.0 

mg, 0.0962mmol) In lJO,if (2.00 mL) wall added trifluoroaceticadd (0500 mL, 6.49 rnmol), 

and the ml><ture was stltred for 30 min. Tile mixture was =en!rared in vacuo and the 

residue was purified via ~llica g..t chmma.togra.phy eluting with 10% MeOH in JX;M, and 

the prodU<:t was dissolved In MeOH and treated with sDlid NaHCO,. The suspension was 

filtered and the filtnlte was purified via siJ..Ica gel chromatography eluting with 10% 

MeOH/DCM to afford the title compound as an amo:phous solid (12.0 mg.. 30%). 'H NMR 

(CD,OD, 400 MHz) 6: 7.94 [s, UI), 7.29-7.12 (m, 4H), 553 (s, lH), 5.32 (bs, lH), 4.23--II.OS (rn, 

" 



4H), 3.06-2.96 (m, lH), 293-282 (m. 1H), 261-2.50 (m, lH), 245-2.34 (m,lH), 2.26.-2.15 (m, 

lH), 2.()8...1.98 (m, 111), 195-1.78 (m,2H),1.37-1.25 {m,2H) ppm. LC/MS: R,= 1.29min, fS' 

420. (AA standard). 

Example 2.2: ((1JUR,35,4R)-2.3-Dihydrm<y-4-[{ll-phenyl-9H-puriii-6-yl)anUno]cydopentyl!-
methy! su!furnate (Crunpound I-9) 

(0203] The tit[eCOlllpound was pll!pared following the procedure described in 

El<arnple la-b, lhen1d-e using 6-chlo<0<6-phenyl-9H-purine in step ~. 'H NMR (DMSO-d6, 

400 MHz) .S: 13.4 (s, 1H), 8.28-S.10 (m, 4H), 7.76-7.64 (m, 1H), 7.58-7 ..W (m, 7H), 4.69-4.75 (m, 

lll), 4.704.59 (m, lR), 4-59-4.50 (m. 1H), 4.15-4.07 (tn, 2H), 4.06-3.99 (m, 1H), 3.91 (b:s, Ui), 

3.80-3.74 (m, 2H), 3.17 (d.-1 = 5.2 Hz; lH), 2.34-215 (m, 3H). 1.37-1.21 (m, 2H) ppm. LC/MS: 

R, = 1-14min. ES' 421 (AA sliuldard). 

&ample 23: [(1R,2R.35,4R)-2,3-Dihyd.roxy-4-(9H·purin-6-ylamino)cyclcperuyl]melhyl 
sullamate {Compound 1-3) 

Step'" f(3aR,4R,6R.OaS!+AmJno-2.2-dimelhyltetrahy4ro-3aH-.;ycl!wentard)rt.31djrum!-
4-y.!lmethanol 

[02041 The Iitle C<lmpound was prepared following the pmcedure desaibed ln 

&ample lb using {IR,.2S,.3R,5R)-3-amino-5-(hydroxymethyl)cyclopentane-l,2-dlol 

hydrochloride. 'H NMR (CDC!,. 300 MHz) li: 4.76 (d, I= s.s fh.. lHJ, 4.20 {d, I= 4.8 Hz. tH), 

3.70 (dd,J :3.9, 11.3 Hz, 1H),3.56-3.47 (m,2H),3.05 (bs, 2H),253-2.35 {m,2H), 1.41 {s, 3H), 

1.33-1.21 {m. SH) ppm. 

[0205] The title compound was prepared following the proc.:dure desaibed in 

Example 1a using [(3alVIR.6R)ioaS)-6-amino.2.2-dimelhyltetnllydro-3aH­

cyclopenta[dJ(I.3]dioxol-4-yl]met!W.o.l. LC/MS: R, = 1.39 min. ES' 306 (AA standard). 

StepG 

[0206] 

rtlR.2R.3SAR}2.3-Djbydraxy-4-f9ff·purjn-6-ylamlnolcyrlopentylJmrtbyl 
sulfama.te (Comoound I-3} 

A suspension of [(3aR,4R,6R,6aS)-2,2-dirnethyi-6-(9H-purin-6-

ylamlno)tetrahydro-3aH-cydopentald){l.3]dloxol-4-yl]metltanol (2!1!1 mg. 0.943 mrnol) :utd 

Et,N (0.400 mL, 2.87 mmo!) in OCM (5.00 mL) was woled to 0 "C. A 2.00 M: 5olution of 

chlorosulfonam.lde in ACN (OH4 mL.. 1.!18 mmol, as prepared in &ample ld) -was added 

drapwise, and DMF (1.50 mL) was added to bring the rn!xtun;, into solution. The solution 

'"" 



W1<S allowed lo wann to 23 "C and Wa!l stir're!l for 5 h before being oona>nlrated in vacuo to 

dryness. The crude mixture wag trcated with a UKJ Msolution of HO in H,O (5.00 1%11.. 5.00 

mmol) and stirred for 10 min.. The mh<ture was oon"'ntrated to dryness and purified via 

reverse phase Cl8 preparative HPLC eluting with a gzadicnt of 0 to 40% of O.l'l'o FA/95% 

ACN/5%H,_O in 0.1% FA/99% H20/l'l'o ACN" ave; 16min to afford the title compound 

(95.0 mg. 29%). 'H NMR {DMSO-d6, 400 MID:) 5: 12.9 (bs, lH), 8.25-8.01 (m, 2H), 7.68-7.29 

(m,. 3H), 5.12-4.30 (m,. aH), 4.10 (dd... 1"" 511, 9.6 Hz.. 111), 4.01 (dd.. J = 7.0, 9.6 Hz, lH), 3.85 

(dd, J ~ 5.6.. 5.5, UI), 3.75 (dd, J = 5.2, 5.2 Hz, 1H), 2.35-2.13 (m,. 2H), 1.33-1.19 (m, lH) ppm.. 

LC/MS: R, = 1.02 min, ES" 345 (AA standard). 

Eninpl~ 24: [{15,.2S,4R)4([6-{(15)-2,3-Dihydro-1H-Inden-1-ylamino]pyrim.idJn.4.yll­
amino)-2-hydmxycydopentyllmethyl sulfamate (Compound I-5) 

S!!:p a: 11R2R.3$.5SJ 3-!Hydroxymethyl).§.oxablcyclo[3.1.0lhe!@n-2-gl 

"'""' (15,55)-5-{Hydr<»:ym<!thyl)<yclopent-2-en-1-ol (3.19 g.. X7 .9 mmol) was 

dissolved in OQI.o1 (143 mL) and the sol11tion was rooled toO "C.. 3-Chl.oroperbem:olc add 

(7 .52 g. 33.5 mrnol) was added and the mixture was stirred at 23 "C. for 4 h. TI.C Indicated 

complete conversion. Silica gel (20 g) was added., the mixture was conamlrated to dlyness 

and was purified via silica gel chromatography eluting with a gradient of 0 to 100% EtOAc 

in DOd toaffOid lhe titlewmpowui (2.75g.. 75%). 'HNMR.(CDCI,. 300MH:z) 8: 458 (d../= 

8.1 Hz, 1H), 3.69 (s, 1H), 3.68 (a, lH), 3.60 (s, 1H),352 (s, 1H), 2.47-2.40 (m,. lH), 2.14 (ddd, 1 = 

t.S, 10.2,. 15.3 Hz. lH), 2.01 (dd,J = 1.5, 15.3 & 111),1.62 (bs, 2H) ppm. LC/MS;R,"' 0.37 

rrUn, FS" 131 (AA slandard). 

(0209] (1R.2R.3S,5S)-3-(Hydroxymethyl)-6-=tbicyclo!3..l.O]hel<an-2-ol (3.65 g.. 21.0 

mol) was dissolved In DCM (121 mL) and !he solution was cooled to 0 •c 1-

(Dimelhoxymethyl)-4-methoxybenzene: (10.7 mL. 63.1 mmol) was added followed by 

pyridiniwn p-toluenesulfon.a.te (530. mg.. 2.11 mmol). The mixture was stirred at 23 •c 

ovemig.ht. TLC indicated complete conversion. The reaction rniJ<ture was conoen!rated in 

vacuo and the residue was purified via silica gel chromatography el11ting with a gradient of 

0 to SO% EtOM inhexanes 10 afford the title compound (<l.lO g.. ?8%). 1H NMR (CDCJ, 400 

Mlh) 0: 7.44 (d, J"' 8..8 Hz, 2H), 6.69 (d, T"' 811Hz, 2H), 5.93 (llL s), 4.SB (d. J "' 9.4 Hz, 1H), 

4.05 (s, 111), 4.03 (s, 1H), 3.80 (s,3H), 3.71 (d,J ,2.4 Hz,IH),3.Sl (d../= 2.4 Hz, IH), 2.50-2.48 
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(m,. IH), 1.87 (ddd, J" 1.6, a.o, 14.0 Hz, IH), 1.'77 (d, J = u.B H:z, 1H) ppm. LC/MS: R,"' 1.68 

rnJn, ES. 2<19 (AA standard). 

[0209] To a. I>eatml><twe of (IaS,lbR_5aS,6<05)-3-(4-methO><yphenyl)-

he>:ahyclrooilienoj4,5]cydopenlajL2-d][1,3]d.ioxine (600. mg. 2.42 IrunOI), phlhalimide (1.07 

g. '7.25 rrunol) and phlhallmide potassium salt {1..34 g. '7.25 rrunol) was added DMS0 (15.0 

mL) and the lni><ture was stirred at 120 "C for 18 h. The mixture W.19 coru:enlrnted In vacuo. 

trealed wilh H,O and exl:r;)cted with EtOAc. The orga.nlc layer was drled over MgSO., 

f"llten.<J and <:Ona!ntrated 1n vacuo. The rE&Icl.ue was purified via ~ea. g<!l chromatography 

eluting with a. gradient of 0 10 15% EtOAc in DCM to afford lhe Iitle cxnpoW>d M a white 

solid (602 ffiS. 63%). LC/MS: R, "" 1.681nin,. ES• 3% (AA standard). 

(0210) To a stim!d wlution of2-[(4aS,6R,7S,7aR)-'l-hydta>:y-2-(4-methoryphenyl}-

hl=hydrocyclopentajd](l,3jdioxin.O..yi}-1H-isoindote-1,3(2H)..:Iioile (1.26 g. 3.19 rnmol) in 

DCM {150. mL) was added DMAP (1.17 g. 9.54 mmol) and phenyl chlo<Othionoformate 

(0.661 mL, 4.'78 mmol) W\der an atmosphere of argon. After 2 h.. the mixture was 

ron=~traled in vacuo and the ~due was purified vi.a silma gcl chromatography eluting 

with a. gradient of 0 to 5% EtOA.c in DCM to a.ffim:l the IItle compound as a white 

amorphoussolld (1.64- g. 9'7%). LC!MS:R, "'2.21 nUn, ES' 532. (AAstandan:l). 

Steo e:: 2-ff4aS.6R,Za5l-2:{4-Mptlwxypbenyl\hexahydrgcyclop<ml3fdl[1:3Jdioxln-6-yJl-1H­
j<;QindoJe..13f2Hl-<iiOIIe 

(02111 To a solution of 0.[( 4aS ,6R,'lS,7a.R)-5-(1,3-dio>:a-1,3-dihydro-2H -lsofndol-2-

yl}-2-(4-methoxyphe:nyl)hexahyclrocyclopentl!d]!l,3]dioxin·7-yl] 0-phenyllhloc:arbonale 

(56.9 mg. 0.107 rnmol) In toluene (4.00mL)wM added lris(trlrnethyls:ilyl)silanc (0.0700 lnL, 

0.2:1.7 mrnol). Air (2.00mL) was bubbled through fl1<, solution and a l.OOMsolutionof 

triethylbonme in hexane (0.0320 mL, O.ooio mmol) WM added and the rcaotlon was stirred 

for 2 h. More tris(trimethylsilyl)stlane (0.0700 mL, 0.227 mmol) and l.OCI M t:ricthyll><>rane in 

hexane (0.0300 mL, 0.0300 mmol) were added, and the mixture was stirred another 6 h. The 

rnlxture was then concentra"'<! in vacuo and the residue was purified via silica gel 
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chromatography eluting with a g.:adient of 0 to 2.[)%. ElOAc in OCM to a1fonl the tiUe 

oompound (16.9 mg.. 42%). LC/MS: R,_"' 2..ffi min,. ES" 380. (AA s!and.ud). 

sw 1: 14aS.6R.7aSI-2-f4-Me!hrurypbenyllhgxahydmcydQgeOiafd!!1.3Jdioxin-6-amlne 

'""' A mixture of2.·!(4a5,6R,7a5)·2.·(4-ull!lhoxyphenyl)-

hexahydrocyclopenta!d]!I,3]dioxln-6-yi]·IH-Isoindo\e-1,3[2.H)-dione (390. mg. 1.(13 mmol), 

ElOH (113 m.L) and hydrazine (0.0362 mL, 1.13 mmol) was stirred at 90 "C for 18 h.. The 

resulting mix!Ure was purified via silica gel chromatography eluting with a gradient of 10 to 

50% McOH in DCM. LC(MS: R, ~·1.08 m.ln, ES" 2.50. (AA stmdard). 

'""'' A sealed tub!! containing (4a5,6R.7aS}-2-(4-Il\ethoxyphenyl)-

hexahydrocydopentald]{I.3]dioJ<in.-6-amine (12.0. mg, 0.481 mnwl), 4,&-dichloropyrlmldlne 

(143 mg.. 0.963 mmol), DIPEA (0.092.0 mL.- 0.5"Z6 uunol) and EIOH (30.0 mL) was healed 1<:1 

110 •c for 20 h. The .:ooled..mlldure was roncenltated in vacuo and the residue was purified 

via slliu gel chromatogtaphy eluting with a g:ri'dientof 0 to 5% MeOH in DCM (121). mg. 

69%). LC/MS.: .R, = 1.74 min,. ES• 362 (AA standard). 

Ste:p h: 11S.25.4Rl-4-[(6-Cltloropyrimidin-4--yllamlno]-2.·froo:!rmpru:J:hylkydopenl3nol 

[0214) A neat rni><tum of &chloro-N-[(4a5,6R,7aS}-2·(4-melhoxyphenyl)-

heKahydmcydoperua[dJ!I,3]dioxin-6-yl]pyrimidin-4-3mine (121). mg. 0.332. mmol) and {S}­

(+ )-1-aminoindan {0.170 mL,. 1.33 mmol) was heated It> 1811 "C fen: 6 h In a ~aled tube using 

MWI. The .reaction was purified via silica gcl chromatogtaphy eluting with a gradient ol 0 

to 15% McOtlin DCM to alford the title compound (33.1 mg.41%). LC/MS: R, "'0.91Jmin, 

ES' 244 (M standard). 

Step I· 115.2S . .Wl-4-/l6-fl1S}-2.3-Dihydro-1H-indm-1-ylamlno]pys:imjdin-4-y11amincM-
lhydraxyme]hyhsydgpenJanol 

'""" A ml:<ture of (1S,2S,4R)-4-f(6-dtloropyrlmidin-4-yl)amino]-2-

(hydro>:;ymethyl)cydopentano! (33.1 mg. 0.136 mmol}, 6-chloro-N-!(4aS,6R,7aS)-2.·(4-

methoxyphenyl)hexahydmcyclopenta[d][1,3]dioxin-6-yl]pyrimidin-4-amirte {81.6 mg.. 0.22.6 

mmol), (5}-(+)·1-arninoindan (0.222 mL,1.73 nunol) and 1-bulanol (l.OilmL) was heated to 

180 "C for 6 h in a sealed tube uslns MWL 'Ihe mact.ion was purified via silica gel 
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chromatography eluting with a gradient of 0 to 15% MeOH In DCM to afford lhe title 

rompound (77 .8 mg. 63%). LC/MS: R, ~ 1.29 min. ES' 341 (AA standard). 

,, 

(0216] 'l'1te liUe compound W8!1 prepared follmring the peo<'edure desaibed in 

~ 21d-e using {1S,2S,4R}4{(6-[(1S}-2,3--dlh ydro-1H..Jnden-1-ylamino)pyrlm;din-4-yl)­

amino)-2-(hydro><ymelhyl)cyclopenlanol and 'JHF in step d. 'H NMR (CD,OD, 400 Mlk) 6; 

7.94 (B, Ul), 7..38-7-12 (m, 5H), S.Sl (s, 1H),5.32 {bs, 1!1), 4.37-4.32 (m,.lH), 4.29 (dd, T = 7.7, 

9.7 l-h, lH), 4.27-4-18 (m,. lH), 4.12 (del,. 1 = 7 .3, 9.7 Hz. 111), 3.05-2.96 (m,.lii), 2.93-2.82 (m. 

1H),2.60-2.51 (m, lH), 251-2.42(m, lH), 221 (ddd,J = 1.8. 7.6, 13.9 Hz. 1H), 2.D4-1.85 (m,. 

2H), 1.61 (ddd,J~49,7.1, 13.8 Hz, 111), 1.74-].64 (m, Ui), IM (s, lH} ppm. LC/MS: R, = 

1..)8 min, ES' 420. (AA standatd). 

Example 25: [(1S~,3SAR}-4-([6-[(1S)-2,3-Dihydro-lH-Inden-1-ylamJno]pyrimidin-4-yl[-

amlno)-2,3-dihydroxycyclopentyl]methyl sullamate (Compound 1-11) 

(0:217] The ll.lle compound was prepill>!d following the procedure described In 

Example 24 steps a-c, followed by steps f-g. and finally steps i-j. 
1
H NMR (CD,OD, .'100 

MHz) li: 7.94 (s, 1H), 7 30-7.11 (m, 4H), 5.60 (s,lH), 5-30 (bs, lli), 4.32 (dd,./ = 7.9, 9.4 Hz, 

lH), 4.14-3.96 {m, JH), 3.89 (del,. 1 = 3.8, 7.7 Hz. 111), 3.0S-2.95 (m,lH), 2.87 (ddd, 1 =lUI, 8.0. 

15.8 H2, 1H), 2.62-244 (m, 2H}-, 2-15-2.01 (m,. lH), 1.96-1.81 (m, 111), 1·.70-1.57 (m,. 1H) ppm. 

LC/MS: R,"' 1.32 min, ES• 436 (AA standard). 

Enmple 26! [(1R,2R,3S,4R)-4-((4-!{IS}-2,3-Dihydro-1H-iru:len-l-ylamino)-1.3..5-trlazin-2-
y!}amino)-2.J-dihydroxycyclopcntyl]methylsulfamate (COinpound 1-26) 

$tepa· 4 6-D!cl\kuo-N-[(lSJ-23-d !hyd ro-1H-inden-1-yll 1 3,5-trja zi o-2 -amine 

(0:2.18) To a solution of cyanl.lric chloride {631 mg. 3,42 mrnol) in 'IHF {2.00 mL) at 0 

•c wa9 added (S}-(+)·1-arninoiru:l;,n (0.385 mL,. 3.00 mmol) and DIPEA (0.596 mL,. 3.42 

mmol) and the Jlli><hlre was stirred at 0 "C for 2 h. The reaction was then poured into -

H,O,extracted wi!h DCM and the organic layer was dried over MgSO"' filtered and 

<OOncenlrated in vacuo. The residue was purified vla silica gel chromatography eluting with 

a gradient of 0 to 20% EtOAc in hex;mes to affo-<d the tiUe ccmpound as a yeUow solid (738 

mg. 117%). LC/MS: R, ~ 1.!19rnin, ES' 281 (FA standard). 
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[0219] A mixture of 4,6-d!chloro-N· [ (15)-2,3-dihydro-lff-inden·l·yl}-1->.5-triazin-2-

amine (735 mg. 2.61 mmol), (1R;2S,3R_SR)-3-amirw-5-{hydmxymethyl)cydopentme-1_2-diol 

hydmchioride (400. mg. 218 min.ol], pot>ssium carllooate (502 mg.. 4.36 mmol) aru:ll,-4-

dio!<al\e (3.60 mL) in a sealed tube was heated to 150 "C for 20 mins usi11g MWJ. Silica gel 

chromatography clutirog with a gradient of 2 to 7% MeOHln DCM afforded l:he !iUe 

rnmpound as a white solid (750. mg.. 88%). LC/MS: R,"' 1.42 mJn.. ES- 392 (FA slandard). 

(0220] "The title compound was prepared followirlg the pwredure desc:r:ibed in 

Example lb usillg (lR,25,3R,5R)-3-{[4-c:hloro-6-[(1S)-2>-dlhydro-1H-inden-l·ylamlriD]-1.3.5-

trlailit-2-yl]amino)-5-(hydroxymelhyl)<:yclopenlane-U-diol. LC/MS: R., "' 1.81 min, FS 432 

(FA standard). 

SJ.l:F d: ({3aRAR.6R Mf11--6:(14-[Cl5l-2,3-Djhydrp-lff-jnden-l y!amil\ql-13,5-!riazin 2·yl\­
arningl-2.2-dWtgthylb:!lrahydro-3.1H-cyclopenlafdl!1.3ldiw;ol-4-yllmethano] 

(0221] To a solution of [(Ja.RfiR,6R,6aS)..&-{[4-Chloro-6-{(15)-2,3-dlhydro-1H-inden-

1-ylamlno]-1,3,5-triazin..2-yl)amino)-2_2-dime!hyltetrahydro-3aH-cyclopenta[d}[l,3]di!»<Ol-4-

y!Jrnelhanol (182 mg. 0.421 rnmol) in ELOH (2.91 mL) was added 10% p:illadlllll"l on carbon 

(44.8 mg) and the mixture was placed under an almosphere of hydrogen for 2. d. Ft!tration 

oHhe mi>:;lun! through a pad of relite, followed b)! silica gel chromatography eluting: with 

5% MeOH in DCM afforded the !ille compound as a -white solid (80.0 mg.. <18%). LC/MS: R, 

"'1.24.1"l"lir1.. ES" 396 (FA sbndard.). 

Stey>e: lflR,2R$SAR)-4-Cf4-f{1Sl-2.3-Dihydro-1H·inden-t-ylarn!noJ-135-trinln-2-yll­
;ynjnnl-2.3:::d !hydroxycyclo.pentyllmethyl sulfa!!J!!Ie 

[0222} The title compowtd was prepared fol!owin& the proredure descibcdln 

I;xample ld. using [(3a.R,4R.6R.6aS)-6-(!4-((1S)-2,3--Dlhydro-1H-In.den-l-yiaminoJ-1,3.5-

triazin-2·yllamlno)-2,2.-dlmethyltetrahydro--3aH-cyclopentafd]!l,3Jd.ioxol4-yl]methanoi and 

pyridine. 'u NMR (CD,OD, 400Mlh)li, 8.16-7.63 (m, I H), 7.37-7.11 (m_3H),5.66-S.45 (rn.. 

lH), 4.3!hil.OO (m. 3H], 3.91-3.1? {m, lH), 3.06-2.92. (m, lH), 2..92.-:2..75 (m,. lH], 2.61-2Afl {m, 
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lll}, 2.40-2.20 (m, 2H), 2JJ2-L79 (m, 2H}, 1.37-1.17 (m. Ul} pprn. LC/MS: R, - 1.07 min. rs• 
437(FA standard). 

E>ounpl~ 27: [(lR,2R,3SAR)-2,3-Dihydmxy-4-(tsonicotinoylamino)cyclopenlyUmethyJ 
sulfamate (Compound 1-28) 

Step a· 

To a solution of tert-bUlyl (1RAS}3-oxo-2-a.za.bicyclo[2.2l_lhep~2-

carboxylate (500. mg..2.39 rnm.W) in acetone (20.0 mL) was added a 4% aqueous solution of 

osmium telroxide in Hp (0.015 mi.. 0.00239 nunol). To the resulting mixture was added a 

102M aqueous ~olution of N-methylmo::pholine N-w.ide (0.262 mL. 267 mrnol) dropwise 

over 1 h. At this point, a 0240 M solution of aquwus sodium bisulfite {1.00 mL. 0240 mmol) 

was added, the mi>;ture was filtered through celite and concentrated In vacuo. n.e residue 

was purified via sll!ro gel chromatography eluting with a gradient of20 to 70% EIOAc in 

DCM to afford the title compound (420. mg.. 72%). LC/M& R, = 094 min. ES" 244 (FA 

slarldard). 

carboxylate 

[0224] A soluti011 of leTt-butyl (IR,4S,SR..6S)-5.6-dihydrory-3-oxo-2-

azablcyclo[22.l]heptane-2-<=h~ate (2.00 g. 8.22 mmol), pyridine (5.00 mL. 61.8 mmol), 

Et,N (2.29 mi.. 16.4 IPJllo!) "'!d DMAP (100. mg.. 0.818 mmol) in DCM (5.00 mL) was cooled 

to 0 'C and benzoyl chloride (4.7'7 mL, 41-1 mmol) was added droJ?ms..- The mixture was 

. allowed to warm to 23 "C and stir for 2 h. Tile reaction was then diluted with DCM, washed 

with saturated aqueous NaBCO, (3x), copper (11) sulfate solution (ax) and water {3x). The 

o<ganiclayerwas !hen dried over sodium sulfate,lilteredand concentratW in vacuo. The 

residue was purified via silica gel chromatogr;oplly eluting wilh a gradient of 5 to 40% 

EtoAc inhe>mnes -to afford the title a;~mpound (2.9:2 g. 79%). LCJMS: R, = 215 min, FS" 452 

(FA 3tandard). 

i""'l 

(!R.2S,3R.SRl-J-[{tqf-Butozycarb9I!y!laminoJ-5-(hydroxymetbyl>cyclopentane-
1,2-dWI djhem;OIIte 

To a S!JIUtion of tert-butyl (1R,4S..SR.6S)-5,6-bis(benzoyloxy}-3.-rnco-2-

azabicydo(22.I]heptane-2-carb<»<ylate {2.09 g. 4.62 mmol) in MeOH (60-'! mL) W8.'1 added 

sodium borohydride (700. mg. 18.5 mmol) at 0 "C and the reaction was allowed to warm to 
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rt.. After 1.5 h. !he mixture was 'luenched with UlO N HC! solution {20.0 mi.), and 

concenlp.ted in Vi'ICUO. The aqueous layer was extracted with DCM (3 x 50 mi.) and the 

combined o.-g=ic l.ayeTs were washed with H,O (100. mL), dried over MgSO, ar!d 

concentrated in vacuo. The nsidue was purilied via silica gel chromatography eluting with 

a gradient of 20 to 60% EtOAo:: in hexanes to afford the title compound (L50 g. 80%). 

LC/MS: R, "' 1.95 P'lin, ES' 456 (FA standard). 

[0226] (IR,25,3R,5R)-3-[(tert-llutoxycarbonyl)amino)-5-(hydrnxymethyl}-

cyc:lopen!ane-1,2-dlyl dlbenzoale (1.42 g.. 3.11 mmol) was b:ealed with a 4.00 Msolutlon of 

HQ in lA-dioJ<ane (17.0 mL, 69.3 mmol) and the reaction"""' 9tim!d fo~ 35 min. The 

react:icn mixture was con<:'elltrated In vacuo and Et,O was added to precipitate the product. 

which was washed with Et,O to afford the title compound as a white solid (UJ5 g, 90%). 

LC/MS: R, "'1.05 P'lin, &<;' 356 (FA standard). 

S\epe· (1S.2R,3R.5R)-3-fHydm>M!J!!Uw!l:§-Cisgnirotinoylamlnolcydo_pentane-J..2-dlyl 
dibenzmt:e 

A solutiO!\ of {1R.-?5.3R,5R}-3-amlno-5-(hydmxymethyl)cydopentane-1,2-diyl 

dibenzoate hydrochloride (150. mg. 0.380 IIIIODI) in DCM (lODmL) al 0 •c was treated with 

EJ,N (0.170 mL,. 1.22 nunol) and stirred for 20 min. Jso:nkotinoyl chloride (88.0 mg. 0.490 

=ol) was then added and the mixture WilS stim!d for 2h. The tMCtion was treated with 

saturated aqueous solution of ammoniWll chloride (50 mL) and ""tracted with. DCM (2 x 50 

mL). lhe combined o:cganic layers were dried over sodium sulfate, filtered and 

concentrated in vacuo. The resulting residue was purified via silica gel chromatography 

eluting with a gradient of 0 to 10% MeOH in DCM to afford the title oompoMd (100. mg, 

60%). LC/MS: R,"' 1.49 min, 'ES• 461 (FA Slalldard). 

Step f: (1S.2R.3R,5R)-3-IUA.minosulfgnylloxy!methyl!§. 

'""'' (isonirotinoylamino)cydopentane-1,2-diyl dibenzoate (160. mg.. 0.350 mmol) In ACN (10.0 

mL) at 0 •c was added DIIU (0.0600 mL, 0A01 mmol) and the mixture was stirred for 15 min, 

A &eshly prepared l.W M solution of clllorosulfonamide (0500 mL, 0.700 mmol, as 

prepared in Example ld) was lheri added dropwlse vla syringe and the mixture was stined 
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for 25 hat 0 OC before be[Jlg allowed to warm tort. nu. Il\ll<tlm! was ~ntrated in vacuo 

and the resldue was purified via silica gcl cllromatographyeluting with a grndl!!nt of 0 to 

10% MeOHin DCM to afford the title wmpound (SOD mg,27"1o), LC/MS: R, =1.57 nUn.ES-

5!10. (PA standard). 

Step w [(1R2R,3SAR>-23-<I!lwdrm;y--4-<lsonicotingy!amino)sycloporoM!methyl 
sulfa!!lilte /Compound 1-21!1 

'""" A solution of (1S.2R,3R,5R.)-3-l!(aminasulfonyl}oxy}tnethyll-5-

(isonirotinoylamino)cydopentane-1,2-diyl dibenzoate (61.1 mg. 0.11~ mmol) in a 7.00 M 

solution o1 ammtmia in MeOH (1.50 mL, 105 mznol) wa:o stirred fur 2 days. The reaction 

mixture was- then com:entrated in vacuo and purified v.1a fl'Ve<se phase Ct6 p.epatative 

HPLC eluting-with a grndicnt o1 5 to 70% ol 0.1% FA/95% A<N/S% H,_O in 0.1% FA/99% 

H20/1% A<N ovet 16 min to afford the IItle compound {15.0 mg. 40%). 'H NMR ~OD, 

300 ~) 6: 11.67 (m,2H), 7 :J8 (m. 2H).4.34-4.32 (m, lH), 4.19-4.17 {m, 2H). 3.93-392 (m, 2H), 

2.38-2.31 (m. lH), 1.76-1.72 (m, 1H), l.43-138{m, IH) ppm. LC/MS;R, g 0.76mln, ES'" 332 

(FA 5tandMd). 

Example 28: [(UUR,3S,4R)-2,3-Dihydroxy-4-[(pyt:idin-2-ylcatbonyl)Amino]cydopentyl[-
mmllyl rulfamate (Compound 1-23) 

(0030] The title compound was pre~ following the procedure dEso:ibed in 

Example 27a-e using pyridine-2-carbonyl chlo:cide instep c. 'HNMR (CD,OD, 300 MHz) S: 

6,62 (s, 1 H), 6.09-8.06 (m.lH), 71?1-7!]4. (m, lll), 7.55-7.51 (m, lll), 4..34-4.32 (m, 1H), 4.19-

4..18 (m, 2H), 3.95-3-93 {m,. 2H), 2.64 (•, lH), 2.36-2.35 (m. 2Hl ppm. LC/M& R, = 1.23 min, 

:ES'" 332 (FA slandaui). 

&ample 29: [(1R.2R,35,4R)-2,3-Dihydmxy-4-[(pyridln-3-ylcarbonyl)amlno]eyclopentyl]-
methyl sulfamate (Compound 1·16) 

[0231] The title compound was prepared following the procedure desalbed. m 

Example Zla-e u.ing nirollnoyl chloride iiutep c:. 
1
H NMR (CD,OD, 300 MHz) II: 6.97 (s, 

lH), 8.67--8.66-(m,. !H), 8.26-8.23 (rn,lH), '7.55-'7.50 (m, IH), 4.35-4.11. (m,. 3H), 3.95-3.92 (m, 

2H), 235-2..34 {m,. 2H), 1.43-1.38 (m, lH) ppm. LC/M£ R,: 0.83 min, fS• 332 (FA sLandard). 

[0232] The fcUowmg additiorud compounds were aJgo prepared. 
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E:a:ample 30: [(15..2SAR)-4-{(6-[(lS)-2..3-Dihydro-lH-inden-1-ylamino]pyrlinldln-4-ylloxy)-
2-hydro;o;ycyclopentyl]m..lhyl sutlamate (Compound I-:m 

[0233] The Iitle compound was prepared in a manner similar to Exampl~ 34 using 

(5)-2-aorinolndane. The Iitle compaUlld was prepared as a 4:1 mixture of desired compound 

and (IS.25.4R)-4-{I6-[ (15}-2.3-dihyd.ro-l ff-mden -1 -y!amino ]pyrimidin-4-yll oxy} 2.­

(hydroxymethyl)cyclopenty 1 sulfam.ate. Analytical data for 1(15,2.5 ,4R)-4-( 16-[(1 S)-2..3-

Dihydro-lH-inden-l·ylarn!no)pyrim!din-4--yllwcy)-2.-hy<hoxycyclopentylJmelhylsulfanulte: 

'H NMR (CD,OD, 300 MHz) 6: 8.13 (a, 1H), 7.28-7.U (m. 4H), 5.85 (s, lH), 5..33-5.31 (m,. 1H), 

4.42-4.36 (m. lH), 432 (dd, 1 = 7 .5, 9.7 Hz, lH), 4.15 (dd, 1 = 7.'2. 9.7 Hz, lH), 3.06-297 (m.. 

IH), 2.'13-2..82 (m. lH), 2-62-2.47 (m.. 2H}, 2.32-2.24 (m,. Hi), 2.15 (s, 1H), 2.13-1.19 (m, 4H) 

ppm. LC/MS: R,_ = 1.38 min, ES' 422 (FA s!artdard). Analytical d.ala for (t5,25,4R)---4-(16-

[(15)-2.S-dihydro-1H-inden-1-ylaminojpyrimldln-4-ylloxy}-2-(hydmxymethyl)cyclopentyl 

sulfamate: 'H NMR (CD,OD, 300 MHz) 6: 8.13 (s, 1H), 7.2&-7.12 (m, 4H), 5.&5 (s,.lH), 5.33-

5.31 (m,lH), 5.14-5.07 (m. 1H), 4.59 (s, 1H), 3.78 (dd, 1 = 7.1, 11.0 Hz,. 1H), 3.61 (del, 1 = 7.0, 

11.1 Hz.IH), 3.06-2.97 (m.. 1li),2.73-2.61 (m,.lH), 2.61-2.47 (m,.2H},2..32-2.24 (m.1H), 2.17 (s, 

1H), 2.13-1.80 (m, 3H) pp:n. LC/MS:R,_ = 1..38 min,. ES• 422 (FA standard). 

Example 31: [(15,25,4R)-4-{I6-[(15}-2,3--dih.ydro-1H-inden-t-ylarnino]-5-melhylpyrimidin-
4-ylloxy)-2-hydroxycyclopentyl]melhyl sullamate (Compoundi·32) 

[02341 The Iitle compound was prepared in a manner similar to &ample 34 uSing 

(5)-2-anllnoindane and 4,6-dichloro-5-melhylpyrimidi""'. 'HNMR (CD,OD, 300 Mlb:) 6: 

8.10 (s, 1H), 7.26---7.07 (m.. 4H), 5.74 ct. 1 .. 7.9 Hz,.lH), 5.59-5.49 (m,. 1!1}, 4.-'15--4-37 {m.. 1H), 

4.34 (dd, 1 = 7 ..5, 9.8 Hz, lH), 4.16 (dd, 1 = 7.';!, 9.7 H:<. lH), 3.08-2.94 (m,. 111), 2.'13-2.79 (m.. 

lH), 2.65-2.46 (m,.2H), 237-2.23 (rn, 1H), 2.18-2.13{rn, 3H),2.13-1.90 {m.-2H), 1.89 (s, 3H) 

ppm.. l.C/MS: R,_ =1.55min.- FS. 435{FA.standa.rd). 

Eumple 32: {(15,25,.45)-4-{(6-[(15)-2,3--dlhydro-lH-inden-1-ylamino]pyrimidln--4-yll-
methyl)-2-hydro;<yCJiclopcntyl]methyl aulfarnat.. {Compound I-33) 

[11235) The title compound was prepared according to EJ<ample 85. 'H NMR 

(CD,OD;400MHz) 8:8.34 (s, 1H),7.27-7.15 (<n, 4H),6.41 (bs, 1H),5.6S-5.48 (m,.1H),430'425 

(m,. 2H), 4.09 {dd, 1 = 4.1, 4.1 Hz.- 1H),3.W-3.00 (m,. IH), 2..94--2.85 (m, 1H), 2.72-2.55 (rn.. 4H}, 

2.43-2..35{m, I H), 1.93-1.85 (m,.2H), 1.75-1.67 (m..lH), 1.58-1.51 (m, 2H) ppm.. LC/MS: R,= 

1.38 m1n,. FS" 419 (AA standard). 

'"' 



ELUnple 33: ({1S,35)-3-I[8-(1-nap},lhyi)-9H-purln-&.yl]oxyl<:yclopentyl)me!hyl sulfamate 
(Compound 1-152) 

S!ep a: 6-rbJom-8-0-naphlhvJ>-W-purine 

A mb:ture of 6-chl.oro-4,.5-diarninopyrimidine (519 rng, 0-00359 mol) aJ:l.<! 1-

naphthal..necarbru<yUc acid (618 mg. 0.00359 mol) In phosphoryl chloride (2.0 mL, 0.021 mol) 

was heatedatllO •c under an alma.phereofni.trogenfor5.Shours. The reaction was 

cooled and the residue was washed severa11imes with ether. The residue was dissolved in 

CH,O, md aqueou.. NaHCO,. The layers were separated and the aquMll'i was "'<l:l:acted 

with EIOAc (b::) and a-t.,a, (h<). The OJmbined organics were washed with s.1lurated 

aqueous NaHCOy brine, dried (Na,SOJ, filtered, and roU.,.,.ed in vacuo to obtain 810 mg 

(SO%) of m orange solid. LC/MS: R, ~ 1.68 min. ES'" 261 (FA standard). 

5!§p b: 

To a solution o[ 6-dlloro-8-{l-naphlhyl}-9H-purine (810 mg. 0.0029 mol) in 

"JHP (32.4 mL, 0399 mol} was added pyridinium p-toluenesulfonate (70 mg.. 0.0000 mol) and 

d;hydropyran (11.0 mL.. 0.121 mol) and !he mixture was !\eared at60 ~overnight. The 

react;on was cooJed. quenched by addition of saturated aqueous NaHCO, and the mixture 

was e><lracb:d wilh EtOAc (3x). lhe organic laye<S were combined, dried (N:!,SOJ, filtered 

and COl\t:enl:l:ated. The dark residue was purified by flash chromatography (10 to 40% 

BtOAc/hexanes~ !o obtain 534.5 {51%) mg of a light yellow solid. LC/MS: R, = 2.!JJ min.. ES' 
36S.(FAstandard). 

Stepc: ClS3S»{hydl9l!ymethyl\cy!:IOJ>M!anOI 

[0238] To a solutiOll of methyl (1S,3S}-3-hydroxycyclopentanecarbo:..yla12 (472.3 mg. 

0.003276 mol) in "IHF (13.2 mL) at 0 "C was added LiAIH, (145 mg. O.D0382 mol) 

(WARNING: SIGNIFICANI" GAS EVOLOTION). The mixture was slim!d Ior 1 hour at 0 

"C,. then quenched at 0 "C by dropwise addition of water (145 JLL,0.00805 mol), 15% aqueou. 

NaOH (14S)JL) and water (435 JLlJ.lhe l'l!sultinggr;>y suspensiDll was slim!d vigorously 

overilight. The resulting off white suspension was ffitered through mlite and rinsed. with 

Till' aJ:l.<! MeOB. The combined organics were concentrated to obtain 454.3 mg (::-99%) 4n 

off-yellow solid. The ma!erlal was c.a<Tied on without further purific.alian. 



SWp d· 05.3Sly.{Uterl-butylCdlmethyll.silylloxylmethyllcyc]opM@nOI 

[0239] To a oolution of (15,35}3-{hydro"J'l"'E'thyl)<:ydopentanol (453.0 mg.. 0.003276 

mol) and lH-imidazoll! (669 mg.. 0.00993 mol) in DMF (35.8 mL) under an atmosphe"" of 

nitrogen Willi added tm-butyldim..thylsilyl chloride (494 mg..IJ.0[1328 mol). The mi:rdure was 

stirred for 1.25 hours, lhen.teTt-butyldllnethylsilyl chloride (49 mg. 0.00003 mol) was added. 

After an additional hour of slining. the reaction was quenched with wall!~ e><!>:actcd w;th 

ethyl arnta!e (3x), dtled wilh anhydrous Na.,SO.v filtered,. and amcel"llrilted. The residue was 

filll!..,d lhrough a plug of silica wilh30% EtOAc/hexanes to obl<rlrt 234-1 mg (31 %) of the 

tiUe compound. 

[0240] 

cycloperuanol {111.0 mg.. 0.00041!17 mol) (azeotroped with toluene) in DMF (3.6 mL) at 0 •c 

under an atmosphere of nitrogen was added sodium hydride (24.1 mg. O.ooo60l mol) . The 

mi><twe was stirred for 15 min. To this mld solution was added a solution of 6-cldoro-B-{1-

naphthyl)·9-(retrahydro-2H-pyran-2·yi)-9H-purine (163 mg. 0.0004(11 mol) in DMF (1.8 mL). 

The Jlask was rinsed with DMF (1.0 mi.)) and this was added to the reaction as well. The 

resulting mixture was stirred for 20 h. The reaction mixture was quenched with water and 

Lhe mixtwe was e><tratted with EtOAc (Jx). The rombined organic !aye.,; were dri..d over 

NII,SO.v filten:d and collected in vacuo. The residue was purified by flash cllmma.tography 

(10 to 40% EtOAc/hexanes) to obtain 156.9 mg (70%) of the ti!le compound "" a white solid. 

Step (: (f] 5.3$)-3-1 f!H1:JJaphlhyi>-9H-uurin-6-yll oxy!cyclopen!y!lrnelh rnol 

[024.1) . To a stirred oolutlon of 6-([(15.35)-3-(llterl-butyl(dimelhyl)silyl)oxy}melhyl)-

cyclopenlyl]oxy)-3{1-naphthyl)·9-(tmahydro-2H-pyrnn·2-yl}-9H·purine (156.9 m&-

0.0002808 mol) in THF (.9.8 rnL) was added waler (.9.8 mL) and AcOH (7.6 mL), and the 

reaction mixture was stin:ed for 7 hounJ. The reaction mixture was qumched by lhe slow 

addition of saturated NaHCO,. and the resulting mixture was extracted with ElOAc (.9x). 

,., rornbined organic layers were washe-d with brine; dried (N..,SOJ, filtered and 

concentrated. The residue was purified by flash chromatography (0 toS% MeOH/CH,OJ 

to obtain BS-7 mg (85%) .,I the title compound as a white solid. LC!MS: R, = 1..51 min,. ES. 

361 {FA standard). 

m 



Step g; 

'""" 

at5.3S).3. 118-0 -naph thyil-9H-P' •rl n-6-ylloxvJeycl"l?"nwllme thy! sulfamam 
fCnmpQWJd I-1521 

To a solution of ((15 ,35)-3-![ 6-(1-naphthyl)-9H-purin-6-yl]nxy J cyclopEntyl)-

methanol (66.1 mg.. 0.000183 mol) ill DMA (8.12 mL} at 0 •Cwas added chle<""u.Unnamlde 

(106 mg. 0.()()()917 mol) In ~CN (2.0 mL), The reaction was stim!d atO "C f<H 10 wins, then 

23 •c lnr3 houzs. The reaction--. quenchM. with water and extracted with ElOA<: (3x). 

The o:oombined O>"gallics were washed mlh water (2x), dried (Na,50J, fil~, and 

c:on<enb:ated. The residue was pudlled by flash chromatography (0 to 6% MeOH/CH,CI.,) 

to obtain56.3 mg (70%) of the titlewmpmmd as a whim solid. 1H NMR (CDpD, 400 MHz) 

l'i: 3.52-!1.48 (ln. 2H), 8.10-8.07 (m. 1li}, 8.01-7.98 (m.. HI), 7.90-7.87 (m.l.H),. 7.65-7.57 (m,. 3H), 

S.tJSI-5.85 (m, lH), U2-4.07 (m,. :2H), 2>'5-2.66 {m. 1H),2..30-2.21 (m,. 2H), 216-2..01 (m. 2H), 

1.93-1.85 (m, lH), 1.62-1..53 (m. lH) ppm. LC/MS:R,_ ~ 1.38min, ES' 442 (FAslandafd). 

E:cnnple 34: [ (15 ,2S,4R)-2-hydmxy-4-r(&-t[ {IR,2S}-2-m.eth<>:ry-2,3-dih ydro-1H-il'lden-l-yl}­
amino)pyrimidin-4-yl)oxy]cyclopentyl]methyl sulfamate {Compound I-115) 

. ; 

'""' "To a suspen~~ion of sodium hydride (75.6 mg. 0.00189 mol) il'l "THF {2 mL) at 0 

"C under an atmosphen> of nilnlgen w"" added (1R,35AS}-3-[[tert-bulyl(dirnethyl}silyl]oxy]= 
. . -

4-mtm-butyl(dlmethyl)sllyl]oxy]rnelhyl)cydopemanol (0.60 g. 0.0017 mol} il\1.5 mL THF · · 

<~ropwise atO •c. ThenU::o;turewas .tined atO "CforlOJnin. To lhl.swas next added 4,6-

dichlom-pyrimldine (0.225 g, 0.00151 mol) Jn2 mL 1HF at 0 "C. The auspi!IISlon was sti:m!d 

at 0 •c for 2 hrs. The n>acllon was quenched with 9 mL satu<aled "'I""""" NH,O and 

ext:J:acted with t-Bu0Me{3x). The organiclayers were combined and washed w;th brine, 

dried over anhydrous MgSOl and then amrenlraled to give 6.804. g of an oil. The residue 

was purified by flash dvomatography (0 to 10% EtOAc/h=mes) to give 0.63 g (BO%) of the 

title roropound. 

(11244] A mixture o! 4-[( (1R,3S,45}3-![/o!Tt=buty l( dlmethyl)silyl joxyf+(! [ tert-

butyl(dimethyl)sllyl]<>:ryfme\hyl)cyclopen!ylJoxy)-6-chlompyrimldine (260.0 mg.. 0.00054~4 

m<>l), (1R;25)-2-methoxyindan-l-:unine (0.35~ g, 0.00220 mol) omd b:lethylam!ne (1151-'L. 

0.000824 mal) irl1-butanol (0.9? mL, 0.011 mol) was subjected to microwave irradiation (3{10 

' 



watt>;, 200 'C) for 30 minutes. The resulting dark bmwn mixture was filtered and 

concrentrated. "I"he residue was purifi.ed by flash clrro<natography (0 to 15% EtOA~/he:o:anes) 

to give0.26 g (79%) of !he lillernmpound. LC/MS: R,=3.42min,. ES' 600(AA slandard). 

[0245) A solution of 6-l [(1R,35AS}-3-l [ten-butyl( dimethyl)silyl]o><y ]-4-([[ 1<7t-

butyl(dirru!lhyl)silyl]oxy]methyl}<:yclopentyl]oxy]-N{(1R.2S}-2-met:hoxy-2_3.dlhyclm-1H­

Inden-1-yl]pyrimidin-4-amine (0.32 g. 0.00053 mol) in nll' (2.88 mL), water (2.88 mL), attd 

acetic add (8.64 mL) was stined for 3 days. The reaction w"" <'<lll<l!ntrated and nzeotroped 

2x with toluene. The residue was purified by flash chromatography (30 to 80% 

EtOAc/hexanes) give 0.20 g (77%) of tho: title compoui"td. LC/MS: R, = 1.59 min, ES' 486 (FA ---
(0246] "I"he title compound was prep..ed following the procedure described in 

Example 1 step d. LC/MS: R, = 2.16 mln, ES. 565 (FA standard}. 

. I 

(112.471 To a solution of ](1 S,2S_4R)-2-([ lert-butyl( dimethyl)sil yl]oxy )-4-[ (6-!l(lJUSl-2-

meihoxy-2.3-dlhydro-lH-inden-1-yl]arnino)pyrimldin-4-yl)oxy]cyclopentyl)methyl 

sulfamate (0.239 g. 0.000423 mol) In pyridine {3.44 mL) and THF (3.44 mL) was added 

pyridine hydrofluoride (0.953 m"L.. 0.0106 mol) dropwlse. After stirring the reacticm for 2 

hours, an additional amount of pyridine hyd:rofluoride {0.50 mL.. 0.0055 mol) was added. 

After 2.75 hours the reaction was quen<t.ed by slow dropwist! add! lion of satv..<ated "'lueollll 

NaHCO, and ""tracted with EtOAc (4><). "I"he combin...t organic phases were dried (N..,SOJ, 

llllenod and concentraled.. The residue was purified by !laah chromatotl"phy (0 to 10% 

MeOH/CH,CIJ and then by preparative plate chromatography (EtOAc) ro obtlin lOOmg 

(52%) of lhe title ~mpound. 'H NMR (CD,oD, 400 MHz) li; 8.15 (s, 1H), 7 ..24-7.15 (m, lli), 

5.98 (s, lH), 5.34 (bs, 1H), Ul-4.311 (m,. 1H), 4.32 (dd, IH, J = 7 5, 9.7 Hz), 4.24-4.20 (m, UI), 

4.17 (dd, lH, J = 7 .3, 9.0 lh}, 3..35 (s, 3H),3.13-3.00 (m, 3H), 2.57-2.48 (m,. lH), 231-2.25 (m, 

tH) 2.12-1.93 (m,.4H) ppm. LC/MS: R,"' 1.33 min, FS 451 {FA standard). 



li:<ample 35, l (1S,:ZS,4R) .:Z -h ydra>.:y-4-f(4-l[ (1 R,2S)-2-meth<>xy--2.3-dihydro-1H-Inden-1-y I l­
amino]-1.3,5-lriatin-2-yl)amino]ryclopentyllrnethyl sulfamate (Compound I­

"Sl 

liS.3SAS)-3-11Wnzylozylmelhyll4lfttTt-butylld!mgthyllsilyl!gn-!cyclopentano! 

[02411] A suspension of (lR.45)-3-[(benzyloxy)methyl]4l(teTt-buty!(dimethyl)•llyl]­

oxyk:yclopent-2-en-1-ol (7.54 g.. 0.0225 mol) {Ruediger, E; MarteL A; M.:anwell N; Solomon.. 

C; 'I'UnneL (l_ T~l:n!1n::inm. Left. 2004, 45, ~742), sodiUin carbollil!l! (5.7 g.. 0.054 mel) and 

10% Pd/C (2 g, 0-002 mol) in EIOAc (90 mL) was stirred under an almOSphem of hydrogen 

for three hours. The reaction flask was purged with nitrogen and the mixture was filtered 

through <:elite w:il:h EtOAc. The filt<ate was concenlra~ Lo obtain 7.16 g (76%) of !he Litle 

compound. as a 4!1 mixture of diastereomers (deslred.:undesired). 

05,35 4Sl§-!!ber!zyiO>;ylJI!Pihyll±l!l,;rf-bu!yUdlmeL!wl>si!ylloxy!cyrlppentyl 
methapegulftmaw. 

[OU.9] To a stirred solution of (1S,3SAS)-3-{(benzylmty)methyl}-4-l[!orl-

butyl(dimethyl):sllyl]oxy]cyclcpentanol. (2,04. g, 0.00606 mol) in ca. a.(% mL) wa.s added 

pyridine (2.4 mL, 0.030 mol), DMAP {100 mg. 0.001 mol), and melhanesuUcnyl chloride (701) 

loll. 0.0091 mel) under an atmosphere of nitrogen, The rn..t.ture was sfurecl. 23 'C for 45 

=inutes, then warmed to 4D •c for 3 houn;. To the J:eaction was added DMAP (100 mg.. 

0.001 moJ] and methanesulfonyl chloride (700 I'L, 0.0091 mol}. Afll>r stirring for 40 min.. 1he 

reaction -was cooled then concentrated in vacu;-. The :resld"" Wi!oS purified by flash 

~tography (0 Lo 15% EtOAI:/hexanes) to obtain 1.39 g {55%) of Uu: title compound as 

one dlasmreomer (sepazated und.e!dred d.Jastereom.er fmrn step a). 

HC15.2S.4B)±azidP.2-fl'b!!Wi)'lo>sy)mgthyJkyclp_pentvlJw;y\Cfetf-butyl)-
d!me!hylsil;me 

'"""' To a solution of (15,35 AS)-3-[ (benzyloxy )ll"H!thyl J+l [terl-buty I( dimethyl)-

silyl]oxylcyclopentanol (138.9 mg. 0.0004127 mol) and PPh, {118 mg.. 0.000451 mol) In THF 

(2.7 mL) at 0 oc was slowly added DEAD {71.1 )IL.. 0.0004Sl mol). nu:. rea.:tion was st:ined 

for 5 minutes, then diphenylphosphonic azide (97.4 ~o~L, 0.000452 mol} was added dropwise. 

The mllt.ture Was stirred for one hour. nic reaction was partitioned -wi1h waleJ: and EtOA"­

The layers were separated and the aqueous extracted with EtOAc (2>:). The combined 

organics were washed with brine (Ix), dried (N":,SSJ, filtered,. and rolle<!ed In vacuo- nu:. 
re:.idue was ptuifled by flash cluomatography (0 to 10% EtOAc/hexanes) to obtain 93.5 mg 

(63%) of the ti!le compound. 



Step d! (1 R .3S A$)-3-[!benzylmcyl""'thyll-4-lftqt-butyl(dimethyllsi!yllo>:yl-
cyclQPen!arulmlne 

( 02.51] A SL1$pension of (((IS ,25',4R)-4-azido-2 -[ [benzy loxy)meth yl]<yclopentyl]-

oxy)(lerl-butyl)dimethylsllane (2.20 g, 0.00608 roo!) and 10% Pd/C (0.11> g, 0.00015 mol) In 

EtOAc {23.9 mL) w"" stirn!d under an atmmphere of hydrogen_ovemlght. The reaction was 

purged with nitrogen and the mixture filtered through <:elite with EtOAc. 'the filtrate was 

ccno:enl:ra!ed to obtain 2.01 g (98%) ol the title e<~rnpoWld. 

_Stepe: 4.6-djch!gr!tN-fClR,2S)-2 melhoxy--2 3-dihydro-lH-inden 1-yl!-1 3.5-trjuin-2-

'""' To a solution of (1R,25)-'l-metho:qind.n-l·amine (242.8 rog, O.OOI4!1B mol) in 

THF (1 mL) was added cyanuric cltlorlde {313 mg. 0.00170 mol) at 0 "C, followed by OIPF.A 

(300 JlL, 0.002 mol) and the reaction was stirred at 0 "C for 1.5 hours. Tite reaction was 

poured into water and extracted with CH,O,. The organic layer was dried (N,.,SOJ, filt=ed 

and C<Jnrenlrated. The residue was purified by flash chromatography (0 to 15% 

EtOAc/hexones) 10 obtain 22!H mg (49%) of the title compound. LC/MS: R, = 2-03 min, e;• 

311 {FA standard), 

'""'' To a solution of (lR,3S,4S)-3-[(benzyloxy)methyl]-4-l[tert-butyl{dlmethyl)-

silyl]oxylcyclopentanamine (466.5 mg. 0.001450 mol) and triethylamine (0.55 mL, 0.0040 

mol) in THF (2.1 mL) was added 4,6-dicltloro-N-[(1R2S}-2"Ulelho><y-2,3-dlhydro-lH-inden­

_1-ylJ-1.3.5-Iri=in-2-amine (410 mg.0.0013mol) and the mi><turewas stirred foz2houn;. The 

reaction was concentrated and 1he residue was purified by ilueh chromarography (0 10 25% 

EtOAc/lw><anes) toobtain250mg (.31%) of the title compound. LC/MS: R, = 2.96mln, ES" 

610 (FA s!andard), 

'""' A ~l.L'lp=slon of N-((lR,3S,4S)-3-{{bo:=yloxy)methyl]-4-l[ttTI-butyl{dimethyl)-

3ilyl]oxy]<:yclopentyl)-6-chloro-N'-[(1R,2S)-2-tnetho;o:y-2,3-dlhydro-1ff-inden-1-yl]-1,3,5-

trlazine-2,4-d!amlne (250mg,O.OOOU mol) and 10% l'd/C (44 mg, 0.001)041 mol) inmelhanol 

(1.61 rnL) was stirred under an atmoophere of hydrogen fo~ 2 days. The reaction was 
purged wllh nilnlgen ond filt=ed through a!lil:e with Et0Ac. The filttare was concentrated 



to obtain a yellow oiL The oil was laken up in CH,O, and saturated NaHCO,. The layers 

we"' separated and the aqueous was extracted with. OI,Cl, (lx). The oombined organia 

were dried over Na.fr.J,. fil.lered, an<l concentrated. The residue was purified by flash 

cllromatography (0 to 10% MeOH/CH:j],) to obbin 114 mg (57"/o) of the title compowui 

LC/MS: R, = 1.68 min, e;• 486 (FA standard). 

St;cp h: 

'""" 

!OS 2$.4Rl-2-hydmxy±!!4-I[QR 2W-me!hru;y-2.3::ilihytlro-1H-inden-1 yU 
aminq\=1.3.5-triazin-2-yllamino]eycl"l'm'Mlmetbyt rutfamate 

U.., tiDe compound was pn!pared following the priXCdure described in 

Example 34 s~ps d-e. 
1
H NMR {compound exisls as a -l;l mixture of rolame"' by 

1
H NMR) 

(CD,.OD, 400 MH:!:) & am and 7.92 [(d, J = 4.6 a. ar~d s),lf·l], 7.25-7.15 (m. 4H), 5.69 ar~d 5.57 

[(d,. / = 5.1 Hz and m), lHJ, 4.61-4.54 (m, lH), 4.:H-4.19 (m, 3H), U3-4.06 (m, IH), 3.37 (s, 

JH), 4.13-298 (m. 2H), 253-2.43 (m. lH), 219-2.14 (m, HI). 2.06-1.98 (m, lH), U\S-172 (m. 

2H) ppm. LC/.MS! R, ool.o7rnin. ES" 451 (FA standard). 

Example 36: [(1S,2SAR)-4-{{4-{(1S}-2,3-dlhydro-1H-inden-1-yl amino]-1,.3..5-triatin-2-yl)-
amino)-2-hydroxycydopentyl]me!hyl su!Iamale {Compound 1·153) 

[02561 Tiu! til:le wmpDUnd was prepared in a lashion analogous to Example 35. 'H 

NMR (compound exisiS as a ..:_1:1 mi><lure of rolamers by 'H NMR) (CD,OO, 400 MHz) li: · 

e.03-8..00 and '7.91 ((m and s), lHJ, '7.26-7.14 (m,. 41-l), 5.66-5.50 (m, lH), 4.65-4.57 (m, lH), 

4..33-4.25 (m, 2H), 4.12.-f.Oe (m, lll), 3.04-299 (m.. 1H).292-280 (m, lH), 261-2.44. (m,. 2H), 

2.22-2.16 (m. lH), 2.04-1.'7l (m,.4H) ppm. LC/MS: R, ~ 1.07rnin, ES• 421 (FA stanclard). 

Example 37: [(1S,25,4R)-2-hydrc:cy-4-((6-[(1SJ-1.2.3A-tetrahydronaphthalen-1-ylamino]-
pyritnidin-4-yl)o:<y)cyclopentyl]melhyl sulfamate (Compound I-40) 

[02571 The title compountl was prepared in a fashion analogous to &ample 34, steps 

a-c (usirtg (SH+)-1,2,3.4-tetrnhydro-1-ruophthylamirte in step b) and Example 65, step d to 

obtain \he title compountl. 1HNMR (CD,OD, 400MHz) o!i: 8.12 (s,lll), 7.22-7.011(m. 4H), 5.77 

{s, Ul), 5.30 (bs, 1H), 4.40-4.28 {m, 2H),4.1'7-4.13 (m, lH), 2.89-2..71 (m,2H), 2...54-2.47 (~ 1H), 

2.29-2.21 (m,. 1H), 2.10-1.79 (m, BH) ppm. LC/MS: R, = 6.66rnin. ES' 435(FA long). 

'" 



Eumple 39: {{1S,2S,4R}-4-l[6{l,3-dihydro-2H-is<>indol-2-yl)pyrimidin-4-yl]oxy]-2-
hydro><}'qclopentyl)methyl sulf..mate (Compound l-12()) 

[0258] The title compound was prepared in a fashion analogo<~'< to El<ample 34, steps 

a-c(using.lsolndoline in step b) and ~pie 65,step.d to obtain the title compound. 'H 

NMR (D6-DMS0, 300 MHz) li: 6.27 (s, Ill), 7.4Q-7.29 (m, 4H), 5.81 (s, lH), 5.47 (bs, lH), 4.81 

(d, lH, J "'4.4 Hz), 4.74 {b$. 4H), 4.24-4.18 (m, 211}, 4.03-397 {m, lH), 2.38 (bs, IH), 222-214 

(m. lH), 2m-t.77 (m,. :ni) ppm. LC/MS: R,: 6.40 min. 1;S' 4'J/ (FA long). 

Example 39:. {(1S,2SAR}-4-[[6-(3,4-dihydroisoquinolin-2(1H)-yl)pyrimidln-4-yl]oxyl-2-
hydmxyqclopentyl)melhyl sulf~~~t~ale {Compound I-61) 

[0259} The title cnmpound was prepared in a fashion analogous to Bxample M. steps 

a-c (u.sir\g tetrahydrolsoqu!nollne Instep b) and Example 65, step d to obtain the title 

compound. 1HNMR (CD30D, 400MHz) 6:8.17(s, HI), 7.17-7.14 {~n,4H),S.93 (s.IH),4.63 

(s, 2H), 439-4.30 (11\. 2H), US-4.13 (m, lH), 3.78-3.75 {m, 2II), 3.30 (s, lll), 2.90-287 (m,. 2H), 

254-2.47{m, IH),2.30--2.24 (m, Ill}, 2.09--1.91 (m,3H) ppm. LC/MS: R,"' 7.05min, ES-1- 411 

(FA long). 

E:.:am.pk 40.: [{15,2S,4R)-2-hydroxy-4-(pyrimidin-4-ylaxy]cyclopentyl]methyl sulfarnate 
(Compound I-97) 

Step a· 

"'"" 

'kJ[QR,3S.4S>-3-[fterl-buty\Cdim<>thyllstlyl]oxy[+(t[tgC-b•n~r)(djmrtJwDsi6r!]oxy!­
m•t:lwllsydppentvl]oxy]pyrimidine 

A -"-"'pension of 4-l [ ( IR,3S ,45)-3-([ tert-h 111)' l( dime thy! )silyl]oxyl-4-( ll tert-

butyl(dirrn:thyl)silyl]oxy)methyl)cyclopcntyljoxyHi-cllloropyrimidine (115.5 III&- 0.0002441 

mol), sodium carbonate (62 mg..O.OOOSB mol) and 10% Pd/C (26 mg. o.000024.mol) In 

methanol (1.1 mL) was stirred und~• an atmosphen! of hydrogen lor 2 days. The n!actlon 

was purged with llltrosen and filte.:ed lltrol.lgh cdlle with EtOAc. The filtrate was 

concentrated and the resid!ll! was purified by flash chromatography (0 tu 15% 

EtOA<:/heo::anes) tu obtain 80 mg (70%) ol the till~ compound. 

[!1S.2$ARl-2-hydroxy+fl'yrimidin-4-)'loxylw:Iopentyl]methyl su!famate 

[o"z61] The fit:J, compound was prepa<M. in a f~on analogous to ExamPle 34, step 

b and Example 65, step d to obtain !he title compoUIId. 'H NMR (CD,OD,400 MI-h) S: 6.?0 

(s, 111),8.~0 (d,J = 6.1 Hz.. Ul},6.83 (dd,J = 1, 6.1Hz._IH),5.66-5.61 (m. lH), 4.41-4..38 {m, 

tH), 4.33 (dd, J ~ 7.3, 9.8 Hz), 4.16 (dd, J = 7 ..2.. 9.7lU), 258-2.48 (m, IH), 2..36-2.30 (m. lli), 

2.11-2.03{m,. 2H),2.0Q-1.94 (m, IH) ppm. LC/MS: R, D 4.08min,. ES+ 29()(FA tong). 



Eumple 41: [(15,25ARJ-4-([6-[(4-clllorobenzyl)oxy]pyrimidln-4-yl)oxy)·2-
hydro><ycyclopen!)'l]methyl. sulfamare (Compound I-89) 

(11262] To a solution ol4-(( (1R.35.45)-3-I[ tert-buty I( dimethy l)silyl]oxy l-4-( [[ tett.­

butyl( dJrru,thy l}sily l]o><y]melhy l)cyclopentyl]oxyl-6-cld oropyrimidlne (0.205 g. 0.{l()(W33 

mol) and 4-clllorobenzyl al<'li\ol (!).130 g, 0.000910 mol) in DMF {1 mL) uru:ler at atmnsphere 

of nitrogen was added sodiurn hydride (36.4 mg. O.ll00910 mol) (60% In oil). The reaction 

was stirred for 3.5 hours. The rea~on was quenclled with W<lter and exlrllcted with EtOAc. 

The otganl~ layer was washed with brine, dried (MgSO.), fil'-'<1 and concentrared. The 

residue by purified by Jlash clurunatognphy (0 to 7% EtOAc/hexane;) to obtain 98 mg 

(40%) of !he t:ltle compound. 

[(1S.25,4R)-4-Wi-!<4-d1Jorobwzvllo><ylw:Dmidin-4-y!loxy).-2 
hyrlmqm:!npen¢Jmethy] sn!lamete 

{0263] The tit:le crunpouru:l w.u; prepared in a fashion analogous to ~pie 34.. Slep 

b and Example 65. step d (followed by TBAF removal of :secondary sllyl group) to oblain the 

IItle compound. 'HNMR(CD,OD,400MHz) & 6.8'2 (s.lH),5.88-579 (m,.4H),4.62 (s, lH), 

3.98-3-95 (bs, lHJ, 3.81 (s, 2H), 2.84-275 (m,.2H),2.64-2.58 (m, IH), 1.04-0.91 {m, IH), 0.79· 

o.:n (m. lH), 0.63-0.37 {m. JH) pp.cn. LC/MS: R, ., 8.62 min,. E5+ 430 (PA Jon&). 

Eumple42: N-(!(15,2SAR)-2-hydrnxy-4-[{6-li(lR,2S)-2-ntelhoxy-2,3-dlhydro-IH-inden-1-
yl]arnino]pyrlmld1n-4-yl)oxy]cyclopentyl)melhyl)s:ulfamide (Compound 1-82) 

"""' To a solution of ({1S,2.S,4R)-2-[[tett-butyl(dimethyl)sllyl]oxy)-4-[(6-1((1R.25}-2-

methoxy-2.3-dihydro-lH-inden-1-yl]amino)pyrimldin-4-yl)oxy]cyclopenlyl)mel:hanol {105.3 

mg. ll-OOIJ216B mol), N-"Boc-5ulfonamlde (58.9 mg..ll.000300 mol) and triphenylphosphine 

(85.3 mg.ll.OO!l325 mol) in EtOAc (4.15 mL) under an atmoophere oJ nitroten was added 

diethyl azodicarboxylate {51.9 J-11.., O.ll31l33D mol). The mixture was stirred fw.four hours. 

The solvent was remDved and U,e orange res.(due was purified by flash cluomatography {lll 

to 50% EIOA~hexanes)·to obtain 135.2 mg (94%) of the tiUe compound. 

"" 



Stepb: 

[0265) 

tqt=bu!yl !aminosu\fonyll!!QS.2S,4Rl-2-hydrrucy±!C6-!fUR.2S\-7-me!hmsy-2 3-
dihydro-1H-1ndom-1-vllamino[~yrim!dln-+ylloxvlcyclQpMtyllm!l!hy!ls;arbamafe 

To aso!u!ian of !ert-bulyl (aminosulfonyl)(l(1S,2S,4R}-2-l[!ert-

hutyl(dimelhyl)sllyl]rucyf-4-[(tHI(lR,2S}-2.....,thrucy-2.3-diliydrn-1H-inden-1-yl]~minoi­

Pyrimidin-4-yl)oxyjcyclopenlyl]melh.yl}<:arbamate (331.5 mg. 0.0004094 nwl) in THF (1.84 

mi..... 0JJ228 mol) and pyrldlrte (1.1!4 mL) a tO 'C was added pyrldir!e hydrolluortde (0.25 mi.. 

0.0028 mol) d:ropwise- 'Ihl! mi7;ture was allowed to slowly wann to 23 •c and stirred for 19 

hours. To the J:eactlon was added pyridine hydrofluoride (G.25 ml,.IJ.0028moJ) and the 

. mi><ture was 5tirred an addilional6 hout:'l. 'Ihl! reaction was quenched by the dropwise 

addition ol saturated aqueous N<IHCO .. The Jni><turewas partitioned with addlllonal. 

saturated aq,.,ous NaHC0
3
and ElOAc,. separated. and the a'lueous was extracted wilh. 

BlOAc (2x) and CH,CI,_ (2x). The c:omhined organic> were washed with brine, dried over 

Na,SO., filt>=d and conc=trated. The resjdue was purified by flash chromatography (30 to 

70% ElOAc/hexanes) to collec!345 mg; (15%) ollhe Iitle compound. LC/MS: R,""' 1.64 Jlilil, 

ES+ 550 (FA slandard}. 

[02661 To a solution ol tert-butyl (aminosulfonyl)({(lS,2S,4R)-2-hydn:>xy-4-[(6-

[[(llUS)-2-methoxy-2,3-dihydro-lH-inden-1-yl]amino)pyrtmidin-4-yl)rucy]cyclopenlyl)­

methyl)carbamate (34.5 rng. 0.0000628 mol) in CH.,CJ, (lA mL) was added triiiuoroaa:tic 

add (0.70 rnL,.'O.D091 mol) and the mixture was slirred for 15 minutes. The mixture was 

diluted with toluene and evaporated to dryness. The residue WM purified by flash 

rltromatogrnphy (0 l:Q 10% MeOH/CH,Cl,_) l:Q ohtain23.8 mg{84%) of the lillecompound as 

a white residue. 1H NMR (CD300, 400 MHz) 6: 8.15 (s, lH), 7.24-7.14 (m,. 4H), 5.98 (s, lH), 

5.57 (bs, 1H), 529 (bs,. 1H), 4.38435 (m. 11-1), 4.23-!l.:ro (m,. 1H), 3.34 (s, 3H), 3.25-320 (m, 

lH), 3.13-3.00 (m, 3H), 2..42-2..33 (m,. lH), 2.29-2.24 (m,. lH), 2.10-1.94 (m,. 3H) ppm. LC/MS: 

R, = 1.16 min, ES+ 450 (FA standard). 



Example 43: [{1R,2R,:IS,4.R)-4-{I4-{(1S)-2,3-dihydro-1H-inden-1-ylamino}-6-methyl-1,3.5-
tri.u.in-2-yllamino)-2,3-dihydro><ycyclopentyl]methyl sulfama.le (Comprnmd ,.., 

4-ch!oro-N-) flS)-7.'1-dibyd ro-I H-inden-1-yl]-6-methy 1-13,5-triazi p-2-amjru: 

(0267.1 To a solution of ZA-dichloro-t.-methyl-1,3,5-lrlaz!ne (11.90 g. 0.0055 mol) in 

DMF (HO mL) and toluene (1.5 mL) atQ "C was added (S)•(+} 1-amilloi:ldan (11.64 mL,. 

0.005() mol) fo!lmved by DIPEA (0.!191 mL. 0.00569 mol) . The mixture was stirred r.t 0 "C for 

30 min. The reaction was poUlUI into water and extracted with CH.Clr 1he organic layer 

was dried over MgSO., filtered and coru:entrated. The :re>~due was purified by flash 

chromalogrnphy (0 to 15 % EtOAc/hexanes) to alford 0.69 g: (53%) of the title compound. 

(0266] A mixture of (3a5,4.R,6R,6a.R)-6-(I( fert-b uty l( dimethyl)silyl]ony )methyl)-2.2-

dlmelhyltetrahydrc>-3aH-cydopenta[d][1,3]d/o)<Ol-4-amJne (1~1.8 mg. 0.00047113 mol), 4-

chl.om-N-[ (l.S)-2,3-<:Iihydro-lH-inden-1-y lj-6-methyl-1,3,.5-t:riaz!n-2-amine (127 .1 mg.. 

0.(101)o:1876mol) and potassium <2rb<ln..te (0.130 g. 0.0009!10 mol) In 1.,4-d.loxane (071 mL) was 

subjeo;ted to microwave irradiation (300 wat1s. 160 "C) for 30 minut .... The mixture w"" 
filtered Wilh CH,O.. and o::oncentrated. The residue was purified by flash citro=alogrnphy 

(10 to 100% EiOAc/hexanes) to obtain 60 mg (24%) of the title compound. LC/MS: R, = 2.03 

min. .ES+ '1:19 (FA standard). 

[0269] To a soh11i01\ of N-f(.9aS,4Rh5,6aR)-6-(([terl-butyl(dimelh.yl)silyl]a>:y)melhyl)-

2,2-dlmelhyltetrahydro-.9aH-cyclopenta!d]]l.3]dloxol-4-yl]-N'-{(15)-2,3-dihydto-1H.-inden-1-

ylj-6-methyl-1,3, 5-triazine.-2,4-diamine (0.2.9 g. O.!Xl044 mol) in TIIF (1 mL) was added 1.00 

M ofTBAF in THF (1 . .91 mL). The reaction was stirred for 30minutes. lhe solution was 

amamtrnted and the residue purified by flash chromatography (0 to 4% MeOH/EtOAc) to 

afford 2.10mg (:>99%) oflhe tille compound. LC!MS: R, = 1.24min, ES+ 412 (FA standard). 

''" 



[0270) The title compound was prepared in a fashion analogous to &ample 65, step 

d. 'H NMR (CD30D, 400 MHz) & 7.29-7.16 (m,. 4H), 5.65 (I, J"' 7.5 Hz, lH), 4-35 (del. J"' 7.7, 

14.9 Hz, 1H), 4.1~ (9, lH), 3.92-3-M (m, UI}, 3.10-3.00 (m, JH), 2.95-2.84 {m,. 1H), 2.63-2.52 (m, 

lH), 235-2.33 (m, 211), 2.30 (S, 3H), 2.08-1.90 (m, lH), 1.39·1.28 (m, 11-1) ppm. LCJMS: R,_"' 

1.13 min, ES+ 451 (FA standard). 

Example 44.: [{1S,2S,4R}-2-hydroxy-4-{(6-[[(1R,25)·2·methoxy-2,3-dihydro-1H-lnden-1·yl]­
amlno]pyrimldin-4-y!)amino]cyclopenlyl)methyl sullamate (Ctl>npound I-47) 

[02n] To a sol ution oi (1R,3S,4S}-3-([ lert-butyl{ dimethyl)•il y ljoxy]-4-{[[ tert. 

butyl(dlmethyl)s!lyl]oxy]melhyl)cydopentanamlrn! {0.400 g. 1.11 rnmo!) in EtOH (3.0 mL) 

WitS added 4,6-dio:hloro-pyrlmidine (0.199 g.. 1.33 mmoJ) and Et,N {0.310 roL, 2.22 mmol). 

Tile reaction was he.ated \o 140•c foz 1 h In a sealed rube using miaowave Jrradialio;m then 

wm:=traled in vacuo. The residue was dissolved In CH,CJ, and purified by flash 

chromatography {Oi,CIJ to affmd the liUecornpowtd (0.300 g.. 57%). 

[0272] A Enll<turn of N-!{1R,3S,4S}-3-[ [lui-butyl( dimethyl.)511yl]oxyi-4-UI t<rt-

b uty I( dirnelhyl)silyl ]o:<y jmelhyl)cyclopentyl }-6-chloropyrilnldin-4-antine (0.114 g.. 2.<12 

mmol), (1R2S}·2-melhoxyindan-1-amine (0.170 g,.l.04 mmol) and Na.,CO, {0..10 g. 0.97 

mmol) _was heated to 180 "C for 2 h in a sealed tube using an oil bath. The reaction was 

cooled and filtered. The Jiltratl! was cont:~mtrated in vacuo. The residue was purified by 

/lash chromatography (SO' to 60% EtOAc/he>«<I\\!S) to afford the title compound as a beig<' 

foam (O.o66 g..46%), LC/MS: R,_"' 220 min, ES' 599 (Formic Acid). 

[02731 To a solution of N-((1R,3S,4S}-3-[rlerl-butyl(diroelhyl)sllyl]oxy)-4-(![lerl· 

butyl(dimethyl)sllyl]oxylmethyl)cydop'">llyl]-N -({lR.25)·2-methoKy-2,3-dlhydro--lH·inden­

l-yl]pyriinidine-4.6-d.iamine (O.lBB g, 0.314 mmol) in 'IHF {1.70 mL) and H,O (1.70 mL) was 



I 
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added AcOH (5,09 ml.). The solution was stlm!<:l owemight then c:on<entrared in "acuo and 

purified by flash chfomatogn.phy (0 m 5% MeOH/EtOAc) lo obtain the tille compound 

(O.ll2g. 74%). LC/MS:R, = 1.46 min.E>" 435 (l'=nicAcid). 

I021tl A solution of !(1R,2R.45)-2-I!terHmtyl(dlmethyl)silyiJoxyJ-4-[(6-[[0S2R)-2-

_,thoxy-2,3-dihydro-1H-inden•l-yl]amino]pyrimidin-4-yl)amln<>)cyclopentyl)=lhanol 

(0.112 g, 0..231 mmol) (u:etroped w:ith toluene) and pyridine (0.0374 mL, 0.462 mnml) In 

anhydrous acetonitrile (2.3 mL) was coo~ to 0 "C. A 2 N solution of chlomsulfonamide in 

'!""'to.Utrlle (0.116 mL) was added dropwise and_lhe reaction was sl:lttedfw 3 h- Additional 

2 N solution of chloms\llionam.lde In ac::I<Jnltrile (O.!ll6ll'IL) and pyridine (0.0001 g, 0.052 

moO were added and the reaction was stirred fo-r 1 h then quenched with melhanol. n... 
solption was concentrated in vacuo and purilled by flash chromat<Jgraphy (0 to 10% 

MeOH/DCM) to afford the title COinpOund as a white solid (0.059 g. 57%). 
1
HNMR 

(CD,OD, 400 MHz.. 6): 8.26 (s, 1H); 8.01 (s, IH}; 7.26-7.16 (m,. 3H); 5.70 (s, lH); 5.47-5.33 (bs, 

IH);4.35 (1,. J"' 4.5 Hz,. lH); 4.31 (d. J:. 7.5 Hz,. IH); 4.28 (d, J~ 7.5 Hz, lH); 425-4..21 (m, lH); 

4.15-4.11 {dd,. J= 7 3 Hz.; J= 25 Hz.lH); 3.36 (s, 3H); 3.16--3.00 (m. 2H); 2..54-2.45 (m, lH); 2.26-

219(m,. Ul); 2.1G-1.98(m, 1H); 1.87-1.78 {m, 1fl);1.77-1.69 (m, lH), LC/MS: R,"' 1.11 min, 

ES' 450 (FA stan~). 

EIGlJl\pl~ 4!i: I {I S..:ZSAR}-4-[(6-I [(15)-3,$-dlmcthy I-2,3-dlhydTO-lH-inden-l-yl)aroinol­
pyrimldln-4-yl)oxy]-2-hydroxycydopentyl)methyl sulfamate (Compound l-
124) 

102751 The title compound Willl prepared in a fashion analogous to Example 34 steps a-

e using (1S)-3..3-dimethyi111clan-1-amlne in step b to obtain the Iitie compound. 'HNMR 

(CD,OD, 400 Ml--h, lj): 8.14 (s, lH); 7 28-7.15 (m, 4H); 5.83 (s.. 1H); 5.59 (bs. lH); 5.31 (bs,IB); 

4.39 (dt, J"' 5.0 Hz; J"' 2.0 Hz,. Ul); 432 (dd, J= 7..3 Hz; J"' 2.5 Hz, lH); 4.16 (dd, J= '7 .3 Hz; J= 
25 H2, IB); 2.57-2.47 (m, lH); 2.46-239 (m, 1H); 2.:11-2.24 (m, lH); 2.12-1.90 (m, 3H); 1.82-

1.75 (m, lH); 1.39 (s,3H); 1..25 (s.. 3H). LC/MS:R, = l.S1mln,. Es• 449 (FA slandard). · 



Example 46: [(1S,25AR}+( ( 4-[[ ( 1 S}-J ,3-dimethyl-2.,.3-dihydro-11-1-inden-1-yl]amino]-1 ,3,5-
trla7.1n-2-yl)amlno}-2-hydroxycyclopentyl)melhyl sulfamate (Compound 1-

""l 
Step a: 4.6-djcliloro-N-Ul ~-3.3-diuwtbyl-2.3-dlhydro-lH-ind<m-l-yll-1.3,5-lriazin-2-
amine 

[0276] To a oolutitm of (1SrJ,3-dimethylindan-1-antlne (0.67 g.. 4.211W1ol) in THP (3 

mL) cooled to 0 "C was added cyanuric cllloride (0.874 g, 4.74 mmol} resullin]!l in a white 

solid. DIPEA (0.724 rnL,. 4.16 mmol) wa-; added and the yellow mi<hne was stirred for 1.5 

hours. The reaction was quenchi!d with H.O and e>drru:terl with DCM (3><). 1be combined 

organic laye.s were dried (Na,SOJ, ffiteted and collected In vacuo to give a pale yellow oil. 

The residue was purified by llash chmma.tography (0 to 25% EtOAc/hexanes) to afford the 

title compound {0.77] g.. 60%) as a White BOiid. LC/M& R,'"' 2.20 min,. ES' 310 (FA standard). 

[02'171 To a solution of {lRJS ,45}-3-([lut-bu tyl(dimethyl)sllyl]oxy )+([[ h:rl-

butyl{dimethyl)sllyl]oxy]methyl)o;yclopentanamlne {0200 g. 0..5S6mmol), TEA (0.21 mL,. 

1..50 .mmol) in THF (0.80 mL) was added 4.6-dlchlo:ro-N-[{IS)-3,3-dimelhyl-2,3-dihyclro-11-/­

inden-1-yl]-1,3_.5.triazin-2-amlne (0.160 g.. 0.500 mol). The reaction was stirred for 3.5 h lhen 

concentratOO in vacuo. The residue was purified by preparative 'ILC (10% EtOAc:/hexanes) 

followed by DCM. The l<!ievant band was cut and washed using ~filtered, and 

coni:en!r.otcd in vacuo to affOttl Ute title oompow~d (0.228 g. 71%). LC!MS: R, '"'2.77 min,. 

ES' 633 {FA slalldard). 

[02.'1llj The title compound was prepared following the procedure d.scribed in 

&ample 44 step c using N-[(1R,3S,4S)-3-Urert-butyl(dimelhyl)silyl]oxy]-4-{\[lert­

butyl{dimethyl)sllylJoxy]methyl)cydopentyl]-6-chloro-N-[(lS}-3,3-dimelhyl·2$-dihydro­

lH-inden·l-yl)-1;1,5-trlazine-2,4-d.iamine. LC/MS, R, "'- 2.20 min,. ES' SIS, 520 (FA standard). 

[02.7!1] To a solution of ((IR,2R,4S}-2-![lert-buty I{ dirnelhy\)sllyl]oxy !-4-(( 4-cllloro-6-

([(lR)-3,3-dimelhyl-2,3-dihydro-lH·inden-1-yl]amino}-I,J,5-triazin-2-yl)amim>l cyclopentyll-



methanol (0.083 g. 0.16 mmol) in EtOH (1.11 mL) was added Pd (10% on carbon) (0.01'10 g. 

1).0160 mmol) and the mllctt:n"e was slim!d under an atntospht= of hydrogen for 4 d. The 

reactlo:n was purged withllitrogen for 30 minutes then Pd(OH),(ZOo/. en carbon dry weight) 

(0.022 g. 0.016 mmo!} was added and the mixture was stkred for 4 h under an atmosphere of 

hydrogen. Filb:alicn <lf the mixture through a pad of celite, follawed by flash 

chroma.tcgraphy (50-100% EtOAc/hexancs) ilfforded lhe title com.~ (0.027 g, 35%). 

LC/MS: R, = 1.81 min,. E:S' 484 (FA standard}. 

· st.,. c: UtS.25.4Rl-4-I«--ID SJ-3 3-dlml'lhyl-2.3-dihydwl ff-jnden-1 yllamlno!-1.3.5-
!rln ID=2-yl1yn(no 1·2-hydrm:;ycyclQJ!Pn !;yl !methyl sulfiW'i'le CComoound 1-1 34) 

. [0280] The IItle compound wa.. prepanrl foll<>Wing lhe prettdUJ:C de:scribed in 

Example oM step d Wiing [ (lS;2.S,4.R)-2-tfle7t -butyl( dlme!hy l)silyl]o><y)-4-[( 4-(!(lS)-3,3-

dimethyl-2,3-dihydro--lH-inden-1-yl]amlno]-1.3$-triazin-2.-yl)amino]cyclopentyl] methanol. 
1
H NMR (CO,OD, 400 MHz. 6)' E1.17-7 .81 {m, lH); 7.27-7.15 (m, 4H); 5.71-5.57 (m, lH); 4.65-

4.49 (m.1H); 4.36-4.23 (m. 2H);~.oo (:m, lH); 2.53-233 {m,2HJ; 2.25-2.10 (m, tH); 2.06-

1.68 {m,. 4H}; 1.39 (s, 3H); 1..24 {s, 3H). LC/MS: R, = 1.90 min E.'f" 449 (FA standard). 

Exam.pl~ l:t. [(1R,2.R,3SAR)-2.3-dihydroxy-4-[(4-l[(l.R.2S)-2-rnethoxy-2,3-dlhydro-1H­
inden-1-yl]aminol-1,3,5-tria2;in-2-yl)amlnojcyclopentyl]methylsulfamate 
(Compound l-55) 

[0281] The title =npound was prepared f<lllowing" the procedure described in 

Elmmpl~ 46 {step e) l13il1g [~S)-6-[(4-([(IR,2S)-2-metho.>y-2.3-dihydro-1H-ind""· 

1-yl]illllino]-1,3,5-tri=in-2-yl)arnlnoJ-2.2-dlmethyhetrahydro-3aH-cyclopenta[d](1,3]dioxol-

4-yl)methanol (prepared as in Example26). 1H NMR{CD,OD,400MHz. 6): S.10.7.95 (m.. 

I H); 7.30-7.14 (m, 4H); 5.72·5.56 (m,. 1H); 4.36--4.08 (m..4H); 3.95-3.78 (m.. 2H}; 3.37 (9, 3H); 

3.15-2.93 (m.. 2H); 2.42-2.17 (m, 2H}; 1.37-1.78 (m, 1H). LC/MS: R, "' 1.07 minES' 467 (FA 

.......... ,. 
l!umple IB: ((1R.2lUSAR)-2.3-dlhydro><y-4-j[6-(phenylethynyl)pyrimidin-4-yl]amlno)­

cyclopentyl]methyl sulfamate (Compound I-108) 

i I 

10282] To a solullon of (:1 R,25.3R.5R)-.3-amlno-5-(hydroxymeth.yl)cyclopcnlane-1,2-

diol •HQ (1.00 g. 5.44 mmol) and 2-amino-4,.6-dichloropyrimldine {0.982 g. S.99 mmol) In 

iwpropyl alcohol (8 .mi.) was added Et,N (1.9{1 mL, 13.6 mmol). The reaction was healed lo 

'" 



9{) "C for 1 h in an oil bath then cooled, fillered and concentrated in vacuo. The residue was 

<lisoolvM lnCH,O, arul purified by flash d>romatography (20 to SO% MeOH/ CH,Cl,) to 

afford the llUe COmpo Lind as anoff-whlt:esolid (2.025 g. :>99%). LC/MS:R,,.0.8l minES" 

260 (FAstar\dard). 

(0283) To a solullon of (1R,2S,3R,5R.)-3-[(6-chlcropyrimidin-4-yl)amino}-5-

(h.ydroxymethyl)cyclopi!IItane-U.-diol (1.880 g. 7.239 mmol) In hydroiodk acid (23..9 mL) 

was add"<:~ sodium iodide (5.42 g;. 36.2 mmo1). Tite ~heated 10 70 •c lor 10 min then 

am<:l!lltrat:ed and azeotrope<~ u.lrlg tolt~B~e (3x). The Il!!l!due was dissolved in acetone and 

NaHCO, was added. Tite 5USpi!JISion was filtered and lhe lill'rate was coitamtrated in vacuo 

to obtain the title compound (24 g. :>99%). LC/MS: R, = 0.76 mln ES' 352 (FA starulard). 

I . 

(0284) The title compourtd was prepared following the procWme des<rtbed in 

Example 1 step b using (1S,2R.3R..5R)-3-{hydroxymethyl)-5-[(6-iodopyrlmidin-4-yl)­

amlno]eyclop1!Ittaru!-l,2-diol. LC{MS: R, 1.24 min. ES' 392 (FA starulard). 

(112B5) To a solution of !(3aR,4R.6R,6aS}-6-((6-iodopyrimidin-4-yl)a.mhm]·2,2-

dimethyltetrahydro-3aH--cycloperlla[d][l,3)dloxol-4yllmatharwl {1.:321 g.. 3311 mmol) and 

lH-imldazole (0.552 g.. 8.10 mmol) In DMF {16.9 mL) was added terl-butyldlmethylsi.lyl 

chloride (O.SM g. 3.5\1 mrnol) arui the reaction was stirred ovcmlgh.t. The solution was 

dilut:ed with H,O and extncted with EtOAc (3:<:). The combined organic layers were washed 

with brine, dried (N.,.SOJ, filtered, and con<:<:ntnted ln. vacuo. The <:rude mkture was 

purified by flash chromatography (10 to 40% EtOAc/hexanes) to afford the title compound 

(1.465 g. 86%). LC/MS: R,=2.47 min. liS' 506 (FA Standard). 

! [ n 

[0286] To a solution of N-[(34S,4R,6R,6aR)-6-(Uitrf-hutyl(dirnethyl)silyl]oxy)methyl)-

2,2---dimethyltetrahydm-3aH--cyclopen!a(dl(l,3]dlaxol-4-yl]-6-lodopyri:mldin.-4-antine (0.300 



g. 0.594 mmol) In DMF (2.46 mL) wa<~ added Cui (ltOI].g g. 0.0594 mmol) and 

bls(triphenylphoophlne)palladlum(D) chloiide (0.11292 g. 0.0415 mmol). The tube was sealed 

and fluslu:d with argon.. Et,N (0.165 mL, 1.19 mol) was added and the reaction was slln'ed 

for 1 h. Plu:nylacetylene (0.216 ntL, 1.96 mmol) was added ar~d the reaction was O>lim:d 

overnight. The suspension was filtered and the filtrate was ooncenb:ated in vacuo. The 

crude nililture was purified by flash chromatography {10 to 40% EtOAc/hexanes) to ;iliord 

lhe title oompound as a yellow oil (0.238 g. 134.%). LC/MS.: R, ~ 2.4? min, rs· 480 (FA 

standard). 

[0297] To a solution of N-[(3aS,4R.61UiaR)-6-{![tm-butyl{dimelhyl}sllyl]oxy]methyl)-

2,2·dlmethyltetrahydro-3aH-cyck>penta[d][1,3]dioKol-4-yi}-6-(plu:nylethynyl)pyrimidin-4-

amine {Q.2:75 g. 11573 mrnol) in TifF (2 mL) and pyridine (2 mL) in a leH<m vial was added 

pyridine hydrofluoride (1.3 mL, 0.014 mol) dropwlse. The 1l!action was slirn!d for 1.5 h 

then quenched ll!ling a sarurated aqueous Na,CO, solution {15 mL) and ElOAc The 

aqueous layer was e><!r.u:ted w;th EtOAc (3 " 20 mL). The combined organic layers were 

dried (N,S,J, filtered and coru:entrated in va=o. The rosidue was purified by flash 

duomatography (0 to 5 % MeQH/EtOA") to afford the title rnmpmmd as a yellow soUd 

(0.172 g. 82%). LC/MS.: N,_ ~ 1.29 min, ES" 366 (FA standard). 

[OZ88J The Iitle compound was prepared following the procedure described in 

Example 1 steps d.., using ((3aR,4RfiR_.6a5)-22-dlmet:hyl-6-U&{phenylethynyl)pyrtmidln-4-

yl]amino]ll:trahydro-3aH-cydopenta[d]ll.3ldioxol-4-yl)methanol. 
1
H NMR (CD,OD, 400 

MHz,ll): 8.36 (s, I H); 7.80-? .54 (m, 2H); 7.45-7.36 (m, 3H); 6-69 (bs, HI); 4.33 (b<;, IH); 4.23-

4.14 (m, 2H); 3.92·3.88 (m, HI); 3.%-3.61 (Ill, lH); 3.32-3.28 (m, 2H); 2.46-2.30 (m, 2H); 1.39-

1.27 (m, lH). LC/MS: R,ool.09mln, ES. 40S(!'Astandard). 

Eumple 49: ((1S,2S,4R)-2-hydmxy-4-(!6-((1-naphthylmethyl)amino]pyrinridin4-yl]­
oxy)<:yclopl:lltyl)methyl suUamate (Compound 1-42) 

'""' The Iitle compound was prepared in a fashion analogous 10 Example 34 Sll:p:l a-

e usinJl: 1-naphthalenemethylamlne In step b to obtain the title compound. 
1
HNMR 

(CO.OD, 400 MHz.. 6): B.13 (s, I H); 0.04 (d, J~ 9.0 Hz,. lH); 7.07 (d, J= 7.5 Hz, IH); 7.79 {d, J= 

m 



., 

ao Hz, lH); 7.54-7.39 (m.. 5H); S.75 (s.lli); 5.31-5.25 (m. IH); 4.94 (s, 21-1).; 4.39-425 (m, 2H); 

4.17-4.06 (m,.1H};2.52-2.42(m.. lH); 2.26-2.19 (m.lli); 2.os-1.&1 (m,.2H). LC/MS: R,= 159 

rnln, FS+ 445 (FA standard). 

E>wnpl~ 50: ((1S,2S,4R)-2-hydroxy-4-((6-[(1-naphthylmethyl)amino]pyrtmidin+yl)­
oxy)cyclopenty1Jmethyl sulfamatc (Compound I-119) 

Stet> pr 4-!Ul R .3S.45l-3-l ftrrt-ln ttylf dimethyllsil yl lox y !Miftql·butyKdime!hyP3Uylloxyl­
rnetbyllcydl!g<liltyllo><yJ-6.U-mmhtbylmgthoxylpvrimidine 

[ll290l To a wlution of 4-(((1R,3SA5)-3-([tmt-butyl(dirncthyl)silyl]D1y)-4-{((tut-

butyl(d.i.n)ethyl)s!lylJoxy)methyl)cyclopentyl)oxy)-6-chlompyrimldlne {0.200 g, 0.423 mmol) 

and 1-naphthalenerne!hanol (OJ.4ll g,0.8118 mmn!) inDMF (1 mL) was added .sodll>ll\ 

hydride (0.0355 g.. 0.888 mmol) and stirred lor 3 h.- The mi"tun! w"" diluted with H,O and 

e>o:tracted with EtOAc.. The =bined ol'galtic !aye,. were 'Washed with brine, dried 

(Na;>DJ, filtered. and ct~nrentraled in vacuo. Tho residlll! was purified by flash 

cltromatography (0 to 20% EtOAc/hexanes) to afford the title compound (0.139 g, 55%). 

Srep h: !(1S.25AR):2-hydrwcy±(!6-IC1-naphthylrnethyllaminolpyrimidin±yU-
PqlcyclQ1!enl)'ll""'tbyJ su!ramate 

[0291] The title C>OU!.pound was p.epamd following the pmmdure described in 

E>:arnp1e 14 (steps """l and Example 48 (step f) using 4-l[(lR,3SAS)-3-H!erl-buiyl(dimethyl)­

sllyi]O>:y]-4-(([tert-bulyl{dlmethyl)silyl]oxyJmethyl)cyclopenlyl]oxy]>6-(1-naphthyln!.elhoxy) 

_pyrimiiline. 'H NMR (CO,OD, 40[) MHz,S): 8.39 (9, lH); 8.01 (d, 1- 8.6 Hz. lH); 7.88-7.61 (<n, 

2H); 7 57 (d, J- 7.0 Hz, lH); 7.53-7.40 (nt, 3H); 6.14 (s, lH); 5.79 (s, 2H); 5.50-5.42 {<n, 1H); 

4.35-4.31 (m,. lH); 4.30-4..25 (m.. HI}; 4.15-4.()3 (m, IH); 2.53-2.42 (m, lH); 2.3()-2.21 (m. lH); 

208-1.87 (m. 3H). LC/MS: R,"' U2 ~ FS 446 {FA standud). 

E.umple 51: ((1S,2S.4R)-2-hydro:<y-4-][6-{2-phenylethyl)pyrimldin-4-yl]arnino]­
cyclopentyl)methyl sulfama.te (Compound I-81) 

Ste 9 a: N-IOR 35 ASJ-3-! ( tqt --b utyl@mgtbyllsi!y! Jm;y]Ml14Tt-butyl( dimet!wJis!l)l llo~y 1-
methyllcyclopentyl]-6-iodgpyrlrnidin-4-amfue 

(0292.] The Iitle CQ!Jlpound was prepared followi!lg the! pro::edu.<e desa:ibed in 

E><ampie 44 step a using 4.6-dliodopyrlm!dlruo heating to 150 •c Ior 300 sec. 



Step b: N·IDR.3SASb3-J!I(rH>utyJ(dlme!hyllsilylloxyH=<ffl..rt-butylldimetiwllsjly!loxyl· 
mgJ-hyDcyclgl!ffi!Yll-6-(phenylelhynyllpyrimit!ill-4-amiru> 

[0293] The title compourul was prepared following the proo:edure described in 

Example 48 step e. LC/MS: :R,"' 3.56 min.. ES. 536 (FA standard), 

S tep t"l N-((1 R .35As>-3-J [frrt. buty l(dimgtbyllsUyllo"Y!-4-f! ! /ert-butylfdimefuyllsil yl]oxyl­
mgthy!lo;yriQI!ertMl-6{2-¢'enylethyl\pyrimjdin±iuniru: 

[~] The litJe compOWid was prepared followiJ>g Ute proc:edure desaibed ii1 

Example 3d using N-[(lR,.'!S,~[(tert-butyl(dimethyl)sllylloxy]-4-(![tm·butyl{cfunethyl}­

silyl]oxy]methyl)cyclopentylJ+(phenylorthynyl)pyrlmldin+amine and Pd(OH), on carbon 

(20% dcywelght), LC/MS: R,"'2.30miro, ES" 542 (FA standard). 

Step d: UlS?fu!ID-2·hydroq+!f6-f2-J>hewlgfbyllpyrlm!din+yllaminplws:Jooenty\)-
me!hyl sulfamate CCnmnound I-811 

[0295] The Iitle compOWid was prepared followirlg the P~""" d""''ODed in 

b;unple 46 steps c and e and Example 48 step f. 'H NM:R (CO,OD,400 MHz, 6): 8.30 (s, lH); 

7.26-7.20{m.2H);7.18-7.13 (m, 3H); 6.18 (s, IH): 4.35--4.26(m, 2H);4.IS-4.06 (m, IB};2.97· 

2.90 (m,2H);2.85-2.76 (m,2li);2.51·2Al (m,1H);2.24-H5 (m, 1H); 1.82-l.i'J (m, 1H); 1.70-

1.60(m, IH);0,94-0.85 {m.lH). LC/MS: R,"' 1.38min, ES"393 (FA standard). 

f.l<ampil: 52! ((1S,25,4R}-2-hydroxy+][6-(2-naphthylmethoxy)pyrimidin+yl]oxy)-
cyclopentyl)methyl sulfamate (Compound 1·141) 

[02961 The lille compound was prepared following lhe procedure d_,.;bed in 

Exa!rlp!e SO using 2-n.aphthalenomelh<mol. 1H NMR (CD,OD, 400 MHz, li): 8.39 (s, lH); 7.68 

(s, 1H);7.86-7.81 (m. 3H);7.S2 (dd,}" 8.5 IU, fg 1.76Hz, 1H);7.4!1-7.44(m, 2H); 6.19{s, lH); 

553-5.48 (m.. Ul); 4.36-4.35 (m, lH); <l.34-4.29 (m,. 1H); 4.17-4-12 {m, IH); 2.56-2.46 (m, lH); 

2.32·2.26 (m, 1H);2.W<1.91 (m,JH). LC/MS: R,_ = Ul2rnin ES. 446{FAslandlltd). 

Enmple 53: !(IS.2S,4R)-2·hydrcxy+[(&-![(1R,2S)-2-melhoxy-2.3-dihydro-1H-inde!'"1-yl]­
oxylpyrimidln+yl)oxy]cydopentyl)melhyl sulf.unale (Compound 1-96) 

[029'7) 'Ilu! title compouruh were prepared following lhe procedure described in 

bample 34 step a using (1R,2S)-indane-1.2-d.iol (0.5 g. 3.00 mmol) (Yanagimachl, K. 5; 

"' 



Stafford. D; O.:><.ter, A; Simkey, A; Drew,S; Slephlmopou!oo.. G. Europ<Jln Jau,.,m af 
Birxhemistry. 2001,168, 4950-49611) as a l.Z:lralio o£2-Q.pyrimidiru! to 1-0-pyrimidlne. 

!! " I 

(0298] To a flame dried flask canlaining 4A ~lecuJ.ar sWtes (0.700 g) cooled under 

nitrogen and equipped with a reflux conderu;erwas added si.lver(l) oxide (3 g. 10.0 mmol), 

(1R,2S)-l-[(6-<:hloropyriotidin-4-yl)~Jmdan-2-ol (0..365 g, 1.39 mmol), and Et,_O (10 mL). 

Mel (3.08 mL, 495 mmol) was pre-purified through an ~umina plug and added to the 

mixture. The reacti<>n was healed to 40 "C for 2 h. The reaction was diluted wilh Et,O, 

.fill=ed lhrough a pad of celile and concentrated in vacuo. The residue was purified by flash 

chromatography (15 to 3(1% EtQiu,/hexane!l) 10 obtain the title compowule as a 1:1 ml!tture 

(0.540 g. 70%). 

[02991 To e solution of (IR,35,4S)-3-![ler!-butyl(dimethyl).silylJoxyl-4-{U~rt-

butyl(dimethyl)silyl]oxy]IIU!th.yl~opentanol (0.334 g. 0.928 .rnmol) and sodium hydride 

(0.11779 g. 1.95 mmol)ln DMF {3 mL) was added 4-clll.oro-6-{[(liUS)-2-melhoxy-2,3--dlhydro:. 

lH-inden·l-yl]oxy]pyrlmidlne {0.539 g. 1.95 mmol). The mixture was stirred for S h then 

quenched with H,O and f':ltlmded wilh EtOA" (:b). The combined organk Ia yen; were 

washed wllh brine. dried (MgSOJ and r;ono;,ntrated In vacuo. The residue was purified by 

flashcluomalography {0 to 30% EIOAl:/hl!l<ai><S) to obtain the tille compounds (0.124 g,. 

22%). 

'" 
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[0300) The title compounds were prepared using !he procedure described in Example 

51 step d using 4-[[(llt3SAS)-3-![t£rt-b~tyl(~thyl)sllyl]o><y]-4-(l[tul-b~tyl{dimethy 

l)silyl]oxy)methyl}cyclopentyljoxy)-6-(((1R,25)-2-me!h~ihydro-1H-Inden-l-yl}oxy)­

pyrimidlne, and fiM·butyl![(lS.2S,4R}-2-!Itm-butyl(dimelhyi)sllyl)oxy]-4-(3-\[(lR,2S}-1-

melho><y-2,3-dih}'<im-1H-inden·2-yl]oxy]phenoxy}cyclopentyl]methoxy)~lsilane. and 

4-{[(1R,3SASJ-3-([terl-butyl(dimethyl)sllyl)o><y)-4-(l[tat-butyl{dime!hyl)silyl]oxy]methyl) 

cyclopentyl]oxy)-6-[[(lS,2R}2-melho><y-2.3-cHhydro-1H-inden·l·yl]O><y!pyrlmi:dine, and tert­

butyll[(lS,2S,4R)-2·f!tert-butyi(dirnethyl) sllj!l)oxy]-4-(3-1[(1S.2R)-I-metho>:y-2;3-dihydro-1H 

-inden-2-yl]oxy)phenoxy)cydopenlyl}mel:hoxyldhnethylsilane. 

Example SQ.: [(tS,2S,4R)-2-h~-4-[(6-[[(IR,2S}-2-melhoxy-2,3-dihydro-1H-lnden-1-yl)-
oxylpyrimidin-4-yl)oxy]cyclopentyl]methyl sulfamate (Compound I-9&) 

{0301) 'JiNMR(CD,OD,400MHz.l>): 8-44 {s, Ul); 7.45{d,J-7.3 Hz,.1H);7.32-7.25 {m, 

211); 7.23-7.17 (m,. lH); 6.53 (cl, J=- 5.0 lk, !H); 6.12 (s, lH); 5.52-5.47 (m,.lfl); 4.39-436 (m. 

IH}; 4..35-4.27 (m, 2H); 4.14 (dd, J~ 9.8 Hz, J'"' 2.5 Hz,. ttl); 3.37 (s, 3H); 3..20-3.06 (m, 2H).; 2.S6-

2.47 (m, 1H);234-2.25 {m, 1H)~2.ll-1.89 (m,3H}. LC/MS:R, =-1.64 min,.ES• 452 (FA 

standard). 

Example 55: l(tS.2SAR}-2-hydroxy-4-[(6-[[(1R.25)-1-metlwxy·2,3-dihydro-1H-inden-2·yl]-
OKylpyrimidin-4-yl)oxylcyclopen!yl]me!hyl sullamate (COJI"Ipound I-79) 

[0302] 'H NMR (CD,QD, 4{JQ MHz, !>): 8.40 (s. 1~; 7.40 (d, J= 73Hz, 1H); 7.33-7.23 (m,. 

3H); 6.13 (s, lH}; 5.78 (q. J= 5.71Hz, J= 5..52 Hz, lH); S.S.,...5.-:17 (m, Ui); 4.~ {d., J= 4.77Hz, 

1H);4.41-4.36 (m, 1H); 4.35-4.29(m, I H); 4.18-4.12(m,. 1H); 3.36 {s, 3H);3.28-3.23 (m. 1H); 

3.20-3.12 (m, lH); 2.57-2.47 (m. tHJ; 2.33-2.25 (m. lH}; 2.10.1.90 (m, 3H). LC/MS: R, = 1.64 

min, FS" 452 (FA s!andan:l). 

F.n.mple 56: [{1S,2S,4R}-::!:-hydroxy-4-[(6-J((IS.2R)-2-melhoxy-2,3-dihydro-l.H-inden-l·yl]­
oxy]pyrtrnldin-4-yl)oxy]cyclopenlyl]m..thyl sullama!e (Compound I-98) 

' . . . 
HNMR (CDpD, 4{)0 MHz, .S): 8.44 {s, lH); 7.45 (cl, )'" 7 .S Hz, lH); 7.32-7.25 (m.. 

2.H); 7.23-7.16 (m. lH); 6.53 (d, ]'" 5.0 Hz, 1H); 6.12 (!;, 1H); 5.53-5.47 (m, tH); 4.40-4.35 (m, 

lH); 4.34-4.27 (m,. 2.H); 4.15 (del,)'" 7.3 Hz, J= 5.1 Hz,. lH); 337 (s, 3H); 3.19-3.06 (m, 2H); 2..56-

2.47 {m, UI);233-2.2S(m. 1H);2.10-1.90 (m,3H}. LC/MS:R,= 1.65 rnin,ES" 452 {FA 

standard). 

no 
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&ample S7: [(1S,lSAR}2-hydmxy+[(6-{[(IS,2R)-l-melhruty-2_S-clihydro-1H-inden-2<yi]­
""Y!Pyrimldin-4-yl)~J<yclopentyl)rnethyl sulfam~te (Compound I-'7'7) 

(030(] 'H NMR (CD,OD, 400 MHz, 5): 8.40 {s, lH); 7.41 (d, J"' 7.0 Hz,. 1H); 7.33-7.23 (m,. 
' 

3B); 6.13 (s. IHJ; s.st-5.76 (m. 111); s.ss-!;_48 (m. IHJ; 4.94 <d. 1"' s.o Hz. tHJ; 4.41-4.36 (rn, 

lH); 4 .. 32. (dd. J- 9.8 Hz; J~ 2.3 Hz, lH); 4.15 (dd, J"' 9.8 Hz; J~ 2..5 Hz. lH); 3.38 (s, 3H); 3.28 -

3.22 (m, lH); 3.26.3.12 (m,. lH); 2.57-2.-47 (m, lH); 2..33-226 (m,. IH); 2.10-1.93 (m,. 9H), 

LC/MS: R,= 1..64 min; ES' 452 (FA Standard). 

&ample 58: [(15,25,41{)-2-hydroxy-4-[(6-phenylpyrllnidin-4-yl)o!<y]cydopenlyl)rnethyl 
sulfam.ate (Compound 1-114) 

Step a: 4-lf(lR.3SA5)-.3-I [ I!!TI-b u lyll'dime !h yllsllyl lru<yl-4-((ftert..bu !yl(dimgthyDsjM!myi­
JTiethyllcvdopentyiJoxyl-6-ph""Ylpnimidin" 

[0305) A flask containing 4-[ [ (1 R.3S ,4S)-3-I[ 1"'1-lmtyl( dhneihyl)slly l)oxy!+(([ tn!-

butyl(dimethyl)silyl]oxy]melhyl}cyclopentyl]oxy)-6-chloropyrimicllne (0.300 g, 0.634 mmol), 

phenylboronlc add {0.06% g. 0570 mmol), a 2.00 M solution of K,CO,In H,O (0.317 mL), 

EtOB (0.0044 mL) and toluene (1.417 mL) was purged with argon for 20 minu!es: 

Tet:mkis(triphenylphosphlru!)palladium(O) (0.0264 g. 0.0229 mmol) was added aiid the 

mixture was reflwwd ovemJght:. 11te reaction was cooled and dfluled with H,O. The 

aqueok!Siayer W<lS extracted with CH,CL, (3x). The combined ·organics were washed with 

brine, dried (MgSOJ and concentrated in vacuo. The residue W/19 purified by flash 

chromatography (0 to 10% EtOAc/hexalles) to afford \he title compound (0.224 g. 76%). 

(0306] The title compound was prepared as descr:ibed In E><ample 46 steps c and e and 

Example 48 step f using4-l({tR,3SAS)-3-I[tert-butyi(dimethyl)silylloxyJ-4-(Utm­

bu~yl(dime!hyl)silyiJoKy)melhyl)cyclopentyiJoxyl-6-phenylpyrlmldlne. 'H NMR {CD,OD, 

400MHz, .S): 8.73 (s, lH); 8.03-7.98 {m,.2H); 7.51-7.47 tm,.3H); 721 (s.1H);5.70-5.65 (TIL 111); 

4M-e9 (m, tH);4.35 (dd..J=7.5Hz,J~23Hz..tHJ;4.t7 (dd,J= 7.3-Hz..J~ 2-5Hz, tHJ;3.30 

(q,J= 3.:nu. J= 1.6Hz,.lll}; 2.62-2.51 (m, Ul); 2.38-2.30 (ID, lH); 2.17-1.96 {m,.3H). LC/MS: R, 

= 1.55 min, ES" 366 (FA stan<lard). 



Elwnple 59: [(1S;2SAR)-4-[(6-benzylpytimid!n-4-yl)oxy]-2-hydtoxycyclopontyl)melhyl 
sulfamate (Compoun<l I-132) 

103071 To a solution of 4-H(lR,3S,4S}-3-Utm-bulJII(dlml!thyl)silyl]oxyH-([(terJ-

butyl(dimethyi)sUyl]o;<y]me!hyl}cyclopentyl]oxy)-6-<:hloropyrlmldine (1).264. g. 0559 mmol) 

and ferric aCiltylacetonate (0.()395 g. 0.112 mmol) in THF (9 mL) was added a 1.00 M solut;on 

of benzy!m.agno.sium bromide Jn THF (2.52 mL) and the mixture was slllnrl overnight. The 

reaction was quendled using NH.,O and edfacted with EtOAc {3x). The "'mbined organi<: 

layets were dried {N..,SOJ. filt<=d and conrentraled in vacuo. The residue was purified by 

flashcltrmnatography (0 to 15.,. EtOAc/hexanes) to afford lhe title compound as a cleat oil. 

(0.254. g. 86%). 

[o:J08) The title compound waa prepared as described in Example 46 steps c and e and 

Example 48 step fusing 4-benzyl-6-[((IR,3SAS)-3-(!I"ert-butyl[dimethyl)silyl]oxy)-4-{l[tm­

butyl(dlcnelhyl)9llyl]oxy]methyl)cydopentylloxy]pyrim!dine. 
1
H NMR (CD,OD, 400 MHz, 

8); 9.69 (s, lH); 7.38-7 ..22 (m, 6H); 6.41 {s, lH); 5.65-5.58 (m.. I H); 4.52-4.4.7 (m, lli); 4.45-4.39 

(m, lH); 4.31-4.25 (m,. lH); 4.03 (s, 2H); 2.63-2.53 (m, lH); 2.37·2.28 (m. lH); 2.16-1.84. (rn,. 4!1) . 

. LC/M&. R, = 1.42 min, E5"" 380 {FA slandanl). 

Example 60: {(1R,2.R,3S.4R)-2,3-dlhydroxy-4-U6-{2-phenylelhyl)pyrurudln-4-yl]amino]· 
cyclopcntyl)met:hyl sulfamate (Compound I-86) 

. I 

[0309] The tltle compoW!d was prepared tollowing the procedure described in 

Example 46 step d using ((3aR,4RPR,6aS}-2,2-dimethyl·6-l[6-(phenylethynyl)pyrimidin-4-

yl)a.J:nim>]tetrahydro-3aH-cycloJl"nta[d][1..3)dioxol-4-yl}methanol. 

St..p b· 1/lR 28,3SARJ-2 MiJwdm!y-4-(f6-12·pbgnyleJhyllpyrim]din-4-yl]aminol· 
cydopenJ:$lmethyl !jlllfamal'l fC<liDJlOund I-86l 

[03101 The title CQmpouru::l was prepazedlollowfug the procedure described in 

Example 46 step g using ((3aR,olR,6R.6aS)-2.2-dlmethyl-6-[[6-(2-phen.y!ethyl)pyrimidin-4-yll· 

arnina)l'ltrahydro-3aH-cyclopenta(d](1,3]d.ioxol-4-yl)methano!. 'H NMR (CD,OD, 400 MHz. 



B): 6.45 (s, IH); 7.30-7.16 {m. 5H); 6.41 (bs, 1H); 4.41 {bs, lH); 4.19-4.12 (m.. 2H); 3.90-3.a5 (m, 

lH); 3.83-3.78 (m. 1H); 3.38 (s, 2H); 3.03-2.86 {m. 4H); 2..41-2.29 (m.. 2H); 1.37-1.26 (m. lH). 

LC/MS:R,=0.99 mln,.ffi" 409 (FAsland.m::l). 

&ample 61: [(1S,3R,4R)-3-((6-[(1S)-2,3--<Iihydfo-1H-inden-l·ylamlno]pyrtmidin-4-yl]· 
amino)-4-hydroxycyclopentyl)rnethyl sulfamate (Compound I-76) 

Step a• nR.2R.4R}:2·amlno4-fhvdro!Q'ID"thyllcydopental\ol 

[0311] A solution of (1R.3R,55}-6-oxablcyclo[3.l.O].hex·3-ylmelhanol (OA19 g.. 3.67 

nunol) (Feeya. Da\.'id. JouJ7tJJI of~ic C/Mmistry, 1981, 46, 3512-a519) In arrunonium 

hydroxide (7.22 mL) was hoated to 65 "C overnight. The solution was mncentra.led in v.oruo 

and azeotroped with toluene (3x) to affonl the lille rompound as a dear oil (0.47.3 g. 96%). 

[0312] The til:le compound was prepared following the proc:edure d-=nbed in 

Example 48 steps <XI using (1R,2R,4R)-2-amlno-4-(hydroxymethyl)cyclopentanol. 

. I 

[0313 J To a soluUon of (1R,2R,4R}-4-{I[ t•rt -butyl( dimcthy l)sily l]o><y]t1U!thyl)·2 ·( 16-

[(1S)-2,3-dihydrn-1H·lnden-1-ylaminolpyrimidln-4-yiJ=rino)cyclopentanol (0.193 g.. 0.424 

mmol), N,N-dllruothylaminopyridlne (4.7 mg. 0.039 mmol) and pyridine (0.281 mL, 3.48 

mmol) In DOd (2.1 mL) was added acetic anhydride (0.044Jnl,. (1.46 mmol) and the mixture 

&tined ovemlghl- The reaction was diluted with CH,cr.., (10 mL) and H,.O (2() mL) then 

sl:irmd. for 10m. The organic layer was separated and lhe aqueous layer was vdrn.c!ed with 

CH,_CL,_ and combined organics were wash<!d wilh H,.O. The organic layer was dried 

(M'gSO,), filtered and ooncennoued in vacuo to obtain !he title rompound. LC/MS: R, = 1.74 

rnin,. Ef 498 (FA Standard). 

(03141 The tille compound was prepared foUowing the procedure desalbed in 

Example 57 step d using {1R.2R,4R)-4-U[h7Hutyl(dimethyl)silyl]oxy)methyi)-2·((&((1S)-2,3-

dihydrn-1H·!nden·1-ylamino]pyrimidln-4-yl)amino)cyclopentyl acetate. 'H NMR (CD,OO, 

40(1 Mlh, ll): 7.95 (s, lH); 7.26-7.14 (m,. 4H); 5.66-5.61 (m, lH); 5.30 {bs, lH); 4.07 (s, lH); 4.(15 



{s, lH); 4.02 (q, J~ 53Hz,. IH); 3.82 (bs, !H); 3.05-2.96 (m,.lH); 2.92-2.82 (m.IHJ; 2.63-2.52 (m,. 

2H);2.41-2.30{m,.1H); 139-128 (m, lH). LC/MS:R, = 0.94mln,. ES• 420 (FA standard). 

E:ra.nple 62: [(1R,3R,4R}-3-([6-((15)-1,J-dihydro-1H-fnden-1-ylamino]pyrimidin-4-yl]-
amino)-4-hydmxycyclopentyl]melhyl sulfarnat.! (Compaund l-58) 

[ll315l The tltle compound was prepared following llu! pro<Mure described in 

Example 59 steps a-d using (1S.2S.4R}-2-arninor4-{hydroxymethyl}cyclopentmol. 'HNMR. 

(CD,OD, 400 MHz, a); 7.95 (s, lH); 7.29-7.13 (m,. 5H); 5.61 (d. J= S.OHz,. 1H); 530 (bs, lH); 4.08 

(s, IH); 4.06 (s, IH); 4.01 {q, J= 6.3Hz,. lH); 3.82 (bs. Hi); 3.04-2.95 (m, 1H); 292-2.113 (m,.lli); 

2.61-2.46 (m, 2H); 2.25-2.17 (m,. HI); 206-1.96 (m, 1H); 1.93-1.82 (m.. lll); 1.80-1.'70 (m,. tH); 

1.49-1.40 {m, lll). LC!MSOR, = 0.94 min. ES• 420 (FA standaod). 

&ample 63: ((1Rs2R.35.4R}-4-[{6-f{15)-2,3-dihydro-1H-1nden-l-ylamlno]pyrlmidin-4-yl}­
(met:hyl)amino]-2,3-dlhydroxycyclopentyl)llU!Ihyl sulfamare (Compound I-

"'" 

[ID16l To a mixed solution of N-[(3aSAR,fiR);aR)-6-((!frn-butyl(dimethyl)silyl]oxyl­

rnethyl}-2,2-dimethylt.!lrahydro-3aH-cydopenta[d][1,3]dioxo!4-yl]-6-ch!oropyrlmldin--4- · 

amine {405 mg. 0.98 mm0I) in THF {10.0 mL) and DMP (2..50 mL) was added sodiwn 

:hydride (47.0 mg,. 1.17 mmol) under an atmosphere oi Argon. and the mixture was stirred 

for 15 minUtes. Methyl Iodide (O.OB mL, 1.27-mmol) was added to lhe mixbrre,. =d !he 

re;suJ~ng mllctun> was slin:ed fur 1 h. After quenchirlg by addition of brine (laO mL), !he 

mixture was exttacted with ethyl a~tate (3 ,. 40.0 mL), The organic layers were wmblned, 

dried ove~ MgSO., fillered, and <Napora ted under vacuum. The res.ldue was purified v:ia 

s!llca gel eolllfru\ chromatography eluting with a gradient of 5 to 15% ethyl ao.tate in DCM: 

to afford the title oomp<>und (381 mg. 91 %) as a colorless o!l. LC I MS! R, = 2.55 min, ES' 

4283 (AA s!andard). 

(03171 To a stirred 30iuti!lll of N-((3aSAR.fiR,6aR}-6-(1[!"1"1-bul:yl(dlmethyl)silyljoxyl-

rnethyl}-2.2-dimethyltetrahydro-3aH-cyclopcnta[d}(1,3Jdi.-.l-4-yl]-6-dtloro-N­

methylpyrimidin-4-illnine {400 mg.. 0.93 mmol) ln "IHF (10.0 mL) was added 1M solutillll of 

teb:a-11-butylammoniwn Jluoride In UiP (1.00 mi.,. 1.00 nunol), and the mlx!Ule was stirred 

'" 



for 2 h. Arll!r quenching by addition of brine (20.0 :mL), the resulting mixture was extracted 

with ethyl aa:tal1! (3" 40.0 mL). The organic layers were mmbined, dried over MgSO.,. 

filtered.. and CY"aporared under vawurn. The residue was purified via silica gel column 

chroma.logriiphy eluting wilh a gradient or 40 to 100% ethyl acetate in DCM lD afford the 

title c.ompound (261 mg. 89 %) as a "rolorless oil LC I MS ; R, = 1.24 min, ES' 314.2 (AA 

standard). 

[0318] ((3aRARfiR,6aS)-6-[(Ikhloropycintidirt-4-yl)(melhyl)amino]-2.2.-

dimethyltetrahydw-3aH-c:yclopenta[d][l,3]dioxol-4-yl[melhanol (130 mg.. 0.41 mmol) was 

weighed inlD a microwave ~;u;tion tube and dissolved in 1-butanol (1.50 mL). To this 

solution was added N",.N-diisopropylethylamlne (0.22 mL, 1.2.4 mmol) and (5)-(+}-1-

aminoindan (0.16 mL.. 124 mmol) and the mixture -was heall!d in a ..ealed tube under 

miaowave irradiation at 200 "C for 4 h. The reaction mixture was con<:<!l\trat..d under 

vaCUUin. and the residue was purified via silio:a gel column cllrnmatography eluting with a 

gradient o£2 lD 5% methane! in DCM to afford the title rompound (40.5 mg. 24 %) as a 

rolorlessoil LC IMS: R,=l.49 min.. ES• 411.5 (AAst!mdard). 

[0019] The tilie compound was prepared following the procedure desaib<!d in 

Example 1 step d. LC I MS :R, .. 1.68min. ES" 4903 (AA standard). 

[03201 To a stirred solution of[(3aR,4.R.6R.,6a.S}6-[(6-[{15}-2,3-dihydro-lH-indo:n·1-yl· 

amlnoJpyrimidin+ylKmelhyl)aminoJ-2,2-dime!hylllrtrahydro-3aH-cydopenta[d][1,3]d.io><Oi-

4-yl)melhyl sui£arn:>te (12.0 mg. om. mmol) m methanol (3.00 mL) was added 1.00 M 

hydrochloric add (0.10 mL), and the mixture was sfured for 8 h. After quenching by 

addition of satur.:lted NaHCO, solution, the resulting mixture was evaporated under 

vacuurn. The residue was purlf!ed. v:l.a silica gel rnlumn cllromatography eluting with a 

gradient ors to 10% methanol in DCM ro afford !he title compound (7.80m~;-71 %). 'H­

NMR (400MI-h:, CD,OD)O' 8.01 {s, 1H), 7.27-7.13{m,4H), 5.67 {s,. Ui), 5.42·5.34 (m., Ul), 

'" 



4.111!-4.75 (=. lH), 4.17 (d, 2H,.f= 5.6 Hz), 4.1)4 (dd, lH,.f= 8.8, 6.1 Hz), 3.88 (dd, lH,. J~ 5.8, 4-.1 

Hz),3.0S-2.% (m. 1H),2.89 (s,3H),2.93-2.83(m, 1H),2.62-2Sol (m, 1H),2.34-2.24 {rn.IH), 

2.01 (d!, 1H..d= 13.0, 8.3Hz), 1.9H.83 (m, !H), 1M (ddd, lH,.J" 13.0, 10.8, 9.1). t.C /MS: R, 

·= 5.79 min, E$'" 450.2 (AA Wal..rn). 

l!:lcampl~ 64.: [(1R,2R,3S,4RK-([2-[(1S)-2.3-dihydro-1H-inden-l-ylamino]-S.fluaropyrirni 
dln-4-yilamlno)-2,3-dihydroxycyclopentyi]methyl sulfamate {Compo1111d l-
113) 

[0321} The title compound was prepared following lhe procedure desaibed in 

Example 1 using2,.4-dicllioro-5-fluorop)lrimidine m step a. LC I MS : R, = 0.89 mln, ES'" 278.0 

(FA standard). 

ll 

[0322] The title compol.llld was prepared following tlte prOXl!d.ure described in 

E>uunple 1 using (1R,2S,3R,.SR}-3-[(2..:hloro-5-fluoropyrimidin-4-yl)amino}-S. 

{hydroxymethyl)cyclopentane-1.2-dlolinstep b. LC I MS: R,~ 1.42rnin,.l:!r 31B.l{FA 

standard). 

(03231 The title compound was prepru:ed following the procedure desc:ribed in 

&ample 1 using ((3aR,4R,6R,6aS}-6-[{2-cltloro-5-fl.uoropyrtmjdln-4-yl)aminoJ-2,2-

dimethylletrahydro-3aH-qdopenta[d][l.3Jdloxo!-4-yl]mel:hanol in step"- LC 1 M5 . R,= 1.20 

min,. FS" 415.6 {FA stmdard). 

[0324] The title compound was p~pared following 1he proa;dme de5oihed in 

Example 65 step d. (63.5 mg, 62 ~·) 'H-NMR (400MHz, rn,OD) 8 : 8.29 {bs, HI), 7.65 (d, 1H.. 

J=4.6 Hz),7.29-7.13 (m.. 4H),5.43 (t, lH,J= 7.3 Hz). 4.44-4.37 (m, lH), 4.17 (dd, 1H,/= 9.6, 5.1 

Hz), 4.13 (dd. 1H, J= 9.8.. 5.3 Hz), 3.93-3.06 (m, 2H), 3.01 (ddd, tH, '" 16.0, o.a, 3.5 Hz), 2.07 

(dl, lH.J= J6.0,8.0Hz), 2.62-2.53 (m. lH), 2..35-2.24 (m.2H), 1.98-1.07 (rn, 1H), 1.40-1.27 (m, 

lH). t.C I MS: R,= 4.21mln,.ES' 454.2 (FA long)-

'" 

• 



~pie 65: ((1S,2S,4R}-4-{(S.fluoro-6-(f{IR.2Sl-:Z-methoxy·2,3-dlhydm-1H-inden-1-yl]­
amino]pyrimidin-4-yl)oxy]-2-hydroxycydopentyl)methyl sulfumate 
(Compound I-83) 

Sl ep a: 4-{ !C1R.3S,4S}3-Utert-but,yl(dimglhyllsjlyl!wsyl-4-(! ! !¢·bu!yll dimelhyllsily!lo><:,yl­
melbyllcyclopentyllQn'J-6-cldOm-5.fl.uorowimldine 

103251 To a stirred suspension of sodium hydride (31.4 ~ 0.93 rnmol) in THF (S-<lO 

mL) was added a solution of (1R,35,45)-a-([tert-butyl(dil:=thyl}silyl]oxy)-4-{([lltrt­

butyl(dime!hyl)silyl]oxy]methyl)cydopenlanol (285 mg.. 0.79 mmol) in THF {25!hnL}at 0 "C 

under an atmosphere of Argon.. and the mixture was stirn!d for 15 minutes. To !his cnoled 

suspension was added a solution of 4,6-dichloro-5-fluoropydrnld!ne (120 mg.. 0.72 rrunol) in 

THF (2..50 mL) at 0 •c, and !he resniliing mixturew;>.~< stirred for 19 hat 23 "C After 

quenclUng by addition of saturated NH,.O solution (50.0 mL), the mi:<nm. was exl::ra~!ed 

with ethyl acetllc (3" 70.0 mL). The organic layen; were combined, dried over MgSO,; 

filtered, and evaporated under vacuum. The residue was pw:ilied v:ia silica gel whmm 

clttom.ato~phy eluting with a ~dient of 5 to 'l% elhyl areta.te in he!GllleO to afford the 

title compound (295 mg, '79 %). 1H-NMR(400MHz, CDCl,)S; 832 (s, lH),5.6'7-5.61 (m,.lH), 

4.41-4.3'7 (m,. 1H), 3.73 (dd, lH,. J= 9.8, '/'.11-b;), 3.59 (dd, lH, J~ 9.6, 6.6 Hz), 2.33-2.25 (m,. 1H), 

2.10.1.96 (m.2H), 1-90(ddd, 1H,J= 1311, '7.7,111 Hz), 1.55 (s, l8H),0.89 (s,6H), 0.88 (s,6H). 

(0326] 4-([{lR,35,4S)-3-![Wt-butyl(dirnethyl)siiyl]oxy]-4-(l[tat-butyl(dimethyl)silyl]-

oxy]methyl)cyclopentyl]oxy]-6-chloro-5-fiuOmpyrimldine (260 mg.. 0.53JniDol), (1R_25)-2-

m.et:hoxyindan-1-amlne (3M mg. 2.12 rrunol), and GOd.lum arbonate (224 mg. 2.12 mmol) 

was weighed into a mlo:owave reaction tube. Thi:9 mi:du:n: wa:s heated in a sealed hlbe 

under mlcmwave irradiation at 180 "C for 2 h. The reaction mixture was diluted with. DCM 

(100 mL), and lhe suspension was ffitered. The filtrate wns washed wilh saturated NH4CI 

solution (100 mL), and the ~onic layer was dried over MgSO,. This suspension w:lS 

filtered, and evaporated undtt vacuum. The teSidue was purified via silica eel oolurrm 

clucmatolgrnphy ~luting wilh a gracilent of 0 to 10% methmol in DCM to afford the title­

compound {313 mg. 91 %). 



[03271 The ll.lle wmpound Wi!S prepared following the procedure des<ribed in 

Example 34 using 6-j [(IR.3SAS)-3-([ ten-butyl( dimethyl)sllyl]ru:y f-4-( II lert-butyl( dime!hyl)­

silyl]oxy]mo:thyl)cyclopentyl]OJ<y)-5-fiuoro-N-[(1R,2S)-2-methoxy-2,!Hilhydro-IH-Jnden-1-

yl]pyriinidin4arnine in step c LC 1 MS, R,"' 2.60 min, as· soc; {FA standard). 

[0328] To a stirred soluli<>n of [(1S,2S.4R)-2-l[tm-butyl(dime!hyl)silyl]oxy]-4-((5-

fluoro-6-[[(1R,2S)-2-mo:!hOJ<y-2.3-dihydm-1H-Inden-1-yJ].amino)pylirnidin-4-yl)­

oxy]cyclopcntyi)~I~eihanol (190 mg, ().36 rnmol) In THF (5,40 mL) WB.'l added biethylamine 

(0.08 mL,O~ mrnol) and [(dlphenylamino)=:bonyl}sulf"'!"'Yl chloride (186 mg.. 0.54 rnmol) 

a! 0 "C under an atmosphere of Argon. and the rnlx!tUe was slirred for JO min. The reacllo:n 

Inb<ture was added 1.00 M Hydrochloric acid in {5.40 mi.) at 23 "C. and !he rcsulling mixture 

was stirred {or 16 h. lhe reaction mix!ure was quenched by addition of saturated NaHCO, 

solution (80.0 mL) and e>!!rac:ted with ethyl am!ale (3 x 100 mL). The organic layers were 

combined, dried over MgSO" fil!ered,and evaporated under V"acuwn. 'Ihe residue was 

purified via silka gel column chromatography eluting with a gradient Ot- 0 to 10 % melhanal 

in DCM io affonl the tilleoompound {9I.omg._51 %). 'H:.NMR {400MHz, CD,OD) li ;8.01 (s", 

1H),7.25-7.13 (m,.4H), 5.72 (d, 1H,J"' 6.5Hz),5.65-S.Sa (m, I H),~.~ (m.lH),4..33 (dd, 

lH,J"' 9.7,7.6fu),422(dt, UL/=5.0, 2AHz),4.16(dd, IH,]"' 9.7, 7:3 Hz), 3.35 (s, 3H),3.14 

(do;L·ULJ,l6..6,24Hz), 3.02 (dd, IH,J"' 16.6, 5.0Hz),.2.60-249 (m, 1H),231 (ddd,lH,d= 

14.8, 6.8, 23 Hz), 2.12 (ddd, 1.H,. /"' 14.8, 5.0, 4.7),2.0!1-1.95 (m,. 2H). LC I M5 , R,"' 6.76, ES" · 

469.3(FAiong). 

Example 66; [(15,25,4R)-4-f(6-1((15}3.3-dilnethyl-2,3-dihydm-1H-Inden-1-yl]amW.<>I-5-
fluoropyrlmidin+yl)amino]-2-hydroxycyclopmtyllrnelhyl sulfamale 
(Compound I-71) 

[0329) A solullon of 4.6-di.cl\loro-.5-fluo:ropyzlmldine (102 :mg. 0.61 J1"111\ol), (1R,3S,4S)-

3-((tm-butyl(dimethyl)silyl]oxyl-4-({[fl:rt-butyl(d.imethyl)silyl]oxylmelliyl)­

cydopentanamine (201) mg, 0.56 mmol), and triethylamine (0.16 mL.. 1.11 mmol) in ethanol 

(2.0!1 mi.) was heated in a sealed lube under microwave izradiallon at 140 •c fo:r 1 h. The 



<eaction mixture was ooncentrated wtder vacuum, and the residue was purified by flash 

cl!tomatography (0 to 15 % elhyl acetetelhel<anes) to Bfford the title compound (213 mg. 70 

%) as a light yellow solid LC I MS : R,"' 2.60 min,. ES- 490.5 (AA standard). 

II 

"""" A mixture of N-[(1H.35,45)-3-l[lerl-butyl(dimethyl)3ilyl]oxyf-4-((i!m-

bu!yl(dimethyl)sUyljo;r;y]rnethyl)-<ydopentyl]-6-cltloro-.5-fluoropydmldin-4-amine (205 mg, 

0.38 mmol), (lS}-3,3-dimethylindan-1-amir\e (24.3 mg. 1.51 uunol}, an~ sodium m:rbonate 

{160 mg. 1.51 mmol) was stirrnd at 18() "C for 3 h in. an oU bath. Tite reaction mixture was 

dlluled with DCM and the suspension was filtered. The filtrate was ronmntrated 1.11\dcr 

vacuum. and the residue was purified by flash cl!tomatography (5 to 10% el.hyl 

ac..tatelhexanes) to afford the title compound (213 mg, 70 %) as a colorless amorphous solid. 

10331) The lit1e compound was prepued following the procedure described in. 

Example 34 step c. LC I MS : R, = 2.51 min, ES- 501.5 (AA standard). 

Ill 

10332.1 The lil:le compoWld was prep;ued following the P""""dure described in. 

E:.ample65 step d. (53.Srng, 62. %). 'H-NMR(400MHZ,CD,OD)O :7.84 (d, 1H,J"' 1.2 Hz), 

7.25-7.15 (m, 4H), 5.6S (dd, IH, /"' 6.8, 7.7Ib:), 4.67 {ddd, lH, }= 16..3, 8.0, 4..3 Hz), C\7-4.33 

(m.lH),4.31 (dd, lH.}3 9.8, 7.8 Hz),4.13 (dd, lH,}~.8, 7.1 Hz),2.58-2A7 (m, 1H),2.40 (dd, 

lH, J~ 12..3, 7..3 Hz), 2.22 (dd<L lH.J-1.3.8, 7.8, 1.8 Hz),2.04(ddd, lH,J-13.5, 10.1, 4.5 Hz), 

1.91-1.81 (m, 2H), 1.73 (ddd, IH,.J= 13.5, a7,4..0Hz), 1.40(s,3H}, 1.23 (s. 3H). LC I MS:R, m 

7.53min, ES" ~2 {FA long). 



Example 67: ((l.R,.2R.35,4R)-2.3-dlhy~-4-({6-(5,.6,7,8-tetrahydronaphtkllen-l-ylamino)­
pyrimld!n-4-yl]aminolcyc!opentyl)II11!thyl su!Iamal<! (Compound 1-118) 

S!<!p a• (15.2R.3R,5Rl-3-0wdrm;pru:!hyl}§:l[6..(5,6.71!-tet!-ahydrh!halen-1-
ylaminglpyrimidin+yllantinoJsvc!m>ertlaiw-1.2-dio\ 

[0333] The title cmnpowld was preparediollowillg the procedum described In 

Exampl<! I steps a aru:i'c usirlg 5,6,7,8-tetrahydro-1-naphthylamine ill slep c. LC I MS : R, = 

1.29 min,. ES• 371.3 (AA stam:lard). 

'""'' Tci a slirred solution of (1S,2R,3R,5R)-3-{hthyi)..S...U6-(5,6,7 ,A--

tl!lr.lhydr<maphthalen-1-ylamino)pyrimidin-4-y!Jaminolcyclopentane-l,:Z-d.iol (70.0 mg. 0.19 

mmol) in acetone (5.00 mL) was added 2,2-dimelhoxypropane (0.21 rnL, 1.70 mmcd) and 

pyridlnium p-tolueneosulfonatc (57.0 :mg, 0.23 mmol), and the mixtun: was stined for SS h. 

The reaction mi>:ture was quenched by addit10<1 of saturnted NaHCO, solulio:n (50.0 mL) 

and then extracted with elhyl acetate (3 x 50.0 mL), 'Ihe organic laJ"'!''S were romb1ncd.. 

dried over MgSO., filtered, 8Jld evapor,~h:d undi.r vacuum. The residue W1L'I purified by 

flash clu'cmatography {2 to 10% Methanol/DCM) to afford the title compound (72.0mg, 85 

%) as a light yellow amrupho~ solid. LC { MS : R,= 1.59min, ES' 411.3 (AA ~J;>ndazd). 

lJ • I 

{0335] The Iitle compound was prepared lollowing the prcc<!dure described i:Q 

&~pie 65 step d. 'H-NMR(400MHz,CD,OD) l'i :7.% (s, III), 7.13-71l2 (m, 2H), 6.97 {d,. 

lH, J= 12. Hz), 5.46 (s, lH), 4.1!1-4.08 (m, 2H), 4.ll2-3.87 (:m, lH), 3.85 (dd, lH, J= 5.5, 4.(1 Hz), 

3.7.3 (dd, 11{../=5.8, 5.5 Hz), 2-!!2-2.76 (rn, 2H), 2.65--Z-59 (:m, 2H), 2.37-2.25 (m, 2H), 1.82-1.74 

(m, 4li), 1-.30-1.20 (m, IH). LC I M$-R,_ ~ 5.04 min. E'S" "1502. (FA long) 

Example 68: ((15,2S,4R)-4-[(6-II(tS)-3,3-dimethyl-2,3-dihydro-1H·inden-1-yl]a:minol­
pyri:midln-4-yJ)amino]-2-hyrlrnxycydopentyl)rnclhyl sulfamate (Compound ,..,, 

Step a: (JSJS.4S}-3...r<beMylg~y)methyl}+l(terl=but)ol (dimethyl> @lyll <»>J'I 
cyclopenl<lngl 

[ 0336] A sl.!SpeiiSion of (llVIS)-3-f{benzy loxy)me thyl}-4-[ [ ttrt-bu ty I( di:methyl}sily 1]­

oxy]<:ydcpent-2-en-1-ol (1.47 g..(l.IJ0~39 mol),soditun carbonate (1.1 g. 0.(110rnol) and 10% 



Pd/C {0.3 g, 0-0003 mol) in EtOAc {20 nt4 0.2 mol) was stiued nnder an atmo:ophere of 

Hydrng~ ovemi&}lt. The reaction was purged with nitrogen and fUtered lhmugh «lite 

with ElOAc The tutrnte was conrentrnted to obtain 1.45 g (9!1%) of the lille compound as a 

5:1 mU.ture of dia.s!eleOmell! (desired:undeslred). 

Step b: liS 3.<; 4Sj--g..[{benzyloxylme!hv\l-4-lftrrH!Utvlldimelb:.fuiMJ oxyl cydopenM 
methanesu!fonaw 

[03311 The title compound was prepared following lhe procedure des<:ribed in 

ExampJe 35 step b. 

Step e 05.3SAS).-3-[f Mrl buty.l!'rl!rulhy!lsj!y!lmsy!-4-fby<!rm:yrne tbvllcyclQP®t,vl 
mgthaJW§ulfgnab! 

[0338] A suspension of (15,35,45)-3-[(be=J<Ioxy)methyl]-4-[[krt-butyl(dlmethy!)silyl]­

oxy)cydopenty\ methmesul!onate (690mg.. 0.0017 mol) and Palladium hydroxide, 20 wL % 

Pd on mrbon (160 mg. 0.00012 mol) in methanol (1() mh 0..2 mol) was sti=d under an 

atmosphere of hydrogen for 2 hoW"!I. The reaction was purged with nllrtlgen and filtered. the 

ml:<tule lhrough celitewith tx::M. The filtrate was concentrated to obtain350 mg (65"10). 

S lep d• <115.25.4R)+• , !dg-1:-1 ftert-h1 •tyifdimelhvllsilyll mcylcycl ooen!;yllmethan<>l 

[03391 To a sol utl on of (15,3S,4S)-3-([ tert-butyl( dimethy l)sllyl]oxy]-4-(hydroxymethyl)­

"Yclopentyl mel:hanesulfunate (0.470 g.. 0.00145 mol) in N,N-DU:nethylfonnamlde (6 mL.. 0..08 

mol) was added sodiwn az1cle {0..4 g.. O.D06 mol) '23 "C and the mixture was heated at 5S "C 

lor 3 hours. The reartion Wa.s cooled to Z3 "C. quenched by add.lllon of water and e>ttracted 

with Et.,O (3><), dried (Na,SOJ. filtered and cone<!lltrated. 'The <I!Sidue was purlfted by flash 

dm>matogn:phy (10 to 25% ethyl ac:elalt!/lu>xane) to obtain2ll mg (53-7'i'o). 

Step e: C05.2S iRl+amino-2· [ Uffl-bu!yl( d!me!:hyt:lsil,yJ!rnsyl.;yclqpen\yllme!banol 

"""" A 5!1SpCD5iCln of ((1S.2$.4R)-4-azldo-2-Ut.-:rt·butyl(dimethyl}silylloxyl-

cyclopentyl)melhanol (0.211 g.. 0.000777 mol) and 10% Pd/C (0.047 g. 0_000)44 :nol) in 

lilOAc (6 mL, 0.06 mol) was sti:rn:d under an atmosphere of Hydrogen overnight. The 

reaction was puzged with nitrogen and filtered !be mixture throu&}l celilt! With DCM. The 

filtralt! was concentralt!d to obtain 167 mg (87.5%) of the Iitle compound. 

'" 



Step I: /(1S.2S.4RJ-2-Uiert-butvl(djmgthyllsltylloxv!-4-U6-chJoropvrlmklln-4-yllarninol-
cycl'W"nMI!!!P!Imngl 

''"'" A mixtu<e of ((1S,2S,4R)+arnino-2-l[!at-butyl(dimethyl)sllyl]o.ryJ<:ydopeJltyl)-

mel:hanal (0.132 g, O.QOOS38 mol), pyrimidine. 4.6-dicllloro- (0.096 g, Q.OCI064, mol) and 

triethylamine (0.1 mL, 0.001 mol) In ethanol (1.5 mL, 0.025 mol) was subjected to mlerowave 

. kradialion {140 •q for 60 minutes. The reSuJ.ting dark brown mixture was a:mc..nJrat..d. 

The residue was pUrlfled by flash cltmmatography (0 to 100>. MeOHJDCM) to give 158 mg 

(82%). 

S!ee g; HlS.2S 4RH-fC6-UC15b'l 'Ldimethyl-2.3-dibydrp-lH-inden-1 yljilminolpyrimidin-
4-yllamlgoJ-2-hyt!mrycydprentyllmetby! sulfamate CCrnnprumd H§l 

(03421 The tille rornpound was ~red foUDWing the pn>:ed.u:re described in 

:&ample 44 (steps b and d) using (1$}3,3-dimefhyllndon-1-amine. 
1
H NMR (CD,OD, 400 

MHzl & 8.15 (s, lH), 7 ..33-7' .21 (m.. 4H), 5.66 (s, 1H), 4.39-4.36 (m, lH), 4.31 (dd,f = 7..3, 9:J Hz, 

lH), 4.13 (d<L 1 ~ 7 A, 9.7 Hz.. l!I), 2..53-2.44. (m, 2H), 227-2.22 (m, Ul), 2.08-2.01 (<n, UI), 1.91-

1.84 (m, 2H), 1.71!-1.72 (m, 1H), 1.41 (s, 3H), 1.27 (s, 9H) ppm. LC!MS: R,. = 1.54. min, ES' 

44838 (AAslandard). 

Example 6!1: l(tS.25,4.R)-2-hydroxy-4-l(i'i-(J(lS,2S}-2-mefhyl-2,3-cli.hydro-1H-inden-1-yl]­
amino)pyrtmidin-4-yl)o:<y]cyclopentyl]methyl!lulfamate (Compound I-43) 

(034.3) The title mmpound was ptrparedfollowing the procedure described in 

Example 34 using{15,2S)-2-melhyl..2,3-dihydm-1H-inden-1-amin.e (Zhang. Z; Zhu, G~ 

.. Jiong. Q.; Xiao, DJ Zhang, Z.J. 0>-g. Chl!m. 1999, 64, 1774) in step b. 1HNMR (400MHz, 

CD
3
0D) li: 6.13 (s,IH), 7.28-7.14. (<n, 4H), 5.88 (s, lH), 5.56 (bs, 1H), 5.32 (b$, 1H), 4.4().4..30 (m.. 

2H), 4.18-4.12 (m, HI), 3.10-3-02 (m, 1H), 2.90-278 (m,.lH), 2.68-2.62 (m, lH), 2.S7-2.47 (m, 

lH), 2.31-2.23 (m, lH), 2.11-1.91 (m. 3H), 0.91(<L 1" 7.001h, 3H) ppm. LC/MS: R,"' 1.65 min, 

m· rn (AA standard}. 

&ample '70: l (15 ,2S,4R)-4- [ {4-[ [ ( lR)-2,2. • Dl..O liOro-2.3-d"d\ydro-1 ff-iru::len-1-y ljamino)-1,3..5-
trtazin-2-yl)amin0]•2-hydm.:ycyclopenlyl)me.thyl sulfamate (Compound I-

'"' I034.4.l The title compound was prepared foUowing the proc:::edut1! in El<ample 46 

steps a-d using (1R}-S-chloro-2,2-difluocoinc!an-1-amlne In s!>lp a. "The sulfama6on was 

carried out a""'rding to the proc:ed.=<> in Example 65 step d to give the tiUe compound. 
1
H 

NMR (CD,OD 400 MHz) 8: 8.05 (<L 0..5H), 7.95 (s, 0.5H), 7.30-7.28 (m, 4H), 6.06-5.89 (m, HI), 

'" 



4.62-'L59 (m, lH), 4.27-4.24 (m, 2H), 4.14-4.1JB (m.. UI), 3.50-3.41 (m, 2H), 2.49 (bs, lH), 222-

2-14 (m,lH), 2.QS.1.9? (m,.lli), 1.87-1.80 (m.. IH}, 1.76-1.70 (m.lH) ppm. LC/MS:R,=5.61 

min.. E5" 457 (FA long). 

E.umplc 71: !{15;25,4R)-2-hydro><y+[(6-{[(1R,2S)-2-melhiiX}"'1.2.3A­
terrahydronaphlhalen-1-yl]amino]pyrtmidin-4-yl)oxyjcydopentyl]methyl 
sulfamate (ContpOW'Idsl-142 andl-143) 

(OMS] The title compound was prcp;ued as a 1:1 nili:l\lre of diast..reomers following 

the pro<:l"dwes in Il%ample 34. Rel-(1R.2S)-2-melhoxy-1.2.3A-telrahydronaphlhalen-l­

amlne, generatecfby adapting the following literature precedent: Mucune, B. F.; Katady, S.; 

Reider, P. J.; Miller, R. A.; Biba.. M.i DiMichele, L.; !teamer, B. A J. Org. Chtm. 200l, 68', 

eoas-acm, was used as a coupling partner in •tep b. The mixture was !hen separall:d by 

chiral HPLC (Chlralpak AD 20x250, eluent 85/15/0.1% heK/EtOH/DBi\ at 20 mL/min). 

Analytirnl da!a for ! (1S,2SAR)-2-hydro;<y-4-[( 6-l [ (1R.25)-2-me!hoxy-I,2,.3, 4-

tetrahydronaphthalen-1-yiJarnino]pyrimidin-4-yl)oxy]cyclopentyl]methylsulfamate 

(Compound J-142): 1HNMR (CD,OD, 400 MHz) ~; 8.13 (d, J = 0.8 Hz, lH), 7.20 {d,]"' 7.3 Hz. 

lH), 7.15-7.01 (m, 3H), 5.93 (s, Hi), 5.48 (bs, 1H), 5.34-5.31 (m.. 1H), 4.40-437 {m, 1 H), 4.32 

(dd, 1 = 7 .£>, 91! Hz, 1H), 4.15 (dd, J"' 7.5,% Hz, lH), 3.77-3.74 (m, 1H), 3.41 (s, 3H), 3.00-2-92 

{m. !H), 2.78-2.71 {m, 11-l), 255-2.46(m. Hl),2.31-2.19 (m. '2H),2.12-1.90 (m. 4H) ppm. 

LC/MS: R, =6.22 min,. ES• 465 (FA long). Analyticol data for [(15.25,4R)-2-hydroxy-4-((6-

li{15,2R)-2-methoxy-1,2.3,4-telrahydronaphthalen-l-yl]a<ni.no]pyrimidin-4-yl)­

o:o;y]cyclopentyl]mel:hyl sulfarnate (C~ 1-143): 1H NMR (CD,OD, 400 MHz) 6: 1!.13 

(d,J = 0.8Hz, 1H}, 7.19 (d, 1 = 7.3 Hz, 1H), 7.15-7.08 ~~3H),5.93 (s, 1H),5.SO(bs, lH), 5.34-

5.31 {m,.1H), 4A0-437(m,. 1H),4.32(dd,J= 7.2,9.8 Hz, lH), 4.16 (dd, f ~ 73,9.8 Hz,1H), 

3.77-3.74 (m, lH), 3.41 (s, 3H), 3.00-2.92 (m. 1H), 2.78-2.71 (m,. IH), 255-2.49 (m, lH), 231-

2.19 (m,.2H),2.12-1.90 (m, 4H) ppm. LC/MS: R, =6.09-.nin. ES' 465 (FA long). 

l'xmnple 7Z: I(IR.2R.3S,4R)-4-[(6-I[(llt,ZR}-2-(benzyloxy)cydopen!yljamino]pyrlrnidin4-
yl)aminc)-2,3-dihydro:o;yeyclopenlyl]methyl sulfamate (Compound 1-!15) 

[OM6] The !llie rompo~ was prepamd following lhe procedure described in 

Example 1, steps a-c using {lR.2RK+)-2-benzyloqcyd<>pentylaminc and EKMnple 65, step 

d. 'H-NMR (400MHz. CD,OD) 6 : 7.90 {s, 1H), 7.34-7.22 (m, 5H), 5.59 (s, lH), 4.58 (d,llt 1= 

14.5Hz), 4.55 (d. 1H,J=14.5 Hz),UB (dd,1H.J=9.8.4.8 Hz), 4.13 (dd, tH./=9.8,5.5 Hz), 

4-05-3.96 (m,. lH), 3.95-3.84 (m,. 3H). 3.76 (t, Iff, f= 5.5 Hz), 2.41-2.25 (m, 2H}, 2.20-2.10 (m, 



2H), 1.99-1.90 (m..lH), 1.63-1.68 (m, 3H), 1.56-1.45 (m. Hi}, 1.2\l(dt. lH..]-.12.5,8.3 Hz). LC I 

MS: R, = $.17 mho, ES• 4?3.2 (FA long) 

&ample 73: ](lR,2R,3SAR)-4-[(6-I[{lS,25}-2-{benzyioxy)cyclopMttyl]amino]pyrlmldin-4-
yl)arnino)-2,3-dihydmxycyclopentyl]mel:hyl sullamate (Compound l-92) 

(03471 The ti!le compound was prepared follawlng the procedure described in 

Example 1, 5teps a-c using (1S,2S)-(+)-2-benzyloxycyclopentylarn!ne and Example 65, slep d. 

'H-NMR. (400Mli:::l;, CD,OD) l'i : 7.91 (s, lH), 7..33-7 .21 (m, 5H), 5.57 (s, I H), 4.57 (s, 2H), 4.19 

(dd,. lB. ]=9.6, 4.7 Hz), 4.14 (dd,. lH, J= 9.6, 5.5lh),4.06-3.90 (m, 2H), 3.90-3.83 (m, 2H), 3.77 

{Is 1H,. ]= 5.5 Hz), :>..45-228 (m. 2H}, 2.20-210 (m, 2H), 2.00-1.88 (m, !H), 1.82-1.68 (rn, 3H), 

1.54-1.43 (rn, lli}, 1.31 (dt, IH,J"' 12.6, 8.4Hz). LC I MS; R, .. 1.16mln, FS' 494.2 (FA 

standard). 

El!ample 74: ((lR,21US)-4-(! 6{1 {l R,2R)-2-(( d.imethy/amino)carbony 1]-2,3-clihydro-1 H­
inden-1-yl)amino)pyrlmldln-4-yl]oxy)-2-hydroxycydopentyl)methyl rd­
sulfamate (Con"lpOurul I-66) 

S!ep '!! tot butyl rrH?~R.?b!l'I.J=nw-22a3.7b-tg!rahydrn-1H-indeno!12-bJazete...l-
c;uboW;ote 

1034111 To a mixed solution of rd-(2aR,7bR.)-1,2a,3,7b-te trahyd£0-2H-i.ndeno(U-b ]az.et-

2-one (1.20 g. 7 54 mmol) and N..N-dlmethylamlnopyrldine ((1.20 g. 2.00 rnmol) in acetonitrik! 

(24.0 mL) was added o:li-h:rt-butyktica.rbonate (329 g. 15.1 mmnl) a to "C under an 

atmosphere of Argon. and the mixture was sfured for 1 h at23 •c. The <eaction mixture was 

added DCM (ca.ZOO mL) and then the otgallk layer-was washed with saturated NaHCO, 

solution and brine. After do;ying over MgSO_.Ihe suspension was filtered and the filtrate 

was evaporated under vacuum. The residue was purlf"Led by flash cluomalogtaphy (10 to 30 

% elhylaoelatelhexanes) to afford the tille compound {1.65~ 90%) as a lightpinksoJ!d. 'H­

NMR (400MHz, CDCLJ l'i: 7.58 (d, lH,. Jo. 75Hz), 7.36-7.23 (m. 3H), 5.34 (d, lH, ].: 5.0 Hz), 

3.98 (ddd, lH,J= 10.5, 5.0, 2.4Hz),3.38 {dd, 1H, ]=17.4, 1.2Hz), 3.13(dd, 1H.J= 17.4, 10.5 

Jb), 152(s, 9H). 

S t~r b: t{[!-bulyl n1-/DR.2R)-2-[{ dime thy larrlinolcarbony II-2 .3-d ihydm-IH-i nden-1-yJ !­
carbamate 

[0349 J To fer /-butyl rd-(2aR,7bR)-2-oxo-2,2a.3, "lh-te\Iahydro-1 H-indenoll..Z -b ]a.zcte-1-

carboxylate (200 mg. 0."17 mmol) was added 2.00M dime!hylaminc in TIIF (1.90 mL,3.!10 

mmol) in !he sealed tube, artd the mixtute was microwaved al120 •c for 30 minute.~. The 

"' 



reaction mixture was ccmcenlralei under vacuum, imd then lhe residue w"" washed wilh 

small amount ofhe><ane to give lhe Iitle ct~mpound (226mg.91%) as a whire solid. 

Stmq nJ-f1R.2R)..1-am.in<>-NN-dimethylindane-2-<=boxamide 

[0350] To a stirredso!ut!on of lert-butyl re/-!(1R,2R)-2-[(dimethylamino)<rubonyll-

2,.3-diliydro-lH-inden-1-yllcarban\llte (690 mg.. 2.15 mmol) in DCM (25.0 mL) was <tdded 

:o:inc dlbromide (970mg, 431 mmol) and <'thanoi (0..25 m[,. 4..31 mmol), and lhe mixture was 

"lined for 18 h. The rearoon mlJ<tt1re was quenclled by ad.ditlon of water (20.0 mL) and Ill<! 

<eoulting mixtw:e was stirred for 2 h. To this mixture was added 1.00 M NaOH (30.0 mL) 

ar>d e><tracted with DCM (3 x 100 mL). The organic layern were annbined, dried over 

MgSO.., ffitered,. and evaporated under vacuUin. Th<' residu.. was purified by flash 

chromatog<aphy (10 to 30 % MelltanoliDCM) to afford the title compound (438 mg, 9:> %) as 

a rnlorless oU. l.C 1 MS :R,~0.69 min,. E5' 205.2 (AA standard). 

(0351] The title rnmpound was prepared followirlg !he p~um described in 

Example 34.. steps a-c and E>.:arnp1.. 65, &ll!p d 'H-NMR (400MHz, CD,OO) li : fl.18 (s, 1H), 

7.28-7.16 {m, 4H), 6.14-5.94 {bs.. 1H), 5.61-5.71 (bs, lH), 5.31-5.23 (bs, lH), 4394.35 (m, lH), 

4.31 (dd, lH, J~ 9.7, 7 5 Hz), 4.13 (dd, lH, 1~>1.7, 7.3 Hz), 3.98 (dd, lH, J= 15.6, 7.8 Hz), 3.53 

(dd, 1H, 1~16.1, 7.3 Hz), 3.17 (s. 311}, 3.01 (dd, 1H, J= 16.1, &1 Hz), 2.73 (s, JH), 256-2.44 (m, 

lH), 229-220 (m,.1H),·2.04-1.88(111. JH). LC I MS: R,"' 5.70 min, ES' 492.2 (FA long). 

Example 75: ((1R,2R,4S)-4-{[6-(!(1R,.25)-2-((d.Unethylanrino)methyl}2.3-dihyd.ro-Ul-inden-
1-yl)amino)pyrimidin-4-yl]oxy)-2-hydmxycyclopentyl)m..thyl re!-sulfamale 
[Compound ~53) 

St<'pa: rei-11R 2Sl=2 !Cdime!hylamino)mgthyllindan-1-amine 

'""' To a. stlmld susp<!YISlon of lithium retrahydroaluminate (256 mg.. 6.74 mmol)in 

THF (20.0 mL) was added a solution of rrl-(lR,2R}-1-amino-N,N-dlmethylindane-2· 

c:arboxamide (580 mg. 2.70 rnmol) to "JHF {10.0 mL} at 0 •c under an atmosphere of Argon, 

and th<m the m)xture w"" sti:ued for 1 h at 60 "C following by stirring for 1'11 hat 23 ~ The 

reaction mixture was quenched by addition of wale< and 1.00 M NaDH (5.00 mL), and the 

re!lulting mixture was sfurod for 2 h. This suspension was filterecl through a O.U.l<! pad, and 

!he filtrate -was concentrated ill vaa.~o. Th.e residue -was purified by llash chromatography (5 

'" 



to 20% Methanoi/IX:Iv.l with 1 % NH,OH) to afford the li!le oompo.mtl (436 mg, 95 %) as a 

light brown oll. 

l0353] The title mrnpound was prepared fotlow±ng the p~ure desaibed in 

BvmJ:>Ie 3:1, ~teps ....: using n!-(1R_2Sl-2-[(dimethylam!no)methylJindan-1-amlne and 

Example 65, step d. 1H-NMR (400MHz. CD00D) 8: 8.14 (s, lH), '128-'1.14 (m. 41-1), 5.90-S.'lB 

(bs, lH), 5.'10-5.40 (b•, 1H), 5.38-5.28 (bs, lH), 4.41-4.36 (In, tH}, 4.32 (dd, lH, J~ 9.8, '1.5 Hz), 

4.15 {dd,. I H. /=9.81 '1.3 Hz),309-31l0 (m. 1H),294-c2.112 (m,. 2H), 25'1-246 (m,. lH}, 2.3'1 (br d.. 

2H,.J= 6.2 Hz), 2.30-2.20 (In, 1H), 2.22 (s, 6H), 2.11-1.91 {m, 3H}. LC I MS: R,';" 4.34 min, ES" 

4'18.2 (FA long). 

&ample 76: !(15,2S,4R)-4-[(2-!i(l.S)-5-chloro-3,3-dlmi!lhyl-2, 3-dihydro-lH-Inden-1-yiJ 
amino)pyrtdln-4-yl)oxy]- 2-hydmxygrclopenlyl)me!hyl sulfamale 
(Contpound I-35) · 

Step a: 1-(4-chlorouhgny!l-3-methylbutau-2-o! 

(035g] To a suspension of magnesium (2.98 g, 0.123 niDI) in ~!her (30 mL) W:;tS added 

iodine (0.155_ g. 0.000651 mol). To lhls. was slowly added a soluti!lll of 4-chlmob<onzyl 

bromide (24..00 g.. 0.1168 mol) in ether (100 mL). Up!lll addition of approxlln.ately 1 mL of 

solulion ane>:olherm W"-" noted and the mjxture reached reflU>C, the addition of solution 

was slowly c:onlinued to maintlin a gentle reflux (-90 min). On rompletion of addition.. !he 

readion was healed for 30 minutes at 45 "C. The re3dian was then cooled ro 0 •c. 

Jso.butyrald!!hyde (12.7 mL, 0.140 mol) in ether (10 mL) was then added slowly over 2 hours. 

On romplet:ian of the ad<lit:ion the ""'ctian was allowed to warm to 23 "C and slim:d 

overnight. The readion was quenched with ioe (-200 g) and acidified with 2M HO (-100 

ml). This wasexb:acted twice with ether and the O:rganicphase "'""evaporated. TI!c residue 

was purified by flashclu:ornatogrnphy (0 to 10% MeOH/CH,CJ,l to afford the Iitle 

oompoWid (9.89 g,43%). 

Stepb: 6-cltloro-1 .1-dirne!hylincl ane 

[0355] To e. oolution of concentrated 9111furic add {3 .00 mL, 0.056 mol) in ware.- (028 

mL, 0.0155 mol) was added 1-{4-cl\lorophenyl)-3-methylbutan-2-o! (1.00 g, 0.00503 mol) over 

30 minutes. Acldilional sulfuric acid was added to dissolve !he solid. The Il'llxttu'e was 

stirred for 2 hoim>. The mixture was pomed onto iC'!! !hen entacted with ether. The ~c 

'" 



phase WilS washM (water), dded [MgSOJ, filtered. and concentrated. The residue was 

filtered through a p!ugofsllica wilh CH,_Cl, to afford !he title compound (0.568 g..63%). 

Stepc: 5-clJiom-3.3-d!nwlhy!indan-l=Pne 

[0356] To a solution of 6<hlom-l,1-dimethy!indane (6.00 g.. 0.0332 mol) in a"' lone 

(100 mL, 2 mol) was added 1.5 M of magnesium sulfate In ware~ (30 mL) Md pobs!llum 

pennanganate (12.3 g.. 0.0'780 mol). The reaction was slirred overnight, the resulting depo.it 

was filtered,. iUld the solution was concentrated to a reduced volume. The solution was 

extracted wilh ELOAc (3 x 100 '!"l and !he nrgani<: layer was con.:enlrated. Purification by 

flash cltcc=atography (10% ELOAc/hexanes).a!forded the title comp<>lll\d (4.33 g. 67%) as a 

whire solld. 

Steg d; (2R)-2-![US}.§,;h]om-3.3-dirne!hyl-2 :kl!h)rdro-1H-indm-1,-yllaminal-2-
pbenyle!hi!nnl 

(0357] To a mixture of 5-chloro-3,3-dimethyllndan-1-one (4.33 g, 0.0222 mol) and 

(R}-(-)-2-phenylglycinol (3.2 g. 0.()234 mol) in toluene (200 mL) was added p-toluenesulfonk 

add monohydrate (241 mg.. O.OOlZ? mol). The reaction was sli:m:d at reflux (140 "C) under 

an almosphere of nitrogen avem1ght.. cooled and diluted wi!h toluene. The mature was 

washed wilh sarn.atc<l aqueous NaHCO, and "Waler and !he org;;'nic phase was 

concenl:rated. The residue was dimolved in TiiP (200 mL) under an atrnosph""' of nil:mgen 

and cooled at 0 "C. To this was added amtl" add (3.79 mi., 0.()667 mol} and sodium 

borohydrlde (1.26 g.. 0-0334 mol). The reaction was stirred under ar atmosphere Q! nitrogen 

OV<lmight. The reaction was partitioned between CH,CJ,. ant:! saturated aque<lus NaHCO, 

solution,.-separated, and !he arganlc phase was evapora!ed. The residue was purifiet:l by 

flash cluomalog:raphy (20 to 100% EtOA<:/he><~~ne:~) to affarti !he title compound (6.25 g.. 

90%) as a white solid. 

S!ep g· CIS)-S..ffilnm:(l3:-dimetbylindan-1-antine• H0 

(0056] To a solution of lead(IV) acetate (9.92 g.. 0.0212 mol) in methanol (80 n\l.) at 0 

•c under an atmosphere of nitrogen was added (2R)-2-1[(1S)-5-cldoro-3,3-dimethyl-2,3-

dihydro-1H-Inden-1-yl]amino)-2-phenylethanol (4-281!- g.. 0.01356 mol) as a solutlon in 

methanol (60 mL) dropwise """" 10 min. On completion of !:ht. addilion,. !:he mixture was 

warmed to 23 '"C and stirred for 9(1 mins. To this was added (1.943 M of sodium carbonate In 

water (194. mL) and the mixture stirred for 10 min. CH,Cl, (500 mL,) was added and !he 



mixture was filtered ;md -wasru.d with CH,O.. The filtrate:. were wllected, the organic 

phase was separated and the aqueous I!Xtracted with CH,_O, (25 ml). 'The romhlned organiC!! 

were evaporated tu dryness. The residue was dlssolved in ethan<>l (500 mL) and 10.4 M of 

hydrochloric actd in water (15.6 mL) was added. The Dlixture was heated to re£h.m (95 "0 

ovemlghl. ihe :mixture was rnoled, e'o'aporated and the residue 'WaS treated with ether and 

sonlated. 'llu! oolicl was Ioola.ted by fii!Iatian, washed wilh ether and dried to yield the till!! 

compound (2.704 g.. 86%) as the HCI salt. 

[03591 To a :mixture of [1.3-bis(2.6-dlisopropylphenyl)lmldnzoliclln· 2-yl]( clllcroll(2,3-

•}-(JZ}-l-phenylpiOp-l-ome-2,3-cliyl]palladlltln{2+) (3.4 mg. 0.000005.2 mel) aml potassium 

tat-bulc1<ide (32.0 mg. 0.001Jl86 mol) under an atnmsphere of argon was added 4-

([(IR,3SA.S}-3-[[tm-butyl(dimelhyl)silyl]cxyl-4-(([l..-t-butyl(<fi>:ru,thyl)silyl)<>xylml!thyl)­

cydopentyl]cxyl-2-chloropyr>dine (0.1126 g. O.IJO(I2596 m<>l) in 1.00 ml DME, fDilawed by 

(15)-5-cllloro-3,3-db:nethylindan-1-amine- (0.048 g, 0.00025 mol) In 1111l DME: The mblture 

was stirred overnight. and the solution was pcured Into SO ml EIOA(. washed wilh 10 ml 

water and mncentmted. The residue woa purified by preparative plate cllromatography 

(70% El9Ac/l=aru:s) to affcrd the title compound (28.0 mg.lB.O%). 

(0360] The title rompound was prepared by a r=thod analogous to Example 34, step 

Sft:v lc !0 S ,2S .4Rl-2 -([ lerf·b!lty!(dJmetllyl}silyllcxyl-4- [{2-/[0S~5-chJcro-3.3-d jmethyl-
23-dihydro-JH-Inden-1-yllamino(pyridin±ylloxylcyclopen!yllmellwl 
sulfamate 

[ll36ll To a sclutlon of I (IS ,2S _4R}-2·1! tert--lmly l ( dirnethyl)silyl]oxy ]-4-[(2 ·![(1 S)-5-

clllom-3,3-dlmethyl·2.3-dihydro-1H-indl!ll·1-yl]amino]pyrldln-4-yl)oxy]cyclcpentyl)­

methanol (28.1 mg, 0.0000543 mol) in DMA (l.Oll :mL) was added chlorosullonamide ((1.0251 

g, O.!l002.17 mill) in 0.50 m1 acetonitrile. The inixture was slirred for 30 min then poured into 

SOml EtOA<:and 1.00ml Et,N". Thelaye::9wcrc scparared and the organiclayer_wuwashed 

(water) and roncentrated. The residue was purified by preparative plate chromatography 

(SS% EIOAc/hexanes) to afford !he Htlerom.pound (28.7 mg. 89%) as a white solid. 

"" 



[036Zj 

IOS.'lSAR}4-!(2-![(JS}§<h!oro-JJ-dimethyl-2.}dihydro-1H-inden-l·yllaminpl­
pyridln+Yil C!'Q'l- 2-hydto:.ycyclopentylJme th yl S II ( faUJi! te 

A solution of j{l S ,2S,4R}-2-l [ urt-butyl( dlmethy l)sil yl]o>:y]-4-[ (2 -l[(1S)-5-

chloro-3,3-diDU!thyl-2.3-dihydro-lH-inden-1-yl]aJttino]pyridin-4-yl)oxy]cydopentyl]DU!thy1 

sulfama!e {0.02S? ~ 00000481 mol) in 3.0% (V /V) HO In ethanol (25.() ml) was stirnld for 4 

hrs. The reaction was concentrated and dissolved in 50 ml EtOAc and 1.00 mllriethyl:unlne. 

The solution was was!=~ with water, com:enb:aled,. and the residue was isolated by 

preparative f'late chromatography (5% MeOH/EtOAc) to afford the title mmpound. (1M 

mg. ?1%) as a white solid. 'H NMR {~ 400 MHz) & ?.92 (d, lH. J = 5.6Hz), 7 .22-?.20 (m,. 

lH), ?.17-7.14 {m,. 2H), 6.16 (dd, 1H,. J = 6.0 Hz, J"' 2.3 Hz) 5.65 (d, lH. J = 2.0 Hz), 5.30 (m,. 

1H), 4.92 {m, lH), 4.70 (d, lH, J = 8-SHz), 4.50 (dt. lH, J = S.OHz, J = 1.9Hz), 4.40 (dd, lH. J =. 

? .3 Hz, 1 = 2.Slli.J, 4.28 (dd, 1H. r = 1 .3Hz, r = 2.5&:), u.o (bs, 1H)! 2.so (q..1H. r = ?.oHzJ, 
2.31-2.'lS (m,. IH), 2.18-2.12 (m,. lH), 1.95-1_87 (m,. 2H),1.79 (m, Il-l), 125 (s,. 6H). LC/MS: R, = 

1.81 min, ES+482{AA stand.ud) .. 

l!>wnple ??: ({1S,2S,4R)-2-hydroxy-4-[!2·(1-naphthyi}-3H-imidazo{4.5-b]pyridln-7-ylloxyl­
o::ydopentyl)melhyl sulfamale (Compound l-109} 

Step a: 

[0363) To a solution of 2-amlno-4-cl!loropyridine (5.00 g.. O.ID89 mol) in sulfuric acid 

(41}.8 mL) with stirring at 0 "C was a<lded a solution of nihic acid (2.72 g, 0.0389 DUll) and 

sulfuric add (3.89 g, 0.0389 mol). The IIlixtnn: was s~ (1 hr) then poured inlo 200 g l"' 

and 100 tnl water. The solid was filtered and collected. The solution was neutralized with 

28% NH, in water to pH -5. The solution was extracted with 

EtOAc: {3 x 300 ml). The solid 8iso was dis:;olv~d in EtOAc and neutralixcd with 2.1l% NH, In 

H,O. The orgmic layers were combined, concentrated with 30 g si.l.lca gel,. and purified by 

flash chromatogr..phy (20 to 60% EtOAc/he=nes) to af(on:l the title o;empound (2.40 g. 36%) 

as a yellow solid. 

To a solution of (1R,.3S,45)-3-{[t.,.t-butyl(dlmethyl)sllylloK)']-4-((!Ierol-

bu!:yl{din:'tethyl)silyl]oK)'Imethyl)cyclopentanol (0-762 g. 0.00217 mol) in 1liF {30.0 mL) was 

added NaH (0.156 g. 0.006SO mol) and the mi><ture was stirred !w 1 h. To this was added 2-

amino+chlwo-3-nllfopyrkllne (0.316 g. 0.0001? mol) and the 11\ixture was stirted ovcntight.. 

'" 



The solution was ronamtrated and the residue was purified by £lash chromatography (25% 

EtOAc/t.<.!<anes) to aflord the title compound (0.381 g. 35%) as a fellow solid. 

Sl:(!p~: 4;-J[(lRJSAS\-3-(!tqt-bmylldimetlwl)silylloxyl;;4-(![krf..butyl(dimethyi)silylloxy!-

To a solution of 4-11 (1R.3SAS)-3-([ Jert-buty I{ dime lhyl)silyl Jo><y)+(! [krl-

butyl{dimethyl)silyl]~}methyl)cydopentyl}oxy)-3-nilropyridin-2"a.mine (0.361 g. 0.000725 

mol} in CH,O, (6.00 mL) and ao.tic add (3.00 m.L) was added riru: (0.4~4 g.. 0.00725 mol) and 

. !he mixtum was stirred I or 30 min. The suspension was filtered and the filtrate was 

CO'l"""lrated. The n:sidue was dissolved in 50 ml EtOAc and 3 ml Et,N then washed w:ith . · 

. ·water (2 >< lOmL). The organic layarwas dried (MgSOJ ar~d conomii3ted to afford !he aude 

product {0.297 g.. 88%). 

[0366] A mixture o! 1- naphlhaleneca:rboxaldehyde (115 mg.. O.ll00'738 mol), 4-

([(1R,.35_45}-3-[llnt-butyl(dimethyl)silyl!Oi)'l-4-{l!lrn'-butyl(dimethyl)silyl]oxy)methyl)cyclo 

pmlyl]oxy)pyrldine-2,3-diamin "(115.1 mg. 0.0002.460 .mol) ar~d sodium.metabiSulfi.te (0.140 

g. 0.000738 mol) In acetonitrile (2.00 mL) was subject to microwave i.oadialion at 180 "C for 

25 mi1111. The mh<tun: was lilte.-ed and !he filtrate was concentrated. The residue was 

purified by preparative plate clm:>ma.togtaphy (25% EtOA<:/hexanes) to afford the title 

compound (q.tol g.. 68"10) as a wliitesolid. 

(0361] The title compound w"" prepared by a m<1thod analogous to E>;ample 34,. step 

Ll 

To a solution 0 ((15,25, 4R}2· ([Jeri-butyl! dimelhyl)sil y!Joxy\-4-1 [2 -(1-

naphthyl)-3H-imJdazo[4,5-b]pyridin-7-yl]oxy}cyclopentyl)rnethanol (0.0624 g. 0.000127 mol) 

in DMA (2.00 mL) was added chlorosulfonam.ide (0.0736 g. 0.01K1637 mol) and !he mixtu.re 

was stirred for 10 min. To Ibis was added 12 M of hydrocllloric acid in water {2.00 mL) 

dtopwi<;e at 0 •c and the mixture was stin£d.fo< 10 min. The mixture wa.. added dropwise 

to 50 mL o{ a 2N Na,_CO, solution. and was e>:lrnctcd by CH.,CI,. {3 x 30 ml). The combined 
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o<ganic layers were roru:e:nlrated and the residue was purified by flash du'omaiOgraphy (0 

to 10% MeOH/EtOAo:) to provide the title compound {145 mg. 25%) as a white solid. 'H 

NMR(CD,OD,400 MHz) 8:8.49 (m-IlL), 8.28 (m. U{),S.06(d, lH,J .:8.3Hz), 7.9'7 (m, lH), 

7.87 (dd, lH,J .:7.0Hz.J .. l.OHz) 7.63-7.54 (ru-3H),6.81 (d,lH,J'"' S.SHz) 5.40(bs, Ul), 

4.45 (dl, lH, J = 4.9 Hz, J "' 1.9 Hz), 4.35 {dd, lH, J = 7.2 Hz. J "'25Hz), 4.19 {dd, 1H, J "' 7.2 

Hz,J"' 25Hz), 2..62 (m, 1H),2.44-239(m, 1H),2.31·2.25 (m..lH),2.111-2.14{m.2H). LC/MS: 

R, = 155 min, llS+ 4.55 {AA standard). 

Example 78: ((1S,2SAR}+[[6-chloro-2-(l-naphlhyl}-3H-imidawf4..5-b]pyrldln-7-yl]arrtinof.. 
2-hydroxyc:yclopentyl)methyl auifainate (Compound 1-56) 

. ' 
10369] A solution ol4,5-diclll.oro-3-nltropyridin-2-amlne (0.0365 g, 0.000175 mol) 

Oohal\ssoll, H; Law liZ, K; Nlkil:id.J9.. G; Sjoe, P; Storm, P. PCT.IIIt. Applkalion 

W02.004{016611), (1R,3S,45)-3-[[IID-butyl(cllrrl2thyl)silyi]oxy/-4-([[t.:rt-butyl{dlmelhyl)silyl]­

oxy]melhyl)cyclopentmamU!" {0.0947 g. 0.000263 mol) and DIPEA {0.0007 g. 0.0007112 mol) 

In e.than.al (10.0 mL) was .eOuxed overnight. lbe reaction was concentrated and purified by 

fbsh chromatography (30% ElOAc/hcxanes) 10 afford lite tllle compound (0.0768 g.. 82%) as 

a yellow solid. 

[0370] N{4)-1(1R,35,4S)--3--(!tert-butyl(dimelhy))silyl]oxyl+(l(terl-butyl(climelhyl)-

ailyl]oxy)melhyl}cyclopomtyl]-Xhloro-3-nitropyridine'-2,.4-<l.iamilie (O.S'JS g. 0.00165 mol) 

ond :tine (0.431 g.. 0.00659 mol) -was added to acetic add (40.0 mL, 0.704 mol} with stirring lor 

10 mins. The mixture was slim!d for 10 nUn and the solid was fillered off. The filb:ate was 

concenb:aied, disso.hted in EIOAc (SO mi.) wnshed with water (2 xlll). To the organic phase 

-was added 2 tnl Et,N and the mixture was -washed with 10 mL -ware<. >he organic layer -was 

concentrnted and purlf!ed by flash cltro1113tog:raphy (30% EiOAc/hexan.es) to afford the tille 

compourul. {0.746 g.. 90'1'o) as a white solid. 

SleJ> c: (US.25.4R}:4-!16-ch!oro-2-U-naphthyi)-3H-imidazof4.5-blpyridln-Z-y!Jaminal-2-
hydx~gpentvnmeuw ~ulfamate <eomwun<~ I-56> 

(03711 The title compound was prepamd ill an analogous (ash.l!mto Example Z'l. 

stepsd-f. 1HNMR(CD,OD, 400MH:<) &:9.13 (d, ULJ-=9.9), 8.115-7.92 (m. 4H), 7.65-7.57 (m. 



3H),5.82 (bs. Ul), 4.4.1 (dt.lH.J=S.OHz,J"'1.9fu:),4.32 (dd, 1H,J=7.3Hz,J~,4.17 (dd. 

llf.J•7.3Hz,J.a..5H.z), 325 (q,2H,.J:o7.0Hz),2.40-2.28 (m. 2H),2.05-1.911 (m,2H). LC(MS: R, 

"' 1.68 min,. FS+ 488 (AA standard)-

E>cample 79< ((1S,2SAR)-4-(f6-{cyclopentylamino)pyrimidin-4-yl]oxy}-2-hy~open 
tyl}ml!lhyl5Uifamate (Compound I-127) -

(0072] The t:ille compound was prepan!d in a manner analogous to Example 34. step 

b using cyclop.,..lanamlne and Eo<ample 76, steps g-i. 1H NMR (CD,OD,400 MH:<) 6: 6.00 (s, 

lH,), 5.74 (s, U-I), 5.31 (I:Js, lH), 438 (dt. 1H. J "'5.0 Hz, J "' 1-9 H.z).4.30 (dd, UJ,J"' 72Hz.. f 
= 2.5 HxJ, us (dd, tH. 1 .. n Hz.. r = 2.s Hz), 2s1 em. UiJ, 2.34--226 em. U-IJ, 2.()9.1.96 em. 

__ ~H), ].76 (m, 2H), 1.64 (m,2H), 151 (m, .2HJ. LCfMS:: R, "' 1.46 min RS+ 373 (AA •landanl). 

F:o:am pl e 80: [ (1 5.25 ,41<)-4-(( 2-( (15}-2,3-dihydro--lH-Jnden-1-yl amino ]pyridin--4 yl]""J' )-2-
- hydroxycyclopenty!Jmelhyl su!famate (Compound I-94) 

St!:p a : 4d tc1R JS .451-3--f f lerl-butv!(dime thy l\siiy!Toxyl+fl ftm-buty l(dimetbyDgiJy!lPXY]­
me!hy1lcyclCII'entylloll;yl-2-dt!onmvridlne 

(0373} To a solution of (1R,3S,4S}-3-l[tl.'rf-bulyl(dlnu!lhyl}silyl]oxy}-4-(([lerl-

blltyl{dimethyl)sllyljoxy]melhyl)cyclopentanol (973.5 mg, Q.OOl69SI mol) in DMP (8.00 mL. 

O.lffi mol) was added NaH(202mg. (}..005{14mol) (60% in oil). After stirring the mixture for 

10 rninules, 2--cl\loro--4--nitro--pyridine (400.0:mg. 0.00252 mol) was added and the mlx!ure 

'!""5 stirred avemigh\. 1lu! reaction Wll3 quenched with water and extracted with (3 x 50 ml 

EtOAc). The com!>irled organic layers were dried (N..,SOJ, Bltered ar1d cona!ntra!ed In 

vacuo. The residue was purified by flash clrromatography (0 !o 10% EtOAc/lw><aru!S) to 

ob!;!.in the ti!le compound (0.9859 g. 83%) "" a dear oil. 

[0374] To a mixture of {1,3-bis(2.6--diisopropylphenyl)lm.ida:zolidin-2-jd](chloro)[(2.3-

~){1Z)-I-pher1ylprop--l--ene-2,3-d.lyl]~ladium(2+) (7 .8 mg. 0.000012 mol) and polassiwn 

terl-butoxide (73.7 mg. 0.000656 mol} under an atmosphere of argon was added 4-

l[(lR,3S,4S)-3-l(!m-butyl{dimelhyl)silyl]oxyH--{{{l~rl-butyl(dimelhyl)silyl]oxylrnelhyl)­

cyclopenlyl)ruty]-2--ch.loropyrldine (281.0 mg. 0.0005968 mol) in 1 m1 DME. The solution was 

stirred for 5 mins, then (S)-(+)-1--aminoindane (0.10 mlo 0.000'776 mol) in 1.0 ml DM£ Wa5 

odded dropwise over 15 mln. 7he solution was sli:rred overnight, then dissolved In 50 mL 

EtOAc, washed wi!h water, and concentrated. The .residue was purified by f!Mh 



chromatography (30% EtOAc/hexanes) to aff<m:l the title """'Pound {0.3219 g.. 95%) as a 

white solid. 

Stepc: fOS2S,4Rl+Cf2-fOS'!-2,3-dihydro-IH-inden-1-yl amJnolrorridjo±yllo;.,yl-2-
hydrozymlgpeotyllmg!hyl sulfamate <CrnnpOund 1-:94) 

10375] The lllie compound was prep<~red in a manner analogous to El<3mple 76. 

steps g-i. 'HNMR(CDCly 400MHz) 6: 7_75 (d.. uq ~6-0Hz), 7:0-7:JJ (m,3HJ,6-16(dd, 

m. J;: 6.3Hz,J- 2.4 Hz), 5.33 (t, lH, J ;00 75Hz), 4.95 (m,. 1H), 4.50 {dt, lH, J D 5.1 Hz, J -" 2.{) 

Hz),4.31 (dd, lH,J ~ 7.3Hz,J =2-4Hz), 4.15 (dd, 1H,.J =7.3Hz,J ~ Z.4fk),3.n3-2.96 (m, 

1H), 2.86 (m, lH), 2.61-2.46 (m, 2H), 2..29-2.23 (m, lH), 2.10-2.03-(m,. IH), 2.00-1.95 (m, 1H), 

1.90-1.80 (m, lH), 1.15-1.10 (m, 2H). 

Enm pi~ 81: · !{15 ,25,4R)-4-{ ( 6-l [ (IR,2.5)-2,7-d!Iru!thol<}'-1 ,2,3,4-te trahydrtmaphl:halen-1-yl]­
amlno)pyrlm.idin±yl)oxy]-2-hydroxycyclopentyl)mcthyl sulfamate 
(Compoundl-149) 

[11376) 'The tille compcund WM prepared as a 1:1 mi>cture of with the compound in 

e!<i!mple 82 aomrcling 1o Example 34,. steps a-d, followed by HO-mediated desilylation. 

Rel-(1R.2S)-2,7-dime!:hoxy-1,2..3,4-tetrahydronaphthalen-1-amine, prepared according to the 

reference fuund in Example 71, was used as a coupling partner 1n step b. The title compound 

was then isolated via chlral HPLC (Chiralcel 00 21l:a50, eluent SS/12/11..2% 

- Jte.<-/EIOH/DEA at 2(1 mL/mln). 'H NMR (CD,OD, 400 Mlh) li: 8.14 (d,J m 0.7 fu, 1H), 7.00 

(d,J- 8.3 Hz, lH), 6.76-6.71 (m. 2H), 5.94 {s, 1H), 5.32 (hs, IH), 439 (ddd, J = 2.2, 5.2, 5.2 Hz, 

11-1), 432 (dd,.J = 7.4, 9.8Hz, 11-1),4.15 (dd,J- 73, 9.8 Hz, 1H),3.13(ddd,J ~2.1,3.8, 6.4 Hz, 

· 1H), 3.67 (s, 3H}, 3.40 (s, 3H), 2.93--2.110 (m. 2H), 2.6'7 (ddd, J = 5.6, 5.6, 11.6 Hz, IH), 2.5&-2.46 

(m. 1H), 2.28 (ddd. J ~ 2.2, 6.8, 14.8 Hz, HI), 2.25--2.16 (m, IH), 2.12-1.87 (m, 411). LC/MS: R,_ 

-1.25 o:nin. ES' 495 {I' A standard). 

Example 82: !(15 ,2S,4R)-4-[( 6-( [ (IS,lR)-2,.7-dimetho><y-1,2,.3,4-te t<ahydmnaphthaleo-1-y 1]­
aminolpyrtmidin-4-yl)o:<y}-2-hydroxycyclOpenlyllmethyl sulfamatc 
(Compound l-HS) 

[0371] ~e !i!le compound was prepared as a 1:1 mlxture of with the compound in 

e><omple 81 accol'dillg to Example 34., steps a-d, foDowed by HO-mediared de.!l!lylalion. Rel­

(1R,25)-2,7--d.im<!tho:cy-1,2,3,4-tetnhydronaphlhalen-1-amine, pn.pared aa:onling to the 

reference (OW'I.d in Example 71, was used as a coupling partru.r 1n step b. The Iitle 

compOUild was ttu.n. isolated via clUraJ. HPLC (Chiralcel OD 2005ll, eluent BB/12/0.2% 

hex/EtOH/DEA at 211 UlL/rnln). 'H NMR (CD,OD, 40() MHz) li: B.U (d, J ~ 0.7 Hz, 1H), 7.00 

'" 



(d.f = B3 Hz. lH), 6.76-6.71 (m, 2H), 5.94 (s, tH), 5.32 (bs, IH), 4..39 (ddd, J = 2.1, 5.1, 5.1 Hz, 

lH), 4.32 (dd,. I= 7 .5, 9.B Hz, lll}, 4.15 (dd, 1 = 7 3, 9.B Hz. 1H}, 3.74 (ddd,.I = 2.1,3.9, 6.6 Hz, 

lH), 3.67 (s, 3H), 3.40 (s.. 3H), 2.95-2.82. (m, 2H), 2.67 (ddd, 1 = 5.7, 5.7, 11.5 Hz, lH), 2.511-2.47 

(m, IH),2.2ll (ddd,J =2.2, 6.6, 1U Hz, lH), 2.25-2.16(m, 1H),2.12-1.B7(m, 4H). LC/MS: R, 

"' 1..25 min, ES• 495 {FA standard). 

Example 1!3: [(15;25,4R)-2-hydroxy-4-1(6-([(1S,2R)-2-mcthoxy-4A-dintt.lhyl-1,2,3,4-
lelrahydronaphlhalen-1-yl]amino)pyrlmidln-4-yl)oxy]cydopenlyl)methyl 
sulfamate (Compoll1td. I-151) 

[0378] '!he title compound was p_repared as a 1:1 mlxture.of wilh the compound ill 

example 84 a<mniing to e><ample 34, steps. a-d, foll<l'"ied by HCl-medlaled desilylalion and 

lhen treatment with t.Oequivalents of potas.siwn hydiOxide as a solutiom in melharlollo 

"afford the corresponding potassium sail Rel-(ffi.2S)-2-metho~thyl-1,2,3,4-

tetrahy.dronaphl:halcn-1-antine,. prepared according to the refe= found in Exampe 71, 

was used as a coupling partner in step b. The tltle compound was then Isolated via chi...J 

HPLC (Chirnl.pak AD 20x250, elWlnt 85/15/0.1% hex/EtOH/DEA at 20 mL/min.). 1HNMR 

(CO,OD, 400 MHz) li: 8.13 (s, lll}, 7.3-9-7 .34(m,.1H), 7.25-7.18 (m, 2H), 7.13-7.06 (m, IH), 5.90 

(s, 1H}, 5.64 (bs, IH), 5..24 (bs, IH). 4.40 (ddd, J ~ 1.7, 5.6, 5.6 Hz, 1H), 4.14 (dd<L 1 = 1.3, 8.5, 

10_(1 Hz. 1H), 4-(10 (ddd, 1 D 2.0, 6.4, 10.0 Hz, I H), 3.78 (ddd, I= 3.0, 4.1, 10.4 Hz, lH), 3.42 (s, 

3H), 2..53-2.38 {m,.lH), 2.26 (dddd,J = 1.8,.1.@, 6.7' Hz, ]H), 2.12-1.81 (m, 4H), 1.77 (dd,. J = 

2.0,13.6 Hz, 1H),1.43 (s,3H), 1.31 (s,3H}. LC/MS: R, = 1.-61 mln,ES' 493 (FAstartdard}. 

Example M: {(1S,2S,4R)-2-l1ydroxy-4-[(6-![(lR,2S}-2-methoxy-4,4-dJmethyl-1,2.3,4-
tetrahydronaphthalen-1-yl]amino]pyrimidin.-4-yl)oxyl<:yclopentyllmethyl 
sulfamale (Compound 1-150) 

(03"19] The l:ltle wmpound was prepared as a l:l mixture of with the compound in 

example 83 according to example 34, ~teps a-d,. follo;ved by HO-mediated desilylalion and 

then treatment wilh l_(l equlvabmls of po!assium hydro:dde as a solution ill methanol tO 

afford the corresponding potassium salt. Rel{lR.2S)-2-methoxy-4.4-diml!!:hyl·1,2,3,4-

tetral1yWonaphthalen-1-amine, prepared according to the reference foUild in ElUIIIIple 71, 

was used as a coupling partner in step b. The title compound was then ISOlated via dUral · 

HPLC (Chiral.pal< AD 20x250, eluent 85/15/0.1% he></EtOH/DEA at20 mL/mln). 'H NMR 

(CD,OD, 4<lOMHz) li: 8.14 (s, lH), 7.4ll-7.3S (m, 1H),7.26-7.18{m.2H), 7.13-7.07(m, lli),5.91 

(s, lll}, 5.65 (bs, !H), 5.25 (bs, lH), uo (ddd, 1 = 1.7, 5.6, 5.6 }h. Ul), ~.14 (ddd, J = 1.3. 8.5, 

lO.OHz, 1li), (!.OQ(ddd,J = 1.0, 6.4, 9.9Hz, lli),3.79 {ddd,.J"' 3.4,3.4, 10.4 Hz, 1H),3.42 (s, 

'" 



3H), 2,52-238 (m, UI),2.32-2.21 (m, 1H),2.12·1-81 (m, 4H), 1.78 (dd,.J- 2.0, 13.5 Hz, lH), 

1.43 (s, 3H), 1.32 {s, 3H). LC/MS: R, = 1.61 mill. ES" 493 (FA standard). 

Example 85: {(1S,2S,4S)-4-((6-[(1S)-2.3-dihydro-1H-inden-1-yl=tinojpyrimidin4yll· 
uurthyl)-2-hy~cyclopentyl)methyl sulfamate (I-33) 

Step a· 2-Ch!o!]kN-ID5l-2.3:dihydiD"1H !nden-1-yll-6-ny:tbylpyrlmjdine-4-aming 

[0300) 2,4-Dichloro-6-methylpyrimidine {2.54 &- 0.156 mol) was dissolved in ethanol 

(100 mL) and N,N-Diisporopylelhylamin£, (4.07 ml.,. 0.23 mol) was added foUowed by (S)-1-

Aminoindan (2.00 mL,. 0.156.mol). The solution was heated to mflw: ~ 2 hours, TLC 

indicated complete conv...sion. The solvent was removed in va""" and the residue was 

purified using chromatography on silica gel using gradientO to 50% ethyl acetate in h""ane 

to afford the title compound (1.95 &- 46%). LC/MS: R,_~ 1.90 mill. FS" 260 (AA standard). 

Sh!p b: N-{(IS}-2.3-dihydro-lff-tnden-1-yll-fi..melhylpyrimidine+amine 

(0381] 2-chloro-N-[(lS)-2,3-clihydro-lH-ind""-1-yl)-6-methylpyrimkline+omtine 

(195 g.. 7.5 mmoJ) was dissolved in ethimol {5 mL) and Ul'Yo Pd/C (0.140 g, 0.13 nunol) was 

added. The flask was filled with hydrogen and stim!d 0\<erni~t. At that time, 'ILC 

Indicated cOmplete conversion. Palladium was filtered off and the solvent was removed in 

vacuo. The residue was purlfied using cl\mmatography on silir.a gel using gradient 50 to 

100% ethyl acetate in heJ<ane to afford the" title rompound (1.&5 g. 93%). LC/MS: R, ~ 1.51 

ntln, ES' 226 {AA standard). 

[0382] N-[(1S)-2,3-dihydro-1H-Inden·1-ylj-6-I<Wlhy!pyrlmldln~amine (0.515 g, 

2.55 mmol) was dissolved in TIIF (24 mL) and 1.8M PhenyUitltiurn In di-n-butyl ether (2.98 

mL, 5.36 mmo!) was ad~ed and stirred for 1 hour. The mixture was cooled lo 0 •c ar~d a 

solution ol (laS,lbR.SaS_,6aS)-3-(4-melho>cyphenyl)hexahydrooxiienol4,SJcyclcpenta.[1,.2-

d}[L3Jdioxine (0.634g,. 2.55 nunol) In TIIF (15 mL) was slowly added. The mixture was 

stirred a! 0 OC for 4S minutes arui 23 OC for 2 hDUIS. AI !hat time., LCMS indicated -70% 

conversion. The readlon was quenched w;ing saturated ammonium dtlorlde (30 mL), 

ex!Iacted with ethyl acetate (.'1 x 20 mL), drl<!d with anhydrous.magnes>wnsulfate, fllten:d,. 

and evaponted in vacuo. 1he residue was purilied using chromatography on silica gel 

using gradient 50 to 100% ethyl acetate in hexane to afford the title compound (0.465 g.. .'18%). 

LC/MS: R,_"' 1.71 min, ES' 4.74 (AA standard). 



[0083] (4aS,6S,7S,7aR)-6-!6-[(1S)-2,.3-Dlhydro-1H-Inden-l-ylaminol-pyrimidin-4-yll-

methyl)-2-{4-me!ho><yphenyl)hexahy.Uocydopenta[d]JI,3]dioxin-7-ol (0. 465 g. 0.98 mmol) 

was dissobred in DCM (17 mL) undez an atmos~.oi argon and. 4-(dil:nethylamiru>)­

pyrldiru: (024 g.. 1.96 mmol) was added followed by phenyl chlcrothlonomrbonMe (.204 mL. 

1.-\17mmol). The rnlxtmc was stirred for 1 hour. n.., solvent was rnru:enlrated in vacuo and 

the residue was purified via silica gel chromatography elu~ with a gradii!IIt of 5!1 to 100% 

EtOAc in hexan"" on a column pre-treated with 1% TiiA inhe><aneS to afford 1:1\e title 

compound {0.5tl8 g. 64.%). LC/MS: R, = 2.38 min,. ES"" 610 (AA stand ani) • 

• 

""" 0-[(4aShS,7S,7aR)-6-[[(IS)-2,3-Dihydro-lH-indm-1-ylamino]-pyrimidrn-4-

yl)m..W.yl}-2-{4-methoxyphenyl)hexahydnxydopenra[d][L3]dlO>:in-7-yl] 0-phenyl 

thiocarbonall! (0..508 g. 0.&3 mmol) was dissolved in tcluene (14 mL) under an atrnosphen! of 

nitrogen and tri-n-butyltin hydride (0.448 mL.. 1.67 mrnol) was added ~owed by 2,2."-azo­

bis-isobutyrcnilrile (0.027 mg..0.17rnmol). TI>e solution was heated !o reflux for! hour, lhe 

mixhlre wa.s cooled down. the ..olven!was concentrated to 30 .rnL and the residue was 

purified via silica gel cltrcn:natt>grapliy eluting with a gradient of 50 to 100% E!OA<: in 

heGnes to alford !he titlecompoWld (0.2&1 g..13%). LC/MS: R, = 1.94 min, ES• -458 (AA 

st.andan:l). 

Stepf: (1S.2S 45)-4-(f6-J(1SJ:2.3-Dlhydro-lH-lnden-t-ylamino]pyrimidin+y]!methy.LJ..2 

N-[(IS}-2,3-Dihydto-1H-inden-l-yl]·6-1[(4aS.6S,7aS}-2-(4-me!ho><yphenyl)-

hexahydrocydopenta[d][1,3]dioxin-6-yl]methyllpyrimidin-4-amine (0.280 g, 0.61 mmol) Wa!i 

dissol<-ed in "IHF {2 mL), water {2 mL) and Ac0H (6 mL, 0.106 mmol) were Bdded. The 

mixture was slirred 1111der an atmosphere of argon for 60 h. "Ihe mixture was c:oncentr.o!<:d 

under reduced pressure and the residue was purified·viasillca gel d!romatography eluting 

with a g<adientof 0 to 10% MeOH in DCM to afford the Iitle ccmpound (0.190 g. 91%). 

LC/MS:R,_ = 1-29 mtn..ES' 340 (AA standau:!). 

,,. 
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[11386] The tiUe compound was prepared following the procedure described in 

Example 65, step d. 1H NMR (CD,OD, 400 MlU. ~: 8.34 (s, lH), 7.27-7.15 (m. 4H), 6.41 {1>8. 

lH), 5.6S-5.48 (m.. lH), 4.30-4.25 (m. 2H), 4.09 (dd, J = 4.1. 4.1 Hz. lH), 3.o'7-3.00 (m, Hi), 2.94-

2115 (m. 1H),2?2-2.55(m. 4H),2.43-235(m, Hl), 1.93-l.RS (m. 2H), 1.75-1.67 (m, 1H), 1.58--

151 (m.2H). LC/MS: R,_ = 1.38 min. FS' 419{AA standard). 

Example 86: ((1S,25_4R.)-4-14-[(1S)-2,3-Dihydro-1H-Irlden-l-ylamlnol-5..6-dihydro-7H­
pym>lo!2,3-dlpyrimldin-7-yl]·2..hydroxy<:yclopenlyl)rnelhylsulfama.te 
{Compound l-146)_ 

Step a: 2-<4.6-dichlorqpyrimidjn-5-yllethaz!ol 

''"'' (4frdlchloropyrimldln-5-yl)acetaldehyde (2.96 g. 15.5 JIUJlol) was dissolved 

in methanol (60 mL) and cooled at 0 "C. Sodium tetr;lhydroborate (0.879 g. 23.2 mmol) was 

added and lhe mi>tture was sl#red for 1 hour. TLC indicated cumplete conversion. The 

readian was qucnclu!d with water (20 mL), methanol was removed in vacuo and !he resldu~ 

Wall extracted with ethyl acetate (3 x 30 mL). The mmbined organk exiiacts were dried with 

magnesium sulfate. fl!rerecl and evaporated. The residue was purified U'iing 

chromatQg<aphy on silica gel using gradlent 0 to 100% elhyl acetate in methylene chlmide to 

afford the till" compound (1.90 g,63%)._LC/MS: R,_ = 0.93 mln. ES' 194 (AA .otandard). 

Stgp b: 2-{4-clJ!oro-6-fOSl-2.3-s!ilwdro-J.H-iruJen-1-'ylarnino]pyrimidin-5-yUethanol 

'""'' 2-{4,6-di<:hloropyrimidin-5-yl)ethanol (1.90 g, 9.84 mmol) was dissolved in 1-

bulanol (97 mL) and N..N-Diisopmpylelhylru:nirle (3.43 mL,. 19.7 mmol) and (S)-1-

Am!noindane (L26 mL, 9.64 mmol) were added. Ihe solution Wl1S heated a!130 "C for 3 

days. Solvent was removed ln vacuo and the residue was purified using cluomatogr.>phy on 

sillc:a gel115ing gradient 0 to 100% ethyl acetate in melhyle:ne chloride to afford the lille 

COqtpound (2.80 g, 98%). LC/MS; R, = 1.63 <Din. ES• 290 (AA slandard). 

!I 

[00119} 2- [ 4-chl=>-6-[(lS)-2.3-dihydro-lli-inden-1-ylamlno ]pyrlmldin-5-yl )e tha.nol 

(2.80 g, 9.66 mrnQI), phthalimlde (1.56 g, 10.6 mmol) and lrlphenylphosphine (2.79 g, 10.6 

mmol) were dissolved in TIIF (105 mL) and the solution WPll cooled at 0 "C. DIAD (2.1J9 mL. 

10.6 mmol) was added dropwise al'ld the mixtu-re was slined 23 •c for 1 hour. The solvent 



was removed in vacuo and the residue was purified using chromatography on silica gel 

using gradient 10 to 50"/o ethyl acetate in hexane to afford the title compound (3.50 g, 86%). 

LC/MS: ~ = 2.12 min, ES+ 419 (AA standard). , 
\ 

Step d: 5-(2-aminoeth)(ll*6-chloro-N-[(1Sl=2.3=dihydro-1H-inden-1-yllpyrimidin-4-amine 

[0390] 2-(2-{4-chloro-6-[(1 S)-2,.3-dihyd.ro-lH-inden-1-ylamino ]pyrimidin-5-yl}ethyl)-

1H~isoindole-1,3(2H)-dione (3.50 g, 8.32 rrunol) was suspended in ethanol (102 mL) and 

hydrazine hydrate (1.62 mL, 33.3 mmol) was added. The mixture was heated to reflux for 1 

hour. At that time, LCMS indi<;ated complete conversion. The mixture was cooled to 23 oc, 

crystals were filtered off, the residue was evaporated in'vacuo and purified using 

chromatography on siUca gel using gradient 0 to 20% MeOH in methylene chloride to afford 

the title compound (1.20 g, SO%)·. LC/MS: R
1 
= 1.29 min, ES+ 289 (AA standard). 

Stepe: N-f(1S)-,2$=Qihydro-1H-inden-1-yl)-6,7-dihydro-5H-pyrrolo[2.3=dlpyrimidin-4-

[0391) 5-(2-aminoeth.yl)-6-chloro-N-[ (15)-2,3-dihydro-lH-inden-1-yl]pyrimidin-4-

cimine (1.00 g, 3.46 mmol) and N ,N-dilsopropylethylamine (1.21 mL, 6.92 mmol) were 

dissolved in 1,41lloxane (19 mL) and the solution was heated in a pressure tube at 160 °C for 

48 hours. At that time~ LCMS indicated complete conversion. Solvent was removed in vacuo 

and the residue was purified using chromatography on si.lica gel using gradientO to 20% 

MeOH in methylene chloride to afford the title compound (0.81 g, 93%). LC/MS: R. = 1.55 

min, FS' 253 (AA standard). 

,St=e¥-p_,_,f: ___ ~7-.:.,~(~1R.- ,3S. ,4S,_J:1:1ftert. ~· •-butyl(dimethyl)silyl]oxy}-4-{L·~ .'tert-

(0392] 

butyl(dimethyl)silyl]oxy}methyl;.cyclopentenyl·, ·N-[(1 Su)-2,3-_ ·dihydro-1 H-inden-1-
yl]-6, 7 -dihydro-5H ''-pyrrolo[2,3-.. d]pyrimidin-4-amine 

N~[(1S}-2;.3-dihydro-1H-inden-1.;.yl]-6,7-dihydro-5H-pyrrolo[2,3-d]pyrimidin-

4-amine (0.460 mg, 1._$2 rnmol) was dissolved in DMF (20 mL) and NaH (60%, 0.146 g, 3.65 

mmol) was added. the P\lxture was heated at 60 oc for 5 minutes. (1S,3S,4S)-3-{[tert­

butyl(-dimethyl)silyl)oxyl-4-{[iert-butyl(dimethyl)silyl]oxyj'methyl)cyclopentenyl 

methanesulfona~ (0.800 g, 1.82 mm.ol) in DMF (10 mL) was added and the resulting mixture 

was heated at 100 oc for 2 hours. The solution was cooled to 23 °C, quenched with saturated 

brine (20 mL), exttacted with ethyl acetate (3 x 30 mL), dried with magnesium sulfate, 

filtered and evaporated in vacuo. The residue was purified using chromatography on silica 

gel using gradient 0 to 300.fo ethyl acetate in hex<me to afford the title compound (0.22 g, 

158 



20%). LC/MS:R, .. 7.17 min,. ES""596(AANonpolar: PhenominexLuna 5um0650X 4.6 

mm column at 2.5 tnl/min gradient of ACN contalnlng 50 to 0 % 10 mM Ammonium 

Acetate inl:I,_O for 3min.) 

St.:p g; {(J5,2S.4RK-(:HOSl-2,3-Dlbydro-1ff-inden-1-yli!Illinol-5.6-dlhydro-7H-roormlo-
!2,3-dloy:rimldin·7·yl!-2-hydmzycycl'Wentyllrrurthyl sulfamate CCompmmd I-146) 

(0393] The tillecompound was prepared following the piOC2dums described in 

Exam.p4> 34, step c and Example 65, step d. 'H NMR {CD,OD, 400 MHz) S: 7.93 (s, lH), 7 23-

. 7.12 (m. 4H), 5.64-5.60 (m, 1H), 4.87-4.83 (m. 1H), 434-4.31 (m.. lH), 4.29 (dd, 1 ,_ 7.6, 9.6 Hz, 

1H).4.13 (dd,. J ,_ 7.'2. 9.6 Hz,. 1H), 3.58-3.53 ("" 2H), 3.03-2.95 (m. UJ), 2.90-2.77 ("" 3H),2.59-

2.42 (m,2H), 2.00-1.97 (m..2H), 1.91-1.62 (m,.3H). LC/MS:R,~ 498min,ES• 446 (FA long). 

Example81• 

[03'14] 

((lR,2R,35,4R.)-4-I[2-2.3-dihydro-lH-indol-1-ylcaibonyl)pyrldine--4-yl/amlno/-
2,3-dihydnmycydopentyl)melhylsulfamate (Compound 1-145) 

• H NMR (400Mih,. CD,OP) 5: IJ.2M!.OO (m.. 2H), 7.30-6.70 (m,. SH), 4.26-4.0.2 

{m. 3H), 3.86-3.76 (m, 2H), 3.17..3.11 (m,. 2H) 2.SM.30 (m, 2H), 1.40-1.20 (m.. 3H), ppm. 

LC/MS: R, ,_ 0.95 min,. ES"" 449 (AA standard). 

Example H& ({1R.2R,35,4R}-4-[{2-1[(1S)-2,3--dlhydro-1H-1nden-l-ylamlno]crubonyl) 
pyrid.ine+yl)amlno]-23-dihydm><ycydopentyl]IJU!thylsulfamate {Compound 
I-144) ' 

ICB95) 'H NMR {CD,OD, 300MHz) 6: &OS {d, J = 7.5 Hz,lH), 7.50 (bs, lH), 7.32-7.16 

(IIJ,. 4H), 6.97-692 (m, I H), 5.64 (1. J = 7.5Uh, lH), 4.17 (d, 1 = 5.09:fh, 2H), 4.09-3.60 (m, 3H), 

3.1S..3.0o!, (m, lli), 3.00-2.87 (m,.lH), 266-254 (m, 1H), 2.45-2.29 (m, 2H), 2.11-1.97 (m,. IH), 

1.44-1.34{rn,.1H) ppm. LC/MS: R,"' 1.35ltlit\,. ES' 4.63 (AAs!<Ind.ud). 

Example 89: {(1S,2S,4R)-4-l!8-{3-chlort~phenyl)-9H-purln-6-yl]amlno]·2· 
hyd.toxy<:yclopentyl)me!hyl sulfarnate (Compound I-60) 

Stena- 6-dl!oro-45-diaminggyrimidine 

[03!16] A suspension of S..Amlno-4.6-diclilim>pyrlmidine (3 g. 0.02 mol) 1n ammonia 

(25 mL,. ?N/MeOH, 0.175 ~nole) was tu:ated at 118 •c ovemighl(under_pressure). The 

reaction was cooled to 23 •c, filtered and washed wl!h ethanol to <>blilin 1.92 g (70o/o). 



Step b: 

[03.911 To a mlxh.Irc of 6-0iloro-4,5-diaminopyrlmldlne {0-70 g.. 4.84 mmol) and 3-

clllowbei1ZOic add (0.76 g, 4.811 mmol) in the flask was added phosphoryl chloride (40.0 mL), 

and the nsulting rni:J:;twe was slirM<l for 16 hat 100 "C. The reaction mb:ture was 

evaporated to remove """"5S phosphoryl chloride, atld the residue was added to water (20 

mL). The precipilall! was ffitel"ed and purified by flash cltromatography (0 to 5 % 

Methano!IDCM) to affuni the title compound (1.28 g, 31 %) as a yellow soli.d. LC I MS: R, = 

1.59 min, FS" 265_0 (FA stmdard). 

Step c; N-WR 3'1AS)-3..1fkrH>utylldime!hylls!lyllmy)+<lliffl-buMfdlme!hyllsi!ylloxyJ­
melhyl)cydopen!yll-!!-!'3-dt!orm>benyl)-9lf-p••rin-6-amine 

{00981 A Golutlon of 6-cl11~orqilenyi}-9H-puriru! (155 mg, 0.58 mmol), 

(l.R,35,4S)-3-![tert-butyl(dlmethyl)llilyl]oq!-4-([[tut-butyl{dlmethyl)silyl]o><y]me!hyl)­

cyclopentanamine {200 mg. 056 mmol) {Example 121!, steps <K), and N,N­

dllsopropylelhylamine (0.20 mL, 1.17 mrnol) in ethanol (2.00 mL) was microwaved at 160 ~ 

for 30 minutes. The reaction mUlture was concentrated under vacuum,. and the n.sidue was 

purified by flash chromaltlg«~phy (0 to 5 % Methano!IDCM) to afford the title compound 

{275 mg.76 %) as a light yeUow &<>lid. 

[0099] The title compo1U1d was prepared lollowing the procedure desalbed in 

Eumple 34. step e. l.C I MS : R,= 2.07' min, ES• 474.2 (AA standard). 

Step e: frt5.2S,4Rl-4-U8-!3-ehlmppbenyl}-9H-pw;in+yllilffiinoJ-2-hydrwnmrclopentyl}­
rncthy! sulfama!e fCnmpmmd I-601 

[0400] The lille compound was prepared following lhe ptocedure described in 

Example 65, step d. 'H-NMR (400MI-k, CD,OD) 8 : 8.22 (s,. lH), 8-09 (s, ll-1}, S.D0-7.94 {m,. 

1H), 7.54-7 AS (m, 2H), 4.93-4-.lkl (m,. 11-i), 4.-44--4.40 (m, 1H), 4.35 (dd, 1H,. J= 9.7, 7.8 Hz), 4.17 

(dd, lli,.J= 9.7, 73Hz), 2.64-2.54 (m, lH), 2.35 (ddd, lH,J= 14.0, 7.6, 1.2Hz), 2.20-2_10 (m. 

ll-1), 1.96 (ddd, lH,/=14.0, 7.0,4.8 Hz), l-66{ddd, 1H,J= 101.0, 8.2,3.8 Hz). LC I MS: R,= 5.4.8 

rnii1, ES' 439.1 (FA l=g) 

"" 
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EDmple 90• ((IS,25,4R)-4-![B-{2,6-dimelhoxyphenyl)-9H-purin--6--yl]antino)-2-
hydmxycydopenl}'l)melhyl sulfamate (Compound I--93) 

[0<1011 The title compowtd was prepared following the procedure described in 

El<ampie 89 (sreps <>-e) using 2,&.dirnetho>;ybenzok add. 'H-NMR (400MHz, CD,OD) 5 : 821 

(s, I H), 7.46 (t, lH, 1~ 8.6 Hz), 6.78 (d, 2H,. J= 8.6 Hz), 4.90-4.79 {m,. lH), 4-43-4.38 (m. lH), 

4.34{dd, 1H.I"' 9.6, 7.5 Hz), 4.17 (d<L 1H,.J=9.6, 7.3 Hz),3.81 (s, 6H), 2.62-2...52(m,.lf~,2.34 

{ddd, lH.. J= 14.0, 7 .5, 1.7 Ho:), 2.15 (ddd, 1H, }= 13..6, 10.3, 8.9), 1.93 (ddd, 111,. 1=14.0, 65, 5.3 

Hz), 1.84 (ddd, lH,.Je. 13.8, 8.6, 3.8 Hz). LC I MS: R, = 430 min. ES'" 465..2 (FA long). 

~pi~ 91.: [(1S,25,4R)-2-hydroxy-4-()B-[2-(triflu!)r0methyl)phenyl}9ff-purin-6-yl)· 
amino)cydopentyl]m!!lhyl •ulfamate (Compound I-122.) 

[040ZJ The title aompound was prepared following th~ proa•thm: described In 

El<am.ple 89 (steps a-e) using _""-a;<>'-Trifluoro-o-toluic acid. 1H-N,MR (4l10Mlh, CD,OD) li : 

8.26 (s, lH), 7.92 (dd, lH,. J=7 .o, 1.9 Hz), 7.82-7.71 (m. 3H), 4.96-4.65 (m.. lH), 4.43-4.38 {m,. 

lH), 4.34 {dd, lH, J= 9.8, 7.4 lli)A-16 (dd, lH, J= 9.8, 7 .3l-Jz), 2.63-2.51. (m_1H), 2.34 (ddd,. 

lH, /'"' 14.0,? .5, 1.8 Hz), 2.15 (ddd,.lH,.J" 13.5, 10.6, EI.B Hz), 1.95 (ddd,. lH, /"14.0, ?.1, 5.0 

Hz), 1..85 (ddd, 1H,J= 13..5, a.6,3..8 Hz). LC /MS: R," 5.1'1 min, ES" 4'13.2 (FA long). 

~pi~ 92: ((15,2S,(R}-2-hydro>r.y-4-([8{2-phenrucypheny1)-9H-purin-6-yl]amino}-
cyclopentyl)111£thyl sulfamate (Compound 1-3'1) 

10403] The Iitle compound was prepared following the procedure described In 

El<ample 89 (sl>!ps a-e) using2-ph~benzoic add. 1H·NMR(4110MHz, TiiF-d8) 6 :8.40{br 

d,. 1H, J.o 7 ..5 Hz), 8.18 (bs, 1H), 7.43-7 .3!1 (m,. 3H), 7.25-7.13 {m, 41-1), 6..94 (d,. lH, J'"' 8.3 Hz), 

6.87 (br d, IH,.f= 7..5 Hz), 5.17-4.93 (m.. lH), 4.41-4.35 (m. lH), 4.35 (dd, lH. /= 9.6, 7.7 Hz), 

4.13 (dd,.1H,.J=9..S, 7..3 Hz), 2.63-2.52 (m. IH),2.35-2.25 (m, lH), 220.2.06 (m, 1II),2.01-1.91 

(m,. 1H), 1.87 (ddd,.lH,J= 13.3, B.8,4.4Hz). LC I MS: R,=5.63 min, FS" 497.2 (FA long). 

Enm.ple 93: ((1S,2S,(R}-2-hydroxy-4-i(8-(1-n.aphl:hyi)-9H-purln-6-yl}aminolcyclopentyl)-
111£thyl sulfou:nate (Compound 1-49) 

(MMJ The title compound was prepanod following the p.roredure described in 

ll><onnple 1!9 (steps a-e) using-1-naphthalenecarbo><yiicacid. 1H-NMR(400MHz. CD,OO) li: 

8.70.8.55 {bo..1H),8.26 (s, 1H}, 6.02(d, lH,/= 8.3 Hz), 7.98-7.93 (m, 1H), 7.84 (dd, 1H.l"7.1, 

1.1 Hz), 7.61-7.52 (m,3H), 5.01-4.80 (m, 1H),4.4l-4.37 {m, ll1),4.34 (dd, Ui,f,. 9..5, ?.6Hz), 

·U6 (dd, lH, /= 9.5, 7 ..3 Hz), 2.li1-2.50 (m, lH), 2.34 (ddd, lH. J" 14.0, 7.6, 1.5 Hz), 2.20-2.10 
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(m,lH), 1.94 (ddd. lH, J: H.O, 7 .0, 4.9 Hz), 1.84 (ddd, 1H, J~ 13.1, 9.3, 3.8 Hz). LC I MS: R, 

D 5.49 min. ES. 455.1 (FA long). 

~pie '.14: [(1S,2S,4R)+[(Ikl.ibenzo[b_d]furan-4--yi-9H-pttrln-6-yl)amino]-:Z· 
hydro>:ycyclopeotyl[methyl sullamate (Compound 1-39) 

IMOS] The title compound was prcpiln!d following 0,., pro=lure described in 

&..unple S9 (steps a-e) us\ng~<boxyl.ic acid. 'H..NMR(400Mlk,CDpD)Ii: 

8.25 (s, 11!), 8.15-B-07 (m,. 2H), 8.04 (d, 1H, f: 1.9 Hz), 7.7<!. (d, lH, J: 82Hz), 7.56-7.50 (m, 

ill), 7.46 (t, IH, J'- 7.6 Hz), 7.40 (dd, IIi./"' 7.9, 7 2 Hz), 4.91-4..77 (m,. lH), 4.47-4.43 (m, lH), 

4.38 (dd, :tH,.J= 9.8, 75Hz), 420 (dd, lH,.f= 9.8, 7 ..2Hz), 2.61·2.56 (m, 1H), 233 (ddd, lH.J= 

14.0, 7 .8, 1..2 Hz), 2.24-213 (m, HI), 1.99 (ddd, IH, J: 14.0, 6.7, 5.0 Hz), 1.89 (ddd, lH, J"' 13.0, 

8.4, 3.7 Hz). LC I MS : R, = 5.74 min. ES• 495.0 (FA long). 

IWnnple 95; [(IS,25,4R.)4{(8-Biphenyl-3-yl-9H-putin-6-yl)aminoJ-2-hydroxycycloperuyl]-
methyl sulfama.te (Compound 1-105) 

(M06] The Iitle oompound wasprepamd following lhe p,rocedure described .in 

&ample 89 (steps a-e) uslng blphenyl-3-a.rbol<flic add. 'H-NMR (40Dl\.frb, THF-dS) a : 

12.38-12.25 (bs, I H), 10.95-10.80 (bs, 1H), 9.38 (t. IH, J: t.B Hz), 8.17 (s, lH), s.os (d, 1H, J= 

7.3 Hz), 7.72-7.68 (m,3H), 7.55 (t, llt J- 7.6 Hz), 7.48-7 A3 (m. 2H), 7.35 (tt, IH, J= 7 .3, 1.3 · 

Hz), 6.87 (br d, IH, J: 6.5 Hz), 6.57-6.45 (bs, 2H), 5.15-4.90 (m. lH), 4-'l-7-4.31 (m, lH), 4.31 

(dd, IH, J- 9.5, 7.8 Hz), 4.09 (dd, 1H. J: 95, 7.3 Hz), 3.95-3..65 (bs, lH), 2.31-2..:21 (m,.lH), 

2.16-2.04. (m, lH), 1.94 (ddd, IH,. J= 13.1, 8.0, 4.4. Hz), 1.84 {ddd,lH,. J= 133, 8.8, 4.2 Hz). LC I 

MS :R,= 6.17 min,ES' 481.0(FA!ong). 

Example 96: ((1S,2SAR)-2-hydroxy-4-[(8-(5,6,7,B-tet:rahydronaphlhalen-1-yl)-9H-purin-6-
yl]amlno]cyclopentyl)methyl sullama.te (Compound I-126) 

10407] The Iitle compound was P""Pamd followlrlg !he proredure described In 

&ample 89 {st.,ps a-e) using 5,6,7 ,B-telrahydn>-oaphthaiene-1-carl>o;rylic acid. 'H-NMR 

(400MHz, CD,OD) a' 822 (s, 1H),7.3B-7.32 (m, lH), 7.25-1.19 (rn, 2H), 4.92-4..82 (m, 1H), 

4.42-4.38 (m, 1H), 4.311 (dd, lH. J= 95, 7.6 Hz), 4.16 (dd, 1H, J= 9.5, 7 ..3 Hz), 293-.2.83 (m, 4H), 

2.62-2.51 (m, lH), 2.33 (ddd, lH,J"' 13.8,7.5,1.8 Hz), 2.15 {ddd,lH '"' 13.5, 10.J,8.8 !h), 1.94 

(ddd, lH, /= 13.8, 7.1, 4.8 H:!.), 1.!!8-1.73 (m, 5H). LC I MS , R,: 5.22 min. ES' 459.1 (FA long). 
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Example 97: {(1S,2S,4R)-2-hydroxy-4-{{8-(1-naph!hyi}-9H-purln-6-ylj<»<y]cyclopentyl)-
rnethyl sulfarnale (Compound I-87) 

[Ool.08] The title compound was prepared following the procedures described in 

Example 33 (step:> ~-b, ..-f) and Example 65 (step d) using (1R,35,4S)-3-l[ler/-butyl(dlmethyl)­

sllyl]oq]-4-U{tm·butyl{dimethyl)sllyl]oxy]methyl)cyclopentaiWI. 'H-NMR (400MHz. 

CD,OD) 6: 8.53-8.46 (m, lH), 8.52 (s, 1H), 8..06 (d, lH./" 6.0 lh), 6.01-7.96 (m,IH), 7 .SB (dd. 

lH, /= 7 .3, 1.2lh), 7.65-7.55 (m,. 3H), 5.96-5.91 (m, ll-1), ot.91M.85 (m, 1H), 4.48-4.43 (m, lH), 

4.36 (dd, lH.f~ 9.8, 7.5 lh),4.2D(dd, lH,/,.9.9, 7.2 Hz),2.11-2.60{m, 1H),2M (ddd,.lH,J= 

15.0, 6.7, 1.9 Hz), 2.27 (ddd, lli- J .. 15.0, 5.0, 4.5 lh), 2.20-2.13 (m, Hi). LC I MS : R," 6.48 

m!n,ES' 456.0 (FA long). 

Enm.ple 98: ((1S,25AR)-4-!(8-biphenyl-2-yl-9H-purin-6-yl)amino}-2-hydmxyqclopentyl)-
methyl sulfamate {Compound l-48) 

(04.09] The title <Wnpound was prepared following the p""""dum described In 

Example 89 (steps a-e) usmg 2-biphenylcarboxylkacid 
1
H-NMR{400MH2, CD,OD) a: 9.14 

(s, lH), 7.73 (dd, lH.J- 7.6, 1.1 Hz), 7 .ffi.-7.60 (m, lH), 7.57-7.50 ( m,. 2H), 7.30<7 .24 (m, 3H), 

?'.22-7.18 (m,2H),4.88-4.7'? {m.1H), 4..41-436 (m, lH), 4.S3 (dd, lH,f= 9.7, 7.5 Hz),4.15 (dd, 

IH, J= 9.7, 7 .s Hz).. 2.60-2.48 {m, lH), 2..34--2.25 (m.. 1H), 2.16-2.0\1 (m,. tH), 1.94-t.as (m,.lHJ, 

1.11:4-1,74 (m..lH). LC /MS :R,_..,5.43 min, ES• 481.0 (FA l<mg). 

Example 99: ((1S,25,4R)-4-{[B-(2,2-dlmel:hyl-2,3-dihydro-l-benwfuran-7-yl)-9H-purift-6--
yl]amlna)-2-hydroxycyclopentyl)methyl sulfamate (Compound 1-100) 

(04101 the title compound was prepared following the pr"""'<iure descnbed in 

Example 69 (steps a-e) using 2,2-dlmethyl-2.3--dihydro-1-benU~furan-7-carboxyll~ add. 'H­

NMR {400MHz,. CD,OD) a : 5.30-8.19 (m, 1H), 8.06-IL02 and 7.90-7 1!0 (each bs, tota.\lH), 

7.34--7.26 (m.. lH), 6.99 (t.lH,J,.6.5lh), 4-90-4.80 (m, lH), U5-4.4.0(m, lH), 4.35 (dd. lH, f-
9.7, 7.7Hz),4.18(dd, lH,J= 9.7, 7.5 Hz-),3-IS (bs,2H), 2.64-2.52 (m, 1H),2.44-2.30 (m, lH), 

2.23-2.10 (m, 1H),2.01-1.90 (m, 1H), 1.86 (dd<l. 1H,J= u,_o, 9.2,3.7 Hz), 1.64{bs,3H], 1.61 (s, 

3H). LC I MS,R,,. 5.17 mln, ES• 475.3 {FA long). 

Example l!ID: [(1S,2SAR)-4-((8-[4-(dlmethylamino}-l-naphlhyl]-9ff-purin-6-yl]amlno}-2· 
hydro><ycyclopentyl]melhyl sulfamate (Compound l-64) 

[04.11] the t!Ue <'Orrtpound was prepared following the proa!dun! described in 

Example 99 (steps a-e) using 4-dimethylaminonaph!halen..-1--carbo><ylic add. 1H-NMR 
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(400MHz. co. on) s: 8.70-a.SS (bs,1H),S.34-8.28(m.tHJ,S.2S (s, 1H), 7.'7"1 (d.tH.J~ '7.9 

fb:), 7.60-7.53 (m, lH), 7 21 (d, lH, J= 7.9 Hz), 4.98-4.84 (m, lH),!\.44-;1.39 (m, 1H), 4.35 (dd, 

IH, /'"' 9.8, 7.6 Hz), 4.17 (dd, lH,. J~ 9.8, 7.3 Hz), 2.64-253 (In. lH), 2.35 (ddd,. ll"L Joo 14.0, '7.6, 

1.6 Hz), 2.22-2.12 (m.. lH), 1.97 (ddd, lH, J- 14.0, 7.0, S.O Hz), 1.!1'7 (ddd,. lH. J- 12S, 9.6, 3.5 

Hz). LC I MS: R,= 5.39 Jnil\. ES• 498.0 (FA long). 

Ex.unpl~ 101: ((1S,2S,4R}-2-hydroxy-4-([8-(3-methoxyphenyi}-9H- purin-6-yl]aminol-
cydopentyl)methyl sl.lifamate (Compound I-951) 

IMU] Tite title compound was prepa:red following lhe proredure described ln 

Example 89 (steps a-e) llSing 3-Me!ho><ybenzoic add. 1H-NMR (400 MfW. MeOD,<'i): &.22 (s, 

Ul), 7.62 (m,. 2H), '7.43 (1, J=7.9Hz, IH), 7.(!J (dd, J..:Z3Hz, 6-3Hz, lH}, U2 (t, J=43Hz, lH), 

4.35 (dd, J~7 .7lk, 9.7Hz, 1H), 4.1'7 (dd, }=73Hz, 9.7Hz, lH), 3.89 (s, Ill}, 259 (m, 1H), 235 

(ddd,J=l.lHZ, 7.6Hz_ 142Hz, 1H),2.16 (td, 1H,.J=9.4Hz,.13.3Hz),1.96(ddd,J.:5.1Hz, 

J=6.9Hz.J=l4.0Hz,·lH), 1.86 (ddd,J-3.6Hz,8.5Hz, 13.11lz. 1H). LC/MS:R,= 1.33 min, FS' 

435 (AA standard). 

Eriu:nple 102: ((1S,2S,4R}-4-((8-benzyi-9H-purin-6-yl)amino]-2-hydroxycydopentyl] ""'thy! 
su.lfamate (Compound I-88) 

(11413} Tite title compound W<lS prepared following the pn.:edure dw:ribed ln 

lli:a:rnple 89 (steps a-e) using Ben:zenea"'tic add. 1H-NMR (401lMH2:, CD,OD) 6: 9.17 (s, lH), 

7.35-7.21 (m.. SH), 4.B4-4.71 (m.. lH), 4.40-4.35 (m,. lli), 4.33 (dd, J = 7 5, 9.8 Hz,. UI), 4.19 (s, 

2H), 4.14 (dd, J = 7 .3, 9.8 Hz, tH), 2..59-2..45 (m.lli), 2.34-2.23 (m, Ul), 2.17-2.0ol (tn. IH), 1.92-

1.62 (11\, 1H}, 1112-1.72 (11\. I H) ppm. LC/MS: R,=3.94min, E5" 419(FA Watern). 

l!!!ample 103: ((1S,25,4R}-2-hydroxy-4-j[B-{1.2.3A-tetrahydronaphlhalen-1-yl}-9H-purin-6-
yl]amino)cyclopentyl)melhyl sulfamat.: (Compound H21) 

[04-141 The title compound was pr"Jlared fullowing lhe procedure described In 

Example 89 (steps a-e) using 1,2.,3,4-T~lrahydro-1-naphlhalenyl hyd.ruperoxide. 'H NMR 

(400MHz, CD.OD) 6: 8.17 (s, lH), '7.26-7.03 (m, 3H), 6.93-6.83 (m,. lH), 4.1l2-4.70 (m,. lH), 4.47· 

428 (m,. 3H), 4.17-4.10 (m, lH), 3.00-2.79 (m, 2H), 2..57·2.43 (m. lH}, 2.33-2.04 (m, 4H], 1.98-

1.68 (m,SH) ppm. LC/MS: R, =4.30mln, E5" 459 (FA Watets). 



&ample 10\1: [(t5,2S,(R)-4{lB-[:.!.-{dimethylamino)phenyi]-9H-purin-6-yllamlno)-2-
hydroxycydDpentyl]methyl sulfamate {CompOW'ld I-137) 

(0415] The title compound was prepared follo<ving the procedure described in 

Example 89 (st..ps; a-e) using 2-Dimelhylami:nobenzolc add. 'H NMR (400MH;;!, CD,OD) II: 

8.23 {s, tH), 8.06--7.99 (m, lH), 7.4{1-7.;\9 {m, 1H), 7.35-7.28 (m, lH), 7.20-7.12 (m, lH), 4.45-

4.39 (m.. lH), 4.36 (dd,/ ~ 7.8, 9.8 Hz., 1H), us (dd,f = 7.3, 9.51-lz, 1H),:.!..68 (s, 6H), 2.63-2..52 

(m, lH), :.!..40-~ (m, Ul), 2.21-2.o9(m,.1H), 1.99-1.90 (m, lH), 1.89-l.BO(m, lH)ppm. 

LC/MS: R,_ = 3.28 min, 15" 448 {FA Waters). 

Example 105: ((15,2SAR)-4-l[B-{2.3-dihydro-1,4-benzodloxln-5-yi)-9H-purin-6-yllamino]-2-
hydmxycyclopentyl)melhyl sulfamate (Com.poun4 I-41) 

10416] The tiUe compound was f'l"pared following lhe procedure descriJ;,d in 

Example H9 (steps a-e) using 2,3-Dihyclro-1,4-benzodioxlne-5.rboxylic acid. 
1
H NMR 

(DMSCl-d., 400MHz) & 8.30-7.79 (m, 2H), 7.69-7.61 (l:n, lH), 7.06--6.89 (m, :lli), 4.'14-4.15 (m, 

9H), 2.46-2-40 (m, 1H), 2.26-1.84 (m. 4H), 1.82-1.67 (m, 2H) ppm. LC/MS: R, = 3.93 min, ES" 

463 (FA Waters). 

Eumple 106: [(15,2$,4R)-4{[6-[2-(benzyloxy)phenylj-9H-purin-6-yl)amin0}-2-
hyclmxycyclopencyl]melhyl sul!amam (Compound I-68) 

[0U71 The title compound was prepared following lhe pro<edure described in 

&ample 1151 (steps a-e) using 2-~ben=ic acid. 1HNMR (400MHz, CD,ODJ 5: 8.38-

8.02 (m, 2H), 7.49-7.07 (m, 81-1)", 5.63-5.29 {m, 2H), 4.44-4.39 (m, lH), 4.35 (dd, J = 7 .B.. 9.8 Hz, 

lH)A.l7(dd, 1 = 7.3,9.8 Hz, lH), 2.65-2.48{m, lH), 2.41-228(m, 1H),2..2:.!.-2.10(m, 111), 2.02-

1.79 {m,2H) ppm. LC/MS: R, =4.71 min. FS' 511 {FA Waters). 

E>uw•ple 107: l(15,2SAR)-4-[(kycloheryi-9H-purin-6-yl)amino]-2-hydmxycydopentyl)-
melhyl suliamate (Compound 1·128) 

(04181 The Iitle compound was prepared follawing lhe procedure deocribed in 

&:ample 89 (steps a-e) using Cyrlohexanecarboxylic add. 'H NMR (CD,OD, 400 MHz) 6: 

8.16 (s, lH), 4.82-4.77 (m,lH}, 4.42-4.39 (m, lH), 4M (dd,J = 7.6, 9.7Hz, 1H}, U6 (d<LJ= -

7.3,9.7Hz, 1H),2.89-2.B3 (m, lH), 2.59-2.52(m, 11-l), 2.35-2.29 (m. ll-1), 2.17-:.!.-D'i'(m,3H), 

1.95-1.75 (m,.SH), 1.67-1.:.!.7 (m,SH) ppm. LC/MS: R, = 1.30 min, ES" 411.00 (AAslandard). 

"' 



Example lOB: {{1S,:25,4R)-4-{(8-tert-butyi-9H·purln-6-yl)amino]-:2-hydr=ycyclopentyll­
methylsulfamate {Compound I-131) 

(11419] Thi! title c:ompound was prepared following the proa:dure described in 

Example 89 (steps a-e] using Trlinethylacetic acid. 1H NMR (CO,OD, 400 Ml-k) & 8.17 (s, 

lH), 4.93-4.76 (m, 1H), 4..42-4.39 {m, 1H), 4.34 (dd_ 1 = 7 ..5, 9..5 Hz, lH), 4.16 (dd. J = 7.3, 9.8 

Hz, lH), 2.59-:2.53 (m, lH), 2.35-2.30 (m, lll), 2.17-2.09 (m, Ul), 1.95-1.88 (m, lH), 1.85-1.78 

(m, lH), 1.44 (s. 9H) ppm. LCJMS; R, = 1.08 min,. ES• 385.24 (AA starldard). 

Example 109: ((1S,:25,4R}-4-l[&{4-chlorophenyi)-9H-purtn-6-yl]anUnol-2· 
hydrnxycyclopentyl)melhyl sulfapu>"' (Compound I-111) 

Siep a; 

[M201 To a solution oi 6-Ch.lcro-4,5-diaminopyrlmidine (1 g. O.Q07 mel) (E=nf>le 

89, step·a) in 1,4-Dioxane (60 mL, O.S mol) was added 4-Chl.orobenzaidehyde (2.2 g.. 0.016 

mol) and Ferric chloride (2.5 g.. O.otS mol) mixed with 28.6 g silica gel, and !he mixtwe was 

hea.!W at IOO "Cfor20hows. The maction was cooled ro23 •c. fil"'redand washed with 

10% ethanol/ethyl a<>:tate and concentrated. "The residue was dissolved in ethyl areta"' and 

washed with water, brine, and <X><t<%1"1trated. The resld<te was trlturall!d in d.ielhyl ethez ro 

obtain772 mg (HI%). LC/M£ R, = 1.54min,. ES' 265 (AA standard). 

St.ol' b: · ((IS .25,4RH-I!fHjl-chlornpheny!)-9H purin-6-yll aminoJ-2-hyd r""'Y<;ydopentvll­
methyl ;;u)fj!!JH!te <Cgnwound r-nn 

[114211 The tilie comprnmd was prepared lollowing the proced....., d...aibed in 

Example 89 (ateps .,.Q) and Example 1, step d 1H NMR (CD,OD, 400 MHz) 0: 8.22 (s, HI), 

B.IB (d. J = 8.5 Hz, 2H), 7 ..55 (d, J = B.SIU, 2H), 4.90-4.S5 (m, Ill), 4.43-4.41 (m, HI), 4.35 (dd,. 

I = 7.6, 9.7 Hz, Ul), 4 .17 (dd, I= 7.3, 9.7 Hz,. HI), 2.62-2..56 (m, lH), 2.3'7-2.31 (m, lH), 2..21). 

2.12(m. 1H),2.00-1.93 (m, 1H),1.S9-UJZ{m, lll) ppm. LC/MS: R, =1.35 min, E5'" 4.39.29 {AA 

standard). 

Example 110: [(1S,2S,4R}-2·hydroxy-4-[(8-phenyl-9H-purin-6-yl)aminQ]cyclopentyl]rnethyl 
suJfamaJe (Compound I-69) 

(0422] The title compound was prepared following tOO J>Ul""durns described in 

Example 109 (step a) using benzaldehyde and Example 1 (step d) followed by TBAF 

deproted:ion of the TBS group. 1H NMR (CD,OD,400 MHz) li: 6.22 (s, lH), B.IJ6..8.04 (m. 

2H), 7.56-7.51 (m, 3H), 4.90-4.84 (m, HI), 4.43-4.41 {rn, 1H), 4.31?.-4.33 (m, lH), 4.20-4.15 (m. 



lH), 2.62-2.56 {m, lH), 2.3?-2.31 (m,.lH), 2.2()...2.11 (m,. Ul), 2.00-1.92 (m, lll), 1.69-lM (tn, 

lH) ppm. LC/MS: R, = 1.24 min, ES• 405 (AA standanl). 

Elo:antple 111.: [(15.2S,4R)-2-hydroxy-4-(!6-(Z-(tiifluoromelhoxy)phenyl}9H-purin-6-yll-
amino)cyclopen!yl)melhyl sulfam.ate {Compmmd 1-62) 

[0<1.23) The title rompound was p<epare_d lollowing the proced.UieS described in 

Example 109 (..rep a) and Example 89 {steps c-e) using 2-{l"rllluoromelhoxy) benzaldehyde. 

'H. NMR (400Mfh. CD,OD) &. 8.26 {bs, 1H), s.os-7.95 (rn,.lll), 7.69-7.61 (rn,.lH), 7.60-7 .so 
(m. 2H), 4.45-4.39 (rn,.lH), 4.35 (dd, J"' 7 .5, 9.8 Hz, lH), 4.17 (dd./ = 7 .3, 9.5 Hz, lH), 2.67-

251 (m. 1H),2.40-2.29(m.1H),222·2.10(m.tH),2.07-1.91 (rn, nl), t.!IO-t.Bt <m. tH)ppm. 

LC!MS:R,"' 5.71 min,. ES' 489(AA Wale"'~· 

liXunplo: 112: {(1S.2S,4R)-2·hydr<>xy-4-I[B-{2-mel:hoxyjlhenyi)-9H-purin-6-yl]amino)-
cydopcntyl)methyl sulfarnate (Compound 1·133) 

10424) The Htle compound was prepan'd following the proco:dk!re desaibed in 

Example Ill =lng2·Methoxybenzaldehyde. 1HNMR (400Mlh, CO,OD) li: 8.41-8-00 (m, 

2H), 7.53-7.44 (m, IH), 7.24-7.16 (m. HI), 7.15-7 .Q6 {m,. lH), 4.85-4.76 (nt..lH), 4.45-4.40 (m. 

1H),4.36 (dd,J"' 7.8,9.8 Hz, 1H),4.16 (dd,Joo 7.3,95Hz,1H),4.05 (bs,3H),2..64-2.51 (m. 

lH),Ul-2.30 (m, ll-1), 2.22-2.10 (m, tH), 2.Q0-1.79 (m. 2H) ppm. LC/~ R, = 3.93 min. ES' 

435 (FA Waters). 

Elo:ant plo: 113:. ((15,25 ,4R)-2-hydroxy-4-t[ 6-(1-na.phthyl}-7H-pyrrol<>l2,3-dlpyrinridin-4-y 1]- . 
amino)cyclopentyl)me!hyl sulfam.ate (Compound 1-74) 

Ste:pa: ~oro=6-[1 nill'hthyJ)-NphenvisulfonyJ\-ZH-pyrroloi23-4lpyrimldine 

To a sl:lrlM .solution of N,N-diisopropylamine (265 11-L. 1.89 mmol) in Till' 

(3.00 mL) was added dropwise 1.60 M n-butyWthlum in hexane (1.17 mL) at -78 oc under an 

aunw;phere af .Ugon, and th<! mixture was stirred fot 20 mll\utes at-70 •c. To this mixture 

was added dtopwise R solulicn of 4-chloro-7-{phenylsulfonyl)-7H-pynolo[2.3-d]pyrimklille 

(500 mg.l.70 mmai) iit 11IF (5.00 mL), and the mixture was stirred for 1 hat -78 •c. A 

solul:i.on of ziru: chloride {27:8 mg. 2.04 mmol) in THF (7.00 mL) was added dropv,rise, ;md !he 

resulfu"lg mi><tw"e was taken 0\lt the cooling balh llild alklwed to stir for 1 h. To a suspension 

cf tetrakis(ldphenylphnsphlrle)pallad.ium(O) (100 mg. 0-0B mmol) in 11IF (2.00 mL) was 

added 1-iodonaphthalene (0.30 mL, 2.06 mmol), and the resulting yellow solution was 

irrunediately added to lhe reac!ion mixture. The resulting ll"lix~ was heato:d at 80 •c fot 1 

h. After coollrlg to 23 oc, !he reaction mixture was quenched by the addition of water (70.0 

'" 



lnL) and the wal.,.. layer was acidified with HIOM hydrochloric ~cid. The mil:ture was 

extr..cted wiU1 Ix::M {3 x 100 mL), and the organic laym; were combined. The organklayer 

was washed with brine,dried ovec MgSO.,Ili-. and evaporated under ~amurn. The 

residue was purl!ied via silica gel coltunn cluomatcgraphy eluting wilh 30% ethyl aa>lale in 

hexanes to afford the Iitle compound (6ffi mg. 82%). LC I MS' R,:o 11.11 min, ES' 420.0 (FA 

long). 

Steo h: 4-dil9f&6.{t-naphlhyll-7 H:pyrrg!oi2-'Hf!pyrirnirll"" 

[04261 To a otirred oolulion of okhlom-(i.(l-naphlhyl}-1{phenylsulfonyl}-7H-

pyirolo[2,3--d}P)'J'lmidlne (3SO mg. 0.7.:1 mmoJ) in iHl' (2.·so mL) was added a :;oJUlion of 

NaOff (205:mg. 5.13 mmol) in methanol (l.l9iniJ,and !he mil:ture wM stirred for 15 

:minules, AIM qllffidting by addition of s&hn:alcd NH.,Cl solution (80.0 :mi.), the mixture 

was extrncted wilhcthyl "<l!!ate (3x 100 mL). The organieloyers were combined. dried over 

·Mg$0,. fll!En!d, and ev;>pOrated under vacuum. tlte>=idue "'"" dissolved 1n a small 

amo~t of methanoJ._and !he suspension was fillc<ed through a sJass pad filll!r. The white 

solid wits driod nnclcr hi~ vaonutrLlO afford rhe tille C<>mpound (14lmg. 65%) 

riJS.2S.4RH-hydr<J!f±!(6..{1'!1'1¢tthyll-7H-pyrcolo!2;HJ?vrimwrn-4-y\l­
•mjnolcydopentyJluJethyJ suZfamalt! CComp<>UJ!d I-741 

The title compound. was prepared follOWing !he proc:edure desaibed in 

Example 89 (oleps ,..,). 1H-NMR (400Mliz,. CD10D) li '8.31-.8.25 {m, lH), B.l6 (s. lH), 7.96-

7.89 (m, 2H). 7.65 (dd,.llJ,J .. 7.0, O.S H>:), 7.58-7.49 (m,.3H), 6.91 (s, ll-1).4.92-4.80 (m, llij, 

4.45-439 (m. lH), 435 (dd, JH,.J~ 9.6, 7.5 H2:),4JB (dd, 1H, j~ 9.6,? .3 I-1%),2.65-253 (m. 1 H), 

2.34 (ddd.. IH, J~ l3.B, 7 .5, 1.3 Hz), 2.21-2.11 (m,. 1H),2.00 (ddd. HI, J- 15.8, 7.0, 5.1 H2:), 1.87 

(ddd, lH.. J; 13.0, B.6, 4.0 Hz). LC I M5: R,"" 5.22 min,. IS' 454.1 (FA long). 

E>cam pie 114: I (JS,:ZS,4R)-2-hydmxy-4-! (6·phenyl-7H-pyrroloj2,3--d]pyrirnid in-4--yl)­
amlno!cydopentyllmel:hyl slllfaJmlle {Co:mpound I-38) 

[0425) The title <mnpound was prepared following the procedure descdbed .in 

Ex.unple 113. 'H NMR (400MHz. CD,OD) 8: 8.10 (s, lH), 7.711-7.71 (m, :lli), 7.45-7 ..3ll (m, 

2H), 7.33-7 26 {m,lH). 6.93 (s, ti-l), 4.86--4.79 (m,.lH), 4.44-4.39 (m,. lH), 435 (dd, J = 7 .5, 9.5 

Hz, lH), 4.17 (dd, 1 = 7 .3, 9.8 Hz. lH), 2.64-2..52 (m,. lH), 2.36-2.27 {m, tH), 2.19-2.00 {m,. tl!). 

2.02-1,93 (m,lH), t.aS-1.79 (m,lH) pp1IL LCIMS: R, ""4.02 mio. E5' 404 (FA Waten;). 

,. 



Elwnpl~ 11 S: ({1S,2S ,4R)-4-l [ 8-(7 -chl.oroq uinolin-4-y 1)-lH -purin-6--y l]oxy )-2-
hydroxycyclopentyl)melhyl sulfamale (Compound l-73) 

' . il I 

(0429] In DMF (4 mL, O.D5 mol) was S1.1Spended sodJUIJl h.ydride {47 mg, 0.0012 mol) 

at() "C, to whiclt was added a sa!ullon of (1R,3S,4S}-J.-[[tl!tt-butyl(dimethyl)silyl]oxyi-4-

(Uterl-butyl(dimethyl)silyl]o><y)methyl)cyclopentanol {IJ.200 g. 0.000554. mol) in 2.5 mL DMP. 

The rni>cttlre was stlrredatO gC for 10 minulcll and was odded a solution of 6-Chloro-9-

(letrahydropyr.tnyl)Furine (ll265 g. 0.00111 mol} (E.xample :1'3, step b) in 4 mL DMF. The 

reaction was stirred at 0 •c for 1 hand warmed to 23 "C ovemight. The reaction was 

qw:nclled by addition of saturated aqueoU9 NH,O, and the mix~ was extracted wilh 

elhyl a<:elate, washed with brine, dried (Na,SQJ, filtered and concentrated. The residue was 

pudfled by flash cltromaU>graphy (0 to S% awrone/toluene) to obtain 271 mg (86.8o/o). 

'""'' To a solution o! 6-II(UUS ,45)-J.-[( teri-butyl(dimethy l)silyljoxy ]-4-({[terl-

butyl(dimethyl}s!lyl]oxy]methyl]cydopentyl)oxy]-9-{tetrahydro-2H-pyran-2-yl)-9H-purine 

(288 mg. 0_[100512 mol) in 'llll' (10 mL, 0.1 mol) was added N-lodosucdnimide (0.576 g. 

0.00256 mol), and the mlxtwe was heated at 70 •c overnight. Ibe :reaction was cooled, 

quenched by addition of saturated aqueoU9 NaHSO, and the mixture was extracted wilh 

DCM: (3><), washed with waler, bdne dried (Na,SOJ. filbored and =~ted. The residue 

'Wll9 purified by Hash chromatography (0 to lOO'o EtOAc/hexanes) to obtain 271 mg (76.9%). 

Referenre: Nolsoe, J.M-J.; Gundersen,. L-L.; Rise, F. A.clll Clu!mictl Sr:Rruiimwir:R, 1999, 53, 36&­

"'-

To a solution of 6-1 [ (1R,3S,4S)-3-[[ terl-butyl(dirne lh yl)silyl]oxyl-4-({( lert-

butyl(dimethyl}silyl)oxy]methyl)cyclopentyl)o><}')-8-iodo-9-(teb:ahydr0-2H-pyran-2-yi)-9H­

purille (258.4 mg. 0.0003752 mol) in 1,2-Dlmelhoxyethane (3.0 mL, 0.029 mol) was added 7-

cllloroquinoline4-boronic add pinacolestcr (0_158 g. 0.0005~ mol), barium hydrO><Ide 

(0.228 g. 0.00133 mol), water (05 mL, 0-03 mol) and 

Tettakis(triphenylphosphlne)palladium(O) (0.02 g. 0-00002. mol), and the mb<ture wu he~ted 

'" 



at90 •c ovemlght. The reaction w;>s cooled,. quenched by a<id.Uion of water and the mixtme 

Wa.!l "xtracled with IX:M {3:<), washed With water, brine, <iried (N.,SO.J, filtered. and 

concentrated. The =iciue was purtfied by flash du:omatography (0 to 30% EIOAc/hexanes) 

to obtain 180 mg (66.2%) mg. Rl!fen.nce: Cammldge, AN.; C...py, KV .L TetrDJtedrrm, 20M, 

60, 4377-4386. 

{0<132] The title rn:mpDWld was pmpared followirlg the procedure de>cribed in 

Example B9 (steps d-<l). 1HNMR (CD,OD, 400Mlli:) & 9.05 (d,/=4.5 Hz, UI), 8.91 (d,/ = 

9.1 Hz, lH), 8.57 (s, 1H),8.15 (d,J ~2.2Hz, 111), 7.92 (d,f = 4.5Hz, IH), 7:72 (dd.,.J =2.1, 9.1 

Hz, IH), 6.00-5.95 (m, HI), 4.484.45 (m. lH), 4.37 (del, J ":' 7.6, 9.8Jh, Ul), 4.21 {dd, J = 7.3, 

9.7 Hz, 1H), 2.70-2.63 (m, tH), 2.49-2.4:3 (m, 1H), 2.31-2..25 (m. lH), 2.21-2.17 (m. 2H) ppm. 

LC/MS:R, =6.12min. l5" 490.98 (AA long). 

Example 116: ((15,25.4R}2-hydtoxy-+l[&-(lH-ind.ol-3-yi}-7H-ptJrin.6...yl]oxylcydopentyl)-
methyl sulfamate (Compourn:J.l-140) 

(0<1:J3] The title compound was prepruedlollowing the procedure<ksc:ribed in 

l!>:ample 115 using 1-(PhenylsWlonyl)indoJ.,..S...boron!c acid pinarol esJer. 'H NMR (CO,OD, 

400 MHz) II: 8.41-8.33 (m, 2H), B.os-8.03 (m. IH), 7.48-7 AS (m.. IH), 7.26-7.19 (m, 2H), 5.94-

5.88 (rn,.lH), 4.48-4.42 (rn,. lH), 438 (dd,J ~ 7.3, 9.8 Hz, lH), 4.21 (dd, J = 7.0, 9.8 Hz,1H), 

:a0-2.53 em. tH), 2.46-2.40 em. tH), 2.28-2..22 (m. lH), 2.11-2.14o em. 2H) ppm. LC/MS: R, = 

5.78 min. ES' 445.04 (AA long). 

Example 117: ((1S,2SAR}-4-{{l'-[4-(~l:hylamino}-1-naphthyl]-7H-purln-6-yljwcy)-2-
hydm>;ycydopentyl]methyl sulfamate (Compound I-103) 

[04341 The t!I.Je compound was prepared following the procedure descn"bed in 

Example 115 u:;Lng N.N-dimethyl-4-(4,4.5,5-tetramethyl-1,3.2-di~orolar~-2-yl)naphl:ha.len-

1-amine. B NMR (CD,OD, 400 MHz) 6: 8.55--8.52 (m.. tH), 6.50 Cs..lH), s.31J..828 (m.. HI), 

7.80-7.77 (m. lH), 7.55-7.53 (m, 2H)-, 7.2(}.7.17 (m, lH), 5.94-5.92 (m. I H), 4.4&-4.43 (m, lH), 

4.36 (dd, J ~ 7 .5, 9.8 Hz.. 111),4.20 (dd. J .. 7 .3, 9.8 Jtt, IH}, 2.95 (s, 6H), 2.66-2.60 (m, IH), 2.46-

2.39 (m, lH), 2.28-2.22 (m,IH}, 2.17 (m, 2H) ppm. LC/MS: R, ~ 6.75 min,. ES+ 4'E.l6 (AA 

long). 



&ample 118! ((lS.2SAR)+l[B-(1-bcnzyl-lH·pyrazol-4-yl}-m-purtn-6-yllo><yJ·2-
hydroxy<;yclopentyl)methyl sulfamate (Compound I-129) 

'""'' The Iitle compoW1d was prepared following the pr<>o:<!<l.ure d....::ribed in 

Example 115 using 1-Benzylpyrazole--4-boronic acid pinacol ester. 'H NMR (CO,OD, 400 

MH:z) 5: B..41 (s, lll), 834 (s, 1H), 8.17 (s, 1H), 7..$9-7 .30 (rn,. SH), 5.91).5.85 (m, 1H), 5.43 (s, 

2H), 4.46-4.43 (m,. 1H), 4.36 (dd, 1 ,_ 7.6. 9.8 Hz, 1H), 4.19 (dd, J = 7 .2, 9.8 Hz, lH), 2.66-2.60 

(m. lH), 2.40-2.37 (m. lH), 2.26-2..19 (m. I H), 2.15-2.11 {m. 2H) ppm. LC/MS: R, = 5.72 min. 

ES' 486.13 (AA long). 

Emmpie 1151: f(15,2S..4R}-2-hydroxy-4-((8-isoquinolin-4-]il-7H-puriri-O-yl)oxy)cyclopentyll­
methyl sulfama!e {Compound 1-112) · 

'""' 1lle title compound W39 prepared following the procedure d<=ribed in 

Example 115 using 4-Isoqulnolinebortmk acid pinacol ester. 'H NMR (CD,OD, 400 MHz) 6: 

9.41 (!;, lH), 8.117 (9, 1H), 8.74 (d, J g 8.6 Hz, lH), 8.55 (s,l.H), 8.25 (d, J ,_ 8.4 Hz, 1H), 7.94 (m, 

IH), 7 .J5l (m. HI), 5.911-5.% (m, lH), 4.49-4.46 (m, 1H),4.37 (dd,.J =- 7 .5, 9.8 Hz, lH), 4.20 (dd, 

1 = 7 .3, 9.7 Hz, Ui),2.71l-2.6J (m, IH), 2A8-2.42 (m, lH), 2.32-2.26 (m, HI), 2.20-2.16 (m,. 2H) 

ppm. LC/MS:R, =-5.15rnin, ES• 457.08 (AA long]. 

Enmple 12&. ((1S,25,4R)·:Z-hydr~[[B-(4-pyrrolidin-1-yl-1-naphthyi)-7H-purin-6-yll­
oxylcyclopentyl)methylsulfamate (Compound I-139) 

Step a· l::<+bmmo-1-naphtfwllpmo!ldine 

[0437] To a solution of 1,4-dibromoruiphlhalene (SOOmg.. O.OO:Z mol), Pyrrolldlne 

(0.18 mL,. o.002l1I10l), (R}-{+}-2..2'-Bis(diphenylphD5phino}-1,l'·binaphlhyl (0.022 g. o.oooms 

mol), Sodium tm-but=ide (0.24 g, 0.0024 rnol) In Tol11ene (5.00 mL, 0.0469 mol) was added 

Trls(<hbenzylideneacetone}dipalladium(0)-(0.008 g.. 0.000009 mol), 11rtd U... mixture was 

heated at 70 •c overnight. The :reaction was cooled,. quenched by addition of water and the 

· mixture WitS extracted with OSM (J)C), washed with water, brine, dried {Na,50.), fill1!red 

and com:entral1!d. n.., nsidue was purified by flash clu:o=togr.tphy (0 to 25% heunes 

/D0.1} to obtain 400mg (80%). Reference: Jean, L; Rouden, J .; Maddaluno, J.; Lasne,. M.C. 

1- acy-. Chtrn. 20M,69, B893-8902 .. 

Stepb: 1-T4-{4A.5.5=!etrarnethyl-l.32-dloxaborolan-2-y!H-naphthyllpmolidlne 

'""'' To a solution of 1-(4-bramo-1-na.phlh.yl)pyrrnlidine (400 mg.. 0.001 mol), 

bis(pinacolato)diboron (0.40 g.. 0.0016 mol), potasslwn a.,.,tate (0.43 g.. 0.0043 mol) in N,N-



Dimethylfonnamide (BlnL, 0.1 mol) was added Tetrakis(triphenylphosphine)pall<>diwn(O) 

(0.050 g, Cl.000043 IrU>l), and the mixture was heated at 100 "C overrtight. The reaction was 

cooled, quenched by addition of water and the mixture was e>d:racted with diethyl ether, 

washed with wa-, brille, dried (N~4), filtcn>:l and conaonlrated. The Ze5ld~re was 

purified by flash chromatog:<aphy (0 to 25% IX'.M: I~) to obtain 221 mg (50%). 

Reference; Mi:yashib, K; Sakal.. T.; lmanJshi, T. Org. Wt. 2003, 5, 2683-2686. 

[009] The tllie compound was ~d following the procedun. described in 

Exampl e 115 usi>lg 1-[ 4-{ 4,4,5,5-telramethyh 1,3,2-dlo><abmoJan.2-yl}-1-naphthyl]pyrrolidlne. 
1
H NMR (CD,OD, 400 Mflz) IS: 8.59 (d.. J"" 8.1 Hz, lH), 6.48 (9, I H), 6.31 (d.. J"' 8.0 Hz,. 1H), 

7.75 (d.. J = 9.4 Hz. Ul), 7.54-7.46 (m, 2H), 7.02 (d.. J m 8..2Hz, IH), 5.95-5.92 (m.. lH), 4.47-4.45 

(m, 1H), 437 (dd, J: 7 .5, 9.8 Hz, lH), 420 (dd.J = 7 .2, 9.6 Hz.. lH), 3.5 (m, 4H), 2.70-2.62 (m, 

lH), 2-47-2.40 (m,.lH), 2.S1-2.24 (m, lll), 2.16 (dd,. J"" 5.0, 9.0 Hz. 2H), 2.07-2.011 (m, 4H) ppm. 

LC{MS: R, =7 .35 mln, ES• 525.26 (AA long). 

&ample 121: [(1S,25,4R}-2-hydroxy-4-((B-f(3-methylphenyl)sulfanyl]-m-purin-6-y\l­
oxy)cydopentyl}metl>yi sulfamate (Compound l-136) 

[04401 To a oolution Df 3-methylbenzenelhiDI (0.55ml.. 0.0046 mol) in DMF (10 mi.,. 

112 mol) was added sodium hydride (0.093 g. 0.0023 mol). The miiture was stirred at <00:m 

tl!mperature for 10 rninute.s and then 6-([(1R,3S,4S)-3-l[tert·butyl(dimethyl)sllyl]oxy)-4-

((!tert-butyl(dhnethyl)sllyl]ru<y]methyl)cydoperllyl]oxy)-B-iodo-9-(tetrahydro-2H-pyran-2-

yi)-9H-purine (400 mg. 0.0006 mol) {F=mple 115, steps a-b) was added and the so!uti<m was 

heated atlSO QC for 8 hours. The reaction was cooled, q~renched by addition of water and 

the mixture was ex~ with ethyl am late, washed with water, brine. dried (Na,SQJ, 

filtered and con<:a~trated. The residue was purified by flash chromatography (0 to 30% ethyl 

acetate 1 hexanes) to oblain2_96mg (80",\.) of !he title compound. 

(Oi4ll The Iitle compound WWi prepared following the procedure described in 

Example 89 (steps d-e) 'HNMR (CD,OD,400MHz) & 6.39(s, lH), 7.40-720 (m,. 4H), 5-M-

m 



5.Jl2 (m, 1H), 4-40-4.3!1 {DJ,-lli), 4.35-4.30 (m, 1H), 4.17-4.13 (m,.lli), 257-2.52 (Dl,. 1H), 2.39-

2.33 (m,. 1H), 233 (s, JH), 2.19-2.Q4 (m, 3H) ppm. LC/MS: R, = 6.35min,. ES' 45'2.04. (AA 

long). 

Example 122: [(1S,2S,4R}-2-hydro:o:y-4-(18-!{3-methylphenyl)sulfonyi]-9H-purin-&yU-
oxy)cyclopentyl]melhyl sulfamate (Compound I-101) 

[04421 To a soluHon of [{1S,2S,4R)-2-hydroxy-4-([8-[(J..methylphenyl)sulfanyl]-9H­

purin-6-yllo~y)cyclopenlyl}m!!!hyl sulfamate (13 mg.. 0.000029 mol) in melhanol [1.0 mL, 

0.025 mol) at [l•C was added a soluHon oJO..ane® (0.0354 g, 0.0000576 mol) In water (0.5 

mL, 0.00 mol). "The reaction was slined for 4 hours at 0 •c and then warmed to 23 "C 

ovemlghl:. The reaction was parHti011ed wilh water and elhyl """late:isoproparol "The Layers 

were separated and the aqueous extracted with ethyl aartate:isopropanol. The combined 

Ol"ganics were washed wilh water, brine, dried (Na.,SOJ, Jtltered, and collected In vacuo. The 

residue was purified by flash clu()llt.a.tography (20% MeOH/DCM) to obtain 9 mg (60%). 

Referenrn: Ref.: Ra:nani R Ranatunge,• et Aly J. M.d. Clrem., 20M, 47, 21BCJ-2193. 'HNMR 

(CD,OD, 400 MHz) &c 8.54 (s, tH), 7.94 (s, 1H), 7.91 (d, 1 = 7.5 Hz, lH), 7.56 (d, T = 7.5 Hz, 

tH}, 7.52 (dct, 1 = 7.6. t3.3 Hz, tH), 5.91-5.86 (~n,. 1HJ, 4.45-4.42 (m. 1H), 4.34 (dd. J = 7 s, 9.8 

Hz, lH), 4.18 (dd, 1 = 7.3, 9.6 Hz, 111), 265-2.59 (m, lH), 2.44 (s, JH), 241-2.35 (m, 1H), 2.24-

2.18 (m, lH), 2.13-2.(19 (m,. 2H) ppm.. LC/MS: R,_ = 5.10 min, ES' 484.11 {AA standard). 

Example 123: [(1S,2S,4R}-4-((9-benzyl-9H-purin-6-yl)ox.y]-2-hydroxycyclopcnlyllmethyl 
sulfamate (Compound I-80) 

Step a: S:AmlnD-4-benzylamino:6::chlornpyrimidine 

To a solution of 5-;unino-4.6-dichloropyrimidlne (8.4 g. 0.051 mol) in 1-

buJ.anol {50.0 mL, 0....547 mol) was added triethylamine (12 mL, 0.084 mol) and benzylamine 

(17mL, 0.15 mol), and the mixture was heated a1100 "C for 3 hours. The reaction was .cooled 

al 0 C. filten:d and washed with ethanol. The ll!Sidue was dWoiYed in Oi,CL,_and washed 

wilh saturated aqueous NaHCO,. and conoentrated. The residue was triturated in diMhyl 

ether to oblaln US g (%%)of a Ug:ht brown solid. 

Stepb: 

To a solution of 4.0 M of hydrochlork H<id in 1,4-dio:<ane (2.3 mL) in N;N-

dimethyilormamide (10.0 mL, 0.129 mol) was added ethyl orlhofonnale (2.00 mL, 0.0120 

mol) and N'-bem;yl-6-cl>loropyrimldJne-4.,5-d.lomine (500 mg. 0.002. mol). The mi>dure was 



stirred for 3 days. The n.action""""" quenched by addition of i::rklhylan:tine (1.5 mL., 0.011 

mol), extracred with elhyl a<>!late, washed with sarnrated aquoous sodium blcarbonate_ 

water, brlne,dried (Na.JiOJ, filtered and conc=t~ated. The residt1e was purified by flash 

chromatography (3 to 5% MeOH/DCM) to obtain 336 g (60%). LC/MS: R, = 1. 49 mln, ES" 

245.08 (AA standard). 

(D44S) The title compound was prepared following !he p"""'<iure described in 

Example 115 (steps a and d). 'H NMR (CD,OD, 400 MIU;) li: 8.51 (s, lH), 8.32 (s, lH}, 7.34-

7.28 (m, SH), 5.9'3-5.88 (m.. lH), 5.49 (s, 2H), 4.46-4.43 (m.. lH), 4.35 (dd, I= 7 .5, 9.9 Hz. 1H), 

4.18 (dd, J = 7 .1, 9.6 Hz. lH), 266-2.59 (m. lH), 243-237 (m, lli), 2.25-2.18 (m, lH), 2.14-2.10 

(m.. 2H) ppm: LC/MS: R, = 6.04 min. :ES' 420.11 (AA kmg). 

~pie 124: ((1S,25,4R.)-4-(!8-(2,3-dlhydro-l-benzofuran-7-yi)-7H-purln-6-yllam!noJ-2-
hydroxycydopenl:yl)rne!hyl sulfamate (Compound I-117) 

(04461 The title compound was prepared following the proredure described in 

Example 89 using the appropriate carboxylic acid. 'H NMR (CDpD, 400 MHz) lk 8.2!NI.20 

(m, lH), 0.05-7.81 (m.. lH}, 7.36 (dd, J = 0.9, 7.3 Hz, !H), 7.01 (t, J = 7.7 Hz, lH), 4.86-4.78 (m,. 

3H), 4.44-4.41 (m, lH), 4.36 (dd,. J = 7.7, 9.6 Hz, lH), 4.18 (dd, I= 7.2. 9.8 Hz, lH), 3.35-3.31 

(m.2H}, 2-63-255 (m.lH),23&-2.32 (m,.lH), 2.20-2.12 (m, lH), 1.99-1.92(m. 1H), 1.89-1.83 

(m, !H) ppm. LC/MS: R,= 5.75 min, I!S• 447.14 (AA long). 

&ample 125: {(1S,25,4R)-Z.hydroxy-4-[(8-qulnolln-8-yi-7H-purin-6-yl)am!no]cyclopenl:yll-
melhyl sulfamate (Comp0Ul1d I-M) 

(0441] The Iitle mmpound was pn>pared. following !he procedure described in 

Exomple 89 using the appropriate carbo~lic add. 'H NMR {DMSO- d., 300 MHz) 5: 9.22-

9.12 (m,.1H}, 8.93-8.76 (m, 1H),S.62-8..54-(m, Ul), 8.3Q-8.1ll (m,2H), 7.116-7.69 (m. 2H), 7.40-

7.39 (m,lH), 4.81-4.70 (m. 1H},4.3Q..4.19 (m, 2H),4.0!1-<3.98 (m, Ui], 2.4&-2.42(m, Ul), 2.28-

220 (m, lH), 2.13-1.74 {m. 3H) ppm. LC/M& R, = 6..00 mil>, ES' 456.04 (AA long). 

fuample 126: {(1S,25AR)-4-{\8-[4-{benzyloxy)phenyl]-7fl-purin-6-yllamhw)-2-
hydroxycyclopentyl]melhyl sulfamate {Compound I-102) 

[M4ll) The Iitle ~ompound was p:<epared. following the procedure described in 

Example 89 u.lng the appropriate carboxylic acid. 1H NMR {DMSO- a., 400 MHz) O'i; 0.15 (s, 

"' 

• • 



!H), 8..03 (d.. 1 ~ 8.2&,2H), 7.46-7.30 (m,5H), 7.15(d, 1 = 811 Hz,2l-ij,5.16 (s,2H), 4-114-4.75 

(m, Ul), 4-22-4.16 (m, 2H), 4.00-3.97 (m, Hi), 2-48-2.42 (m, 1H), 2.12-1.69 (m, 4H) ppm.. 

t.c/MS: R,_ = 7-22 min, ES" 511.06 (AA long). 

&a.npl~ 127: ({15,2S,4R)+[fiJ.{2,3-dimelhoxyphenyi)-9H-purin-6-yl]amino)-2-
hydroxyc:yclopentyl)m..lhyl "ulfamate (Compound I-67) 

[044.9] The title compound was prepared foUowing tJt., procedure descrlbed in 

Example B9 {steps a-d) using the appropriate c:ar~lic acid and Example 1 (step d, using 

HO for TBS deptoted:i.on). 1H NMR (CD,OD, 400 Mlb:) 3; 6.30-8.23 (m, 1H), 7-67-7.61 (m, 

lH), 7.25-7.18 (m,. 2H), 4.92-4JJO (m, 1H), 4.43-UO (m,.IH), 4.3&-11.34 (m.. lH), 4.21-4.16 (m, 

lH), 3.90 (d.. 6H), 2.63-2..54 (m. IH), 2.40-2.31 (m, lH), 2.20-2.12 (m, lH), 2.00-1.91 (m,. lH), 

1.90-1-8.3 (m, lH) ppm. LC/MS:R.,.,5.92 min, ES' 46S(AA!ong). 

Elounp1e 126: ((1S,2S,4R)-2-hydrw;:y-4-[melhyl[8-(1-naphthyl)-!JH-purin-6-yljamino)­
cycloP"ntyl)methyl sulfamate {Compound l-46) 

Sll:F a: !1S.35.4S'I{\:!Ifm=buty!Cdimethyilsilylru)+<!Uer!-butylfdimethyflsilyllmcyl-
melhvllcyclopm!yl methanesulfonate 

I MSOJ To a sol ulion of (15.35 ,45)-3-[ [ krl-buty[( dime thyl)sllyl ]oxy)-4-(1! !ert-butyl­

(dirnethyl)silyl]oxy)melhyl)cyclopentanol (2.02 g.. 0.00560 mol) in Cltp., (55.0 mL, 0.858 

mol) at 0 '"C was added triethylamine {1.6 mL. 0.013 mol) and methanesulfonyl chloride 

(0.650 mL.. 0.00840 mol) und..r an atmosphere oi nitwgen.. The mixtwe was st:ined at 0 •c fo:r 

30 minutes, and then warmed to 23 "C for 1 hour. "The reacti011 was quenched by addition of 

saturated aque_ous S<Xlium bicarbonate, extracted with OCM,. dried (Na.,SOJ, r.tltored and 

conamtrated to give 2.66 g {100 %). 

S tgp b· ffU 5.2.]A R\+azido-2-! fh:rl-buty!( dime_ !h.yll•ilylloxylcyclgpen!y!)me\hoxyllrrrt-
butylldjmet:hylsilaru: 

(04.51] To a soluti<m oi (1S,35,4S)-3-l[tert-bu.tyl{d!methyl)silyl]oxy1-4-([[tert-

butyl(dlmelhyl)silyl]Olly)methyl)cyclop0!11tyl methanesulfunate (2.66 g. O.CI0606 mol) in N,N­

Dlmethylformamld.~ (20 mL, D.2 mol) Wa!l added sodiwn azide {1.21 g. 0.0186 mol), and the 

mixture w"" hi!ated at 55 •c for 3 hours. Th~ re_aclian was cooled to :i3 •c, quenched by 

addition of water and e:lltraCfed with Et,O (3:<}, washed with water, brine.. dried (NapCI.), 

filtered and concentrated. The residue was purified by flash chromatography (0 to 15% ethyl 

acetate/hexane) to obtain 2.13 g (91.1%). 



Steoc· 

[01152.] 

Q R 3SA$)-3-!ftert-butyl(dimelhyl\silyl)ruc;y!-4-(!/I<Tl-\w!;y!fdime!fu' l)sil ylloxyl­
melbyJlcycl!ID!!rtli!nami!lll 

A suspenslon of f( (15,25 ,4R)-<I-azido-l-{(tert-butyl( dirnethyl)silyl]oxy )-

cyclopentyl)liUlthoxy](lo:rt-butyl)dimelhylsilanc (2.13 g. 0.00552 mol) and 10% Pd/C (0.27 g. 

0.00026 mol) In E!OM (45.0 mL.. 0.461 mol) was stirred under an atmosphere ol hydrogen 

overnight. The reactiiJn was pmged with nitr'Ogcn and filtered the mixture through ""'lire 

with EtOAc. The fillrnre was ron"""-tralcd to oblaln l.B3 g (92.1 %) ol the title compm.utd. 

·1 I 

[0453] To a solution of (IR,3SAS)-3--[(tm-butyl(dimelhyl)silyl]oxy)-4-([{tut-

butyl(dimelhyl)silyi]IJ><y)methyl)cyclopentan.nnine (0.098 g. O.llll027 mol) lnMelhylenc 

chiiJride (2.0 mL.. 0.031 mol) at 0 "C was added triethylamine (0.076 mL, llD0054 mol) and 

benzyl clllorofonnah: (O.OW rnL.- O.OOO:n mol). The reaction was warmed to 23 "C overnight 

The reaction was quenched by addition oi water, and the rnil<ture was e><tracted with 

methylene chloride (3xl- The oq;anic layers were washed wilh brine, dried (Na,SQJ, filtered 

and concentrated. The I"ESiduewM purified by flash chromatography (0 to8o/o 

EtOAc/he>oanes) to obtain 73 mg {SjLo/o). 

To a solution of ~-[ (1R,3S.AS)-3-[Jtert-butyl{dimethyl)silyl]oxy]-4-•((ilert-

butyl(dlme!hyl}sflyl]oKy]melhyl)cyclopentyl]carbamate (0.073 g. 0.00Cl15 mol) in N,N­

dimethyUomtru:nide {2 mL,. 0.()'2 mol) was added sodium hydride (0.028 g.. 0.0012 mol)- The 

suspension was stirred for 10 minutes and was added methyl iodide (0.1123 mL.. 0.00037 mol) 

(purified on alumina) and the mixrure was stirred overnight. The reaction was quenched by 

addition of saturated aqueous ammonium chloride and lhe mixture was extracted with ethyl 

acetate.. washed with brine, dried '{Na;>D,), filtered and =trated. 

!I 

[01155] A suspension of bem. y 1-[ (IR.3S, 45)-3-{[ Jeri-butyl( dimethyl)sllyl]oxy ]-4-(( [ tert-

butyl(dimethyl)snyljoxyJmethyl)cydopentyllrnethylcarbamare (11394 g. Oll00?76 mol) and 

10% PdJC (0.0<1. g. O.(J(l(!Oo:! mol) in ethanol (SJl mL) was stirred under an alntosphere of 

hydrogen overnight. The reaction was purged With llitragen and fit!ered the mix.ture 

lhro\lgh celite with ethanol. The! filtrate waa COI\Centrated to obtain 0290 g (99%). 

' 



Step g; ((15.2SARl-2-hydrnxy-4-lmetJurJf8-(]-uapbtbyJ)=9H-purin-6-yllaminof.. 
cyclopenMlnw!hyl su!famate fCompoUJJd l-461 · 

[0456] The title cgmpound was prepared following the procedures described in 

Elcample 89 (sleps c.-d) and Example 1 (step d, using HQ for 'IllS deprotection). 'H NMR 

{CO,OD, 400 MHz) 6: 8.95 (d,] - 7.5 Hz, UI), 823 {a, lH), 8.03 (d,] - 6.3 H2, 11-1), 7.<:!7-7.<J2 

(m. 2H), 7.63-7.54 (m,. 3H), 6.58-6.44 (m,. tH}, 4.43-4.41 (m,.lH), 4.15 (dd, J- 7 .8, 9.7lfz. 1H), 

4-19 {dd, J- 7 .5, 9.5 Hz, Ui), 3..38 (s, 3H), 2.53-2.60 (m,.lli), 2.20-1-97 (m, 4H) ppm- LC/MS: 

R,_ = 1A9 min, F5 467.16 {AA standard). 

E><o.mple ll'r. {(15,25,4R)-2-hydm><y-4-](8-(2-methylphenyi)-9H-plllin·6-yl]amlno]­
cyclopentyl)methyl sulfamatc {CompOUI'Id l-107) 

The title o:ompound was prepaled following the proced.Uie described. in 

Example 89 U!iing the ~pproprlale carboxy\lc add 1H NMR (CD,OD, 400 /111Hz) 6: 8.23 (s, 

1H), 7.60 (d,J=7.7Hz, lH),7.44-7.32(m, 3H), 4-'13-MO(m, 1H),4.34 {dd,J = 7.5, 9.6 Hz, lH), 

4.17 {dd, J = 7.3, 9.8 lh, 111), 2.61-2.53 (m. lH), 2.53 (s, 3H), 2.37-2.31 (m, lH), 2.20-2.12 (m, 

lH}, 1.99-1.92(m,.lH), l..S9-1-82(m,.1H) ppm. LC{MS: R, ~ 1.2711\in. ES' 419.20 (AA 

stondartl). 

Enmpl~ 1311: j(1S,2S,4R)-2-hydtoxy-4-[melhyl(9-melhyl-B-phenyi-9H-purin-6-yl)­
amlno]cyclopentyl]methyl sul.famate (Compound I-123) 

Step a: 6-ChJoro-9-Jnetbvi:-8-MenvJ-9H-purine 

[M58] To a solution of 6-<:hloro-8-plu:nyi-7H-purine (11200 g. 0.000867 nwl) 

(lixar!\ple 109, step a) in DMF (8.0 mL. 0.10 mol) was added sodium. hydride (0.1Jl5 g. 0.0010 

mol) .. 'The Jnixhue was stirred fo~ 20 m.inutes and to this was added methyl iodide (0.065 

mL, 0.0010 mol) and the ml><.ture was stirred fur 2 h=. The reaction was quenched by 

ad<:lilion of saturated aqueous NH,CI,. and the mi>:;tu:re was extracted with ethyl ilee!ate, 

washed with water, brine, drled {Na,SQ,), flltereti <Uld concenttal!!d. Tile residue was 

purified by Jlashcltr<;>matcgraphy(3 to 10% acetone I wluene) to <;>blain I45mg (68%}. 

[0459) The Iitle rompcmnd was pnopared following the procedure described in 

Example 89 (step c). 



{0460} To a solution of N-[ (1R.35.4S)-3-l[t<rt-butyl( dimethyl)silyl]o><yi-4-(H l>:r/-

butyl(dimethyl)sil:yl]oxy)mcthyl)cyclopentylj-9-melhyl-8-~nyl-9H-pwin-6-amlne (200 ms. 
0.0004 mol) in. N.N-dlmethylfonnamide (10 .mL, 0.1 mol) was added sodium hydnde (O.ll2 

g. 0.00200 mol). The mixture was stirred for 30 minules arui to lhls was added metlryl iodide 

(0.05 mi., 0.0008 mol) and lhe mixture was Bllrred ovemlght. The reaction was quenched by 

addition of saturated aqueous NH.a, arui the mlxl\lre was extracted with ethyl aoetate, 

washed wllh water. brine, dried (Na,5Q..),£ilh:red and concentrated. lhe residue was 

purified by flash c:hromatography (0 10 10'/o MeOH I IXM) to obtain 200 mg (100%): 

[Oi61) The tille comp=nd was prepared follow>ng the proc<rlure de5cribed in 

Example 89 (steps d-e). 'H NMR (CD,OD. 400 MHz) 8: 8.24 (s, HI), 7 .84-?.80 (m, 2H), 7.57-

7.52 (m., 3H), 6.44-6.36 (m, 1H), 4A0-438 (m.1H), 4.33 (dd,.J ~ 7.7, 9.6llz, 1H).4.17 (dd, J = 

7.9, 9.8 fu. 11-I), 3.69 (s, 31-I), 3.34 (s, 3H), 2.63-2.56 (m, lH), 2.16-1.92 (m., 4H} ppm. LC/MS: 

R, ~ 1.41 min., FS 433 (AAslandard). 

fiample 131: ((1S,2S,4R)-2-hydroxy-4-[(9-methyl.S..pl-.yl-9H-purin-6-yl}-
amino]cyclopentyl)methyl sulfarnalt! (Compound 1-130) 

(01162} lhe ti<lecompound was prepared follo~g the procedures dca::nbed in 

&;ample 130 (step a) and Eum.ple 89 (steps c...). 'H NMR (CD,OD, 400 MHz) & 8.28 (s, lH), 

7.82·7.80 (m, 2H), 7.60-7 58 (m., 31i), 4.87-4.86 (m, UI), 4.42-4.39 (m,. 1H), 4.36-421 (m, lH), 

4.18-4.14 (~n, IH), 3.85 (s, 3H), 2.59-2.54 (m, ll-1}, 2.36-2.30 (m, lH), 2.19-2.11 (m.. 1H), 2.00-

1.91 (m.. UI), 1.87-1.80(m, lH) ppm. LC/MS:R, = I.30min, ES" 41? (AAstandatd). 

Exunple 132:: ((15,25,4R}-2-hydroxy-4-[(7-methyl-8-phenyi-7H-purin-6-yl)­
=Uno]r:yclopentyl]melhyl sulfarnate (Compound 1-36) 

Sltlp a: N-/4.6-djrhlnrQl>Yrim!din-S-yllbenzam!de 

(04631 A mlxtu:re of 5-amino-4,.6-dkhloropyrimidine {1.15 g, 0.00'701 mol) and 

benzoyl chloride (1.0 mL, 0.0086 mol) was heated ot 10() •c overnight. The readion was 

cooled and the res;due was lritwated wlth diethyl ether, filtered arui coil"" ted to oblain 1.6 g 

(85%). 



Sl!:p b; N-{4.5--<lichlornwrlmfdjn-§.yl>-N-me!hylbenzamide 

[0!16<1] To a solution of N-(4,6--dichloropyrilnldin-5-yl)bcnzamide (3.0 g, 0..011 mol) in 

tetrahydrofuran (70 mL, 0.9 mol) was added c:eslum<>ttbonate (9.6 g, 0.030 mol). The 

ouspension was sfurnd fur 5 minutes and to this was added methyl iodide (VI mL, 0.022 

mol) (purified on aluminum W<ide). After stirrlng fur 1 holll', <.'I!S.ium carbonale (5.0 g.. 0.005 

-mol) and rnelhyl iodide (0.70 m'L, 0.011 rru~l) {purified on alumina) wem added. The reaction 

was stirred for 2 hours, qucnclled by addition of saturaled aqu.eous NH,.Cl, and lhe mixture 

was '"-'<lraded with ethyl acetate, washed with water, brine, dried (N..,SOJ, ffitered, 

concentrated and trituration in diethyl ether to obtain 2.5<1 g {80%). 

N-14--antlno-6-chJoropyrlmld!n-S..Vll-N-meth,ylbeuzagrlde 

(0\165) To a solution of N-{4,6--d/t:hlompyrimidin-5-yi)-N-methylbenzamide (0.455 g. 

0.00161 mol) in 1-bu.tanol {5 mi..,. 0.05 mol) was added ammonium hydroxide (0.50 mL, 0.013 

m<>l) and the mixture Wali refluxed for 24 h. To lhe reaction was added ammonlwn 

hydro:dde (1.0 mL, 0.026 moJ) and the rni:<ture was reflU>ted for 24 h, cooled, ut:racted with 

a mixtul'e of ethyl awtatcisopropanol washed wilh saturated aqlll!ous smllwn bicarbonate, 

brine, dried (Na.p;J,J, altered. concentrated and lriturated in die thy! elher to obtain 284 mg 

(67.1%). 

Step d: 6-0Jjoro-7-ffi1!tlwl-B-phenyl-7H-vurine 

[0!166] A suspension of N·(4-antino-6-chloropYrlmidin-5-yi)-N-methyibenzam.ide 

(0.285 g, 0.00108 mol) in phosphoryl chloride (8 mL,. O.OB mol) was heated at 115 "C 

overnight. 'l'he mi:<ture was cooled,. concentraled and bitw-a!ed in diethyl ethe. to obtain 224 

mg: (&1.4%) yellow solid. LC/MS: R, ... 1.30 min, ES" 245.06 (AA standard). 

!I 

The Iitle compound was prepared foUowing the p~ure described in 

Example 89 (steps c-e)- 'H NMR (CD
3
0D, -!100 Mlli;) 6: 6.32 (s, UI), 7.77-7.73 {m, 2l-l), 7.61-

7.57 {m,3H), 4.98-4-.91 (m, lH), 4-42-439 (m, lH), -!1.34 (dd,f = 7.8, 9.SHz, lH), U6 (dd,J = 
7 .3, 9.9 Hz, 1H), 4.()6 ("- 3H), 2.66-2.59 (m, lH), 2.37-2.31 (m, lH), 2.21-2.12 (m, lH), 2.03-1.96 

(m, lH), 1.92·1-85 (m, lH) ppm. LC/MS:R,_ = 1.12mln.. ES' 419.13 (AAstandard). 

---~-



Blaunpl e 133: ( (1 S ,2S,4R)-4-[[8-(2-chlorophenyi}"9H-purln-6-}'l]!U11inet}-2-
hydroxycycletpentyl)methylsulfam.ate (Compound t-34) 

(04681 1he title compound was prepared following the procedures described in 

_ Example 89 (steps a, c-d), Example 109 (step a), and Example 1 (step d, using TBAF fur TBS 

group deproledion). 'H NMR (CD,OD, 400 MHz) 6: 8.25 {s, lH), 7.82-7.88 (m, lH), 7.61 (d, T 

~B.() Hz, 1H), 7.55-7.-\17 {m, 2H),4.42--4.41 (nt, 1H), 4.35(dd,.J'"" 7.7, 9.6Hz, 1H),4.17(ckLJ = 

75,9.6 Hz. 1H),2.61-2.SS (m, li-1),2.37-2.3:2 (m.IH). 22CI-2-12 (m, lH), 1.99--1.92(m,lH). 

1.89-1.82 (m, lH) ppm. LCJMS, :R, = 4.35 min,. FS' 459 (FA long). 

&ample 134: ((1S,2S,4R)-2-hy<iraxy-4-[(EI-pheny}-.9H-purln-6-yl)oxy]cydopentyl)melhyl 
sulfamate (Compoo.rull--63) 

[04691 Tilf! title compowtd was prepared following the procedures described In 

Example 123 (step a), El<ample 109 (step a), and Example 115 (step a). 

Smp lr. !0 S.25 .4Rl· 2=1 !tat-bu!yll dimet!tyllsi!y!l oxyf...4-.118-pheny l-9H-purin-6-yll· 
onr)cyclopentyllmetbanol 

[04701 A suspension of 9-benzyl-6-H(1R,3S,45)-3-((/<7t-hutyl(dirnelhyl)sllyl]oxyl-4-

( ( [!ert-hutyl( dime thyl)slly l]o:<y ]m<!lhyl)cyclopentyl]o:<y J-8-pheny 1-.'JH-purine (0.161 g. 

0.00024~ mol), lO"k Pd/C (0.04 g. O.OOOM mol) and formi" add (0.1 mi.. 0.003 mol) in 

methanol (11.0 mL. 0272 mol) was stim:d under an atmosphere of nitrogen overnight. 

Added fmmk acid (02 nU... 0.005 mol) and lcr'k Pd/C (0.04 g. 0.00004 mol) to !he reaction 

and .-tined 24 h. Added lCio/0 Pd/C (0.060 g, 0.000056 mol) and formic add (02 mL. O.OOS 

mol) to the ..,..ction and stirted an additianal 24 h. The reaction was purged with nitrogen 

and fLlrered the mixture tl\mugh <:elire with DCM. nu, filtrate was wncentrall:d.. purified by 

flash chromatography (30 to SCio/0 ethyl acetal<!/ hexane)· to obtaln30 mg (21%). LC/MS> :R, = 

2.0Bmin, ES'" 441.18 (AAste.ndard}. 

[0471] The title compound w"" prepared following the prOCl!dure described in 

Example 89 (step e). 1liNMR (CDpD,400 MH:z:) ll:8117 (s, IH),8.16-8ll (m, 2H),7..57-7.54 

(m. 3H), 5.94-5.90 (m, !I-1), 4.49-4.45 (m, li-1), 4.37 (d.d,./o.7.5, 9.5 Ii>:, lli), 4.20 (dd, 1 .. 7 5. 

,.. 



9.6 & IH),2?0-2.64 (m,. I H), 2..46-240 (m, lH), 2.a0-:u4 (m, lH), 2.1S.2.14 (m, 2H) ppm. 

LC/MSoR, ~ l.15min, FS' 406.11 (AAstandard). 

Example 135: [(15,2S,4R)-2-hydroxy-4-((2-phenyl[l,3joxazolo[5,4-d]pyrimidin-7-yl)­
amino]cyclopentyl]melhyl sulfamale (CompoWld l-90) 

Stepw Z-Cb!org--2--pbeny!O 3Jmmzolp15A;f[pyrimjdjpg 

[047'2] A mixture oi ~dllorapyrimldinc (1.05 g. 0.01>640 mol) and 

benzoyl chloride (0.89 mL. 0.0077 InOl) wa_, subj"Cted to microwave irradiation (100 "Q for 2 

hours. The reaction was cooled and the residue was triluralcd with diethyl ether. filtered 

and colleo::ted to obt&il\1.15 g (77 .5%) of a yellow solid. LC/MS: R, c 1.84. min,. ES" 232.19 

(AA standan:l). 

(IMT.l] The title compound was prepared following the procedures desaibed in 

Example 89 (s""ps <XI) and Ezample 1 {srep d,. using 'JBAF for the TBS group deprote£'tion). 

'H NMR (CD,OD, 400 MH>:) li: 8.28 (s, 1H), 8.19-8.16 (rn,. 2H), 7 .SS.7 53 (m, 3H), 4.89-4.86 (m,. 

lH), 4.43-<1.40 (m, lH), 4.34 (dd,.' ~ 7.8, 9.5 Hz, 1H), 4.17 (dd, J = 7.3, 9.6 & lH), 2.64-2.55 

(m.lH), 2~227 (m, 1H),21S.2.09 (m, !H),2.01-1.9.5 (lll.lH), 1.89-1.03 (m, HI) ppm. 

LC/MS: R, = 1.44 min,. IS~ 406.31 (AAstandaJ:d). 

Eklunple 136: Enzyme Prepa.rntion 

[0474] All protein a.o:ession numbers provided herein refer to the Enlre:Z Protein 

darabase maintained by the National Center~ Biotechrlology Jnfonnation (NCB1), 

tlethesda,MO. 

Genera lion of El em;ymes 

(0475] Following manufacturer instructiOl'IS, baculoviruses were go:nenled with the 

Bac-to-Bac Exptession Sysrem (Jnvilmg<m) ~ the following proteins: Wlla.gged NAEa 

(APPBPl; NJ>_003896.1), N-tcrminally I:Es-ll>ggl:d NAEJ!o (UBElC; NP _000959.3), unta.gged 

SAEa (SAEt; NP _005491.1), N-lerminally Hi6-tagged SAEP {llllM NP _005490.1), N­

temtinally His-tagged murine UAE (UBElX; NP _033483). NAEa/His-NAEP and 

SAEa./Hls-SAE!I complex....- were generated by a>-infection of SJ9 <:ells, which were 

harvested after 48 hours. His-mUAE was generated by single Jnfedion of Sj9 ""Us and 



hanresled after 72 hDUrn. E>q>""'""d proteins were pUiifled by affinity chmma10graphy (Ni­

NTA agara;-e, Q!ag"") using standard buffer.;. 

Generation of E2 enzymes 

(0476] Ubcl2 (UBE:I.M; NP _003960.1), Ubc9 (UBE2I; NP _OW336.1), Ub&(UBE2A; 

NP _003327 .2) W1!n! subcloned in!O pGEX (l'hannacia) and expressed as N-IBmlnaUy GST 

tagged fusion prolein.s in E. coli. E:q>ressed pcoleins were puriJ"Ied by amvenlional affinity 

chromatography using standard buffers. 

Gem;rnljon of Uh] proteins 

N~dd6 (NP _006147), Su=o-1 (NP_003343) and Ubiquilin (wilh optimi=:l. 

codons) wer-e subclcned into pFLAG-2 (Sigma) and expressed as N-terminal.ly Flag tagged 

fuSion pwteins in E. roli.. Expressed protein> were purified by mnventicnal cltmmatography 

usiJlg standard buffers. 

Example 137: E1 Enzyme Assays. 

Nedd8-Actlvatlng Eneyme (NAEl H!'Rf Aswy. 

[M78] The NA E enzymatic reaction totaled 50 JJL and mntalned 50 mMHEPES (pH 

7 S), O.a9'J. BSA, 5 JliM MgCI,_, 20 JIM AlP, 250 JJM GSH, O.Dl JJMUbc12-G5r, 0.0751JM 

NeddB-Flag and 0.2{) nM recombinant human NAE enzyme. The enzymatic reaction 

mixture, with and witlwut rompo\JIId inhibitor, was incubated at room temperature 24 "C 

for lOSrninutes in a 3!!4-well plate befcz<l termination wl.lh 25 JiL of S!<lp/Detl'.ctlon buffer 

(O.lM HEPES pH 7 .S, O.os% Tween20,20 mM EDTA, 410 mM KF, 0.53 11M 

Europium-Cryptate labeled monoclonal anti-FLAG M2 antibody (CisBio Intenational) and 

6.125 JLg/mL PHYCOUNK goahnti-GST allophyoocyanin (XL-APC) antibody {Prozyme)). 

Alter incubation for 1 hour at 2d "C, quantification of lhe FRET was perfonned on tire 

AnalystTM liT 96.384 (Molecular !Rvlces). 

""" Cun.powuisl-1 tol-153were tested in this assay. CompcundsJ-1,1-2,.1-3, l-5, 

I-6, I-8 to I-12. I-14, l-15, l-17, l-18,1-19, 1-21, I-24 to 1-27, I-29, l-32, I-34, I-37 to I-43, l-45, 1-46, 

1-47, l--49, l-55, 1-56, I-60. Hi2 to I-65, I:-67, I-68, 1-69, I-71, 1-73, 1-74. I-82,.1-83,1-84, l-D7, I-88. 

I-90, I-93, I-99, J-100, I-101, l-102, !-lOOm, l-105 to 1·109, 1-111, I-112,.1-115, l-117. I-118, I-121, 

I-122, l-124..1·125. 1-126, I-1.28 to l-131, l-133, l-134, I-136, I-137, 1·139, 1-140, I-142, I-143, l-146, 

I-147, I-150, l-151, and 1-153 exhibited IC, values less than or equal to .500 nM in this assay. 

Compounds 1-4, I-7, I-16. l-28, l-33, I-35, I-36, 1-48, l-53, I-54. I-59, l-Mi,I-77, I-79, I-60, 1-81, 

'" 
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I-86, l-92. I-94, 1-96, 1-98, I-110, I-113, I-114, I-119, I-120, l-123, l-IZ', I-132.. I-138, I-141, I-148, J-

149, and 1-152 exhibited IC,., valUI!S greater than 500 11M and less than 10 ~in this ass;:ty. 

Compaunds l-13, I-20, I-22, 1-23, I-30, l-31, 1-SB, {.til, 1--76, I-85, 1·851, I-97, l-U4, and I-145 

exhibited rc,., values greater than 10 11M in tl:tis assay. 

Sumo-Activating Enzpne (SAEl HIRE Assay. 

(000) The SAE ..nzymall~ reaction was amducred as outlined above for NAE 

e:ttepl !hat Ubc12-GS1' and Nedd8-Fiag were replaced by 0.01 11M Ubc9-G!IT and 0.125 )1M 

Sumo-Flag respectively and the concentration of AlP was 05pM. Recombinant hurnanSAE 

(0.11 nM) was the source oi enzyme. 

Ublqtdlin-Affivating Enzyme <UAE! HTRF As .. v-

[M6ll The UAE enzymatic reaction w"" conducted as outlined abcve for NAE 

exrept that Ub<:12-GSf and N..d<IB-Fiag were replaced by 0.005 11M Ubc2-CST and 0.125IJM 

Ubiquitin-Flag respedively and lhe concentration of ATP was 0.1 !AM- Re<:ombinant IIIIIUSe 

UA.E (0.3 nM) was the sourre of enzyme. 

Example 138; Cellular Assa)'li 

Anti-Proliferation Assay CWSD 

Calu-6 {2400/weU) -or othe>: tumor oells in 80 11L of appropriate cell culture 

medium (MEM for Calu6, Invitrogen) supplemented wilh lOo/o fetal bovine saum 

(Irwilrtlgen) was """'ded in wells of a %-well <ell culture plate and lncubalt>d tor 24. hours in 

a tissue culture in~ator. Compound inhibitors were added in 20 JiL culture tnedia to !he 

wells and the plates was l=ubaled for :n hours at 37 "C. 10% final concentration olW8r-1 

reagent (Roche) was added to each well aJ'Id incuba!ed for 3.5 haUl'S (for Calu6) at 37 •c. 

Th.e optical density far eacl\ well was read at 450nm using a spectrophotometer (Molecular 

Devices). Percent inhibition was calculated using the valui!S fmm a DMSO control setlo 

100% viability. 

Anti-Proliferation A5Say (ATPIJte> 

(04.113] Calu-6 (1500 wlls/well) or other twno:r cells wero seeded In 72 JiL of 

appropriate cell culture llli!diwn (MHM for Calu6, Invitrogen) supplemen~ wl!h 10% fetal 

bovine serum (Invitrogen) in wells of a 384-wcll Poly-D-Lysine coated aill culture plat<:. 

Compound inlu'bitors we<e added in81<L l0%DMSO/PBS to the wells and the plates were 



incubated for 72 hours at 37 'C. Ceil culture ml!dlum w:tS aspirated, leaving 2.5 fJL in eacll 

wcil. 251-'L of ATPlite lstep Tr< reagent (Perkin Elmer) was added to each weil. The 

lwninescenw for each weil was read using the Lead.Seeker Mlaoplate Reader (Mo!2CU!ax 

o..virns). Percent .inhibition was calculated us-ing the valu"" &om a DMSO control set to 

lOCI% viability. 

Example 139< In vivo Assays 

f' yiyp Tumor Effio;acy Mgdel 

'""' Calu6 (5 xlo' cells}, HCTI16 (2 x10' cells) or other tumor ceUs in 100 IJL 

phosphate buffered saline were aseptkally i<ljected into the sub:utaru.ous epace in the right 

dorsal flank of female Nc:r nude mi<:<! (age S.S weeks, Charles River) using a :z6.ga.uge 

needle. Beginning on day 7 after iru!ru.lation, twr\ors were measured twia. weekly us~ a 

vernier mllper. TUmor volumes -were cakulated using standard proa:dures (05 X {length>< 

w:idtt.")). When the tumors reached a volume of approximab!ly 200mm' mi.,. were 

randomized into groups and injected intrnvenously in the taU vein with compound inhibitor 

(100 J.IL) at various doses and sclwdules. Alternatively, cnmpoUild inhibitor may be 

delivered to mice by Intraperitoneal or Eubrutaneous inj..,tion or or.U administration. All 

control group• rewive<l vehicle alone. Tumor size and body weight was measured twire a 

week and the study terminated when the control turnor.s reacluo::l approxlmatdy 2000 mm'. 

(114851 TIN! patent and sOen.tifie llt>:rature .referred to herein e;tabllshes knowledge 

thafis available to those with skill in the arl Unless otherwise defined.. all technical and 

sdenl:ific terms used herein have the same meaning as commonly understood by one of 

ordinary sldll in the art to which !his invention belongs. The issued patents, applk:ations, 

and references that are dted h~m!in are hereby inmrporo.kd by reference to !he same extent 

as if each was apccifically and individually indimted to be incorporated by referen<::e. In the 

case of inconsistenci!!S, the present disclosure, including- definitions, will control, 

(0486] While a number of embodiments of this invention have been dlfficribed, Jt Is 

apparerlt that the provided baslc examples may be altered to convey oilier embodiments, 

which utilize the compounds and methods of this invention. It will thus be appreciated !hat 

the scope of this Invention hM been represented herem by way of ~ple and is not 

Intended to be limited by the sped.fle embodlmeniS, rather is delmcd by the appended 

daims. 

'"' 



CLAIMS: 

1. A compound of formula (1): 

or a pharmaceutically acceptable salt thereof, wherein: 

5 Ring A is a 6"membered nitrogen-contalningheteroaryl ring, optionally fused to 

a 5- or 6-membered aryl, heteroaryl. cycloaliphatic or heterocyclic ring, 

wherein either or both rings is optionally substituted and one ring nitrogen 

atom is optionally oxidized; 

Wis-CH,_-, -CHF-,-CF,-, -CH(R1h ·CF(R'j-,-NH-, -N(R1
)-, -0-, -S-,or -NHC(O)-; 

R1 is C
1
_. aliphalkorC

1
_. fluoroaliphatic;orR' is a C1~ alkylene chain that is 

attached to a ring position on Ring A to form a 5-, 6-, or 7-membered 

fused ring, wherein the alkylene chain optionally is substituted with 

c,~ aliphatic,. c,~ fluoroaliphatic, =0, -CN, or -C(O)N(R\; 

X is -O:I,-, -CHF-, -CF,-, -NH-, or -0-; 

15 Y is -o-, -S-, or -C{R'")(R.")-; 

R' is selected from the group consisting of hydrogen, fluoro, -CN, -N,, -OR", 

-N(R'J,, -NR'C01R
6
, -NR'C(O)R', -C(O)N(R\, -C(O)R', -QC(O)N(R'),, 

-OC(O)R', -QCO,R', or a C,_, aliphatic or C,_. fluoroaliphatic optionally 

substituted with one or two substituents independently selected from the 

group consisting of -OR", -N{R .. ){R'"J, -CO,R", or -C(O)N(R'')(R4'); or R' and 

R' togelher form a bond; 

R" is selected from the group consisting of hydrogen, fluom, C1_, aliphatic,. and 

C1., fluoroaliphalk; 
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R' Is selected from the group consisting of hydrogen, fluoro, -CN, -NY -OR', 

-N(R'),, -NR'CO,R', -NR'C(O)R', -C(O)N(R\_, -C(O)R5
, -QC(O)N(R),. 

-OC(O)R', --oco,R•, or a C,_. aliphatic or c,~ fluoroaliphatic optionaUy 

substituted with one or two substituent>; independently selected from the 

group consisting of -OR", -N(R'")(R''l, -CO,R", or -C(O)N(R"')(R''J; or R• and 

R' together form a bond; 

R' Is selected from the group consisting of hydrogen, fluoro, C,_. ali ph" tic, and 

c,~ fluoroaliphatic; 

R" is hydrogen, orCH aliphatic; orR", taken together with one R
1 
and I he 

intervening carbon atoms, forms a 3- to 6-rnembercdspirocyclic dng; orR', 

taken togetherwilh Rm and the intervening carbon atoms, forms a fused 

cyclopropane ring, which is optionally substituted with one or two 

substiluents independently selected from fluoro or c,_. aliphatic; 

R~ is hydrogen or c, .. aliphatic; or rr··, taken together with R"' and the intervening 

carbon atoms, forms a fused cyclopropane ring, which is optionally 

substituted w:ith one or two substitu£nts independently selected from nuoro 

orC
1
_..aliphatic; 

each R' is independently hydrogen. fluoro, C,_.. aliphatic, or C'"' fiuoroaliphalic; or 

two R' taken together form =O;or two R', taken together with the carbon 

atom to which they a reattached, form a 3- to 6-membered carbocyclic ring; or 

one R', taken together with R' and the illtervening carbon atoms, forms a3- to 

6-membered. spirocydic ring; 

Rm is hydrogen, Iluoro, -N{R'J,. or an optionally substituted C1_.. aliphatic group; 

or Rm andR" together form =0 or =C(R'),;or R'" and R', taken together with 

the intervening carbon atoms, forma fused cyclopropane ring, which is 

optionally substiluted with one or two Slibstiluents independently selected 

fromfluoroorC,_.. aliphatic; orR"' and R"', taken together with the 

Intervening carbon atoms, form a fused cyclopropane ring, which is 

18b 
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optionally substiluted with one or two substituenl:!l independently selected 

from fluoro orC,_. aliphatic; 

R" is hydrogen, fluoro, or an optionally substituted c,~ aliphatic group; orR'" and 

R' together form =0 or =C(R'),; 

5 each R' independently is hydrogen or an optionally substituted aliphatic, aryl, 

heteroaryl,.or heterocydyl group;or two R' on the same nitrogen atom, taken 

together with the nitrogen atom, form an optionally substituted 4- to 

8-membernd heterocyclyl ring having, in addition lo the nitrogen a lorn, D-2 

ring heteroatoms independently selected from N, 0, and S; 

10 R" is hydrogen. c, .. alkyl,. C,_. fluoroatkyl, or C._10 ar(C,_Jalkyl, the aryl portion of 

which maybe optionally substituted; 

R'' is hydrogen. c,~ alkyl,C,_. fluoroalkyl, C~ 10 ar(C,_.Jalkyl, the aryl portion of 

which may be optionally substituted, or an optionally substituted 5- or 

6-membered aryl,. heleroaryl, or heterocydyl ring; or 

15 R" and R", taken togelher with the nitrogen atom to which they are attached, 

form an optionally substituted 4- to 8-membered heterocydyl ring having, in 

addition to the nitrogen atom, 0-2 ring heteroatoms independently selected 

fromN,O, and S; and 

each R' independently is hydrogen or an optionally substituted aliphatic, aryl, 

heteroaryl, or heterocydyl group; 

each R" independently is hydrogen, c, .. alkyl, C1~ fluoroalkyl, or an optim\ally 

substituted C._10 aryl or c .. ,. ar(C
1
)alkyl; 

each R0 independently is an optionally substituted aliphatic, aryL or heleroaryl 

group; and 

25 m is 1,2,.or3. 

2. The compound of claim 1, wherein W is ·CH,_-, -CHf-, -CF,-, -NH-, 

-0-,-5-, or -NHC(O)-. 
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,3_ The compound of claim 2, characterized by one or more of the 

following features: 

(a) X is -0--; 

(b) y is -CJ:l,-; 

(c) Wis·NH-

(d) R' is -OH; 

(e) R" andRd are each independently hydrogen orC,_. aliphatic; 

(f) R' is hydrogen, fluoro,or-oR'; 

(g) R' and R.- are each hydrogen; 

10 (h) each R1 is hydrogen; and 

(i) misl. 

4. The compound of claim 2 or 3, characterized by fomtula (11): 

or a pharmaceulically aca.ptable salt thereof_ wherein; 

15 Dis-N=or-C(R')=; 

E is-N= or-C(R~=; 

R" is hydrogen, halo, cyano, -C(R')=C(R'), -0£-R', -OR', -SR', -S(O)R•, -SO,R', 

-SO,N(R~, ·N(R'J, -NR'C(O)R5, -NR'C(O)N(R'),, -N{R')C(=NR')-N{R\, 

-N(R')C(=NR'}-R', -NR'C01R', -N(R)SC>,Il-', -N(R')SO,N(R'J,, -0-C(O)R', 

-OCO.f!.', -DC(O)N{R), -C(O}R', -CO,R', -C{O)N(R), -C{O)N(R~·OR', 

18& 
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IS 

-c(O)N(R0)C(~NR~-N(R\, -N(R~C{=NR'}-N(R4)-C(O)R5, -C(=NR)-N(R'),, 

-C(=NR'}-oR', -N(R4)-N(R\, -N(R'}-OR', -C(=NR')-N(R')-OR', -C{R)=N-DR', 

or an optionally substituted aliphatic, aryl_ h~tcroary!, or helerocydyl; at'ld 

each R" independently is hydrogen. halo, -CN-, -DR', -N(R\, -SR
6

, or a11 

optionally substituted c, .. aliphatic group; 

5. The compound of claim 4, wherein: 

R' is hydrogen, C,_, aliphatic, C,_. fluoroaliphatic, halo, -R 1', -R"', -T'-R'', • T'-R'>, 

-V1-T1·R'', -V1-T1-R1', -V'-R'', or -T1-V1 -R10; 

T1 is a C,_. alkylenechain substituted with 0-2 ind~pendenlly selected R~' ot· 

R"", wherein lhe alkylene chain optionally is interrupted by -C(R),qR')-, 

-C.--c-, -0-, -S-, -S(Oh -5{0),-, -SO,N(R'}-, -N(R)-, -N(R')C(Oh 

-NR'C(O)N(R)-, -N(R)C(=NR)-N(R'h -N(R4)-C(=NR'h -N(R')CO,-, 

-N(R')SO,-, -N(R')SO,N(R'h -QC(O)-, -OC(O)N(R')-. -C(O)-, -CO,-, 

-C(O)N(R)-, -C(:NR)-N(R'h -C(NR').:N(R'h -C(:NR"}o-, or 

-C(R~~N-0-,and wherein T' or a portion thereof optionally forms pari of 

a 3-? mrn1bered ring; 

V' is -C(R')=C(R5
)-, -C~-. -0-, -s-, -5(0}-, -5(0),_-, -SO,N(R')-, -N(R')-, 

-N(R1)C{O)-, -NR'C(O)N(R}-, -N(R')C(=NR'}-N{R1)-, -N(R')C( =NR')-, 

-N(R)CO,-, -N(R')SO,-, -N(RjSO,N(R'j-, -OC(O)-, -OC(O)N(R')-, -C(O)-, 

-CO,-, -C(O)N(Rj-, -C(O)N(R')-0-, -C(O)N(R1)C(=NR')-N(R1)-, 

-N(R)C(=NR')-N(R1)-C(O)-, -C{=NR)-N(R)-, -C(NR)=N(R')-, 

-C(:NR'}-0-, or -C(R'J=N-0-; 

each R'~ independently is an optionally substituted aryl, heleroaryl, 

helerocydyl, or cycloaliphatic ring; 

each R'" independently is -NO,, -CN, -C(R')..,C(R'J,, -C--c-R', -OR', -SR', 

-S(O)R0
, -SO,R', -S02N(R'), -N(R'),, -NR'C(O)R', -NR'C(O)N(R'J,, 
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-N(R")C(~NR)-N(R'},, -N{R")C(.,.NR')·R', -NR'co,R'. -N(R)SO,R", 

-N(R)SO,N(R'),, -0-C(O)R', -QCO,R', -OC(O)N(R'),, ..C(O)R', -CO,R', 

-C(O)N{Rj,. -C(O)N{R'J-OR', -C(O)N{R4)C(=NR'j-N(R"),. 

-N(R")C(=NR')-N(R'j-C(O)R5
, -C(=NR')..N(R'),, -C(=NR')-OR', 

-N(R"}-N(R),, -N(R1)-0R', -C{=NR)-N(R1}-0R', or ..C(R)=N-OR'; 

each R" independen!\y is selected from the group consisting of -F. -OH. 

' -O(C1~ alkyl),..CN.-N(R ),. -C{O)(C,~ alkyl), -CO,H, ..CO,{C,~ alkyl), 

-C(O)NH,. and -C(O)NH(C,_. alkyl); 

each R"" independently is a C~-> aliphatic optionally substituted with R"' orR', 

or twosubstituents Rlb on the same carbon atom, taken togellier with U•e 

carbon atom to which they are attached,fort11 a 3- to 6-membered 

cycloaliphalic ring; and 

each R
7 

indeprndently is an optionally substituted aryl or heteroaryl ring. 

6. The compound of claim 5, characterized by formula (III): 

(IH) 

or a pharmaceutically acceptable sail thereof, wherein: 

Q is -T'- or-V1-T1-; 

v' is -N(R~-, -o-, or-S-; 

R' is hydrogen or c,~ aliphatic; 
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R'' is hydrogen, C,~ alkyl_ C,_. f!uoroalky!, C~ 10 ar(CH)alkyl, the aryl portion of 

which may be optionally substituted, or an optionally substituted S. or 

6-memben-d aryl, heteroilryl, or het..rocydyl ring; or 

R"" and R'', taken together with the nitrogen atom to which they are attached, 

form an optionally substituted4- to 8-membered hetemcyclyl ring tmvlng, in 

addition lo lhe nitrogen atom,0-2 ring heleroatoms independently selected 

from N, 0, and S; and each R" independently is hydrogen, c ... alkyl, 

c, .. fiuoroalkyl, or an optionally substituted C.., aryl or C._
10 

ar(C,_.)alkyl. 

7. The componnd olclaim 6, wherein Ring Cis a C,_. cydoollphatic, 

10 phenyl, pyrrolyl, imidazolyl, oxazolyl. thiazolyl, isoxazolyl, isothiazolyl, pyrazolyl, 

triazolyl_ tetrazolyl, oxadiazolyl, lhiadiazolyl, pyrmlinyl, imidazolinyl, pyrazollnyl, 

pyrmlidinyl, irnidazolidinyl, pyrnzolidinyl. piperidinyl, morpholinyl, piperazinyl, 

pyridyl, pyridazinyl,. pyrimidinyL pyrazinyl. or letrahydropyrim.idiny! ring, any of 

which is SLlbstituted with 0-2 R" and 0-2 R00
• 

"' 

The compound of daim6, wherein runge is a C,_. cycloaliphatic.. 

phenyl, oxazolyl, or iso)<UO!yl ring, any of which is substituted with 0-2 R"' and 

optionally is fused lo an optionally substituted benzene, dioxolane, or dioxane ring-

9. The compound of claimS, characterized by formula (JV): 

or a phannaceutically acceptable salt thereof, wherein: 

/9/ 
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T' is a CH alkylene chain optionally substituted with one or two groups 

independently selected &om fluoro, CH aliphatic, and CH fluoroaliphatlc; 

'"' 
Ring Cis a 3- to S.membered helerocycly!-or cycloaliphaticring, or a 5- or 

6-mernbered aryl or heteroaryl ring, any of which rings is substituted with 0-2 

R" and 0-2R"'; 

each R" independently is halo, -NO,, -CN, -C{R'}:C(R'},. -C.,C-R', -OR', -SR', 

-S(O)R', -SO,R', -SO,N(R'),, -N(R4
) 1, -NR'C(O)R', -NR'C(O)N{R'},, 

-N(R")c(=NR~-N(R'J,, -N(R~C(=NR')-R6, -NR'CO,R', -N(R4)SO,R', 

-N(R4)501N(R\_, -0-C(O]R', -OCO,R', -QC(O)N(R'J,, -C{O)R', -CO,R', 

-c(O)N(R"), -C(O)N(R")-OR', -C{O)N(R'JC(=NR')-N(R'),, 

-N(R')C(=NR)-N(R'}-c(O)R', -C{=NR']-N(R'),, -C(=NR'}-OR', 

-C( =NR<rN(R')-QR', -C[R"'J=N-OR', or an optionally substituted ali ph a tic, 

or an optionally substituted aryl, heterocydyl, or heteroaryl gL'Oup; or two 

R" on the same saturated ring carbon atom, taken together with the 

carbona tom, form an optionally substituted 3· to 8-mernbered spirocyclic 

cyc!oaliphatic orheterocycly! ring; or two adjacent R", taken together with 

the intervening :dng atoms, form an optionally substituted fused 4- tO 
&-membered ftlomatic or non-aromatic ring having (}-3 ring heteroatoms 

selected from the group consisting of 0, N, and S; 

eacltR"" independently is selected from the group consisting of C,~ a\iphalk, 

C,~ fluoroaliphatic, halo, -QR"", -N(R')(R'1), or a C,.. aliphatic or 

C,~ fluoroaliphatic optionally substituted with -OR'', -N(R'')(R''), 

-CO,R"", or -C{O)N(R")(R'Y); 

R" is hydrogen, c,~ alkyi,C1~ fluoroalkyl,or C~10 ar(C,)alkyl, the aryl portion of 

which may be optionally substituted; 
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v' is -N(R"}-, -o-, or -S-; 

R' is hydrogen ore, .. aliphatic; and 

Ring Dis an optionally substituted mono- or bicydic ring system. 

10. The compound of claim 9, characterized by formula {IV-A) or (lY-ll): 

,B 
,J.-, 

R' R' R' v. W.J.,.E)lR, 

q ~·\;~·. , •. 
o~-:w: R< T ,. 

ri,N R' R" (IV-A) 

11. The compowu:l of claim 9 or 10, wherein Ring D selected from the 

group consisting of furnnyl, thienyl, pyrrolyl, oKazolyJ, thlazolyl, imidazolyl, 

pyrazolyl, isoxa.zolyl, isothla.zolyl, oxadiazolyl, triazolyl, thiadiazolyl, phenyl, 

10 naphthyl, pyranyl, pyridyl, pyridazinyl, pyrimidinyl, pyrazinyl, triazinyl, 

indolizinyl, indolyl, isoindolyl, indazolyl, b..rutimidazolyl, b.-n..zthiazolyl, 

benzolhienyl, benzofurnnyl. purinyl, quinolyl, isoquinolyl, cinnolinyl, phthalazinyl, 

quinazolinyl, quinoxalinyl, naphthyridinyl, pteridinyl, tetrahydrofuranyl, 

tetrahydrothienyl, pyrrolidinyl, pyrrolidonyl, piperidinyl, pyrtolinyl, 

15 tetrahydroquinolinyl, letrahydroisoquinolinyl. decahydroq uinolinyl. oxazolidinyl. 

piperazinyl, dioxanyl, dioxolanyl, diazepinyl, oxazepinyl, thiazepinyl, morpholinyl, 

quinuclidinyl, tetrahydroquinolinyl, tetrahydroisoquinolinyl, indanyl, 

phenanthridinyl, tetrahydronaphthyl, indolinyl, benzodioxanyl, benzod.ioxolyl, 

chromanyl, cydopropyl, cydobutyl, cyclopentyl, cydopentenyl, cyclohexyl, 

20 cyclohe:<enyl, cycloheptyl, cydoheptenyl, cyclooc:tyl, cydooctenyl, cydooctadienyl, 

bicycloheptanyl and bicyclooctanyl, any of which groups is optionally substituted. 

12. The compound of claim 11, wherein: 

/'13. 
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each substitutable salurnt\.'d ring carbon atom in Ring 0 is unsubstituted or 

substituted with ,.0, =S, =C{R~., =N-N(R'J., =N-OR', =N-NHC{O)R', 

=N-NHCQ,R
6
, =N-NHSO,ft-

6
, =N-R

5 or-R"; 

each substitutable unsatu.-ated ring carbon atom in Ring D is unsubstitutOO or 

5 substituted with-R'; 

each substitutable ring nitrogen atom in Ring V is unsubstih1ted or substih1ted 

with -R"'; 

each R' independently is halo, -NO,, -CN, -C(R
5
)=C(R'J,. -C-=<:-R', -OR', -SR', 

-S{O)R', -SO,R', -SO,N(R'J,, -N{R'J,, -NR'C{O)R', -NR'C{O]N{R'J,, 

10 -N(R')C(=NR'J-N(R'J,, -N(R)C{=NR)-R', -NR'CO,R', -N(R4)SO,R", 

-N{R')SO,N(R),. -O-C(O)R
5
, -QC0

2
R

6
, -0C{0)N(R'J,, -C(O)R', -CO,R', 

20 

-C(O)N(R'J,. -C{O)N(R'J·OR', -C(O)N{R'}C(=NR')-N(R),, 

-N{R
1
)C{=NR)-N{R)-C(O)R', -C{=NR')-N(R),. -C(=NR')-QR', 

-C(=NR'J-N(R4
)-0R

5
, -C(R~=N-QR5, or an optionally substituted aliphatic, or 

an optionally substituted ;uyl, heterocyclyl, or heteroaryl group; or two Rr on 

the same saturated carbon atom, taken together with the carbon atom to 

which they are attached, form an optionally substituted 3- to 6-membered 

spiro<:yclk cycloaliphatic ring; and 

each R"' indeP"ndently is -C(O)R', -C(O)N(R'),. -CO,R', -SO,R
6
, -SO,N(R'),. or " 

c,_. aliphatic optionallysubstituled wifh R' or R7
• 

13, The compound of claim 12, wherein: 

each R' independently issel&ted from the group consisting of halo, c, .. aliphatic, 

CJ-O fluoroaliphatic, -R'', -R"', -T'-R'', and -T'-R"'; or two R' on the same 

saturated carbon atom, taken together with the carbon atom lo which ~'"Y are 

attached, form an optionally substituted 3- to 6-memberOO spirocydic 

cycloaliphatic ring; 

T' is a c, .. alkylenechainsubstituled with 0-2independently sel&ted It" orR~'; 

/'74-

efiling
Pencil



5 

10 

20 

each R1
' independently is an optionally substituted ~ryl. heteroary\.. or 

heterocydyl grnup; and 

each R'' independenlly is -NO,.. -CN, -C(R'J~C(R\, -C.,C-R', -OR', -SR', -S{O)R', 

-SO,R', -SO,N(R),.. -N(R
4

) 1, -NR'C(O)R5, -NR'C(O)N(R\, 

-N(U1)C(=NR)-N{R').,. -N(R1)C(=NR)-R', -NR'CO,R', -N{R')SO,R
0
, 

-N(R'JSO,N(R),, -0-C(O)R', -OCO,R', -OC(O)N(R \, ·C(O)R', -C01R
5, 

-C(O)N(R\,, -c(O)N(R)-OR5, -C{O)N(R)C(=NR)-N(R'J., 

-N(R)C(=NR4)-N(R1}-C(O)R5, -C(='NR)-N(Ri,, -C(=NR4)-QR5
, 

·C(=NR'}N(R1)-0R0, or -c(R~=N-QR5. 

14. The compound of claim 13, when.in RingO is an optionally 

substituted indanyl, telrahydronaphthyl, orchromanyL 

15. The compo\11\d of claim 13, wherein: 

v' i<I-N{R"}-; 

Ring D is selected from the group consisting of: 

~{R0)r .... 
eaclt R' independently is halo, ·OR'', -N(R)(R'Y), ..CO,R", or -C(O)N(R'')(R''), or 

is a C,~ aliphalkorC,~ fluoroaliphatic op~onally substituted with -OR", 

-N(R)(R
4
'), -CO,R ", or -c(O)N(R'"xn."J; 

each R'' ind~pendently is fluoro, -QR", -N(R")(R'Y), -co,R'', or -C(O)N(r<'')(R'''J, 

or is a c,_, aliphatk or c,~ fluoroaliphatic optionally substituted with -OR'', 

-N(R'")(R''J, -co,R", or -c(O)N(R"')(R41); or two R'' on th~ same carbon atom 

togeth"" Ionn "0 or =C(R''J,; provided that when two R'' are att.>ched to the 

same carbon atom, one must b~ ,..,[ected from the group consisting of f!UOI'Q, 

/9S 
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-co,R", -C(O)N(R")(R''), or a c,~ aliphatic or c,_. fluoroaltphatic optiono lly 

substituted with -DR", -N(R"j(R''), -CO,R", or -C(O)N(R')(R''); and further 

provided lhat R"' is oth"" than ·OR" or ·N(R")(R'') when locMed at a positiun 

adjacent to a ring oxygen atom; 

5 sis0,1,2,3,or4;and 

tisO,l,or2. 

16. The compolUld of claim 15, wherein R' is halo. 

17. The compolUld of claim 15, wherein R"' is -OR''. 

18. ThecompoWld of claim 15, wherein eadl R' is independently 

10 hydrogen, flnoro, - CH,- CF, or -()H. 

19. The compound of claim 15, wherein R' and R' are both hydrogen, R" is 

-OH and K is hydrogen or -OH. 

20. Tim compound of claim 5, wherein: 

15 R' is hydrogen or C,_. aliphatic; 

20 

R' is hydrogen, C,_. aliphatic, -T' -R .. or-T' -R"'; 

T' is a C,_. alkylene chain substituted with 0-2 independently selected R'" or 

R""; 

r' is a C,_. alkylene chain substituted with 0-2 independently selected R"' or 

R""; 

R'" is -C{R'}~C(R'),, -C=C-R5
, --S(O)R', --SO,R', -50,-N(R\, -C{R)~N-O,R', 

-CO,R', -C(O)-C(O)R', -C(O}R', ·C(O)N(R'),, -C(=NR ~-N(R'),, or 

-C{,NR')-OR'; and 

1% 
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5 

,._ ' • ' • 5 ' ' R IS halo, -NO,. -CN, -OR, -SR, -N(R ),. -N(R )C(O)R, -N(R )C(O)N{R )1, 

-N(R')CO,R', -0-CO,-R', -OC(O)N(R\, -OC(O)R', -N(R0)-N(R'),, . . .. . -N(R )S(O),R, or -N(R 1SO,-N{R )2, 

preferably when>in R' is hydrogen or a C,~ aliphatic or C,~ fluoroaliphatic 

optionally substituted with one or two substituents independently 

s.,Jected from the group consisting of -OR", -N(R")(R''J, -CO,R"', 

-C{O)N(R"j(R''). 

21. The compound of claim 2 or3, characterized by fo<rnula (V): 

or a pharmaceutically acceptable salt thereof.. wl\eJ:ein• 

RingEl is aS- or6-membered aryl, heteroaryl, cydoaliphatic or heterocyclic ring; 

E is -N'"' or -C(R")=; 

each R" independently il; hydrogen, halo, -CN-, -OR', -N(R'),, -SR', or an 

optionally substituted c,~ aliphatic group; 

15 each R' independently is hydrogen, halo, -NO,-CN, -OR', -SR',-S{O)R', -SO,R', 

-SO,N(R~, -N{R~, -NR'C(O)R', -NR'C(O)N{R'),, -N{R~C(,NR1}-N(R'J, 

-N(RjC(=NR'J-R', -NR'CO,R', -N(RjSOp', -N(R'}SO,N(R'),, -0-C{O)R', 

-OCO,R', -OC(O)N(R\, -C(O)R', -CO-,R', -C(O)N(R~, -C(O)N(R4)-0R', 

-C(O)N(RjC(=NR')-N(R'),, -N(R~C(=NR4}-N(R0)-C(O)R', -C(=NR')-N(R'j,, 

19"1-
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-C(=NR')-OR', -N(R~·N(R~>' -N(R~-OR5, -c(=NR')-N(R)-QR', -C(R~=N-OR', 

or an optionally substituted aliphatic, aryl,. h~teroaryl,. or heterocyclyl; and 

11 is 0, 1, 2,. or 3.. 

22. The compound ofclairn21, characrerized by a) formula (Vl): 

5 

or a phannacentically acceptable salt thereof. wherein: 

U is a COl/alent bond, C1~ alkylene,. -0-, ..S., -S{Oh or -5(0),-; 

R" is halo, c, .. aliphatic, orC1~ fluoroaliphatic; and 

Ring F is an optionally substituted mono-, bi-, or tricyclic ring system, 

10 preferably whcxein Ring F is an optionally substituted phenyl, naplhul, 

tetrahydronaphthyl, or dihydrobenzofuranyl, or 

b) formula (VII): 

1'13 

(Vi) 

(VJl) 
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or a pharmaceutically acc"Plable sail thereof_ wherein: 

E is -N~ or-C(R'~~; 

F is -N(R")-, -0--, or -s-; and 

G is "N· or~C(R')-;and 

5 R,. is hydrogen, -c(O)R', -C(O)N(R\, -CO,R', -SO,R', -SO,N{R'),, or a 

10 

C"' aliphatic optionally substituted with R' orR', 

preferably characterized by formula {VJI-Q or {VJJ-D): 

(VII-C) (VII-D) 

or a pharmaceutically acceptable salt the..,of, wherein: 

dashed lines indicate single or double bonds; 

each R>r ihdependently is hydroger\, halo, -OR'', -N(ll."J(R''), or a 

c,_. aliphatic or C1_. fluoroaliphatic optionally substituted with -OR", -N(R"}(R''t 

-co,R", or -C(O)N(R'}(R''J; OI both R21, taken together with the intervening ring 

carbon atoms, fonn an optionally substituted fused 5· or &-membered cycloa.!iphalic, 

15 aryl,heteroaryl.. or heterocyclic ring. 

23. The compound of claim 2l,chamcterized by formula {Vl/1): 
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ora pharmaceutically acceptable salt tlmreof. 

(IX-A) 

or a pharmaceutically acceptable salt thereof, wherein stereochemical 

mnfiguralions at aslerisked positions indicate absolute ccnfiguration, and whetein: 

Dis -N~ or -C(R"J=; 

E is -N= or -C(Rb)=; 

each R" independently is hydrogen, halo, -CN-, -OR', -N(R\, -sR', or an 

optionally substituted C,~ aliphatic group; 

(Vl!/) 

each R' independently is halo, -OR"', -N(R")(R'1), -CO,R'', or -C(O)N(R'')(R'-'), or 

is a c,_. aliphatic or C,_. fluoroaliphatic optionally substituted wltl1 -OR'', 

-N(R'')(R~), -CO,R", or -C(O)N(R'')(R''); 

each R"" independently is fluoro, -OR'', -N(R'')(R41'), -CO,R", or -C(O)N(R"}(l<''), 

or is a c,_. aliphatic or C,~ fluoroallphatk optionally substituted with -OR"', 
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" 

-N(R''J(R''),-CO,R", or-C(O)N(R"](R''J; or two R"' on the s;,me carbon atom 

together form =Oor =C{R''),; provided that when two R'' are attached lo the 

same carbon atom, one must be selected from the group consisting of nuoro, 

-CO,R", -C(O)N(R'")(R''), or a C,_. aliphatic or C1_. fluoroaliphalic optionally 

substituted with -OR'', -N(R''l(R''), -CO,R"', or -C(O)N(R"')(R''J; and further 

provided that R'' is other than-OR., or -N(R1}(R") when located ala position 

adjaC<IDt to a ring oxygen atom; 

sis 0, l, 2,3, or4; and 

lis0,1,or2. 

A pharmaceutical composition, comprising a compoltTld of any one of 

daims 1 to 24 and a phamtacellHca!Jy ac,.,ptable catTier, preferably wherein 

the compO!SiliOn is fonnulated for administration to a human patient. 

26. A method of decreasing an El enzyme activity in a sample, 

comprising contacting the sample with a compound of any one of claims 1 to 

24, wherein the El enzyme is, for example, selected fro the group consisting 

of NAE, UAE, and SAE. 

27. A compound of anyone of claim 1 to~4 for use in !rea ling rancer. 

28. The compound of claim 27, wherein the cancer is lung cancer, 

colorectal cancer, ovarian cancer, or a hemotological cancer. 

A compound of any of claims 1 to24 for use in treating an immun~ 

response disorder or vascular cell proliferation disorder. 

3ll. Use oi a compound of any one of claims 1 to 24 in the manufacture of 

a medicamenHor trnaling cancer, an immune response disorder or a vascular cell 

proliferation disorder. 
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