
INHIBITORS OF E1 ACTIVATING ENZYMES

Field of tìe Invention

I00d This invention relates to comPounds, compositiørs and methods fo¡ the

trea¿ment o¡ var¡ous disorders, partiorlarly disorders of cell proliferatio& induding cancers,

and tnflarnmatory disorders. In Pârticul,af, the rnvention provides compounds wNch inhibit

lhe activity of E1 type activating enzymes.

Backsround of the lrrventiorr

[OOZ] The post-tfarstational modification of proteins by ubiquiün-Iike rrrolecules

(ubls) fs an importânt ¡eBulaìory l)xocess withín cells, playing key roles in controlling many

biological processes irrcluding cell divistorç cell signaling and the irrmune l€sPonse. Ubls

ere smá.¡I proteins that are covalendy attadìed to â lysine on e tâ¡get Protein viÂ ãn

isopeptide lhkâge wilh a C-terminal gtycine of the ubl. Ihe ubiquit¡n-Uke molecule alters

tlre nrolecula¡ su¡face of the target prcte¡n and caft affect sucltr properties aÊ Pfotein-Protein

lntemc¡ions, er¡zl¡ atic activity, stabiliþl and cellutar localization of the target.

t00gl Ubiquitin and othet ub):s a¡e ac-tivated by a specific El enzyme whidr

catalyzes the fornration of arr acyl-adenylate intermediate ruiflr the C-terminal glycine of the

ubl. The activa@d ubl rnolecule ts then trans&r¡ed ø the catalydc cysteine ¡esidue within

tlre Ê1 enzJrûe through formation of a thioestef bond irit€drrediate- the El-ubl intermediate

and an E2 associate, resultrng in a thioesler ocdrange r¡¡he¡ein tlre ubl is tarsferred to tÌ¡e

acdve sf@ cystelne of tlre E2. The ubt is then conjuËated to tlre target protein, either direcdy

or in contgnctio!¡ with an B ligase, throuEh isopePtide bond formation with the anino

g¡oup of a lysine stde dlåin in the ta¡8et protein,

IOO4I The bÍologtcal consequence of ubl modification depends ori the target ¡n

question. ljbiguittn is tlre best ctraracærized of the ubls and a consequence of modification

by ubiqurtination is flre degradation of poly-ubiquitirnted ProteiÀs by tlìe 265 proteasome'

Ubiquitin fs conjugated to ib terget proterns through an enzymadc cascade involving its

specific EI activatlng errzyme, Ubal (ubiquitin activating enzy'xle, UAÐ' a coni¡gat¡ng

enz¡rrre from the famify of Ezs, and a ubiquitin ligase frorr either tlre RING or HECT dasses

of E3s, See, Huang et dl,, On@gme23:,7958-77 (zc,c/,,r, Target specificigz is controlled by the

particular combination of Ð and E3 proÞ¡n, with >4O E2s and >100 B3s be¡ng kno$¡n at

present. In addition to ubiqr¡rtin, there are at least 10 ubiqurÉn-tike proreins, eadr belier¡ed

to be activated by a specific El activeting €nzj¡me and ptoces6ed tÌúough sirnila¡ but distinct

INHIBITORS OF El ACTIVATING ENZYMES Field of the Invention [001)This invention relates to
compounds, compositions and methods for the treatment of various disorders, particularly
disorders of cell proliferation, including cancers, and inflammatory disorders. ht particular, the
invention provides compounds which inhibit the activity of El type activating enzymes. Background
of the Invention  [0021The post-translational modification of proteins by ubiquitin-hke molecules
(ubls) is an important regulatory process within cells, playing key roles in controlling many
biological processes including cell division, cell signaling and the immune response. UbIs are small
proteins that are covalently attached to a lysine on a target protein via an isopeptide linkage with a
C-terminal glycine of the ubl. The ubiquitirt-like molecule alters the molecular surface of the target
protein and can affect such properties as protein-protein Interactions, enzymatic activity, stability
and cellular localization of the target. [003]Ubiquitin and other ubls are activated by a specific El
enzyme which catalyzes the formation of an acyl-adenylate intermediate with the C-terminal
glycine of the ubl. The activated ubl molecule Is then transferred to the catalytic cysteine residue
within the El enzyme through formation of a thioester bond intermediate. The El-ubl intermediate
and an E2 associate, resulting in a thioester exchange wherein the uhf is transferred to the active
site cysteine of the E2. The ubl is then conjugated to the target protein, either directly or in
conjunction with an E3 ligase, through isopeptide bond formation with the amino group of a lysine
side chain in the target protein. [0041The biological consequence of uhf modification depends on
the target in question. Ubiquitin is the best characterized of the ubls and a consequence of
modification by ubiquitination is the degradation of poly-ubiquitinated proteins by the 26q
proteasome. Ubiquitin is conjugated to its target proteins through an enzymatic cascade involving
its specific El activating enzyme, Ubal (ubiquitin activating enzyme, UAE), a conjugating enzyme
from the family of E2s, and a ubiquitin ligase from either the RING or H:ECT classes of E3s. See,
Huang el- at, Oncsgene.23:1958-71 (2004). Target specificity is controlled by the particular
combination of E2 and E3 protein, with >40 E2s and >100 E3s being known at present. In addition
to ubiquitin, there are at least 10 ubiquitin-like proteins, each believed to be activated by a specific
El activating enzyme and processed through similar but distinct  downstream conjugation
pathways. Other ubls for which El activating enzymes have been identified include Nedd8
(APPBP1-Uba3), 1SG15 (013E1L) and the SUMO family (Aosl-Uba2). 10053The ubl Nedd8 is
activated by the heterodimer Nedc18-activating enzyme (APPEP1-Uba3) (NAE) and is transferred
to a single E2 (Ubc12), ultimately resulting in ligation to cullin proteins. The function of neddylation
is the activation of cullin-based ubiquitin ligases involved in the ubiquitination and hence turnover of
many cell cycle and cell signaling proteins, including p27 and 1-KB. See Pan et al., Oncogene.
23:1985-97, (2004). The ubl SUMO is activated by the heterodirner sumo activating enzyme
(Aosl-Uba2) (SAE) and is transferred to a single E2 (Ubc9), followed by coordination with multiple
E3 ligases, ultimately resulting in sumoylation of -target proteins. Sumo modification can affect the
cellular localization of target proteins and proteins modified by SUMO family members are involved
in nuclear transport, signal transduction and the stress response. See Seeler and Dejeari, Nat Rev
Mol Cell Biol. 4:690-9, (2003). The function of stunoylation includes activation of cell signaling
pathways (e.g., cytokine, WNT, growth factor, and steroid hormone signaling) involved in
transcription regulation; as well as pathways involved in control of genornic integrity (e.g., DNA
replication, response to DNA damage, recombination and repair). See Muller eta!, Oncogene.
23:1998-2006, (2004). There are other ubls (e.g.,1SG15, PATIO, Apg12p) for which the biological
functions are still under investigation. (0061A particular pathway of importance which is regulated
via El activating enzyme activities is the ublquitin-proteasome pathway (UPP). As discussed above,
the enzymes UAE and NAE regulate the UPP at two different steps in the ubiquitination cascade.
UAE activates ubiquitin in the first step of the cascade, while NAE, via activation of Nedd8, is
responsible for the activation of the cullin based ligases, which in turn are required for the final
transfer of ubiquitin to certain target proteins A functional UPI' pathway is required for normal cell
maintenance. The UPP plays a central role in the turnover of many key regulatory proteins involved
in transcription, cell cycle progression and apoptosis, all of which are important in disease states,
inducting tumor cells. See, e.g., King et al., Science 274: 1652-1659 (1996); Vorhees et al., Clin.
Cancer Res., 9: 6316-6325 (2003); and Adams et al., Nat. Rev. Cancer, 4: 349-360 (2004).
Proliferating cells are particularly sensitive to inhibition of the LIPP. See, Drexler, Proc. Natl. Acad.
Sci., LISA 94: 855-860 (1977). The role of the UP? pathway in oncogenesis has led to the
investigation of proteasome  inhibition as a potential anticancer therapy. For example, modulation
of the TIPP pathway by inhibition of the 265 pmteasome by VELCADe(bortezomib) has proven to
be an effective treatment in certain cancers and is approved for the treatment of relapsed and
refractory multiple myeloma. Examples of proteins whose levels are controlled by cullin-based
ubiquitin ligases which are downstream of 1'.1AE and TJAE activity include the CDK inhibitor
p27"Pl and the inhibitor of NEKB, Ix13. See, Podust etal., Proc. Natl. Acad, Set, 97:4579-4584,
(2000), and Read etal., Mol. Cell Biol., 20: 2326-2333, (2000). Inhibition of the 



downsheern conjugâtion pathwa)¡s. Othe¡ ubls for which EL activatitrg €fizyûres have been

identified include NeddS (APPBPT-IJba3), ISG15 (UEE1L) and the SUMO family

(Aosl-Ub¿).

t005¡ the ubl Nedd6 ie activated by the Ìreterodimer Nedd&activating errzyne

(APPBPl-Uba3) (NAÐ and is transferred to a single 82 (Ubc12), dûúately result'mg in

Irgation to cullin prûþins. the function of neddylation is tìe activation of cr:Ilin-based

ubiquitin ligases involved ln the ubiquitination and hence turnovef of many cell cyde arrd

cell sþnaling proteins, including p27 and I-KE. S€e fari ef al., Otl Øgene- 2311985+7, (2W4)'

The ubl SUMO is activated by the heærodirrcr 6umo acüvating enzyÍre (Aosr-Uba2) (9AE)

and is transÁerred to a sfngh E2 (tlbc9), followed by coordinâtion *¡ith mrrltiple E! ligases,

ìftimately Esulting iIì $moylãtion of Þrget pfoteins. Su¡no ¡nodification can affect the

cellular localization of target ptotei s and PfoÞins modiñed by SUMO fafhily members are

involved in nuclear tfanspot¿ signat tfaf|sdudion and the stress response. see seeler ard

Deteauo, Nat R@ }'llol Cell Biol. 4t6909, (2003). The function ol sunoylation includes

activation of cell signaling pathways (e.g., cylokÍne, WNT, growth facto¿ and steroid

hormøre signaling) involved in l¡a¡scription regulatiory as well as pathways lnvolved Ín

conüol of genomrc integrity (e6., DNA replicatiø¡ response to DNA daßage,

reco¡nbi¡ratio¡r and repaù). See Mutlef et al Ancogene-23:799&2-Oo6'., (2OM), The¡e are othe¡

ubls (eg',ISG1í FAT1O Apg1zp) fo¡ whld the biological fr'rnctions are sdll under

investigation

tO06I A particular pathway of iñPortance $'hidr is ¡egulated v¡a El acüvating

enz)¡rre activities ts the ubtquitin?toteasorre Pathway (IJPP), As diso¡ssed above, tìe

enzymes UAE a¡rd NAE tetulaüe the UPP at two differeat steps in rhe ubtquitination

cascade. UAE activanes r¡biqrritin in the first step of the cascade, while NAE, via actlvatiül

of NeddE, is responslble Íor the activatiûn of the cullin based ligases, whidr in tu.rn are

reqútred for the final karufer of ubiquitin lo cerÞin torget Proteins A functional UPP

pathluay is required for nornral cell tnaintenance. The UPP plays a central role in the

tumover of many key regulatory proteins ürvolved in tra¡scriPtion" ceu cycle Progression

and apoptosis, ¿ll of which are important in disease states, induding tunff aells. *' e'g-'

Í1íng et øL, Scízncz 274: ]:6f,2-L659 (1996); Vorhees eË al-, Clin C¡ncer Ræ, 9: $316-63'25 (ZOQ3):

arrd Ada¡ns el cl., Ncú, Reo. Cancer,4:,3r'19-grj0 (2004). Proliferating cells are Particularly

sensilive to inlribiüon of the UPP. See, D¡exler, Proe NatI. Aud. Scí,LISA94:855-86O (197-4'

lhe ¡ote of the UPP pâthway ln on ogenesis Ìras led to the investÍgation of Proleasome

degradation of p27 is expected to block the progression of cells through the Cl and S phases of the
cell cycle. Interfering with the degradation of IxB should prevent the nuclear localization of NF-xl3,
transcription of various NP.-KB-dependent genes associated with the malignant phenotype, and
resistance to standard cytotoxic therapies. Additionally, NE-KB plays a key role in the expression of
a number of pro-inflammatory mediators, implicating a role for such inhibitors in inflammatory
diseases. Furthermore, inhibition of TJPP has been implicated as a useful target for additional
therapeutics, such as inflanunatory disorders, including, e.g., rheumatoid arthritis, asthma, multiple
sclerosis, psoriasis and reperfusion injury; neurodegenerative disorders, including e.g., Parkinson's
disease, Alzheimer's disease, triplet repeat disorders; neuropathic pain; ischemic disorders, e.g.,
stroke, infarction, kidney disorders; and cachexia. See, e.g., Elliott and Ross, Am J din Paths/.
116:637-46(2001); Elliott et al.,1 Mol Med. 81:235-45 (2003); Tarlac and Storey, 5_ Neurosci. Res.
74:406-416 (2003); Mori etal., Neuropath. Appl. Neurolria, 31: 53-61 (2005); Manning, Curt Pain
Headache Rep. 8: 192-8 (2004); Dawson and Dawson, Science 302: 819-822 (2003); Kulcan, J
Physiol Pharmacol. 55: 3-15 (2004); Wojcik and DiNapoli, Stroke. 35:1506-18 (2004); Lazarus
etal., Am j Physiol. 2701332-41 (1999). [0071Targeting El activating enzyrnes provides a unique
opportunity to interfere with a variety of biochemical pathways important for maintaining the
integrity of cell division and cell signaling. El activating enzymes function at the fast step of ubl
conjugation pathways; thus, inhibition of an El activating enzyme will specifically modulate the
downstream biological consequences of the ubl modification. As such, inhibition of these activating
enzymes, and the resultant inhibition of downstream effects of ubl-conjugation, represents a
method of interfering with the integrity of cell division, cell signaling, and several aspects of cellular
physiology which are important for disease mechanisms. Thus, El enzymes such as DAB, NAB,
and SAE, as regulators of diverse  cellular functions, are potentially important therapeutic targets
for the identification of novel approaches to treatment of diseases and disorders. Description of the
invention  WOWThis invention provides compounds that are effective inhibitors of El activating
enzymes, particularly NAE. The compounds are useful for inhibiting El activity in vitro and in vivo,
and are useful for the treatment of disorders of cell proliferation, particularly cancers, and other
disorders associated with El activity. Compounds of the invention are of the general formula (1): Rf
RI Re y 0 NO:t:::".19e. 04-XR /R8 H2NRb Rd or a pharmaceutically acceptable salt thereof,
whereat stereochernical configurations depicted at asterisked positions indicate relative
stereochemistry; Ring A is selected from the group consisting of: It 



inhibition as a potential anEca¡rcer fheragy' For exarrrple' modulaticrr of the UPP pathway

by irihibftion of the 265 proteasome by VEl-CADf(bortezornib) has Prq\ten to be an

effective beat¡rrerrt in cettain cancers and is approved for the treaEnent of relapsed and

refractory multiple myeloma' ExamPles of ProtelÍs whose levels a¡e controlled by

cullin-based ubiquitin ligases whictr are downsEeâm of NAE and UAE activity indude the

CDK inhibitor p2fPtand the int¡¡bitor of NFr<¡' lxr' S€e' Podust et 4I " PToc' Natl' Ac^d' ScL'

972 457945f/- (2000), ând Read ¿ t at', Mot' Cell BíoI''2O:2326-æ33' (2000)' I¡ùribiüon of tl¡e

degradaliorrofp2TisexPecEdtobloc}thePlog¡essiørofcellslh¡oughtheGlandSphases

of the cell cycle. Interfering with tl€ degradatidr of IxB shorrld prwent lhe nudear

Iocalieation of NF-tcB' tarscríPÉon of warior¡s NF-tcB-dePerdefit Senes associated with the

rnalignant phenoqæe, and ¡esistafìce to standard cytotonc theraPies' Addidonally' NF-rB

plays a key role in tlre ex¡rression of a number of pro-inllarrrrratry rnediâtos' irnPllcating a

rolefofsuc¡ifù¡ibitofsininf]aû¡nâtorydÈeâ6eg.Ê¡¡tlrermore,i¡ihibitionofUPPhasbeerr
lmplical€d as a üs€fuI ta€et fol additionât tlÉraPeutics' such aÊ inflãr¡¡rialory disorders'

including, ¿.8., rlreumåloid artlr¡itls, asthrr+ multipìe sclerosis' psoúasis and rePerfusion

injury; neúodegenerative disorders, including ¿8'' Parkinson's disease' Alzlrcimef s

disease, triplet repeat dlsoFders; neuropathtrc pai+ isclemic disorders' ¿'g'' sEoke' infarctio&

kdney disorders; and caclæxia' See' ¿'8'' F-rliott and F.iÉs' A?nI C'ifl Patho]-aj.6z637.46 Qool)l

Aiiotl et /tl-,I Mol Mzd. a7:ß545 (2003); Tarlac arrd StoÉey' 

'- 

Ne¡ltoscr' I<ß'74 4Ol'4L6 (nO3)'

}/rorí et úl.,Nalf'opøth. Appt' Neurobâol', 31: 53-61 @005); Manning' Ct¿¡r PalnHødnche Rep' 82

192-8 (2004); DarYson anrd Darvson, Sci¿ncc 3A2: 879i822 (2003); Kukan' / Physiol Phzrmacol'

s5: ?15 (200a); Wojcik and DiNapol L strùe' 35.t5oçt8 (2004); Lazarus et aI'' Am I Physiol'

2'*.3247 ,.999'- 
unique oPPortunitJ¡ to i¡rte¡fe¡e

loon farçting El actirrating enz5nnes provides a

with a variety of bioc¡emical pathways important for xnaintaining tlre integrity of cell

division anil cell siEnaling' E1 ac-tivating enz)¡gres function at tÌ¡e first snqp of ubl

coniuga.tion pathways; thrs, i¡rlubition of an El activat¡ng enzyme will specifically modulate

the downsEeam biological consequences of the ubl modifi'catiorr' 'As such' ifibitiur of

these acü,vât¡ng enzymes, and t.l.e resultant lnhibiüon of downst¡eam effects of

ubÞconjugation, fePresefrts a Ûrethod of interfuríng with rhe integrity of cetl divisio¡v cell

signaling, arrd several aspects of cellular physiolory which are imporbnt for disease

rteclvrniflrls. ThuÊ, El' enzyr¡¡es suctr as UA3' NAE' and SAþ as regulatþrs of diverse

nR N41C.N -MI NRRhRh RhRh A4ii.4.41,ApvA-II  wherein one ring nitrogen atom in Ring A
optionally is oxidized; X is -C(Rn)a, -N(R.12)-, or -0-; Y is -C)-, -8-, or  Ra is selected from the
group consisting of hydrogen, fluor, -CN, -Ny -0R5, -N(R4)z, -NR4CO2R6, .1?1124C(0)R5,
-C(0)N(R4)" -C(0)R5, -0C(0)MR4)2, -CC(0)125, -00O2116, or a C" aliphatic or C" fluoroaliphatic
optionally substituted with one or two substituents independently selected from the group
consisting of -of, -N(erxeY), -co,ex, or -C(0)N(t)(RdY); or Rd and Rb together form =0; or Rd and
11 together form a bond; it is selected from the group consisting of hydrogen, fluor, C" aliphatic,
and q4 fluoroaliphatic; or Rb and Ra together form =0; or Rb, taken together with Rd and the
intervening carbon atoms, forms a fused cydopropane ring, which is optionally substituted with one
or two substituents independently selected from fluor or C" aliphatic; or e, taken together with Re
and the intervening carbon atoms, forms a fused cyclopropane ring, which is optionally substituted
with one or two substituents independently selected from fluoro or C, aliphatic; le is selected from
the group consisting of hydrogen, fluoro, -CN, -N3, -0R5, 44(R4)2, -NR4CO2R6, -NR4C(0)R5,
-C(0)1C4)2, -C(0)R5, -0C(0)N(124)2, -0C(0)R5, -00071e, or a C" aliphatic or C" fluoroaliphatic
optionally substituted with one or two substituents independently selected from the group
consisting of -OR", -N(R6)(R4Y),         or -C(0)N(R4)(1r); or Re and Rd together form a bond; or Re
and e together form =0; Rd is selected from the group consisting of hydrogen, fluoro, Cia, aliphatic,
and C" 



cellular fi¡nctiors, are Poterìtialy imPortant theraPeuËc tartets for tlre identificaË'on of novel

approacÌæs ùo trcatnerrt of öseases a¡rd disorde¡s'

Desciption of the Invention

ÍOOSI Tlxis inventiql Provides c'ompounds that a¡e eflective i¡ùribitors of E1

acËvating enzyme.s, particularly NAE' The compormds are useful f('¡ irihlb¡üng El activity

in zzìtro anð' in pioo, and are usefuI fol ttle keatrnent of diso¡ders of cell PÌolihradorr

patticularly canaels, and other ¡risorders aÉsociated with E1 activity' Cørpounds of the

invention are of the general formula (I):

or a pharmacreutically accçtable salt tlÉ¡eof' wheÉin:

stereocfremical confþurations depicted et asterßked positions indicate relative

særeoc.hemisEY;

Ring A is setec:ted ftom the gxoup consistürg of:

(Ð

:rH

îH
.nd a-Ê

rHod.-"" lr-x'ñ--l ì\ r \-/-
'.r' \,-^ ohl a-'*-4" " Ft

A.lü n .r-Iv

lr-hJ"
A-ei

wherein one ring nibogen ato¡n in Ring A optionally is oxidized;

x ts <(Rr),, -N(RÈ) -, or õi

Y iÊ -o, -s-, of -cß")ß)-;

ì¡li.r.¡e'
Rc

fluoroaliphatic; or Rd and le together form =0; or Rd, taken together with Rb and the intervening
carbon atoms, forms a fused cyclopropane ring, which is optionally substituted with one or two
substituents independently selected from fluor or C, aliphatic; or Rd, taken together with I( and the
intervening carbon atoms, forms a fused cydopropane ring, which is optionally substituted with one
or two substituents independently selected from fluoro or C" aliphatic; Re is hydrogen, or C"
aliphatic; or it taken together with one RE and the intervening carbon atoms, forms a 3-to
6-membered spirocyclic ring, which is optionally substituted with one or two substituents
independently selected from fluor or     aliphatic; or it taken together with Rm and the intervening
carbon atoms, forms a fused cycloproparte ring, which is optionally substituted with one or two
substituents independently selected from fluoro or C1, aliphatic; or Re, taken together with R" and
the intervening carbon atoms, forms a fused cydopropane ring, which is optionally substituted with
one or two substituents independently selected from fluoro or CI, aliphatic Re is hydrogen or C2,4
aliphatic; or Re, taken together with kr' and the intervening carbon atoms, forms a fused
cyclopropane ring, which is optionally substituted with one or two substItu.ents independently
selected from fluoro or CI, aliphatic; or Re, taken together with le and the intervening carbon
atoms, forms a fused cydopropane ring, which is optionally substituted with one or two substituents
independently selected from fluor or C4 aliphatic; each Rf is independently hydrogen, fluor, C14
aliphatic, or C fluomaliphatic, provided that if X is -0- or -NH-, then Rf is not fluoro; or two le taken
together form =0; or two Re, taken together with the carbon atom to which they are attached, form
a 3- to 6-membered carbocydic ring; or one le, taken together with Re and the intervening carbon
atoms, forms a 3- to 6-membered spirocyclic ring, which is optionally substituted with one or two
substituents independently selected from fluoro or C1n4 aliphatic or one Rf, taken together with an
adjacent R" and the intervening carbon atoms, forms a cyclopropyl ring, which is optionally
substituted with one or two substituents independently selected from fluoro or C14 aliphatic; or one
le and. one R" together form a double bond; each it is independently hydrogen or fluoro; or one
RA, taken together with an adjacent R' and the intervening carbon atoms forms a cyclopropyl ring,
which is optionally substituted with one or two substituents independently selected from fluoro or
aliphatic; or one lel and one RI. together form a double bond; 



Ri ¡ selected from the group <orsisttng of hydroSÊrr flrroro -CN' -N" -ORt' -N(R)"'

-NRoco¡ó, -ñR"c(o)Rs, -c(o)N(R1", -c(o)R3, -oc(o)Nß),, -oc(o)f, -oco"RÉ' or

a Ç. aliphatic or Cr. fluoroaliphatic optionally substituted with one or two

substíhrcnt6 independertly 6elecùed ftom the grouP consisdng of -OR$' -N(R5ßtv)'

{Orns', or {(O)Næltiv> or É and Rr together fo¡rn =O; or R- and R' together

fcmabond;

Rù is selecÞd, from lhe g¡ouP consist'rng of hydroger¡ lluoro Cr. aliptuüc' arìd 9+

fluoroatiptratic or * ana x mgethe¡ ¡6¡¡¡ =Q; or f' taken together with n" att¿ tfæ

intewerring carbon atorr-s, forms a fused cyclopropane ring' whidr is optionally

substituted with one or two subgtituents independently selecÞd from fluoro or

Cr-o aliphatic; or Rr, taken toæther with R- and the inÞrrzening ca¡bør atoms' forms a

fused cyc-Iopropane ring, wlrich is optionally substiutcd with one or two

substiàEnb indePendently select€d from fluoro or Ç-o aliPhatic;

R' is selected f¡oør the g¡ouP consisting of hydrogerL fluo¡o' -CN' -Nv ORt' -N(R)"

-unto¡", -wnt(qRs, ^c(o)N(Rl", -c(o)R1 -oc(o)N(Rl,, -oc(o)R5' -oco,R1 or

a Ç.0 aliphatic or Ç. fluoroaliphatic oPtionâIly substifirted with øre o¡ two

substituenæ independently selecæd from t¡e gtoup conslsting of -OIt'" -N(R*XR )'

-CO'R"', or -C(O)Nß1ßry); or x-' and IL together forsr a bond; o¡ R-' and Ro togeiher

fc¡n=O;

Rd ls selected f¡om the grorrP cqetsting of hydroger¡ fluoro, Cr. alipÌøtic' and Ç'

fluoro.aliphâúÇ or Ró and R'together form =O; or f{, raken together with tt and the

intervening carbon atoms, fom¡s a fused cyclopropane drg, whic'h is optiorulþ

substitrted with orre or two substituenta indeperrdentþ selectëd from fll¡oro o¡

C'i tliphatic; o. Rd, takerr together with Rc a¡td tlìe intenrening carbon atoms' forrrs

a fused cyclopropane ring, whictr is opticrally subsÉtuted witl- one o¡ two

substituents independently setected from fluo¡o or Ç. aliphatrc;

R. is hydrogen, or Ç. aliphatic; or R" taken together with one d and the intervening

carbon atoñs, forms a }to trnesrbered spirocydic ring' whidr' is optiorølly

s¡bstituted with otæ of $^¡o substituents indePendently selected f¡om fluoro or

R" is hydrogen, Ci4 aliphatic, and Ct4 fluoroaliphatic; Rg is hydrogen, halo, -NO2, -CM,
-C(R5aC(R5)2,-0R5, -SR6, -S(0)R6, -502N(R4)" -N(I4, -NR4C(0)R5, -NleC(0)N(R4)"
-N(le)C(=NR4)-N(R52, 6  -/%1(24)C(--,NR4)-R6, -NR4CO2R6, -N(R4)S021e, -N(R4)SO,N(R4)a,
-0-C(0)R5, -00O213.6, -0C(0)N(R4)2, -C(0)R5,--C(0)N(R4)a, -C(0)N(R4)-0R5,
-C(0)N(R)C(=NR4)-N(115,, -N(R4)C(.-NR4)-Nry-C(0)R5, -C(=NR5-N(R4)2, -C(=NR4)-0R5,
-N(R4)-N(R4)2, -N(R4)-0R5, -C(=NR4)-N(R4)-0R5, -C(R6)=N-0R5, or art optionally substituted
aliphatic, awl, heteroaryl, or heterocyclyl; each R" independently is hydrogen halo, -CN-, -0R5,
-N(R4)," -SR6, or an optionally substituted Cm aliphatic group; Ri is hydrogen, -0R5, -SR6, -N(e)2,
or an optionally substituted aliphatic, awl, or heteroaryl group; R1 is hydrogen, halo, -0R5, -Sle,
-N(4, or an optionally substituted Cm aliphatic group; le is hydrogen fluor, -N(R4)2, or an optionally
substituted Cm aliphatic group; or Rin and le together form =AD or =C(R5)2; or Itr" and le, taken
together with the intervening carbon atoms, form a fused cydopropane ring, which is optionally
substituted with one or two substituents independently selected from fluoro or Cm aliphatic; or Rin
and Re., taken together with the intervening carbon atoms, form a fused cyclopropane ring, which
is optionally substituted with one or two substituents independently selected from fluoro or Cm
aliphatic; R" is hydrogen, fluoro, or an optionally substituted Cm aliphatic group; or RE" and R"
together form =0 or =C(R5)2; each R4 independently is hydrogen or an optionally substituted
aliphatic, aryl, heteroaryl, or heterocyclyl group; or two R4 on the same nitrogen atom, taken
together with the nitrogen atom" form an optionally substituted 4- to 8-membered heterocycly1 ring
having, in addition to the nitrogen atom, 0-2 ring heteroatoms independently selected from N, 0,
and S; le is hydrogen, Cm alkyl, C14 fluoroalkyl, or C640 ar(Cm)alkyl, the aryl portion of which may
be optionally substituted; R4 is hydrogen, Cm alkyl, Cm fluoroalkyl, C640 ar(q_)alkyl, the aryl
portion of which may be optionally substituted, or ark optionally substituted 5- or 6-membered aryl,
hatPrnarvl, nr hatemCVC11/1 ring; Or 7 



Ç. aliphatic; or R', iaken togethe¡ with R- and the interv€ning carbon ator¡s' forms

a fu.sed cycloproPane rin& whic-h is optionally substituted with one or two

substitrrents independently selected f¡om fluoro or Cr* aliphatic; ot R" taketr

togettrer with I* afìd the inFrvening <arbon aþ¡ns, forms a fused qrclopmPane rin&

whichisoPtionâlysr¡bstituledrrithoneort$¡osubstituentsirrdependentlyselected

from nuoro or C!4 aliPhatic

R" ie hydrogen or Cr{ aliphatiç or Rd, taken together with R- and the intervening carbon

atoms, forms a fused cyclopropane ring, whidr is optionally substituted with one or

tI o Eubsdtuents independently selected f¡om fluo¡o or Cr. aliplratic; o¡ R"' taken

bgerher with RÊ and the intervening carbon aþrls, forrls a fused qclopropane ring;

rì'hictr 13 optionatty srtbsËtuted with one or tn¡o substituents indePendently selected

f¡om fluo¡o or Cr. aliPhatic;

eacrr r{ ie indepe'dently hydrogen fluoro, Crn aliphatic, or Ç. fluoroaliphatig provided

that if X is -G o¡ -NtI-, tllen il is rìot fluoro; o¡ two f{ bken toçtlrer forzr -O; or two

Rn, taken together with the carborr atom to whidl ltÉy a¡e attactre4 forrr a 3- to

Émembe¡ed carbocyclic rin& ø one R¡, taken totether wiih r<-" and the intervening

carbon ator¡s, forrns a 3- to Émeriberecl spiroc¡alic ring; wNch i6 oølonally

subgtituted ü/ith one or two substituents indqrenderrtly selected from fluolo or

Cr. aliplødc or one nt, taken togetlrer with arr adjacent Rû and the intenrening

carbon atoms, 6orms a cycJopropyl ring, whic'tr is optiorully substituted with o¡re or

two substituents independently selecÞd frwr fluoro or C,. aliPhatiq ot ot'" d and

one Rn togetlrer fo¡m a double bond;

cach Ro is irrdependently hydrogen o¡ fluo¡o; o¡ one Rt, taken togettær with an adjacent

R and the intewening calbon atdls fo¡Ís a cyclopropyl ring' whidr is optiorølly

substituæd witlr one or two substltuerrls independerrtly selecìed ffom fluoro or

Cr. aþhaüc; o¡ orie Rfl and øre d togethet form a double bond;

nn is hydrogen, Ç. aliptratic" and Cr. fluoroallptratic;

RE is hydrogFrL hato, -Nor, -cli¡, -c(Rl=c(R1r, -Gc-Rs, -oR"' -s{6' -s(o)R6' -50¡6'

-soJ.Ißl", -N(R'), -r.nlc(o¡n', -wnt(o)N(R'L -Nß1C(=NR1-Nß5,'

Reh and leY, taken together with the nitrogen atom to which they are attached, form an optionally
substituted 4- to 8-membered heterocyclyl ring having, in addition to the nitrogen atom, 0-2 ring
heteroatoms independently selected from N, 0, and S; and each le independently is hydrogen or an
optionally substituted aliphatic, aryl, heteroaryl, or heterocyclyl group; each Rsx independently is
hydrogen, C14 alkyl, C1r4fluoroalkyl, or an optionally substituted C640 aryl or cru, ax(C)alkyl; each
R6 independently is an optionally substituted aliphatic, aryl, or heteroaryl group; and mis 0, 1, 2, or
3, provided that is -C(r)(1e)- when m is 0. (009]In some embodiments, the invention relates to a
compound of formula (1), characterized by fonnula (I-A): 0=y-XAc  Ra I-12NRb or a
pharmaceutically acceptable salt thereof, wherein: stereochemical configurations depicted at
asterislced positions indicate relative stereochemistry; Ring A is selected from the group consisting
of:  wherein one ring nitrogen atorn in Ring A optionally is oxidized; X is -CH,-, -CHF-, -CF2-, -NH-,
or -0-; Y is -0-, -S-, or -C(Ringle)-; R is selected from the group consisting of hydrogen, fluor,
-CM,-ORs, -N(R4)2, -NR4CO2126, -NR.4C(0)Rs, -C(0)N(R4)2, -C(0)1C -0C(0)N(le)2, -0C(0)Rs,
-OCO2R6, fluoroaliphatic, or a Cm aliphatic optionally substituted with one or two substituents
independently selected from the group consisting of -ORsx, -N(R)(12"), 



-Nß')c(=¡vn)-nt, -r'uLco,nt, -rte)so¡", -Nçn)so¡çnJ", -oc1o¡nt' -oco.Rt'

-oc(o)tq(n1", €(o)n', co"n', -c(o)N(n5, -c(o)Nß)-on",

-c(qNG<5c(-¡vn1-N ß1", -Nß'lct=Nn1-Ntnlcto¡n', -c1-Nn1-N6)r'

<1=wn)-of , -Nrn$-¡¡rn), -Nrn'ton"'c(:r'rnlN(n1-on" -c(n)=N-of ' o' -'
optionally substih¡t€d atiphatic, aryl, heteroaryl, or Ìt€terocydyl;

eactr kt' ;ndepenaerrtry is hydroçn, halo, -G'ü-, ÐRs, -Nçn)o -sx-t' ot att orptiorra[y

substihrled C* aliP!øuc grouP;

rt i, nya"oge+ -ORs, -SRu, -NG.l", or an optionally substituted ariphatic' aryl' or

' Ìreteroaryl grouP;

R* is hydrogen, halo -OR', -SR", -N(Rlo or an optionaüy substiürÞd qr aüPhabc FouP;

R- ts hyùoærL fluoro, -N(Ro)o or an oPEonâlly substituted Ç.n aliphatic group; or R3

and R' Þçther form =9 q¡ =Q(tf)r; or R' and R", taken together with tfre

intewening carbon atozrs' fo'm a fused cyclopropane r¡n& whidr is optionally

sttbsdhrted Yvith dre or two substituents independestly selected from fluoro o¡

Ç. aliphadç or R^ and R¿, taken together with the intervening carbon ators' form a

fused cyclopropane ring, which is optionally substihrted rith one or lwo

substihrents indeperrdently selected f¡o¡¡¡ fluoro or Ct aliphatþ

S is hydrogen, fluoro or an optionally subsdtuæd Cr{ aliPhatic group; or R- arrd Rl

together form =O or {(R);

each nn independently is hydrogerr ot an optlonally srrbstituted aliphaùc' aryL

treteroaryl or heterocyclyl g¡ouP; or two Ro o¡r tÌ¡e same n¡trogerì atom" taken

together w¡ür th€ nitrotcn atorn, forÃl an oPtionally gubstiùlted ¡L to &membered

heteroryclyl ring having, in addition to the niEogen atonç G2 ring treùeroatoms

indq>endently selecæd f¡om N, O a¡rd S;

Re is hydroger, Cr-n alkyl, Cr-n fluoroalkyl, or C"ro ar(Ç¡)all/, the aryl portion of which

may be oPtionallY substituted;

nP b ftydtogerr, Cr. alkyl Ç-n fluoroalþI, C*'o arÇ-)alþl, the aryl portion of which

may be optionally substituted" or an optionally substiþed t or Gmembered aryl'

ltorÞrrìâivl. rrr hêrerrrcvClVl rin$ Or

-cot, or -C(0)N(Rgh)(R41); it is selected from the group consisting of hydrogen, fluoro, Cm
aliphatic, and Cm fluoroaliphatic; Rc is selected from the group consisting of hydrogen, fluor, -CM,
-Ns, -01e, -N(R4)2, -NR4CO2126, -NleC(0)R5, -C(0)N(R4)2, -C(0)Rs, -0C(0)N(R4)2, -0C(0)1e,
-00O2R6, Cor a Cm aliphatic optionally substituted with one or two substituents independently
selected from the group consisting of -ORst -N(Raz)(e), -CO2Rsx, or -C(0)N(t)(R4Y); R" is selected
from the group consisting of hydrogen, fluor, Cm aliphatic, and Cm fluoroaliphatic; Re is hydrogen,
or c.,4 aliphatic; or Re, taken together with one le and the intervening carbon atoms, forms a 3- to
6-membered spirocydic ring; Re is hydrogen or C14 aliphatic each le is independently hydrogen,
fluoro, Cm aliphatic, or Cm fluoroaliphatic, provided that if X is -0- or -NH-, then le is not fluoro; or
two le taken together form =0; or two R, taken together with the carbon atom to which they are
attached, form a 3- to 6-membered carhocyclic ring; or one Rf, taken together with le and the
intervening carbon atoms, forms a 3- to 6-membered spirocyclic ring; Rg is hydrogen, halo, -NO2,
-CM, -C(Rs)a--C(Rs)2, -CC-R5,-Sit', -S(0)R6, -SO2R6, -302N(R4)2, -11(R4)," -NR4C(0)Rs,
-NleC(0)N(R4)2, -N(124)C(=NR4)-N(R4)2,  -N(R4)C(=NR4)-R6, -NR4CO2R6, -N(R4)502R6,
-N(R4)S02N(R4)2, -0-C(0)1e, -00O2R6, -0C(0)N(R4)2, -C(0)1e, -CO2R5,
-C(0)N(R4)2,.-C(0)N(R4)-0R6, -C(0)N(114)C(=NR5-11(42, -N(R4)4=NR4)-N(R4)-C(0)R5,
-C(=NR4)-N(R4)2, -C(=NR4)-01e, -N(R4)-N(R4)2, -N(le)-0115" -C(=NR4)-N(R4)-01e,
-C(R6)=N-0R5, or an optionally substituted aliphatic, aryl, heteroaryl, or heterocycly1; each Rh
independently is hydrogen, halo, -CN-,-N(R4)2, -SR6, or an optionally substituted CI, aliphatic
group; Ri is hydrogens. -Ole,-N(R4)" or an optionally substituted aliphatic, aryl, or heteroaryl group;
R" is hydrogen, halo, -0R5, -SR', -N(R4)y or an optionally substituted Cgroup; 



n* un¿ n9, tatm together with the nitrogen atom to which they a¡e attached, form an

optionatlysubgtituledrÈ.toS.memberedtreterocyclylrirrghaving,inadötiontot}re

nitrogen atqrL 0-2 rirrg het€roatoms independmtly selected lrom N' O' and S; and

each IC independently is hydrogen or axr oPtionâUy subÊtituted aliphatic' aryl'

heteroarYl o¡ heterocYclyl g¡ouP;

each f' ,ndependently is hydrogen, Cr. alkyl Cr. fluoroalLTl or an optionally

subsütuted Cé¡o aryl or C".o arÇ)allg!

eae.h tf tndependently is an optionally srrbstituted aliplratic' aryl' or heùeroaryl group;

a¡rd

mis o,7,2, æ 3, provided rlut Y is -C(R'XR)- when Ì1 is 0'

ffxrgl In some embodiments, the invention ¡ela@s to e cprrPoufrd of formr:la (I)'

characterized by formula (I-A):

(I-A)

or a Pharnâ.eutically accçtable salt tlereof, wherein:

ste¡eochemical confþurations depict€d at asterisked pæitions indicate relative

stefeoclremi6trY;

Rlng A is selected from the group cons¡tting of;

;r"H:tr"

lw
ând ^-alt i

ih =:H iH'î.N

ìf,l.¡o'
Rc

lel is hydrogen, fluoro, -N(R4)" or an optionally substituted CI, aliphatk group; and R is hydrogen,
fluor, or an optionally substituted C," aliphatic group; or it" and le together form =0 or =C(R5)1;
each R4 independently is hydrogen or an optionally substituted aliphatic, aryl, heteroaryl, or
heterocyclyl group; or two R4 on the same nitrogen atom, taken together with the nitrogen atom,
form an optionally substituted 4- to 8-membered heterocydyl ring having, in addition to the nitrogen
atom, 0-2 ring heteroatoms independently selected from N, 0, and S; ex is hydrogen, CC14
fluoroallcyl, or C6"0 ar(Ci")alkyl, the aryl portion of which may be optionally substituted; R47 is
hydrogen, C14 alkyl, C2" fluoroalkyl, C640 ar(C,")alicyl, the aryl portion of which may be optionally
substituted, or an optionally substituted 5- or 6-membered aryl, heteroaryl, or heterocydyl ring; or it
and t, taken together with the nitrogen atom to which they are attached, form an optionally
substituted 4- to 8-membered heterocyclyl ring having, in addition to the nitrogen atom, 0-2 ring
heteroatoms independently selected from N, 0, and S; and each R5 independently is hydrogen or
an optionally substituted aliphatic, aryl, heteroaryl, or heterocycly1 group;  each it independently is
hydrogen, Ci, alkyl, Cor an optionally Substituted C6_10 aryl or Cs_10 ar(C14)alkyl; each R6
independently is an optionally substituted aliphatic, aryl, or heteroaryl group; and m is 1, 2, or 3,
[010JCompounds of the invention include those described generally above, and are further defined
and illustrated by the detailed description and examples herein. (0111As used herein, the term "El,"
"El enzyme," or "El activating enzyme" refers to any one of a family of related ATP-dependent
activating enzymes involved in activating or promoting ubiquitin or ubiquitin-like (collectively "ubl")
conjugation to target molecules. El activating enzymes function through an adenylation/ thioester
intermediate formation to transfer the appropriate ubl to the respective E2 conjugating enzyme
through a transthiolation reaction. The resulting activated ubl-E2 promotes ultimate conjugation of
the ubl to a target protein- A variety of cellular proteins that play a role in cellsignaling, cell cycle,
and protein turnover are substrates for ubl conjugation which is regulated through El activating
enzymes (e.g., NAB, UAE, SAE). Unless otherwise indicated by context, the term "El enzyme" is
meant to refer to any El activating enzyme protein, including, without limitation, neddS activating
enzyme (NAB (APPEP1 /Uba3)), ubiquitin activating enzyme (UAE ((bel)), sumo activating enzyme
(SAE (Aosl TUba2)), or ISG15 activating enzyme (UbelL), preferably human NAE, SAE or UAE,
and more preferably NAB. [012]The term "El enzyme inor "inhibitor of El enzyme" is used to signify
a compound having a structure as defined herein, which is capable of interacting with an El
enzyme and inhibiting its enzymatic activity. Inhibiting El enzymatic activity means reducing the
ability of an El enzyme to activate ubiquitin Mice (ubl) conjugation to a substrate peptide or protein
(e.g., ubiquitination, neddylation, surnoylation). In various embodiments, such reduction of El
enzyme activity is at least about 50%, at least about 75%, at least about 90%, at least about 95%,
or at least about 99%. In various embodiments, the concentration of El enzyme inhibitor required to
reduce an El enzymatic activity is less than about 1 uM, less than about 500 nlvl, less than about
100 nbn, less than about 50 nM, or less 



wherein one ring nitrogen atom ifr Ring A optionalty is ocid''ed;

X is -GL-,-CHF-,-CF"-,-NH-, or-G;

Yis-G,-9,or4ß")ß)-;

Ë is selecæd f¡on the grorrp consisÉng of hydrogen, fluoro, -CN' -N" ÐR"' -N(R).'

-NRto¡{", -NRt(o)R", -c(o)Nßl,, -c(o)R', -oc(o)Nçn)r, -oclo¡xs' oco¡É'

Ç. fluoroafiphatic o'r a C* aþhatic oPtion:¡lly subÊtituted with dìe or two

substiruefìts independently selected from the group consisting of €Ili', -N(Rï(R'r),

-Cornt,or^c(9N(n*)ß1;

Ro i.s selected frorrt the group consisting of hydrogerv fluoro, Ç. aliphatic' and q.

fluoroaliphatic

R' is selected f¡orr the group consisting of hydroge+ f,uoro' -Str' -Nt -OR!' -N(R1'f

-NTRtoß', -NRt(o)R', -c(o)Nßl/ -c(o)R", c(o)N(R1r, -oc(o)Rs' -oco"R1

Ç, fluoroaliphatic or a Cr. aliphaüc oPÉonally subsütuted with one or trvo

substihr€r¡ts independently setrected from the grouP conssting of €R5.' -N(R-)ß9)'

€o$o,or-C(o)N(R1(R")

Rd is selected from the group consisting of hydrogexr, fltrorø Cr. aliFhatic' and Q¡

fluoroaliPhatiç

fd is hydroge+ or Ç.n aliphatk; or R', taken together with one { arrd the inænzening

carbon atorl6, forms a + to 6'mefìîbercd epirocydic ring;

Rr is hydrogen or Cr. aliPhatiç

earl É is independerrtly hydrogen" fluoro' Q. aliphadc, or Ç. fluoroaliphatic' provided

thet ¡f X is + or 'NH-, then is not fluo¡o; or two f Þken togefher forrn =O; or two

Rr, øken together with the carbon atom to which they are attached, foñn a 3- to

êmembered ca¡bocyclic ring; or one Rr, tafen together ¡'vith r<-' and the intervening

carbon atoms, fortts a 3 to Glne[lbered spirocyclic ring;

Rsis hydrofíerr lEIo, -No2,4N, -c(R1=c(n1,, -c=c-n', -oRs' -sR"' -s(o)Rt' -so¡t'

-sor'.I6)", -Nß1, -l.rnt¡o¡ns, -r',n<t(o)N(R')2, -N(R)c(=NRIN(R5'

than about 10 DM. (013]In some embodiments, such inhibition is selective, i.e., the El enzyme
inhibitor reduces the ability of one or more El enzymes (e.g., NAB, UAE, or SAE) to promote 11
ubl conjugation to substrate peptide or protein at a concentration that is lower than the
concentration of the inhibitor that is required to produce another, unrelated biological effect. In
some such embodiments, the El enzyme inhibitor reduces the activity of one El enzyme at a
concentration that is lower than the concentration of the inhibitor that is required to reduce
enzymatic activity of a different El enzyme. In other embodiments, the El enzyme inhibitor also
reduces the enzymatic activity of another El enzyme, preferably one that is implicated in regulation
of pathways involved in cancer (e.g., NAB and UAE). [014lThe term "about" is used herein to mean
approximately, in the region of, toughly, or around. When the term "about" is used in conjunction
with a numerical range, it modifies that range by extending the boundaries above and below the
numerical values set forth- In general, the term "about" is used herein to modify a numerical value
above and below the stated value by a variance of 10%. I0153The term "aliphatic", as used herein,
means straight-chain, branched or cyclic C1-C12 hydrocarbons which are completely saturated or
which contain one or more units of unsaturation, but which are not aromatic. For example, suitable
aliphatic groups include substituted or unsubstituted linear, branched or cyclic alkyl, alIcenyl,
alkynyl groups and hybrids thereof, such as c3rcloallcyl, (cycloallcyl)alkyl, (cycloalkenybalicyl or
(cycloalkyl)alkenyl. In 'various embodiments, the aliphatic group has one to ten, one to eight, one
to six, one to four, or one, two, or three carbons. 10161The terms "allcyl", "alkenyl", and. "alkynyl",
used alone or as part of a larger moiety, refer to a straight and branched chain aliphatic group
having from one to twelve carbon atoms. For purposes of the present invention, the term "alkyl" will
be used when the carbon atom attaching the aliphatic group to the rest of the molecule is a
saturated carbon atom. However, an alkyl group may include unsaturation at other carbon atoms.
Thus, alkyl groups include, without limitation, methyl, ethyl, propyl, ally!, propargyl, butyl, pentyl,
and hexyl. The term "alkoxy" refers to an -0-alkyl radical. [011For purposes of the present
invention, the term "alkenyl" will be used when the carbon atom attaching the aliphatic group to the
rest of the molecule forms part of a carbon-carbon double bond. Alkertyl groups include, without
limitation, vinyl, 1-propenyl1 1-butenyl, 1-pentenyl, and 1-hexenyl. 10181For purposes of the
present invention, the term "alkynyl" will be used when the carbon atom attaching the aliphatic
group to the rest of the molecule forms part of a  carbon-carbon triple bond. Alkynyl groups include,
without limitation, ethynyl, 1-propynyl, 1-butynyl, 3.-pentynyl, and 1-hexynyl. 



-u6t¡c1=Nn)-n', -rvn"co"n', -N1n)so,R", -N(R)soNçn)", -o-c1o¡nt' -ocoÃ"'

-ocço¡r.t1n)., -c(o)n", -co"n1 c(o)¡.iß)o.-c(o)Nß5of ,

-c(o)r.rß1c(=NxlNß'1,, -N¡n'¡q=rvn)-N(n)C(o)nu, -C(=NR")-Nß),'

-c(=NR)-ons, -lrrß)-Ntn$,, -Ncnl-of , -c(=¡m1-Nß)-oR" <(R1=N-oR" or "''
optionally substituted aliPhatic, aryl, heteroaryl, or heerocydyl;

eact Rh ind.ependently i6 hyd¡oæry halo, 4N-, ÐR!, -N6)r' -s"f' ot ttt çü'onally

gubstituted C¡{ aliP}râtic grouP;

R ;s frya"ogen, -On', -Snt, -l¡(R)", or an o¡rtiorrally subeütuted aliPhatic' âryl or

lrehroaryl grouPt

Rr ts hydrogen, halo, -On", -SR6, -rrl(R{)r, or an optionally substituted Ç. aliphaüc group;

R- i6 hydrogen, fluoro, -N(Ro)r, or an optiorrally subsdhrted C- aliphatic group; and

It is hydrogen, fluoro, or an optionally $rbstituted cr¡ aliphatic group; or

If and* toçther form =O or =C(R1i

each Rt independeîtly is hydroæn or an optiorrally substituÞd aliphatic' aryl'

hetéroaryl or heþrccyclyl g¡ot¡P; or two É on the same nitogen atom' taken

togetler with the ntüogen atom, form an opuonally substitubd ats to 8-membered

hebroc¡iclyl ring having, in addiüon to tl¡e niEogerr atom' G2 ring heteroatoms

mdependentlY sel.ecæd ftom N, O and S;

R& is hydrogerv q4 akyl, q. fluoroalkyL or Có1o ar(CJâlkyl' rhe aryl portiør of which

maY be oPtionallY subsdtuùed;

Rov is hydrogen, c,. alkyl, c¡. fluoroalkyl, cu.ro ar(c,)alþL the aryl portion of which

' may be o¡:tionally substituted, or an optionally substituted 5- Û¡ 6membered aryl'

heteroaryl o! lEærocYdYI ring; or

R* and Rry, tâk€rì toçther with thc nit¡ogen atom to wNch they are attadred' form an

optiorrally substibrted lL to &meribered heterogrcfyl ring havirrg' tn addition to the

nitogen atouç G2 ring heteroatoms independently selected f¡om N' o, a¡rd S; and

each If independently is hydrogen or an oPtionâüy subsribted aliphatic aryl'

heÞroarYl, or heterocl¡tlYl grouP;

t0

[019]The term "cycloaliphatic", used alone or as part of a larger moiety, refers to a saturated or
partially unsaturated cyclic aliphatic ring system having from 3 to about 14 members, wherein the
aliphatic ring system is optionally substituted. In some embodiments, the cycloaliphatic is a
monocyclic hydrocarbon having 3-8 or 3-6 ring carbon atoms. Nonlimiting examples include
cyclopropyl, cyclobutyl, cyclopentyl, cydopentertyl, cyclohexyl, cyclohexenyl, cydokteptyl,
cydoheptertyl, cydooctyl, cyclooctenyl, and cyclooctadienyl. In some embodiments, the
cycloaliphatic is a bridged or fused bicyclic hydrocarbon having 6-12, 6-10, or 6-8 ring carbon
atoms, wherein any individual ring in the bicyclic ring system has 3-8 members. [0201In some
embodiments, two adjacent substituents on a cycloaliphatic ring, taken together with the
intervening ring atoms, form an optionally substituted fused 5- to 6-membered aromatic or 3- to
8-membered non-aromatic ring having 0-3 ring heteroatoms selected from the group consisting of
0, N, and S. Thus, the term "cycloaliphatic" includes aliphatic rings that are fused to one or more
aryl, heteroaxyl, or heterocyclyl rings. Nonlimiting examples include indanyl"
5,6,7,8-tetrahycir0quin0xalinyl1 decahydronaphthyl, or tetrahydronaphthyl, where the radical or
point of attachment is on the aliphatic ring. [021]The terms "haloallphalic", "haloallcyl",
"haloalkertyl" and "haloalkoxy" refer to an aliphatic, allcyl, alicenyl or allcoxy group, as the case
may be, which is substituted with one or more halogen atoms. .As used herein, the term "halogen"
or "halo" means F, Cl, Br, or I. The term "fluoroaliphatic" refers to a haloaliphatic wherein the
halogen is fluoro. [0221The terms "aryl" and "ar-", used alone or as part of a larger moiety, e.g.,
"arallcyl", "aralkoxy", or "aryloxyalicyl", refer to a 0, to Cu aromatic hydrocarbon, comprising one to
three rings, each of which is optionally substituted. Preferably, the aryl situp is a C640 aryl group.
Aryl groups include, without limitation, phenyl, naphthyl, and anthracenyl. In some embodiments,
two adjacent substituents on an aryl ring, taken together with the intervening ring atom's, form an
optionally substituted fused 5- to 6-membered aromatic or 4- to 8-membered. non-aromatic ring
having 0-3 ring heteroatoms selected from the group consisting of 0, N, and S. Thus, the term
"aryl", as used herein, includes groups in which an aromatic ring is fused to one or more
heteroaxyl, cycloaliphatic, or heterocydyl rings, where the radical or point of attadunent is on the
aromatic ring. TTnnHrniIiiw examples of such fused ring systems include indolyl, isoixtdolyl,
bertzothienyl, 13  benzofuranyl, dibenzofuranyl, indazolyl, benzimidazolyl, benzthiazolyl, quinolyl,
isoquirtolyl, cinnolinyl, phthalazinyl, quinazolinyl, quinoxalinyl, carbazolyl, acridinyl, phenazinyl,
phenothiazinyl, phenoxazinyl, tetrahydroquinolinyl, tetrahydroisoquinolinyl, fluorenyl, indanyl,
pbenanthridirtyl, tetraltydronaphthyl, indolinyl, phenoxazinyl, benzodioxanyl, and benzodioxolyl. An
aryl group may be mono-, hi-, hi-, or polycyclic, preferably mono-, bi-, or tricyclic, more preferably
mono- or bicyclic. The term "aryl" may be used interchangeably with the terms "aryl group", "aryl
moiety", and "aryl ring". 1023)An "aralicyl" or "arylallcyl" group comprises an aryl group covalendy
attached to an alkyl group, either of which independently is optionally substituted. Preferably, the
arallcyl group is c640 aryl(C)alkyl, including, without limitation, benzyl, phenethyl, and
naphthylmethyl. [0243The terms "heteroaryl" and "heteroar-", used alone or as part of a larger
moiety, e.g., heteroaralkyl, or "heteroarallcoxy", refer to groups having 5 to 14 ring atoms,
preferably 5, 6, 9, or 10 ring atoms; having 6, 10, or 14 rc electrons shared in a cyclic array; and
having, in addition to carbon atoms, from one to four heteroatorns. The term "heteroatom" refers to
nitrogen, oxygen, or sulfur, and includes any oxidized form of nitrogen or sulfur, and any
quatemized ftailt of a basic nitrogen. Thus, when used in reference to a ring atom of a heteroaryl,
the term "nitrogen" includes an oxidized nitrogen (as in pyridine N-oxide). Certain nitrogen atoms of
5-membered heteroaryl groups also are substitutable, as further defined below. Heteroaryl groups
include, without limitation, thienyl, fur anyl, pyrrolyl, imidazolyl, pyrazolyl, triazolyl, tetrazolyl,
oxazolyl, isoxazolyl, oxadiazolyl, thiazolyl, isothiazolyl, tkdadiazolyl, pyridyl, pyridazinyl, pyrimiciinyl,
pyrazinyl, indolizinyl, purinyl, naphthyridirtyl, and pteridirtyl. [025]In some embodiments, two
adjacent substituertts on a heteroaryl ring, taken together with the intervening ring atoms, form an
optionally substituted fused 5- to 6-membered aromatic or 4- to 8-membered non-aromatic ring
having 0-3 ring heteroatoms selected from the group consisting of 0, N, and S. Thus, the terms
"heteroaryl" and "heteroar-", as used herein, also include groups in which a heteroaromatic ring is
fused to one or more aryl, cycloaliphatic, or heterocyclyl rings, where the radical or point of
attachment is on the heteromomatic ring. Nonliirtiting examples include indolyl, isoindolyl,
bertzothienyl, benzofurartyl, dibenzofuranyl, indazolyl, benzirnidazolyl, bertzthiazolyl, quinolyl,
isoquinolyl, cirmolinyl, phthalazinyl, quinazolinyl, quinoxalirtyl, 4H-quinoli2inyl, carbazolyl, acridinyt
phenazinyl, phenothiazinyl, phenoxazinyl, tetrahydroquinolinyl, 



each Re indePendently is hyùogerç C- alkyl' Çn fluoroalþl' or an optiørally

substituted CGro aryl or C*ro ar(Ç.n)all9yl;

each f independentty is an optionally substituted aliPhauc' aryl' or hetercaryl group;

and

ttt is L, 2, or 3,

l0loJ Compounds of the inverrtion inctude rhose described gerrerally above' and

are fi¡¡the¡ defined and illusüated by the detatled descdPtion and exaE¡Ples ÌreEeirL

trll]'l ^; used treceiç the løn"ÊL,- "EL anzyrne"' or "E1 activaÉn8 etrzjrme" refers

to any orre of a farrily of related ATPdçendent activatin$ enzymes involved in activating

or promoting ubiquitin or ¡rbiguitin-Iike (collectively "ublJ coniugation to target xnolecu¡es'

E1 activating en4'rles furlctiør through an adenylauon/ líoestel intemedlate fGglâtion to

Èa¡rsfer the appropxiate ubl to tlre respective E2 coniugating erøyme tJ:uorrgh a

tlansthiolatiofi feactiorr. The rest¡lttng activated ubl-82 ProEìot€s ullimate coniugâtron of the

ubl to a taræt Prote¡fL A valiety of cellular p'roteins that PIay a rotre ¡n cellsignalinp cell

cycle, a$d proteJn turnove¡ are subshates for ubl cþnjugation wluch is regulated through El

activating enz]¡mes (e.g., NAþ UAE, SAÐ' Unless otlrenvise lndicated by cnnêxt' the term

-E1 enzyme- i6 meant to refe¡ to afry Bl activating enzyrne Proæin' trEludirig' n¡ithout

liFitâtion" neddS activati¡8 erìã¡me (NAE (APFtsP1/Uba3))' ubiquitin acuvalirìg enzJme

(IJAE (Ibal)), sumo activat¡ng erìzylrre (SAÉ (Aæl/UbaÐ)' c ISG15 activating enz¡rme

(IJbelL), Prefe¡abty humân NAE, SAE or U'dE' and mo¡e preferably N.qß'

t0l2lThetem-Elerøyñeinlrrbito¡,,ot-t¡ùribitorofElenzJ¡$e,,isusedtosignify
a compound having a structure as defirred lrereir¡ whicl is capable of interaci¡ng vvith ân E1

en4¡me end inhibtting it8 enzj¡madc ac'tivity' Ifihibiting E1' enzyrradc activity means

feducingtheabiliyofanElenzymetoactivateubiquitlntike(',bI)cg¡iugationtoa
zubsrate peptide or ¡xoæin (e'g', ubnqurtinatiory neddylatiorç Úu¡noylation)' Invarior¡s

er¡rbodiments, suçh reductio$ of E1 enz)'me activity i5 at least about 50%' at leãstabotttT'"lo'

at least about 9070, at least about 9596, or at least ab out99V"' In varior:s embodiments' the

cuncestrauon of 81 enqlme inhibito¡ reqÚlred to red'uc€ an F1 enzyñatic acdvity is less than

about 1 FM, tress than about 500 ¡rlvl, less than about 100 rM' less tlran about 50 ¡rl4 q less

than about 10 ¡iM

toï¡l In sorre eribodirnents' suctr l¡rhibition ls selective' i'¿'' the El enzFne

iñhihitor reduces tlÉ abilitv of one or mo¡e E1 enzj¡mes (e'g'' NAE' UaE' or SAE) to Promote
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tetrahydroisoquinolinyl, and pyrido[2,3-b]71,4-0xazin-3(41.1)-0ne. A heteroaryl group may be
mono-, hi-, tri-, or polycyclic, preferably mono-, bi-, or tricyclic, more preferably mono- or bicyclic.
The term "heteroaryl" may be used interchangeably with the terms "heteroaryl ring", or "heteroaryl
group", any of which terms include rings that are optionally substituted_ The tekin "heteroarallcyl"
refers to an alkyl group substituted by a heteroaryl, wherein the alkyl and heteroaryl portions
independently are optionally substituted. 10261As used herein, the terms "aromatic ring" and
"aromatic ring system" refer to an optionally substituted mono-, bi-, or tricyclic group having 0-6,
preferably 0-4 zing hetero atoms, and having 6, 10, or 14 it electrons shared in a cyclic array. Thus,
the terms "aromatic ring" and "aromatic ring system" encompass both aryl and heteroaryl groups.
10271As used herein, the terms "heterocycle", "heterocycly1", "heterocyclic radical", and
"heterocyclic ring" are used interchangeably and refer to a stable 3- to 7-membered monocydic, or
to a fused 7- to 10-membered or bridged 6- to 10-membered bicyclic heterocyclic moiety that is
either saturated or partially unsaturated, and having, in addition to carbon atoms, one or more,
preferably one to four, heteroatorns, as defined above. When used in reference to a ring atom of a
heterocycle, the term "nitrogen" includes a substituted nitrogen. As an example, in a heterocyclyl
ring having 1-3 heteroatoms selected from oxygen, sulfur or nitrogen, the nitrogen may be N (as in
3,4-dihydro-2H-pyrroly1), NH (as in pyrrolidinyl), or *NM (as in N-substituted pyrrolidiny1). A
heterocydic ring can be attached to its pendant group at any hetero atom or carbon atom that
results in a stable structure, and any of the ring atoms can be optionally substituted.. Examples of
such saturated or partially unsaturated heterocyclic radicals include, without
tetrahydrofuranyl, tetrahydrothienyl, pyrrolidinyl, pyrrolidonyl, piperidinyl, pyrrolinyl,
tetrahydroquinolinyl, tetrahydroisoquinolinyl, decahydroquinolinyl, oxazolidinyl, piperazinyl,
dioxanyl, clioxolanyl, riiazepinyl, oxazepinyl, thiazepiriyl, morpholinyl, and quinudidinyt (0281In
some embodiments, two adjacent substituents on a heterocyclic ring, taken together with the
intervening ring atoms, form an optionally substituted fused 3- to 6-membered aromatic or 3-to
8-membered non-aromatic ring having 0-3 ring heteroatoms selected from the group consisting of
0, N, and S. Thus, the terms "heterocycle", "heterocyclyl", "heterocyclyl ring", "heterocyclic group",
"heterocyclic moiety", and "heterocyclic radi al", are used interchangeably herein, and include
groups in which a heterocyclyl ring is fused to one or more aryl, heteroaryl, or cydoaliphatic rings,
such as  indolinyl,chrornanyl, phenanthridinyl, or tetrahydrocannolinyl, where the radical or point of
attachment is on the heterocyclyl ring. A heterocyclyl group may be mono-, bi-, tri-, or polycyclic,
preferably mono-, bi-, or tricyclic, more preferably mono- or bicyclic. The term "heterocyclylalkyl"
refers to an alkyl group substituted by a heterocyclyl, wherein the alkyl and heterocyclyl portions
indePendently are optionally substituted. f0291As used herein, the term "partially unsaturated"
refers to a ring moiety that includes at least one double or triple bond between ring atoms. The
term "partially unsaturated" is intended to encompass rings having multiple sites of unsaturation,
but is not intended to include aryl or heteroaryl moieties, as herein defined. 0301The term "linker
group" or "linker" means an organic moiety that connects two parts of a compound. Linkers
typically comprise an atom such as oxygen or sulfur, a unit such as -NH-, -C1-12-, -C(0)-,
-C(0)N11-, or a chain of atoms, such as an alkylerte chain. The molecular mass of a linker is
typically in the range of about 14 to 200, preferably in the range of 14 to 96 with a length of up to
about six atoms. In some embodiments, the linker is a C14 alkylene chain which is optionally
substituted- 10311The term "allcylene" refers to a bivalent alkyl group. An "alkylerte chain" is a 



ubl coniugation to substrate PePtide or Proìein at a cofi'entration tlìãt is lower t}øn tlre

concenEaüon of the üùiþito¡ thât is required to produce anothet' r¡n¡elated bþIogicãl effect'

In some such embodtiments, the El enzyme inhibitor reduces the aclrviþ of one E1 enzyme

at a concenhation tlrat is Iowe¡ than the con'entration of the inhibitol that is requlred to

reduce e¡zJ¡matic activity of a different E1 erlz)¡rne' In othe¡ embodiments' the El enzy¡ne

inhibitor also reduces the enzJnnâtic activity of another El enryrne, preferably one that is

implicated in regrrlation of pathwa;æ involved in cancer (e'g" NAE and UAß)'

IOl4l The tefm -aborrtr' iE used he¡ein to mean aPPfoximetelt in the region of'

rougÌùy, or around. Wfrerr the þrn -abouf is used in conjunction with a nurrrerical range'

it modifie6 tllãt range by extending the boundaries above a¡rd below the nume¡ical values

set fo¡tlu In general the term -aboul is used herc¡n to modify a nu¡rerical value above and

below the stated value by a variance of 10%'

IqfS¡ The term'aliPhaüc", as used he¡ein' mea¡s 6tfaght-chain' brandred or cyclic

CrÇ, hydrocarbons which are corrrPleteþ saturated or wbich contain ure c more u¡úts of

u¡rsaturadør, but which are rrot a¡oEìatic. ror exampre, suitabre aliphatic groups include

6ub6tituted G rtñ$¡bstituted,lifìear' bfanclrcd or cyclic alkyl, alkøryl, alkynyl groups and

hybrids thereof, such as cycloalþI, (nycloalkyt)ail91' (cycloalk'enyl)alþl or

(cycloalþl)alkenyl- In va¡ious ernboörnenþ the aliphatic group has one to terv one to

eight ofre to six, one þ four, or one' two' ol ihree carbons'

fo16l The Ûenrrs 'alkyl ' ' 'alkúl.IÍ,{' ' a d-alkynyf' used alone or as Part of a larger

moiety, refe¡ to a sEaight ard branched chain atiphatic gfouP having froúrì one þ twelve

carbon atorrs. For puqloses of tlre Plesent invenlion' tlre term "alkyl" r¡rill be used u¡hen the

ca¡bon atorn attacìing the afiphatic 8¡ouP to the ¡esl of the molecute ts a saturated carbon

atom. Hor,r¡eve¡' an alkyl gfouP may in'iude nsahüaùon at other carbo¡r atogls' Thu6'

alþlgroupsinclude,withoutlirnitation,methylethyl'Propyl'atrylPropargyl'buþl'
perityl and hexyl. T1æ term -alkoxy' refers to an -Galkyl raöcal'

Wln For pu{>oses of the PÌesent ¡rventior¡ the mrr -alkenyl' #U ¡e used when

tlÉ carbdr atoÍr attachtng rhe attPtratic group ho the rest of lhe moleorle fornrs part of a

ca¡bon<arbon double borrd. Alkenyl gÊoups include, witho,t¡ ¡¡¡¡¡¿¡¡6rr, vin/L t-propenyl'

lòuþnyl l-PentenYt, and l-hexenYl

fm8] For pur¡roses of tlre Pr€sent invention' the ternr "alþnyl" will be used when

the ca¡bon ato¡n attaching the aliphatic grouP bo the rest of the molecule forr¡s part of a
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polyrnethylene group, i.e., -((H2)11-, wherein n is a positive integer, preferably from one to six,
from one to four, front one to three, from one to two, or from two to three. A substituted alkylene
chain is a polymethylene group in which one or more methylene hydrogen atoms is replaced with a
substituent Suitable substituents include those described below for a substituted aliphatic group.
An allcylene chain also may be substituted at one or more positions with an aliphatic group or a
substituted aliphatic group. [032]An alkylene chain also can be optionally interrupted by a
functional group. An alkylene chain is "interrupted" by a functional group when an internal
methylene unit Is replaced with the functional group. Examples of suitable "interrupting functional
groups" include -C(R*)=C(R,-, -CHIC-, -0-, -5-, -5(0)-, -S(0),-, -S(0)2N(1fl-,-N(R)CO-,
-N(InC(0)N(R4)-, -N(r)CO2-, -C(0)N(R+)-, -C(0)-, -C(0)-C(0)-, -0O2-, -0C(0)-, -0C(0)0-,
-0C(0)N(R4)-, -C(NR)N, -C(OR*)=N-,-N(R+)-N(RE)-, or -N(1t.)S(C)2-. Each independently, is
hydrogen or an optionally substituted aliphatic, aryl, heteroaryl, or heterocyclyl group, or two R. on
the same nitrogen atom, talcen together with the nitrogen atom, form a five to eight membered
aromatic or non-aromatic ring having, in addition to "hp nurniren atom, zero to two ring
heteroatoms selected from N, 0, and S. Each R* 16  independently is hydrogen or an optionally
substituted aliphatic, aryl, heteroaryl, or heterocylyl group. 10331Examples of C3 6 alkylene chains
that have been "interrupted r with -0-include -CH2OCH2-, -CH20(CH2)-,-CH20(CH2)3-,
-CH20(CH2)4-, -(CH2)2-0CH2-, -(CH2)20(CH2)2-, - (CH2)20(CH2)3-, -(CH2)30(CH2)-,
-(CH2)30(CH2)2-, and -(CH2)40(CH2)-. Other examples of alkylene chains that are "interrupted r
with functional groups include -CH2GCH2-, - CH2G(CH2)2-, -CH2G(CH2)3-, -CH2G(CH2)4-,
-(CH2)2GCH2-, -(CH2)2G(CH2)2-, -(CH2)2G(CH2)3-, - (CH2)3G(CH2)-, -(CH2)3G(CH2)2-, and
-(CH2)4G(CH2)-, wherein G is one of the "interrupting" functional groups listed below. 10341For
purposes of clarity, all bivalent groups described herein, including, e.g., the alkylene chain linkers
described above and the variables VI, \P, T1, T2, T3, and T1 are intended to be read from left to
right, with a corresponding left-to-right reading of the formula or structure in which the variable
appears. 10351One of ordinary skill in the art will recognize that when an alkylene chain having an
interruption is attached to a functional group, certain, combinations are not sufficiently stable for
pharmaceutical use. Only stable or chemically feasible compounds are within the scope of the
present invention. A stable or chemically feasible compound is one in which the chemical structure
is not substantially altered when kept at a temperature from about -80 (c)C to about +40 C,
preferably from about -20 (c)C to about +40 C, in the absence of moisture or other chemically
reactive conditions, for at least a week, or a compound which maintains its integrity long enough to
be useful for therapeutic or prophylactic administration to a patient. 10361The term "substituted",
as used herein, means that a hydrogen radical of the designated moiety is replaced with the radical
of a specified substituent, provided that the substitution results in a stable or chemically feasible
compound. The term "substitutable", when used in reference to a designated atom, means that
attached to the atom is a hydrogen radical, which can be replaced with the radical of a suitable
substituent 10371The phrase one or more substituents", as used herein, refers to a number of
substituents that equals from one to the maximum number of substituents possible based 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 group may have a
substituent at each substitutable position of the group, and the substituents may  



carbon-carbon tsiple bond. Alkynyl groups include, without lt¡nit-¿tlo& ethynyl, l-propynyl'

l-butynyl, l-Pentynyl, and l^hexynyl'

t0191 The term "cyclmliPhâtif, used alone or as part of a larger moief' refers to a

satr¡rated o¡ Partial¡y unsaturated rycJic alipha6c ring s)¡stem havlng ffom 3 to about 14

mefnbefs, \dhefein the aliphatfc ring system is oPtionally substituted' In some

embodiments, the qydoafiphatic is a monoc¡rclic hydrocarbm having 3-8 or 3'6 ring cârbon

atoms. Nonü.niting examples lnclude cyclopropyL cyclobutyl' cydoPentyl' cydopenterryl'

cyclohexyl, cyclohexenyt, cyclohegtyl, gclolreptenyl' cyclooctyl' cyctooctenyl' and

q¡clooctadienyl. In some embodiments, the cyctoaliPhatic is a bridged or ftlsed bicydic

hydrocarbør having Éiaz, çLO, @ æring carbon atorns' wherein any individual ring in the

bicyclic ring sl¡3þ[l has 3'8 meribe¡s'

f0201 In some embodiments, tri'o adiacent subsutuerìts on a cydoaliphatic ring'

taken trogetlrer with the interræning ring atwrs' for[r an oPtionally subslihrled fused S to

6-merrbered a¡omatic or 3- þ &membered non-aromatic ring travhg G3 ring heteroatorls

selected frqrrr the group consisting of O, N, and S' Thus' the term -cycloaliphatic" tncludes

aliphatíc rings that are fused to one or more aryl, heteroaryl' or leterocydyr rinp'

Norit¡¡nit'¡ng exãnPles include indanyl t6,Z&tetrahydroqulnoxal¡nyl' decahydronaphlhyl'

or tetsahyùonaPhthyl, whe¡e tlre radical or Point of attâchnent is orr the aliphatic ring'

to2il The te rs -haloal¡Phatic 
"'\aloalkyl- 

' "haloatkerryl" and "haloarkosy'' refer

to an aliphatic, alkyl, alkenyl or alkory group' as the case may be' whictr is substitr¡ted \ tith

one o¡ more halogerì atoEls' As used herein' the term "halogerr- or -halo" rneans Ð CL B¡'

o¡I.Ttrete¡rr,,fluoroaliphatic-refeÉtoahatoaliPhalicwhefeifitlìehãlogenisfluoro.

tq22l ltre ærms "aryl- and "ap", used alone or as Part of a larger moiery' e'8''

" exdkyl', "aralkryy/', ot "aryloxyalþI-, xefer to a C" to Ço aromatic hydrocarbo+

comprisingonetotltreedngs,eachofwhicltisoPuonaþsubstituted'I'referably'tlrearyl

grbup is a C"r aryt c.-tp. Aryl groups include' \ ¡ithout limitation' pheriyl' naPhthyl' and

anthfacenyl. In sorne ertbodirr¡ents, tr'vo adiacent sttbsütuenb on an aryI dngl' taken

together with the intervening ring atoms' forln an optnonaþ sübstitrrted fu6ed $ bo

&membe¡edaromatico!4.to&membe¡ednon-ãromÃticringhavirrg0.3ringll€teloatoms

selecH f¡om tlle group consisting of o, N' a¡rd S' Ttrus' the term -aryl"' as used ÌÉreitì'

ínrludes groups in whith an aromatic ring is ftrsed to orìe ü rroÉ hel€roaryl' cycloaliphadc

or tæÞrocyclyl rings, where tlre radic¿l or poÍnt of attaclr'ment is on the arornatic ring'

N'rrñtirni}iñ'exâmolesofsudrfusedringsystemsincludeindotylrsoindolyl,benzothienyl,
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be either the same or different As used herein, the term "independently selected" means that the
same or different values may be selected for multiple instances of a given variable in a single
compound- [0381An aryl (including the aryl moiety in arallcyl, aralkoxy, atyloxyalkyl and the like) or
heteroaryl (including the heteroaryl moiety in heteroaralkyl and heteroaralkoxy and the Ince) group
may contain one or more substituents. Examples of suitable substituents on the unsaturated
carbon atom of an aryl or heteroaryl group include -halo, NO -CN, -R", -C(R*)=C(R")2, -C-C-R*,
-OR*, -SR, -S(0)W, -50212, -SO2N(R.)2, -N(R4)2, -NR+C(0)R", -NRIC(C)N(R+),,
-NrCO21r,-0C(0)N(Rt)2, -0-C(0)R*, -CO2R", -C(0)-C(0)11", -C(0)R*, -C(0)N(R.4)2,
-C(=N1n-N(R.)2, c(_ ROW. -N(R..)4)2, -NREC(=N10-INT(R`)2, -NR 750,11, -NR*502N(R4)2,
-P(0)(R*)7, -P(0)(0R12, -0-P(0)-0W, and -P(0)(Nin-N(R4)21 wherein R is an optionally substituted
aliphatic or aryl group, and R. and R" are as defined above, or two adjacent substituents, taken
together with their intervening atoms, form a 5- to 6-membered unsaturated or partially unsaturated
ring having 0-3 ring atoms selected from the group consisting of N, 0, and S. [0391An aliphatic
group or a non-aromatic heterocyclic ring may be substituted with one or more substituents.
Examples of suitable substituents on the saturated carbon of an aliphatic group or of a
non-aromatic heterocyclic ring include, without limitation, those listed above for the unsaturated
carbon of an aryl or heteroaryl group and the following: =5, =C(R")" =N-N(14, =NOR",
=N-NLIC(0)1t*, =N-N1-1CO211., =N-NI-15021r, or =NR*, where each R* and R is as defined
above. For the purposes of clarity, the term "substituted aliphatic" refers to an aliphatic group
having at least one non-aliphatic substituent [0401Suitable substituents on a substitutable nitrogen
atom of a heteroaryl or heterocyclic ring include -R*, -N(R12, -C(0)W, -COX, -C(0)-C(0)R*
-C(0)C1-12C(0)W, -502W, -502MR12, -C(=.5)N(R12,-C(=NH)-14(W)2, and -NR*S021r; wherein
each R* and R is as defined above. [0411Unless otherwise stated, structures depicted herein are
meant to include compounds which differ only in the presence of one or more isotopically enriched
atoms. For example, compounds having the present structure except for the replacement of a
hydrogen atom by a deuterium or tritium, or the replacement of a carbon atom by a 13C- or
14C-eraiched carbon are within the scope of the invention.  [042]It also will be apparent to one
skilled in the art that certain compounds of this invention may exist in tautomeric forms, all such
tautomeric forms of the compounds being within the scope of the invention. Unless stereochemical
configuration is expressly defined, structures depicted herein are meant to include all
stereocktemical forms of the structure; i-e., the R and S configurations for each asymmetric center_
Therefore, unless otherwise indicated, single stereochemical isomers as well as ertantiomeric and
diastereomeric mixtures of the present compounds are within the scope of the invention_ By way of
example, the compounds of formula (I) wherein Ra is hydroxy can have R or S configuration at the
carbon atom bearing le. Both the R and the S stereochemical isomers, as well as all mixtures
thereof, are included within the scope of the invention. (0431Where stereochernical configuration at
a given asymmetric center is defined 



benzofuranyl, dibenzofirranyl, indazolyl betrzimidazo$L beruthiazolÈ quinolyl'

isoquinolyl, cirmolinyt, phú'ralazinyl, quinazorinyl quinoxarinyt' carbazoly'' acridinyl'

phenazinyl phenothiazinyl, pheno<azínyl' tetrahydroquinolinyl' tetrahydroisoquinolinyt'

fluorenyl, indanyl, phenantlridinyl, tetrahydrorraphthyl' indolinyl' phenoxazinyl'

berrzodio<anyl, and benzodiorolyl' An aryl $ouP may be mono-' bi-' tri-., or polycyclio

preferably mone, bi-, or tricyclie møe preferably rnono- or bicyctic' The term "aryI" may

be used intercharrgeably withthe tenn-s "atyl gco"tp" ' 
-aryl noiety" arrd " aryl rt'';'{''

to29l An -anlkyl- or "arylalkyl" gfouP comprlses an aryl group covalendy

attaclred to an aIIVI group, either of whuch indeperrden0y ts optionally substituted'

Preferably, the aralþl group is C"r' ary(qJall<yl including' vvilhout limitation' benzyl'

phenethyl, and naPhthYlmethYt'

lO?Al The teûns "neeroaryl" +rd '-lÉt€roar-"' used aløre or as part of a Iarçr

moiety, ¿.8., heteroaralkyl, or '1reæroaralkoxy"' refer to groups having 5 to 14 ring atoms'

pxeÍetably 5,6,9,ø 10 ri¡g atdls; lraving 4 1O or 14 zt etechons stured in a cyclic array;

and having, in addition to calbon åtoms' f¡o¡rr one lo four heteloatoßs' The terrr

,trete¡oatcn, re¡E6 to nitrogea, oxygen, or sulfirr, and includes any oxidized form of

niüogen or sulfur, and any quaùernized forrr of a basic nitrogerr' Ihus' when used in

refe¡e¡rce to a rfurg atom of a heteroaryL l:he lern /'nitogen" includes an oxidized niEogen

(as in pyridine N-o:<ide) - Certain nitogen atoms of Fslerrlbered heæmaryl groups also are

substitutable, as further deñned betow' Heteroaryl groups include' without linitationv

thienyl, fnranyl, PyEoIyL iñidaz olyL Wrazo\'Jtt tiazolyl' tetazolyL ox azolyl' lsoxaznlyl'

oradiazolyl thiazolyl isothiazolyl, thiadiazolyt' pyridyl' p¡idazinyr' pyrimidinyl

pyrazinyl indolizinyl, purinyl, naphth¡nidinyl' and pteridinyl'

1025] In solne embodiments, two adjacerrt substit¡e¡rts on a trcteroaryl riflg' tal€n

togelher with the fntereening ring atoms' fof[r ãn oPtionally subeührted fused * to

6-merrbered arorrratíc or lþ to &medbered non-arorrÊtic fing having G3 ring heteroatdms

selected ftoñrthe $ouP consiÉtlng of o, N' and S' T'hus' the tedìs -lÉæroaryl" and

,hete¡oar-", as r:sed herei& also include grouPs ín whích a heteroatomâtic ring is fr:sed to

øre or more aryl, cycloaliphatio or heterocyclyl rings' wlre¡e the radical or point of

attâchment is on the heteroa¡omatic ring. Norilimiting exanples include indolyl, isotndolyl'

benzotluenylbenzofu¡anyLdibenzofuranyfindazolylbenzimidazolyl'benzthiazolyl
quirolylisoquirrolylcirrnolinyl,phthalazinyl,quinazolinyl,quinoxalinyl,4H-quinolizinyl,

carbazolyl acridinyl, phenazinyt, thenoü:iazinyL phenoxazinyl ÞtrahydroguinoliÎyl

l4

by structure, unless stated otherwise, the depicted configuration indicates stereochennistry relative
to other asymmetric centers in the molecule. Where stereochemical configuration is defined by
chemical name, the designations (rel), (R*), and (S*) indicate relative stereochemistry, while the
designations (R), (S), (), (-), and (abs) indicate absolute stereochemistry. 10441In the compounds
of formula (I), stereochernical configurations depicted at asterisked positions indicate relative
stereochemistry, unless expressly stated to indicate absolute stereochernistry. Preferably, the
diastereomeric purity of the compound is at least 80%, more preferably at least 90%, still more
preferably at least 95%, and most preferably at least 99%. As used herein, the term
"diastereomeric purity" refers to the amount of a compound having the depicted relative
stereochemistry, expressed as a percentage of the total amount of all diastereoiners present.
1045]In some embodiments, stereochemical configurations depicted at asterisked positions
indicate absolute as well as relative stereochemistry. Preferably, the enantiomeric purity of the
compound is at least 80%, more preferably at least 90%, still more preferably at least 95%, and
most preferably at least 99%. As used herein, the term "enantiomenc purity" refers to the amount
of a compound having the depicted absolute stereochemistry, expressed as a percentage of the
total amount of the depicted compound and its enantiomer. [046]Methods for determining
diastereorneric and enantiomedc purity are well- known in the art. Diastereomeric purity can be
determined by any analytical method capable of quantitatively distinguishing between a compound
and its diastereomers.  Examples of suitable analytical methods include, without limitation, nuclear
magnetic resonance spectroscopy (NMR), gas chromatography (GC), and high performance liquid
chromatography (HPLC). Similarly, enantiomeric purity can be determined by any analytical
method capable of quantitatively distinguishing between a compound and its enantiomer.
Examples of suitable analytical methods include, without limitation, GC or HPLC, using a chiral
column packing material. Enantiomers may also be distinguishable by NMR if first derivatized with
an optically enriched derivatizing agent, e.g., Mosher's acid. 10471Jr the compounds of formula (I),
X is -C(R)2, -N(W2)-, or -0-. Each R"is independently hydrogen or fluoro; or one WI, taken together
with an adjacent W and the intervening carbon atoms forms a cyclopropyl ring; or one R and one R
together form a double bond. R" is hydrogen, 4 aliphatic, or C1-4 fluoroaliphatic. In some
embodiments, X is  CH2-, -CHF-, -CF2-, -NH-, or -0-. In certain embodiments, X is -C1-12-, -NH-,
or -0-. Jr certain particular embodiments, X is -0-. 10481Jr the compounds of formula (I), Y is -0-,
-S-, or -C(Rm)(Rn)-, where Rm and Rn are as described above. Jr some embodiments, Rm is
hydrogen, fluoro, -NH), -NH(Ci 4 aliphatic), -N(Ci 4 aliphatic)), or 4 aliphatic, or Rm and W together
form =0. In some embodiments, Y is -0- or -CH). 10491In the compounds of formula (I), in is 0, 1,
2, or 3, provided that Y is  C(Rm)(Rn)- when in is 0. In some embodiments, in is 1, 2, or 3. In
certain particular embodiments, m is 1. 10501Jr the compounds of formula (I), Ra is selected from
the group consisting of 



teEahydroisoquinotinyl' and pyridot23-bl-1'4'oxazin-3(4rÐ-one' A Ìreæroaryl grouP [ray

be mono-, bi-, tri-, or poþcycric, plferably rrono-' bi-' or tricydic' more preferably morw- or

bicyclic. The terñ "heteloaryl" ñây be Úsed interchangeably with the t€rms "heteroaryl

ring., or "hetero atyl groap", arry of which teÛs include rings thât are optionally

subsutut€d- The teÎfn -heteroaratkyl" refe¡s to an alkyl group substituted by a heteroaryl'

wherein the alkyl and heteroaryl portions indqrender¡tly are opdonalty subsgtuted'

fEzßl As r:sed hereixv the terrns 'aforlãtic ring" and "arorrøtic ring systerrr" refer to

an orptiona[y substituted morìÈ, bl-, or üiqcllc grouP having 0-6' Preftrably G4 ring

heÞrcatoÍls, âI\d having 6, 10, or 14 n electrons 6hared ln a cyclic array' Thr:s' the æms

,'aromaticring.and"arornaticringsystem',encomPassbotharylandhe¡efoarylgfoups.

Wzn Ae r:sed hereirç the terms '1EÞlocycle " 

"'beræø¡dyl"' 
"heterocydic

radicalo, arrd "heÞrocyclic rhg" are used interclungeabty ard refer to a slable Íl- to

7-membered nrorroc5zcliq o¡ to a fr¡sed 7- to lÞmembered or bridçd G to l(Þmeribe¡ed

blcyclic heærocyclic moiety tlìat i9 eiÛrer satu¡ated o¡ partially unsaturated' and traving' in

addition to carbon âtoms, one oi moEe, preferably cre to fol¡f' hetefoatoms' ag defined

abwe. Wlren used in ¡eference to a ring atorn of a ÌÊtelocyctre' the l€rm "r¡ttrogm" indudes

a substituted nitrogen- As an example, in a heteroryclyl ring having 1-3 heþroattrn€

selected from oxyger¡ su)fur or nitsogen, the nitogen may be N (as in

3,44îhydro'2fI-pyrrolyt), NH (as rn pyrrotidinyl)' or ì'IR (as in N-subsuhrted Py¡rolidinyl)'

A heterocyclic ring can be attactred to itâ Petírdâfrt glouP at afry hebroatom ol carbotr atom

tlEt r€$tlts ift a stabte s¡ucn¡¡e. a¡rd any of the ring ators carr be optionally substituled'

Examples of surch satl¡rated of Pa¡lially ur¡saturåted hetetocyclic rad¡c:rlc i¡rcIude' witlrout

limltation, teEahydrofuranyl, ÞEahydrotluenyl' pyrrolidinyl' pynolidøryl piperidinyl'

pyrrolinyl, tetrah)'droquinolinyl, ætrahydroisoquinolinyl' decahydroguinolinyl

oxazolidinyLpiperazinyt,dioxanyLöoxolanyl'diazeptnyl'oxazepinyt'thiazepinyl'

morpholinYl, and quinuc-LdinYl'

to28]In6ofneeÛibodimenÞ,fiÁroadjace¡tsubstituentsonalEt€facydicr¡ng'taken
together with the intewening ring atorns' foxm an oPtionally substituæd fused t to

6-membe¡ed aromatic or 3- to 8'membefed non-aromatic ring traving 0-'3 ¡ing heteroatoms

selecd from the group consisting of o, N, and 5' Thr:s' tle terms "heteroryde"'

,heærocyclyl,,, ,,heærocycryl ring", -het€Íocyeiic g!ouP-, /heterocyctic moieq/', and

-¡ete¡ocyclic radical-, are used interchangeably herein' and include groüPs in trlhicl a

heterccyclyt ring is fi¡sed to one Ú Inore aÐ/L lreteroaryl' or cycloaüPhãtic rings' such as

l5

hydrogen, fluoro, -CN, -N3, -0R5, -N(124)2, -NRICO2R6, -NR4C(0)R5, -C(0)N(124)2 -C(0)R5, -
OC(0)N(R4)2, -0C(0)R5, -00O2126, or a 4 aliphatic or 4 fluoroaliphatic optionally substituted with
one or two substituents independently selected from the group consisting of  0R5x, -N(124x)(R4r),
-0O2R5x, or -C(0)N(R4x)(R4r); or Ra and Rb together form =0; or Ra and W together form a bond.
In some embodiments Ra is selected from the group consisting of hydrogen, fluoro, -CN, N3, CI -4
aliphatic, 4 fluoroaliphatic, -0R5x, -NH(120, -N(H)CO2125, - N(H)C(0)R5, -C(0)NHR4, -C(0)R5,
-0C(0)NHR4, -0C(0)R3, and -0C(0)0R5. In some embodiments, Ra is selected from the group
consisting of hydrogen, -OH, -OCH3,4 aliphatic, G- fluoroaliphatic and fluoro. In certain
embodiments, Ra is selected from the  group consisting of hydrogen, -OH, -0C1-13, -CI-13, and
fluoro- In certain particular embodiments, Ra is -OH. [0511In the compounds of formula (/), le is
selected from the group consisting of hydrogen, fluoro, -CN, -Na, -OR', -N(R4)" -NR4CO2R6,
-NR4C(0)R5, -C(0)N(R4)2, -C(0)R5, -0C(0)N(R4)2, -0C(0)R5, -00O2R6, or a Cm aliphatic or Cm
fluoroaliphatic optionally substituted with one or two substituents independently selected from the
group consisting of-0t, -N(1243(t), -CO2R5x, or -C(0)N(Rax)(e); or r and RI together form a bond;
or le and Rd together from =0. In some embodiments, RE is hydrogen, fluoro, -CN, N3, C14
aliphatic, Cm fluoroaliphatic, -0e, -NH(R4), -N(H)CO225, -N(1-1)C(0)R5, -C(0)NBRa, -C(0)R5,
-0C(0)NHRd, -0C(0)R5, and -0C(0)0R5. In certain embodiments, Re is hydrogen, -011, -00-13, or
fluoro. In certain particular embodiments, le is hydrogen or -OH. [0521In the compounds of formula
(I), le is selected from the group consisting of hydrogen, fluor, c.,4 aliphatic, amid c fluoxoaliphatic;
or Rb and Ra together form =0; or Rb, taken together with Rd and the intervening carbon atoms,
forms a fused cyclopropane ring, which is optionally substituted with one or two substituents
independently selected from fluoro or Cm aliphatic; or Ttb, taken together with e and the
intervening carbon atoms, forms a fused cyclopropane ring, which is optionally substituted with one
or two substitaents independently selected from fluoro or Cm aliphatic. [053]In the compounds of
formula (I), Rd is selected from the group consisting of hydrogen, fluor, C1and Cm fluoroaliphatic;
or Rd and le together form =0; or R", taken together with Rb and the intervening carbon atoms,
forms a fused cyclopropane ring, which is optionally substituted with one or two substituents
independently selected ' from fluoro or Cm aliphatic; or Rd, taken together with Re and the
intervening carbon atoms, forms a fused cyclopropane ring, which is optionally substituted with one
or two substituents independently selected from fluor or Cm aliphatic. [051]In some embodiments,
each of le and Rd independently is selected from the group consisting of hydrogen, fluoro, Cm
aliphatic, and C,In some embodiments, one of R." and Rd is Cm aliphatic and the other is
hydrogen. in some embodiments, Rb and le are each hydrogen. 21 



rndolinyl, 3H-indoly! ctuomarryl, phenantlrridinyl' or tetsahydrcquinoltnyl whete the

radical or point of attachment i5 on the treerocyclyl ring' A heterocyclyl group may be

mono-, bi-¡ tri-¡ or Polycyclic, Preferably mono-' bÞ' or ticycliÇ more preferably mono- or

bicyclic. The terÍr 'heterocycrylaJkyl" refers to an alkyl group subsünrted by a heæroc¡Jyl'

wherein tfle alkyl and heterocyclyl Portiorìs ¡ndeÉender¡Uy a¡e oPuonally substituted'

to29] As used lrereirv tlre term'partially r¡nsaturated" refer9 to a fing moiety that

ürcludesatleastorredoubleorniplebondbetweerrrlngatorls.Thetemr,'partially
ungaturated-isintended,toencomPassdngshavingmultiPlesitesofrüìsâtufation"butisnot

iñtended to inchd€ aryl or heteroaryl moieties' as tre¡ein defined'

f0301 Tlre term "li¡rker group" or -linker'rneans an organic moiety thât connects

two pafts of a corrrPor¡nd. r'inkeß typicauy comPrse an atom suc-tr as oxyçn or sulfur' a

l¡flit such as -NHz -Cla-, -C(O)-' -C(O)NH-' or a chain of atotrs' such as an alþlene clratn'

The rnolecula¡ srass of a linker is tlæically in the range of about 14 to 2OO preferably in rhe

range of 14 to 96 with a length of uP to about six atorns' In some etÌlbodinrents' the linker is

a Cr" alkylerre clrain whictr is optionally sr¡bsËtuted-

tdSil The term "alkylerre' ¡efers to a bivalent alkyl group' An "alkytene dìain" is a

polyureîÌylene group, i'e,, -(CÉI)"-, whereln n is a Posiüve inþter' Preferably from orre to

si:c from one to fou¡, frodr one to thrce' frün one to trÆo' or from two to th¡ee' A substitut€d

alþlene chain is a pol¡nnethylene group in whicì one o¡ ¡lúe Éthylene hydrogen atoms is

rePlaced with a EuþEtituerit' Suitable sr¡bstitt¡erìts inctude thoee described below for a

substituted aliPhâtic StouP' An alþIeræ chain also rnay be substiù¡ted at dle ol rþre

posftfons with an aliplratic group or a substituted aliphatlc group'

Io32¡ An atkytene clìain also eanr be optionauy hternrPted by a furrctional group'

An alkylene chain is "inteÍupted- by a functiorral SouP when an internÂI methylene unit 
'rs'

replaced with the furrc{ionaf grorrp' Examples of suitabte "interrupting functional groups"

incrude -C(R*)=C(R')-, {rC-, -G, -$' -s(o}' -S(o)'z-' -s(o)J'I(R)-' -N(R*Þ -Nß)cG'

-N(R)c(o)Nß)-,-N(R)co,-,'c(o)N(R)-,-c(o)-'4(o)-c(o)-',4o'-'æ(o)-,-oc(o)o',

-oc(o)N(R')-, -c(ÑR)=N,'c(oR-)-N-' -NG)-Nß)-', o1 -Nß)s(o)'z-' Fâch R"

independently,ishydrogenoranoptionallysubstitutedaliphatic'ary!hetercarylor

heterocyctyl ErouP, or two R'on the same nitrogen atom' taken together with tlle rütmten

atom, fo¡sr a five to e¡ght membefed af@latic or non-afomatic rlng having' in addttidl to

fhø rrìÌr.rtp.rr âþdr, zero lo tt'vo ring lleteloâtogls selected frort N' g' a¡rd S' Eadl R*
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(0551In one embodiment, r and le are each -OH, and le and Rd are each hydrogen. In another
embodiment, r is -OH, and each of RI', le, and Rd is hydrogen. In another embodiment, RP is -011,
RP is fluor or -OCI-I" and BY and Rd are each hydrogen. In another embodiment, Re is -OH, BY is
-CH9, le is hydrogen or -OH, and Rd is hydrogen. In another embodiment, RIL and le together form
a band, and BY and Rd are each hydrogen. [056]In the compounds of formula (I), each le
independently is independently hydrogen, fluor, C,r9 aliphatic, or C fluaroaliphatic, provided that if
X is -0- or -NE-, then le is not fluoro; or two r taken together form =0; or two k, taken together with
the carbon atom to which they are attached, form a 3- to 6-membered carbocyclic ring; or one r,
taken together with Rif and the intervening carbon atoms, forms a 3- to 6-membered spirocyclic
ring, which is optionally substituted with one or two substituents independently selected from fluor
or CI, aliphatic; or one le, taken together with an adjacent ri and the intervening carbon atoms
forms a cyclopropyl ring, which is optionally substituted with one or two substituents independently
selected from fluor or CI, aliphatic or one le and one Ra together form a double bond. In some
embodiments, each r independently is hydrogen or C,.." aliphatic. In some such embodiments,
each le independently is hydrogen orIn certain embodiments, one le is hydrogen or -CH" and the
other Rf is hydrogen. In certain particular embodiments, each le is hydrogen. (0571In the
compounds of formula (1), r is hydrogen, or C.," aliphatic; or Re, taken together with one if and the
intervening carbon atoms, forms a 3- to 6-membered spirocyclic ring, which is optionally
substituted with one or two substituents independently selected from fluor or C4 aliphatic; or Re,
taken together with RI' and the intervening carbon atoms, forms a fused cydopropane ring, which is
optionally substituted with one or two substitu.ents independently selected from fluor or C14
aliphatic; or RP, taken together with BY and the intervening carbon atoms, forms a fused
cyclopropane ring, which is optionally substituted with one or two substituents independently
selected from fluor or C aliphatic. In some embodiments, it is hydrogen or C1 aliphatic. In some
such embodiments, it is hydrogen or -CR3. In certain embodiments, le is hydrogen.  [OMIn the
compounds of formula (I), Re is hydrogen or Ci, aliphatic; or Re, taken together with REIt and the
intervening carbon atoms, forms a fused cycloproparte ring, which is optionally substituted with one
or two substituents independently selected from flu oro or Ci, aliphatic; or Re, taken together with
Rd and the intervening carbon atoms, forms a fused cyclopropane ring, which is optionally
substituted with one or two sub stituents independently selected from fluor or C1_1 aliphatic. In
some embodiments, Re is hydrogen or C14 aliphatic. In certain particular embodiments, Re is
hydrogen. [059]In the compounds of formula (I), Ring A is selected from the group consisi:ing of:
Fo, 
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independently is hydrogen or an optionally substituted  aliphatic, aryl,  heteroaryl, or 

heterocylyl group. 

 

[033]  Examples of C3-6 alkylene chains that have been "interrupted" with -O-include 

-CH2OCH2-, -CH2O(CH2)-,-CH2O(CH2)3 -, -CH2O(CH2)4-, -(CH2)2-OCH2-,  -(CH2)2O(CH2)2-, -

(CH2)2O(CH2)3-, -(CH2)3O(CH2)-, -(CH2)3O(CH2)2-,  and -(CH2)4O(CH2)-.  Other examples of 

alkylene chains that are "interrupted" with functional groups include –CH2GCH2-, -

CH2G(CH2)2-, -CH2G(CH2)3-, -CH2G(CH2)4 -, -(CH2)2GCH2-, -(CH2)2G(CH2)2-, -(CH2)2G(CH2)3-, -

(CH2)3G(CH2)-, -(CH2)3G(CH2)2-, and -(CH2)4G(CH2)-, wherein G is one of the “interrupting” 

functional groups listed below. 

 

[034]  For purposes of clarity, all bivalent groups described herein, including, e.g., 

the alkylene chain linkers described above and the variables V1, V2 , T1 , T2, T3, and T4 are 

intended to be read from left to right, with a corresponding left-to-right reading of the 

formula or structure in which the variable appears. 

 

[035]  One of ordinary skill in the art will recognize that when an alkylene chain 

having an interruption is attached to a functional group, certain, combinations are not 

sufficiently stable for pharmaceutical use. Only stable or chemically feasible compounds are 

within the scope of the present invention. A stable or chemically feasible compound is one in 

which the chemical structure is not substantially altered when kept at a temperature from 

about -80 °C to about +40 °C, preferably from about -20 °C to about +40 °C, in the absence of 

moisture or other chemically reactive conditions, for at least a week, or a compound which 

maintains its integrity long enough to be useful for therapeutic or prophylactic 

administration to a patient. 

 

[036]  The term "substituted", as used herein, means that a hydrogen radical of the 

designated moiety is replaced with the radical of a specified substituent, provided that the 

substitution results in a stable or chemically feasible compound. The term "substitutable", 

when used in reference to a designated atom, means that attached to the atom is a hydrogen 

radical, which can be replaced with the radical of a suitable substituent.  

 

[037]   The phrase "one or more substituents", as used herein, refers to a number of 

substituents that equals from one to the maximum number of substituents possible based 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 group 

may have a substituent at each substitutable position of the group, and the substituents may 

sc.N / IN A-vi  where Rs, Rh, R! and le are as defined above and as further defined below. [061:]In
the compounds of formula (I), each Rh independently is hydrogen, halo, -CN-, -01?, -N(114), -SR6,
or an optionally substituted Ci4 aliphatic group. In some embodiments, each Rh independently is
hydrogen, halo, -CN, -OH,aliphatic), -NH2, -NH-(C.2., aliphatic), -N(Ci, aliphatic), -SH, -S-(C""
aliphatic), or an optionally substituted Cgroup. In certain embodiments,? is hydrogen or chloro. In
certain particular embodiments, Rh is hydrogen. [061]In the compounds of formula (1), each I?!
independently is hydrogen, -Ole, -N(R4)2, -SR6, or an optionally substituted aliphatic, aryl, or
heteroaryl group. In some embodiments, each R! independently is hydrogen, -OH, -0-(C.2_,
aliphatic), -NH, -NE-1-(c,", aliphatic), -N(C. aliphatic), -SH,aliphatic), or an optionally substituted
Cm aliphatic group. In certain ernbodirnents,R1is hydrogen or Cm aliphatic In certain particular
embodiments, R." is hydrogen. f062)In the compounds of formula (I), Rk is hydrogen, halo, -0R5,
-N(R4)2, -5R6, or an optionally substituted Cm aliphatic group. In some embodiments, each le
independently is hydrogen, halo, -OH, -04;4 aliphatic), -NI-12, -NB-(C1 aliphatic),
-N(C14aliphatic)2, -51-I, -5-(Cm aliphatic), or an optionally substituted Cm aliphatic group. In
certain embodiments, le is hydrogen, halo, or Cm aliphatic. In certain particular embodiments, le is
hydrogen. (0631In some embodiments, the compound of formula (1) is characterized by at least
one of the following features: (a) X is -0-; (b) '1 is -0- or -Clic; 



be eithe¡ tLre same or diffefenl As used he¡eirV the ærrr oindependently selected" rlears

that ìhe same o¡ differerrt values rray be selected fo¡ multiple ;nstanès of a given variàble in

a singtre comPound-

to3sl An aryr (including the aryl rnoiety in arallyl' aratkoxt arytroxyalþl and Ere

like) or heteroaryl (mcluding the heteroaryl moiety in heteroaralkyl ar¡d heteroaralkoxy and

the like) group may contaifl one or more substituÉrits' Examples of suitable substítuents on

the unsaturated calbon atorr of an aryl or heteroaryl group include 'halo' -NOo' -CN,, -R*'

-c(R1=c(R*)", -c=c-R*, -oR*, -sR" €(o)R", -so2R" -so¡'Iß)" -N(Ð"' -NR'c(o)R"

-NRr(o)NG)/ -NR'coaR", -GCOZR" Ðc(o)N(R)r', -cc(o)R.', -coF*' -c(o)-c(o)R*',

-c(o)R", -c(o)N(R'),, {(=NR)-N1n)o c1=wn)-on", -Nß)-N(R'),'

-Ñts)c(-l.fR)-N(R)2' -NR*sozF, 'Ì'llR"so¡'Iß)r -P(oxRl,' -P(oxoRl" -GP(o)-oR"'

and -P(OXNR)-N(R)., wherein Ro is an oPtionauy $rbstituted attphatic or aryl group' and

R. and R* a¡e as defirÊd above, ot two adjacent substituents, tâken togethe! aYith their

intervefring atoms, form a 5- to 6'membered' u'Baturated or partially rxsaturated ring

havirrg GG ring atuns selected f¡wr the group consieting of N' O and S'

tGtg] Arr altplraüc group ol a non-aromåtic heteÑcyc'Iic Ìing may be substihrted

with one o¡ more substituenls' Êxamples of suitable substituents on tlÉ satrrrated catbon of

an aliphatic group o¡ of a ¡ro¡r-a¡omatic heterocyclic ring irrclude' v¡itÌror¡t limitatis¡' those

lirsted above for the unseturated ca¡bør of an aqzl or heteroaryl group and the follor dÃg: =Q'

=t =C(R'),, -i{-N(R)r, =N-OR*, =N-NHC(O)R*' -ÀI-NHCO'zR'' =N-NHSO'R"' o¡ =N-R*'

where each R* a¡rd I{: is as defued above' For the pr:rPo6es of ctarity' the term "substih¡ted

aliphattC' refers to ân aliPhatic grouP havlng at leãst one non-aliphatic substituent'

l04ot Suitâble sub8dftrents on â substitutable ûEoæn atom of a heteroaryl or

heterocyclicririginclude-R*,-N(R+)r,{(O)R*'-COÃ"'-C(O)-C(O)R*4(O)CrLC(O)R*'

-SOF , -SOJ{(Ri? <(=5)N(R')'{(=NII)-N(R|' and -NR€O'R"; whe¡ein eadrR+ and Rl

is as defined above'

to4il Urùess ottrerwiee state4 sEuctu¡ed dq>icted herein are meânt to include

ccnnpounds whictr differ crly in the Presence of øìe or more isotoPicâlly enddrcd âtoÍls'

For example, compounds having the Present EEuctu¡e erccept for the replacemcnt of a

hydrogert atorn þ a deuterium oú lriüÚr! or tlre lePlac€rnent of a cafbon atom by t t3C- or

tt-erxiched carbon are Y¡ithin the scoPe of tle ûrver¡tion'

(c) R., is -OH; (d) Rh and R4 are each independently hydrogen or C14 aliphatic (e) I( is hydrogen,
fluoro, or -04 (0Re and Re are each hydrogen; (g)each Rf is hydrogen; -(h)each Rh is hydrogen; (i)
R' is hydrogen or Cm aliphatic; (j) Rk is hydrogen, halo, or Ca., aliphatic; (k) m is 1; and
(1)stereochemical configurations depicted at asterisked positions indicate absolute
stereochernistry. 10641In the compounds of formula (/),Rg is hydrogen, halo, -NO2, -CN,
-C(13.5)=C(R5)"-ORs, -5R6, -5(0)R6, -50,R6, -SO2N(124)2, -N(R4)" -NR4C(0)R5
, 4NR4C(0)1'(R.4)2, -N(R4)C(=NR5-N(R4)2, -N(124)C(=NR4)-R6, -NR4CO3126, -N(R4)50,126,
-N(R4)502N(R4)2, -0-C(0)R5, -000,RS, -0C(0)N(R4)2, -C(0)R5, -0O2125, -C(0)N(R4)2, 24
-C(0)Nat4)-0R5, -C(0)N(R4)C(=NR4)-N(114)21 -14(R4)C(=NR4)-N(R3-C(0)le,-C(=N12.4)-N(R4),
-C(=NR4)-OR5, -N(R4)-N(R4)2, -N(R4)-0e, -C(=NR4)-N(R4)-Cle, -C(R6)=N-OR5, or an optionally
substituted aliphatic, aryl, heteroaryl, or heterocyclyl.  [65] In some embodiments, Rg is hydrogen,
C3.6 aliphatic, C.," fluoroalipl-ratic, halo, -R2g,4.1-R2g, -V1-13-111g, and -v-TI-Rag, where the
variables Rig, R, V1, and t have the values described below. 



lwzl It al6o will be aPpelent to orÉ skilled in the art tllat certãin compounds of this

invenlion may exist in tautomedc foÍns, aII sucÌì tautomeric forms of the cotnpounds being

within the scope of tlÉ inventidì. Urileêo stereochemical configuration is expressþ defined

sErrchjfes dE)ic:ted herein are meant to inciude alt sleÉochemical folms of the stucture; i-e''

the R a¡¡d S configurations for eactr asyrr¡metic cente¡- Therefo¡e' unless otherwise

indrcated, single stereochemical isomefs as well as s¡aÑiomeÌic and diaste¡eomedc

mixtures of the plesent comPounds a¡e within tlre scope of the inventioru By way of

example, the compor¡¡rds of formula (I) whe¡ein R- is hydrory can have R ø 5 configuration

at the cerborì atom bearing Xi. Both ttre R and the s stereochemical ¡sorners' as well as all

mixh¡res thereof, a¡e included within the scope of tÌre inventoru

t04î wtrefe sbreocl¡ernical configuration at a given as¡rrrmerric center ie defined

by structure, unless stated otheÑÙise, the dePicted configuration indícates ste¡eodrcrnistry

¡elaüvetootlrerasj¡mmetficC€ntelsinthernolecrrle'Wlreteste¡eoctrernicalconfigurationis

defined loy chernical name, the desig¡rations (rel), (R+), and (s*) iftdicate ¡elÂìive

ster€ochemisEy, wrrile lhe designatiorrs (R), (5), (+), (-), and (abs) indrcaþ absolute

stereoùemistrY.

Io44I In the cccr¡lounds of formrrla (I)' ete¡eoctrerucal configr¡ratrons dePlcted at

eÊterisked positions ifìdicat€ Élative stereochemisry' ufùess exPlessty Étated to indicate

absolute stereoclrcmistry- Preferably, tlre diasteÉonreric Purity of the compørnd is at least

80%,nrorepreferablyatleastg0%,stillnorepreferablyatleastg5%'andmostpreferablyat
least 99%. As used hereirv the lerm -diastereoÍìeric puriþl/ refers to t}ìe amor¡nt oI a

cornpourrd hawing tlrc defticted relaËÌte ste¡eochemÍstry' exPressed as a Perr€f¡tå8e of the

totâl amount of all diastere@ærs Present'

Io45]InsomeerrbodirrenB,sþ¡eocllentcalcorrfigr:ratiorrsdePictedatastefisked
positions indicate absolute as well as ¡elative stereochemisFy' Preferably' the erøntiorræric

pu¡ityofthecomPoundlsatleaatS(yo,IllorePreferablyatleastgOTn,stillmorepreferablyat

JeaÊt95g6,andmostPrefefablyatleastgg/o'Asr¡sedhe¡ei¡r'rheterm"e¡rarrtionrertcpurity''

¡efe¡s lo the amowrt of a ccmpound having the depicted absolute sôeteoc}ÉttisEy'

expressed as a percentage of the total amount qf the dePicted compounrC and its e¡antiomer'

t0461 lvfethods for debrrnintng diasteleoúêric and ertanúorlenc Purtly âr€ weU-

kfÚwnintfteart.Diâster€dnedcPufirycanbedetefin¡nedbyanyarralyticalrnethod

capable of quantitaËvely di8tinguishing betweerr a compor¡¡rd and its dlastet€onìerg'

t9

[66] re is a C alkylene chain substituted with 0-2 independently selected le or eh, wherein the
allcylene chain optionally is interrupted by -C(R5)--C(R5)-, -C=C-, -5(0)-, -5(0)z-, -50,MR5-,
-N(R4)-, -N(R4)C(0)-, -NR4C(0)N(R4)-, -N(R4)C(tNR4)-1\1(R4)-, -NR)-C(=NR-4)-, -N(R4)CO2-,
-N(R4)S02-, -N(R.4)SO2N(R4)-, -0C(0)-, -0C(0)N(R4)-, -C(0)-, -CO, -C(0)N(R4)-7
-C(=N14)-N(R4)-, -C(NR4)=N(R4)-, -C(=NR4)-0-, or -C(126)=N-0-, and wherein Ti or a portion
thereof optionally forms part of a 3-7 membered ring. [061In some embodiments, T1 is a Cchain
optionally substituted with one or two groups independently selected from fluoro or a . aliphatic or
fluoroaliphatic optionally substituted with one or two substituents independently selected from the
group consisting of -ORE', -N(e)(e), -COX'', and -C(0)N(e)(R4'). [OWIn certain embodiments, T1 is
a Ci, alkylene chain optionally substituted with one or two groups independently selected from
fluoro, C aliphatic, and C1 [069]Each it independently is selected from the group consisting of -OH,
-0(C1, alkyl), -CN, -N(R4)2, -C(0)(C14 alkyl), -CO2H, -0O2(Cia alkyl), -C(0)N142, and
-C(0)NI-1(C,4 alkyl). [0703Each it independently is a Coptionally substituted with le or or two subs
tituents RTh on the same carbon atom, taken together with the carbon atom to which they are
attached, form a 3- to 6-membered cycloaliphatic ring. [0711Each R7 independently is an
optionally substituted aryl or heteroaryl ring.  (0721VI is -C(R7=C(R7-,-CaC-, -0-, -5-, -5(0)-,
-5(0)2-, -502N(R4)-, -N(R4)C(0)-, -NR4C(0)N(R4)-, -N(R4)C(=NR1)-14(R4)-,
-N(R4)C(=NR4)-,-N(R4)CO2-, -N(R5S0,-, -N(R4)SO2N(R4)-, -0C(0)-, -0C(0)N(R4)-1-C(0)-, -0O3-4
-C(0)N(R4)-,  C(0)N(R4)-0-, -C(0)N(R4)C(=NR.4)-N(R4)-, -N(124)C(=NR4)-N(R4)-C(0)-,
-C(=NR4)-N(R4)-, -C(NR4)=N(124)-, -C(=NR4)-0-, or -C(R.6)=2N-0-. In some embodiments, Viis
-N(R4)C(0)N(R4)-, -N(K4)SO, -N(114)502N(R4)-, or -N(R4)CO2-. In certain such embodiments, V1
is -N(R4)C(0)- or -N(R4)C(0)N(R4)-. In other embodiments, Va is  C(R6)=C(R5),-0-, -S-, or -N4t4Y.
I0731Each e independently is an optionally substituted aryl, heteroaryl, heterocydyl, or
cycloalipbatic ring. [074]Each e independently is -NO2, -CM, -C(R5)=C(R6)2, -CaC-Rs, -OR',
-SR6, 
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Examples of suitable analytical methods include, without limitation, nuclear magnetic 

resonance spectroscopy (NMR), gas chromatography (GC), and high performance liquid 

chromatography (HPLC). Similarly, enantiomeric purity can be determined by any analytical 

method capable of quantitatively distinguishing between a compound and its enantiomer. 

Examples of suitable analytical methods include, without limitation, GC or HPLC, using a 

chiral column packing material. Enantiomers may also be distinguishable by NMR if first 

derivatized with an optically enriched derivatizing agent, e.g., Mosher's acid. 

 

[047]  In the compounds of formula (I), X is -C(Rf1)2, -N(Rf2)-, or -O-. Each Rf1is 

independently hydrogen or fluoro; or one Rf1, taken together with an adjacent Rf and the 

intervening carbon atoms forms a cyclopropyl ring; or one R and one R together form a 

double bond. Rf2 is hydrogen, C1-4 aliphatic, or C1-4 fluoroaliphatic. In some embodiments, X is 

-CH2-, -CHF-, -CF2-, -NH-, or -O-. In certain embodiments, X is -CH2-, -NH-, or -O-. In certain 

particular embodiments, X is -O-. 

 

[048]  In the compounds of formula (I), Y is -O-, -S-, or -C(Rm)(Rn)-, where Rm and Rn 

are as described above. In some embodiments, Rm is hydrogen, fluoro, -NH2, -NH(C1-4 

aliphatic), -N(C1-4 aliphatic)2, or C1-4 aliphatic, or Rm and Rn together form =O. In some 

embodiments, Y is -O- or -CH2.  

 

[049]   In the compounds of formula (I), m is 0, 1, 2, or 3, provided that Y is  

-C(Rm)(Rn)- when m is 0. In some embodiments, m is 1, 2, or 3. In certain particular 

embodiments, m is 1. 

 

[050]   In the compounds of formula (I), Ra is selected from the group consisting of 

hydrogen, fluoro, -CN, -N3, -OR5, -N(R4)2, -NR4CO2R6, -NR4C(O)R5, -C(O)N(R4)2 -C(O)R5, -

OC(O)N(R4)2, -OC(O)R5, -OCO2R6, or a C1-4 aliphatic or C1-4 fluoroaliphatic optionally 

substituted with one or two substituents independently selected from the group consisting of 

-OR5x, -N(R4x)(R4y), -CO2R5x, or -C(O)N(R4x)(R4y); or Ra and Rb together form =O; or Ra and Rc 

together form a bond. In some embodiments Ra is selected from the group consisting of 

hydrogen, fluoro, -CN, N3, C1-4 aliphatic, C1-4 fluoroaliphatic, -OR5x, -NH(R4), -N(H)CO2R5, -

N(H)C(O)R5, -C(O)NHR4, -C(O)R5, -OC(O)NHR4, -OC(O)R3, and -OC(O)OR5. In some 

embodiments, Ra is selected from the group consisting of hydrogen, -OH, -OCH3, -, C1-4 

aliphatic, C1-4 fluoroaliphatic and fluoro. In certain embodiments, Ra is selected from the 

 

-S(0)R6, -SO2R6, -SO,N(R)" -N(R.4)2,-NR4C(0)R5, -NR4C(0)N(124)a, -N(R4)C(aNR4)-N(R4)21
-N(R.5C(-=NR4)-R6, -NR4CO2R6, -N(R4)302R6, -N(R4)507N(R4)2, -0-C(0)R5, -00O2.126,
-0C(0)N(R52, -C(0)R5, -0O2R5, -C(0)N(R4)z, -C(0)N(R4)-013:51 -C(0)N(le)C(=NR5-N(R4)2,
-N(R4)C(=NR4)-N(R4)-C(0)R5, -C(=NR4)-N(R4)1, -C(=NR4)-0R5, -N(R4)-Nat4)" -N(R4)-0R5,
-C(=NR4)-N(R4)-0R5, or -C(R6)--.N-OR5. (0751The invention also relates to a subgenus of the
compounds of formula (/)" characterized by formula (//):           or a pharmaceutically acceptable
salt thereof, wherein Ring A and the variables X, V. RE', RI, BY, Ra, R., Re, RI, and in have the
values and preferred values described above for formula (1).             The invention also relates to a
subgenus of the compounds of formula (/), characterized by formula (111):          or a
pharmaceutically acceptable salt thereof, wherein Q is =N- or --,C(Rk)-, and the variables X, Y, Rb,
12.`" Rd, le, RE, e, it, R2, le, and m have the values and preferred values described above for
formula (I). [0773Various particular embodiments of the invention relate to subgenera of the
compounds of formula (111), represented by formulae (Ill-A),(11E-C), and (11I-1"):    
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or a pharmaceutically acceptable salt thereof, wherein the variables
ables Q,it,, Rh and it have the values and preferred values described herein for formula (I).
[on]One embodiment of the invention relates to a compound of formula (1), wherein it is an
optionally substituted aryl, heteroaryl, or heterocydyl group. In some such embodiments, the
invention relates to a subgenus of the compounds of formula (1), characterized by formula
(110:  or a pharmaceutically acceptable salt thereof, wherein:       Ring B is an optionally
substituted 5- or 6-membered aryl or heteroaryl ring having zero to three ring nitrogen atoms
and optionally one additional ring heteroatom selected from oxygen and sulfur; and        the
variables Q, X, Y, Ra, Rb, Re, Rd, Re, RE, it, RI, and in have the values and preferred values
described above for formula (1)- W791In some embodiments, R.8 is an optionally substituted
furanyl, thienyl, pyrrolyl, oxazolyl, thiazolyl, imidazolyl, pyrazolyl, isoxazolyl, isothiazolyl,
oxadiazolyl, triazolyl, thiadiaz.olyl, phenyl, pyridyl, pyridazinyl, pyrirnidinyl, pyrazinyl, or
triazinyl, wherein one ring nitrogen atom in le optionally is oxidized. In certain particular
embodiments, Rg is an optionally substituted phenyl, imidazolyl, or triazolyl.
I0801Substitutable ring carbon atoms in Ring B preferably are substituted with 0-3
substituents independently selected from the group consisting of halo, -NO2,
C(R5)=-C(R5)2,-OR?, -SR6, -5(0)R6,-sozmR)t, -D.Re>" -NR4c(o)R5,
-Nate0nR52,-mR5c(4,m5-mR)" -N(1t5ce,NR5-R6, -NR4coje, -ra5s02R6,  N(R)so2NA4,
-o-cmR5,-oco2RG, -0C(0)N(R4),, -C(0)R5, -0O3R5, -C(0)N(R52,  C(0)N(R4)-0R5,
-C(0)N(R)C(=NR4)-N(R4)" -N(R.4)C(=NR4)-N(R4)-C(0)Rs, -C(=NR4)-N(RaL, -C(r-NR4)-OR3,
-C(=NR4)-N(R4)-0R51 -C(R6)=N-0R5, or an optionally substituted aliphatic, or an optionally
substituted aryl, heterocydyl, or heteroaryl group; or two adjacent substituents, taken together
with the intervening ring atoms, form an optionally substituted fused 4- to 8-membered
aromatic or non-aromatic ring having 0-3 ring heteroatoms selected from the group consisting
of 0, N, and S. 10811In some embodiments, Ring B is substituted with 0-2 substituents
independently selected from the group consisting of halo, -CN, -N(R51,. -NR4C(0)R5 
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aa
,  -NR-C(0)N(R4)2, -NR4CO212,, -C(0)14(R4)2, -CO2R5, -Ole, or a Cor    fluoroaliphatic
optionally substituted with -0R5x, -14(R4r)(C)1 -0O2.R5x, or -C(0)N(R4)(e)_ The variables
R4, R5, R6, it', R4Y, and le have the values described above for formula (I). [082]Another
embodiment of the invention relates to a compound of formula (7), wherein Rg is
-1.71-T1-Rig, -V1-e, -T1-le, or -TI-V1-R's. e is an optionally substituted mono-or bicyclic aryl,
heteroaryl, heterocyclyl, or cycloaliphatic group. In some embodiments, CA, alkylerte chain
optionally substituted with one or two groups independently selected from fluoro or a C14
aliphatic or C14 fluoroaliphatic optionally substituted with one or two substituents
independently selected from the group consisting of -of, -N(ttxR4Y), -CO2R5% and
-C(0)N(R4)(R.4). In certain embodiments, T1 is a Ci, alicylene chain optionally substituted
with one or two groups independently selected from fluor, Cand    fluoroaliphalic. In some
embodiments, V1 is -14(R4)C(0)-, -N(R4)C(0)N(R4)-, -N(R4)502-, -N(R4)502NIR4)-, or
-N(R4)CO- In certain such embodiments, V1 is -N(R5C(0)- or In other embodiments, V1 is
-C(R5)=C(R5), -CaC-, -0-, -S-, or -N(R4)-. in certain such embodiments, V1 is 10831in some
embodiments, the invention relates to a subgenus of the compounds of formula (/),
characterized by formula (Ti): 1=0 Rf Rea Y o cr.e-x s"'  O=P -X H2NRI) RdRh    or a
pharmaceutically acceptable salt thereof, wherein: V1 is -N(R8)-, -0-, or -S-; 
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R5 is hydrogen or C e is a Cchain optionally substituted with one or two groups independently
selected from Rine or a C1" aliphatic or CA, fluoroaliphatic optionally substituted  with one or
-two sub stituents independently selected from the group consisting of -0R51, -N(R.4x)(R4Y),
-Cot, and Ring C is an optionally substituted a- to 8-membered heterocyclyl or cydoaliphatic
ring, or an optionally substituted 5- or 6-membered aryl or heteroaryl ring; and the variables Q,
X, Y, Ra, IC R..`, Rd, LB!, Rh, u!, and m have the values and preferred values described
above for formula (I). [084]In some such embodiments, T1 is a Cm allcylene chain optionally
substituted with one or two groups independently selected from fillOW, Cand C14
fluoroaliphatic. (085]In some embodiments, Ring C is substituted with 0-22? and 0-2 Rao,
where: each R independently is halo, -NO2, -CM, -C(Rs)=C(R5)2,-0R5, -SR6, -S(0)R6, -SOX,
-$02N(R4)2, -N(R4)" -NR4C(0)1e, -NR4C(0)bl(R4)2, -N(R4)C(=NR4)-N(4,
-N(R4)C(=NI24)-R.6, -NR,CO2RG, -N(124)502R6, -N(le)S02N(R4)2, -0-C(0)Rs, -00O2R6,
40C(0)N(R.4)2, -C(0)Rs, -0O22.5, -C(0)14(R4),, -C(0)KR.4)-0R5, -C(0)N(R5C(=NR.5-N(R4)2,
-KR4)C(=NR.4)-11(R)-C(0)R6, -C(=NR4)-N(R4)2, -C(=NR4)-0R5, -Ce-NR5-N(R4)-0R5,
-C(R6)=N-0R5, or an optionally substituted aliphatic, or an optionally substituted aryl,
heterocydyl, or heteroaryl group; or two R on the same saturated ring carbon atom, taken
together with the carbon atom, form an optionally substituted 3- to 8-membered spirocyclic
cycloaliphatic or heteroeyely1 ring; or two adjacent R, taken together with the intervening ring
atoms, form an optionally substituted fused 4- to 8-membered aromatic or non- aromatic ring
having 0-3 ring heteroatoms selected from the group consisting of 0, N, and S; each it
independently is selected from the group consisting of Cm aliphatic, fluoroaliphatic, halo, -of,
-N(t)(R4Y), or atm, aliphatic or fluoroaliphatic optionally substituted with -0e, -N(ext), -0O21t,
or -C(0)14(124x)(R49; and 



Cr-n aliptratic grouP' In certain enbodinenæ' il is rrydrogeÎ o1 Cú aliPlìatic In certaùl

partlcr:lar errbodimentø Rn is hydrogen'

lo6zl In îhe compounds of formr:la (!' xÈ is hydroger¡ haio' €R" -NlRlo -Sr<-o' or

an opdonally substituted q{ aliphaüc group' In soÍ¡e embodiments' each RL independerrtly

is hydrogerç halo, -OH, -GÇ. aùplratic)' -NrL' -NH-(C" aliphatic)' -N(C'' aliphatic)o' -SH'

-g(Cr. atiphatic), or an opuonally ôubsutuÞd q{ atiplratic group' In certain embodiments'

R* is hydroger¡ halo, or Ç-o aliphaüc' In certain particular embodixnenÞ Rr is hydroçn

1063I In so¡ne embodiments' lhe compoud of fo¡mula (Ð is clraract€rized by at

least one of the following features:

(a) Xis-G;

(b) Yie -GorG!-;

(c) R'is-oH;

(d) Rb and Rd are each independently hydroçn or C''o aliphauc

(e) Ff is hYdrogen' fluoro' or -ORs;

(Ð ¡<* and Rc a¡e each hydrogery

(S) eaOrR U frYdrogen;

'(h) each ft' is hYdrogeo

(Ð R is hYdrogen or Ç. aliPhatrc

(j) Rl is hydrogerç halo' or Çt aliphatic;

(k) mtsl¡arld

(l) stereocherrical configuations dePicted ¡t aster¡sked positidls indicate

âbsolute stareoclEmistrY'

to6el IÂ the compounr'ls of formula (Ð' Rs B hydrogen" halo' -NO2' -CN'

-cG1.-c(R1", -c!c-Rs, ¿R5, -gR6, -S(o)R., -soF,, .soÀrcn1", -¡¡(n)", -¡un.a(o)n",

-NRt(o)N(R')", -Nß)ccNR)-Nß)z' -Nß)c(=NR)-r"' -rsr<'co¡' -r'r1n)so"n"

-Nß1so"N(R1r. +c(o)Rs, -oco,R1 -oc(o)N(R)" -c(o)R"' -co'R1 -c(o)Nß1o
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the variables le, RdY, and R5N have -the values described above for formula (1).  [086]In some
such embodiments, Ring C is a C.3.6cycloaliphatic, phenyl, pyrrolyl, imidazolyl, oxazolyl, eniazolyl,
isoxazolyl, isothiazolyl, pyrazolyl, triazolyl, tetrazolyl, oxadiazolyl, thiadiazolyl, pyrrolinyl,
imidazolinyl, pyrazolinyl, pyrrolidinyl, irnidazolidinyl, pyrazolidftwl, piperidinyl, morpholinyl,
piperazinyl, pyridyl, pyridazinyl, pyrimidinyl, pyrazinyl, or tetrahydropyrirrddinyl ring, any of which is
substituted with 0-2 le and 0-2 R3. (0871In certain embodiments, T1 is a s2 alkylene chain
optionally substituted with one or two groups independently selected from fluoro or a Cm aliphatic
or    fluoroaliphatic optionally substituted with one or two substituents independently selected from
the group consisting of -0R5', -N(t)(0), -0O2R5', and -C(0)N(R4x)(R4), and Ring C is a CM
cycloaliphatic, phenyl, oxazolyl, or isoxazolyl ring, any of which is substituted with 0-2 RE- and
optionally is fused to an optionally substituted benzene, dioxolane, or dioxane ring. [088)Another
embodiment of the invention relates to a subgenus of the compounds of formula (/), characterized
by formula (1/1): 0.75--XN 9Pm * * Wit 1:EilliooNi..--t%is,;11 /Ra1 H2NRb RdRh or a
pharmaceutically acceptable salt thereof, wherein: T1 is a C14 alkylene chain optionally substituted
with one or two groups independently selected from fluor or a C14 aliphatic or C14 fluoroaliphatic
optionally substituted with one or two substituents independently selected from the group
consisting of -of, 44(t)(R4Y), -0O2.1e, and Ring C is a 3- to 8-membered heterocyclyl or
cydoaliphatic ring, or a 5- or 6-membered awl or heteroaryl ring, any of which rings is substituted
with 0-2 R and 0-2 It; and the variables Q. X, Y, Ra, Rb, Re, Rd, le, Itr, Rh, RI, le, Rg, R", R4Y, R5',
and m have the 



-c(o)N(R1-of,4(o)N(R")c(=I\n<)-Nß)",-s(s1c(=NR1-Nßlctoln"ca-NelNçn'¡"

-c(=rrrnlon', -Nß1-Nçn)o -N1n)on", ct=¡us)-Nßlod' 4(R1=NoR ' 
or an

optionally subsËtuted aliPhalic, aryl' heteroaryI' or heterocydyl'

to65l rn some e¡rrbodìmerræ, Rt is lrydrogerv Ç" aliphatic' Ç'" fluoroaliptratic' halo'

-¿e, -¡¡æ, -r'-ds, -f-na, -v'-t'-n¡s, ana -t'-rt-na, whe¡e the variables x-tt' n4' vt' a¡r¿ ft

have the valuee deseibed below'

to66l t' is a q. altyte¡re chain subEtituÞd with 0-2 independerrtly selected Re or

Rs, whereln ttra alþtene clrain optionally is interruPted by CCnl=Ctn1-' -C=C- ' 
-Ù' -*'

-s(o>, -s(o)z-, -so¡{cR)-, -N(R5-, -N(R')c(o)-' -NRt(o)N(R')-' -¡(R1ç1=NR')-N(R')-',

-Nß1-ceÀrR)-,-NCRïco,-,-Nçn'¡so,-,-NlnJsoÀI(R1-'oc(o)-"oc(o)Nß)-'-c(o)-'

-co,-, <tol*t*'l-, -C(=NR1-N(R'). {(¡lR1=Nß5-' c(=NR4)+' ø -cßl=N+' and

wherein Tt or a porüon thereof optionally forms part of a 97 membered ring'

rc6n In sqne embodißents' T1 i5 a q¡ alk¡'lÉn€ cham opdonally substituted with

one or hÀto SfouPS lndependently selected frorn fluoro or a C" aliphaÉc or

C,-o fluoroaliphatic optionally substihrled with one G tÚ\'o substituent* independently

selected ftom tlre grouP consistjr¡g of -oR*' -Nß5(R1' -co'zR1ard -c(qNdXRe)'

I06sl I¡r ce¡tain esibodirnents' t' is a C- alkylene chain optionally substituied with

one or lwo gfouPe indeperrden{y selected from fluoro C" altphatic' and

C,, fluoroaliPhatic'

1ol¡l Each R$ independerrtly is selecd ftom tle group corsisting of -F, -OH'

-o(c,. alkyl), {1.I, -Nß1,l -c(oxq¡ akyl), -co+r' 4o'1(cÉ alkyl)' -c(o)Nfr,, and

-c(o)NH(Ç. alkYl)'

toTolEacÌ¡R*indePendentlyisaÇoaliphaticopüonallysubsËtutedwithf,Àorx-7'

or two substituents If on the same caxbur atom' takar toçther with tlìe carbon atom to

wlúch t]:ey are attacled, form a 3- to ômsmbered cydoalipløtic ring'

IoTLlrac}r{independe*rtlyisarr'optiorrallysubstitutedafylgfhetetoalylring.

values and preferred values described above for formulae (/)-(V).  [089]In a particular embodiment,
the invention relates to a compound of formula (VI) or a pharmaceutically acceptable salt thereof,
wherein: T1 is a C1 allcylene chain optionally substituted with one or two groups independently
selected from fluor Or a C", aliphatic or CI, fluoroaliphatic optionally substituted with one Or two
substitu.ents independently selected from the group consisting of -1\1(r)(t), -0O2R5x, and
-C(0)N(rx)(124); and Ring C is phenyl, which is substituted with 0-2 eb and optionally is fused to an
optionally substituted benzene, dioxolane, or dioxane ring. 10901Another embodiment of the
invention relates to a subgenus of the compounds of formula (1), characterized by formula (W.I);-n
Ri R1 R 0R1V :tan Y                              1 0=g-4( m Bo N.9",11RB RI' Rd Rh H21%.1 or a
pharmaceutically acceptable salt thereof, wherein: V2 is -N(R)-, -0-, or -5-.; le is hydrogen or C.L.
aliphatic; Ring D is an optionally substituted aryl, heteroaryl, heterocyclyl, or cycloaliphatic ring; and
the variables Q, X, r, it', Rd, Re, Rf, R", RI, and in have the values and preferred values described
above for formula (/). [0911In some euthodiments, V2 is -N(Rd)-.. In certain embodiments, Vz is
-NH-. 



aorz) v'is-c¡n'¡=c6)-,+t-'-Ù'-u'-s(o)-'-s(o)'z-'-soNt¡Ô-'-ntn)-'

-¡¡ßlc(o)-, -¡mttolNcn)-, -Ne1c1=mJ-stnl-' -Ncn)ct=rvnï' -N¡n)co"'

-N(n)so,-, -Nßlso¡¡tnl-- -octol-, -oc(o)Nß}' <(o)-' -co'?-' -c(o)w(n5^'

-c(o)Nßl+,-c(o)N(n1c(-Nn')¡ltn"Þ,-scn1c1=wn)-Nrnolc{o)-'-q-r're)-rlß')-'

-çGÙR)=N(R Þ 4(=NR1G, or cß1=N-o' Lr some embodiments' vt ¡s -N(n'lc(o)-'

-¡r61c(o)r.¡(n1-, -Nß)so.-, -rtfxlsoÀ¡<n'l-' o¡ -N(Rlcor' In certain such

embodiments, vr is -N(R)C(o)' or -¡lCnlctolNcnl-' In other embodirìents' t' is

-c{R1{ß1, -coC-, -O, -s, o¡ -N(Rl-'

Io73I Eaor d" independen$y is an oPtionâly substituted aryt' heteroaryI'

lreærocycfyl, or cycfoaliphatic ring'

to74l Eaclì R4 indePendently is -No., {N' -cß1=cß1' Gc-R" -oR" -SRt'

-s(o)É,-sorR6,-soNß1",-N(R1",-NRt1o¡n"'-Nnnc(o)N(R')z'-Nß1c1=Nn)-N1n)"

-Nß)c(=Nn1-n", -r..rR'co"R1 -Nß')soßó, -Nß1soJ'T(nt)o -ec(On"'ocoJt"'

-oc(o)¡r(n1o-c(o)rc,-cOFs,-c(o)Nßl¿,-c(o)Nßl-on"<(o)Ncn)ct=¡'IR)-Nß1"

-NCnlct=¡rn1-N(n1-c(o)nu, -c(¡'rn5-N1n)"' -c1=rvno¡on'' -Nrn1-wß1" -N(Ro)-oRs'

-Ct=rvxl-tlrß'l-oRs, or -C(Rf =N-on5-

to75t Tfre invention d:so ¡elates to a subgmus of the compounde of foñnula (Ð'

clraracterized trY formrrla (lf):

or a pharmaceuËcally accePtable salt thereof' wherein Ring A and the variables )Ç Y'

n", n", n", n1n", Rd, R1 and rz have the valrres and ¡rrefer¡ed values deåcibed above for

forrurla (I),

1076l The invention also lelates to a subgenus of the compounds of formr:la (I)'

charactedzed bY fornrrla (III):

[0921In some embodiments, Ring ID is a mono-, hi-, or ticydic ring system- In some embodiments,
Ring D is a mono- or bicyclic ring system. In some such embodiments, Ring D selected from the
group consisting of furanyl, thienyl, pyrrolyl, oxazolyl, thiazolyl, imidazolyl, pyrazolyl, isoxazolyl,
isothiazolyl, oxadiazolyl, triazolyl, thiadiazolyl, phenyl, naphthyl, pyranyl, pyridyl, pyridazMyl,
pyrimidinyl, pyrazinyl, triazinyl, indolyl, isoindolyl, inclazolyl, benzimidazolyl, benzthiazolyl,
benzothienyl, benzofuranyl,  ptuirtyl, quinolyl, isoquinolyl, cinnolirtyl, phthalazinyl, quinazolirtyl,
quirtoxalinyl, rtaphthyridinyl, pteridinyl, tetrahydrofuranyl, tetrahydrothienyl, pyrrolidinyl,
pyrrolidonyl, piperidinyl, pyrrolinyl, tetrahydroquinolinyl, tetrahydroisoquinolinyl,
decahydroquinolinyl, oxazolidinyl, piperazinyl, dioxanyl, dioxolanyl, diazepinyl, oxazepinyl,
thiazepinyl, morpholinyl, quinuclidinyl, tetrahydroquinolinyl, tetrahydroisoquinolinyl, indanyl,
phenanthridinyl, tetrahydronaphthyl, indolinyl, bertzodioxanyl, benzodioxolyl, chromanyl,
cyclopropyl, cyclobutyl, cyclopentyl, cyclopente_nyl, cydohexyl, cyclohexenyl, cydoheptyl,
cycloheptenyl, cyclooctyl, cydooctenyl, cyclooctarlienyl, bicycloheptanyl and bicyclooctanyl In
certain embodiments, Ring D is an optionally substituted indanyl, tetrahydronaphthyl, or chromartyl.
1093]Ring D may be unsubstituted or may be substituted on either or both of its component rings,
and the substituents may be the same or different, In particttlar, each substitutable saturated ring
carbon atom in Ring 13 is unsubstituted or substituted with =0, =S, =C(R5)2, =N-N(R4)z, =N-0R5,
=N-N1-1C(0)R5, r-N-NHCO2R6, =N-NI-1502R6, =N-R5 or -RP. Each substitutable unsaturated
ring carbon atom in Ring D is unsubstituted or substituted with -RP. Each substitutable ring
nitrogen atom in Ring D is unsubstituted or substituted withThe variables RP and R7P have the
values described below. [0943Each RP independently is halo, -NO" -CN, -C(R5)=C(R5)2,-SR6,
-S(0)R6, -SO2R6,-NR4c(c)e, -NR4qop(R4)2, -N(R)c(=NR)-N(B), -N(R)c(a5-R6, -meco2R6,
-N(R.4)S02R6, -N(R4)S0214(R4)" -0-C(0)R5, -CCO,R6, -0C(0)N(R4)2, -C(0)1C -0O2R5,
-C(0)N(R4)2, -C(0)N(R4)-015, -C(0)N(R.4)C(=NR4)-N(R4), -N(R.4)C(=NR.4)-N(R4)-C(0)R51
-C(=NR4)-N(R4)2, -C(=NR,4)-0R6, -C(=NR4)-N(R.4)-0R5, -C(126)--rN-Ole, or an optionally
substituted aliphatic, or an optionally substituted aryl, heterocyclyl, or heteroaryl group; or two RP
on the same saturated carbon atom, taken together with the carbon atom to which they are
attached, forrn an optionally substituted 3- to 6-membered spirocydic cycloaliphatic ring.
(0951Each R" independently is -C(0)R5, -C(0)N(R4)2, -0O2R6, -S02R6, -SO2N(R4)2, or a
Coptionally substituted with R3 or R7. [096]In sorne embodiments, each RP independently is
selected from the group consisting of halo, C aliphatic, C. fluoroaliphatic,-R71', jr-RIP, and
213-R71'; or two RP  on the same saturated carbon atom, taken together with the carbon atom to
which they are 



gu,

or a Pharmac€utically acceptable salt tlre¡eof' wherein Q is =N- or =C(R)-' and the

va¡rabbe )Ç Y, Ê, Ro, R', Ro, n', Rr, nl nn' ni ne' ana ¡z have the values and preferred values

dessibed above for fcrmula (I)'

Ío7^ Various particul"ar enùodi¡nerræ of the inverrtion ¡elat€ to subgeflera of ilr€

compor¡nds of formr¡la ([I), rcPt€sented by formut ae (IIl-a)' (m-tr,)' (It.q,' g[l'Ð' (m-Ð'

and (III-!:

;rnr..Ê{ÏH" sil-^,

,""ir."tï:{+" tm-c)

.u*"ç¡r-hi
H"ñ FE r(- (ru-Ð

(ULÐ)

"tf'^"fr1q' #"*çrjq"(uI-E) ínr-Ð

or a pharmaceuticâùy aæePtable salt ûrereof' wherein the va¡iabtes Q' R" R" R5' Rn

and R have the valrres arrd preferred valtres descrtbed herein 6or fomrula (I) '

t07sl Orre arrrbodiment of tlre inventior relates to a compound of forrnula (4'

whe¡ein R8 is an optionauy st¡bstitute.t aryt, hetefoafyt, or heætocyclyl group. In some euch

embodi¡¡rerrts, the inventiql ¡elateg to e subge¡s of t}re comporrrds of forrrula (f),

characterized bY formula (fÐ:

attached, form an optionally substituted 3- to 6-membered spirocyclic cycloaliphatic ring, The
variables e, le, and f have the values described below. 109712 is a Cchain optionally substituted
with le or le. L0981Each le independently is an optionally substituted aryl, heteroaryl, or
heterocyclyl group. [099]Each 125' independently is -NO2, -CN, --C(R5=C(R.5)2,-0R5, -SR6,
S(0)R6, -SO2R6, -SO2N(R4)2, -N(114)2, -NR4C(0)R5, -NR4C(0)N(R4)2, -N(R4)C(=NR4)-N(R1)21
-N(R4)C(-=NR4)-R6, -NR4CO2R6, -N(R4)502R6, -N(le)S02N(R4)2, -0-C(0)1e, -00O2R6,
0C(0)N(R.4)" -C(0)1e, -CO2R5, -C(0)N(11.4)" -C(0)N(R4)-0R5,-C(0)N(R4)C(=NR45-N(R4)2,
.N(R.4)C(=NR4)-N(R4)-C(0)R5, -C(=NR4)-N(R4)2, -C(=NR4)-0R5, -C@NR5-N(R1-0R5, or
-C(R6)=N-OR5. MOMIn some embodiments, Ring Et is selected from the group consisting of:
each le independently is selected from the group consisting of fluoro, -of, -1\1(t)(12.4), -cot, or
-C(0)N(t)(t), or a Cor Cis, fluoroaliphatic optionally substituted with -of, -N(C)(R4Y), -0O2R5t or
-C(0)N(R(t); each REP independently is selected from the group consisting of fiuoro, -of, -N(C)(e),
-0O21e, or -C(0)N(lt)(t), or a Cor Cm fluaroaliphatic optionally substituted with -Ole, -N(lex)(R43),
-Oat, or -C(0)N(tth)(R41), provided that ReP is other than -of or -N(R4x)(124Y) when located at a
position adjacent to a ring oxygen atom, and further provided that when two R5P are attached to
the same carbon atom, one must be selected from the group consisting of fluor, -0O21e,
and Cis, aliphatic or C. fluoroaliphatic optionally substituted with -of, -N(R4,(1e), -0O21t, or
--C(0)14.1(t)(114); or two ler) on the same carbon atom  together form =0 or =C(R5x)2; or two RaP
on the same carbon atom are taken together with the carbon atom to which they are attached to
form a 3- to 6-membered spirocyclic ring; s is 0, 1, 2, 3, or 4; 



gÐ

or a Phaufìãceudcãlly accePtable salt the¡eof' wherei¡l-

Ring B is an optionally substituted 5- or Gmembered aryl or heteroaryI ring having

zero to three rhg nrEogen atoms and opúonauy one âdditimal nng hete¡oatom selected

frorr ox5rgen arrd sr:Ifur; and

the variables Q, )Ç Y, r{, n!, n', ¡f' n" Rr' nh' n" an¿ rn rtave tl¡e values and Pleferr€d

valr¡es descrlbed above for formula (I)'

lo79l In sûrrìe e¡nbodirrÉnb' Rs is an optionally substitr¡ted furanyt' thlenyl'

pyrroþL oxazolyl thiazoty', iuridaz olyL pyraz-olyL i'nr'azoly'' isothiazolyl ocadiazolÈ

triazolyl thiadiazoþI, pherryr, pyridyl pyridazinyl' pyrimidinyt' pyraziny! or triazinyl

r¡vhe¡eÍn one ring nibogen atom in I* optionally is oxidized' In certain partiorlar

embod,isre¡rts, xP is an optionally subsËtuted Pheny¡' tmi dazolyl' or tãazolyl'

to80l Substitutable ring carbon atoEts in Ring B preferably ãle subsututed Yì¡ith 0-3

substituents indE endefìtty selecled f¡om the SEouP consistin8 oJ llalø -NO" -G!'

-cß1-cß1r, -G{-Rs, -oR", €R6, €(o)R" -soJÈ6' -so'Nßl'1'' -N(Rl"' -NR'c(o)rC'

-NR c(o)Nß)", -Nß1c(=¡ûö-Nß5,, -N(R)c(=NR1-n', -xnocorf ' -NßlsoÃ-'

-Nß)so,Nß)r, +c(o)f , -ocoÃ6, 4c(o)Nß1" -c(o)Rs' -co"R"' -c(o)Nß)"

-c(o)NCR)-oR',-c(o)N(R)c(:NRlNtn1.,-r'¡ß)c(=NÉ)-N(d)-c(o)rf'-c(=ìrR1-N(R')"

-c(=NRl-on5, c(=NR)-N(R)€rt5' {(R1=N-oR5' or an optionally substrürted aliphatic' or

an optionalty subsliluted aryl, heterocyclyt' or heteroaryl group; or two adiacent

srrbstitr¡etÍs, taken to8gltÊr with the inteflening ring atoms' form an oPüonally substihrted

fused 1þ þ &membe¡ed a¡ouratic or non-arornatic rirrg having G3 ring læteroatorns selected

from the grouP corìsistlng of O, N' and S'

IO8il In some embodiment¡' Ring B is Eubstituted willr 0-2 substituents

independentty selected frorr the group consisting of følo' 4'ü' -N¡n)t -mt1O¡ns'

t is 0, 1, or 2; and the variables tx, Rn, R5x have the values described above for formula (1).
(0101]In some embodiments, each le independently is selected from the group consisting of fluoro,
-0R5k, -N(Rak)(e), -CO2R5x, or -C(0)N(CXe), or a C. aliphatic or Coptionally substituted with
-Olex, -N(CXR'), -CO2R', or                 or two leb on the same carbon atom are taken together with
the carbon atom to which they are attached to form a 3- to 6-membered spirocyclic ring; provided
that RsP is other than -of or -N(1t')(12.6) when located at a position adjacent to a ring oxygen
atom; and s is 0, 1, or 2. [0102]Another embodiment of the invention relates to a compound of
formula (1), wherein: re is -N(le)(R9); R6 is hydrogen or C1_4 aliphatic R9 is hydrogen, C.2_,
aliphatic, -'e-R9 or-T4-R; Tb is aCfr6 allcylene chain substituted with 0-2 independently selected
R3a or leb; 14 is a C2, alkylerte chain substituted with 0-2 independently selected R34 or Rsb; R9b
is -C(R5)=C(R5)2, -0C-R5,-S(0)R6, -SO2R6, -S02-N(R4)2, -C(R5):=N-OR5, -CO,R5,
-C(0)-C(0)R5, -C(0)R5, -C(0)N(le)2, -C(=Nle)-N(R4)2, or -C(=--NR4)-0R5; and R9b is halo, -NO2,
-CN, -0R5, -SR6, -N(R52, -N(R4)C(0)R5, -N(R4)C(0)N(R4)2, -N(RICO2R5, -0-0O2-R5,
-0C(0)N(R4)2, -0C(0)1C -144(1e)-N(R4)2, -N(R4)S(0)21e, ox -N(le)S02-N(R4)2.  [0103]In some
such embodiments, R9 is hydrogen or a C1or C1optionally substituted with one or two substituents
independently 



-Nn'-c(o)lq(n)r, -wnto"r', -c(o)Nß1o -coÃ", oRe' or a c,-n aliphatic or

Cr.t fluoroaliphatic optionally substituted with -ORe' -Nß5ß 1' {O'R-' or

4(o)Nß1(Re)- The va¡iablee f, n , nt, n*, n9' 
"tta 

ft have the valr¡es deôdibed above

for formula (I).

I0s2t A¡rottrer embodlment of the invention relateÉ to a comPound of formula (I)'

whe¡ein Iì: i5 -v¡-1r-¡ra, -yr-¡{u, -Tr-Itt", q -t'-vt-Rt". Rt" is an optiionãlly substitutEd [lono-

or bicyclic ar¡rl, heteroaryl, hebrocyc'lyl, or cycloaliphatic group' In some embodimenE'

Cr. alkylene chain optiorrally substituÞd with one or two groups independently selecæd

f¡ornfluorooraq4aliPhat¡corCr-nfluoroatiphaticoPlioriatly6ubstitutedwithoneortwo

subsutuenls independ.ently seÞcÞd from the group cursisting of -OR!"' -N(R5(R4)' -COJf"

and -C(O)N(R'")(Rry). In certain emboa¡me¡rts' T' 's a Q" alþIene drain opúonaUy

substituted vlr¡th one or two grouPs independenîly gelected ftom fluoro Ç.o aliphatic' and

Cr., fluoroaliphaüc h some eglbodiments, V' ;s -NßlC<O)-, -N(R')C(O)Nß1-' -Nß)SO"-'

-Nß1so¡¡ß)-, or -N1É¡co"-' In certain 6uch embod¡menc' t' is -wß1c(o)- or

-N(R)c(o)N(R1-- In otner errbodtments, \' is €(R1=c(R)' -c=c-' -o-' -Ð o¡ -N(R¿)-' In

certain such emboorrenrs, v1 is -N¡n)-'

IO8Íll In 6ome embodiments, the invention leliates to a subgemrs of the corrpounds

of fsrmula (Ð, cl¡aracterized by fo'rnrula (Ir) :

or a pharmaceuticatly acceptable salt t'hereof' wherein:

Vr is -N1n)-,-o, or-+;

f ir hyd-gen ot Ç-n altPhatic;

t' is 
" 

q-o att(J¡tene cltÂin oP'tionaUy subsËtuted with one or tavo grouPs independently

selected ftofn Ruoro or a Cr. allphatic or Çt fluoroaliphatic oPtionaüy substituted

(Ð

R(

""J+ftvÇv*,,.4;1.* *y,,.

selected from the group consisting of -ORsz, -N(Rh(R4Y), -O021t5', -C(0)N(Rt)(e). [01041In a
particular embodiment, the invention relates to a subgenus of the compounds of formula (1),
characterized by formula (WI):     O Ism 0.g-o ne HaNRh  or a pharmaceutically acceptable salt
thereof, wherein:        stereochernical configurations depicted at asterisked positions indicate
absolute stereochernistry; and        the variables Q, re, Rb, R`, Rd, Rg, Rh, and R' have the values
and preferred values described above for formulae (I)-(VII).. E01o5In some embodiments, the
invention relates to a subgenus of the compounds of formula (VIM, characterized by formula (Villa):
0 o" 0=g-0 /Ra' I-12NRh ,=Q ? 8 



gdthoneortfryÔsubstituentginde?endentlyselectedfromthegrorrpconsistin8of

-oRt, -N(R')ßry), €o$*, and -c(o)Nß1(Ro);

Ring C is an optionally sub6tihlted 9 to &merrbered heterocydyl or oTdoaliphatic ring'

or an optionally subsuh{ed' $' ol êmernbered a¡yl or heteroaÐÀ ring; ând

the va¡iables Q, )Ç y, É, *, n', nt, g"' xr' n"' Rl' and n trave tl¡e values and preferred

values desc¡ibed above fo'r forsrula (I)'

Ios4l In some suc)r e¡rrbodiments, C is a ct{ alkylsne châin optionally substihrted

with one ol two groups independerrtly selected frosr fluoro Ç' ¡tiFhatic' and

Ç-n fluoroaliPhatic.

tOS5l In 6ome enrbod¡ne s' Ring C is subÈtituted with 0-2 x.^" and ù2 Re' where:

each R" indePendontly is halo, -No",4tI' -cß1=c(R1"' -c4-Rs' -orf' -SI<r' -s(o)K-6'

-so"R", -so¡\r(R)d -N(R')" -NRt(o)d, -NÉc1o¡N1r<-'¡o -Nß1C(=NR)-N(R)''

-Nß)ce-NR)-R", -r'rn'co"rf , -N6)so"n"' -N¡nJso'rrgJ" -oc(o)f '
€corR", -oc(o)N(Rlz -c(o)R3, -coF"' -c(o)N(R)z {(o)N(R)-on"'

-c(o)N(R)c(=NR)-Nß),, -N(R1c(-"NR1-Nß1-c(o)R" -ce-\rR)-Nß1':r

{(-Nn)-on-, -ccl.IRl-Nß1-oR!, 4(RJ=N-OR", or an oPtiofielly Êubsdh¡ted

aliphattc, of an optionally subsütuted aryl, heterocydyl, or heteroaryl group; ox

two R" on t]¡e same saturated d¡rE ca¡Þqr atom' taken togetlrer with the carbon

atorn, forfn an oPtionally substihrd & to &rrEmbered spirocyclic cydoaliphatic

or heteroryclyl rin&; or t$7o adiacent Ro' taken together with the inteñ/en¡ng ring

atoms, form an oPtionally substituÞd fused + to E-rlembe¡ed aronratic or non-

aromatic ring havirig G3 dng hetefoalDúns selected from the group coraistint of

O,N,a¡rdS;

eadh Re independenlly is selecæd frorn the grouP corìsisting of Cr{ altPhatic'

Cr. fluoroaliphaüÇ halo, -oRo, -N(R')1nf' or iÇ'n ariphauc or

Ç. fluoroaliphatic opticnlly substituted with On&' -Nß*l(Rol' COJ<1or

-c(o)N(R-&XRe); and

the variables R&, x-ot, a¡r¿ x ' tt"tte the valìres descibed abovc for fonnula (I)'

NyiTheN s'rI  FrNN nd      or a pharmaceutically acceptable salt thereof, wherein: RI is -OH; it and
Rd are each independently hydrogen, fluor, or C R, is hydrogen, fluor, or -Ole; Rs is hydrogen or
C14 aliphatic:  each RP independently is selected from the group consisting of fluor, -0R5x,
-N(le)(R41, -032R5x, or -C(0)1\1(t)(R4), or a Cor C fluoroaliphatic optionally substituted with
-ORsx, -N(Rn(R43'), -0O21e, or -C(0)N(R.4x)(R4Y); each ReP independently is selected from the
group consisting of fluor, -0R5x, -N(Rdx)(t), -CO2R5% or -C(0)N(Kx)(C), or a C" aliphatic or CI,
fluoroaliphatic optionally substituted with -Ole, -N(lex)(R43'), -CO,Rsx, or -C(0)N(124)(1e),
provided that R8P is other than -0R5x or -N(177)(124/) when located at a position adjacent to a
ring oxygen atom, and further provided that when two R8P are attached to the same carbon atom,
one must be selected front the group consisting of fluor, -0O21e, -C(0)N(R4x)(e), and C" aliphatic
or C" fluoroaliphatic optionally substituted with -ORsx, -N(le)(1t), -CO2R5x, or -C(0)N(13.4x)(R4Y);
or two le, on the same carbon atom together form =0 or Rxx is hydrogen, CC" fluoroallcyl, or Cthe
aryl portion of which may be optionally substituted; R4 is hydrogen, CC" fluoroalkyl, C640
ar(C")alkyl, the aryl portion of which may be optionally substituted, or an optionally substituted 5- or
6-membered aryl, heteroaryl, or heterocyclyi ring; or Rsx and R%, taken together with the nitrogen
atom to which they are attached, form an optionally substituted 4- to 8-membered heterocydyl ring
having, in addition to the 



t0s6llnsorresuclrembodiments,RingcisaC."cycloaliphatic'plrenyl'pyrrolyl'
imidazoVl oxazotyf üriazolyl isoxazolyL isothiazolyf pyazolyl' f:nzoLyl' |c,/o.æolyl'

oxadiazolyl, thiadiazotyl pyrroliny! imidazolinyl' pyrazolinyl pyrrolidinyl' irrudazolidinyl'

pyrazoudinyl Prperidinyl, norpholinyl' piperazinyl' pyridyl' pyridazrnyl' pyrimidinyl'

p'ãazinyl, or teEahydropyrirnidinyl ring' any of whicì is substituted wilh &2 R' and G2 Re'

to87l In ertain enlbodigrents' t' is a Ço alkylerre chain optionally substituted wirh

one or two grouPs independently 6elected ftom fluoro or a Cr-á alipltatic or

Cr. fluoroaliplatíc optionally substituted with one o¡ two substituenb indePendently

selecred f¡om tlre group consisting of -ORo, -N(Rltd), -CO.n"-' an¿ €(O)Nß1ß1' and

Ring C is a C* cycloaliphatrq pherryt, ox'aznlyl' or Lsoxzzolyl ring' arry of which is

substituted with 0-2 Re and opÉonally is fused to an optionally subsdtr'rted benzene'

dioxolane, or dio><ane dng'

t0E8l ArþtÌÉr eribodiment of the invendon relates to a subgenus of the

compounds of fornula (Ð, charactedzed by formuta (vf):

or a pharmaceutically acce¡rtable salt thereof' wherein:

T' i^ a Cr. alkytene châin oPtiorìally subcütuted {¡tth one or two glouPs lndependently

selected frcrn fluoúo or a C,.n aliPhatic or Cr'o fluoroaliphatic opÉonally substin¡ed

wilhoneortwogubstiþentsindePendentlyee]ectedfrorrrüregroupconsistlngof

^oR5', -N(Rl(R{), 4orRe, and -c(o)Nß1(R'}

Ring C is a 3- to 8-merñbered heÞrocyclyl or cycloafiphatic ring; or a 5- or ômerrbered

aryI or heteroaryl rlng any of which ¡ings is substituted wtth G2 É and (}'2 Rþ; and

the variables Q, x, Y, R", RD, R', R", R', xr, nh' nr' n"' x.-u" x-' nry' n1 and z have the

values and prefer¡ed values described above for forrrulae (Ð-(v)'

(vÐ

nitrogen atom, 0-2 ring heteroatoms independently selected from N, 0, and S; each le
independently is hydrogen, C14 alkyl, C14 fluoroallcyl, or an optionally substituted Cor C,"
ar(C")alkyl; s is 0, 1, 2, 3, or 4; and t is 0, 1, or 2. 101061Subgenus definitions for Ring A and
variables X,Rb, Re, Rd, Re, and lir described for formula (/) also apply to formulae (n)-(vHD.
Compounds embodying any combination of the preferred values for the variables described herein
are within the scope of the present invention.  [0107]Representative examples of compounds of
formula (I) are shown in Table 1. Table 1:El Activating Enzyme Inhibitors  /    9 ___-, of 1-12N-5-0i."
8 Ha n CI H* N 



t089] In a particular embodimenL tlle invefrtion relates to a compound of formula

(W) or a pharmaceutically acceptable salt the¡eol wherein:

t' is a Cr" alþIene chain oPtionauy substituted with one or tl to grouPs lndependently

selected from flusro or a Cr. aþhatic or Cr'n fluoroaliphatic optionally substihrted

w.ithoneortwosubstituÉntsindePef¡denuyselectedffomtheglouPconsisttngof

-oR"', -N(R*XRot -co"R1 and -c(o)N(R'XRq)' a"d

Ring c is PheÂyl, which is substihrted with O-2 Re and o¡ionalty is frrsed lo a¡t

oPtionally substituæd be¡reene' dioxol'ane' or dioxane ring'

to90l Arrother embodiment of tfre inverrdon Élates þ a subgenus of the

compounds of fmmula (f), ctraracterized by formrrfa (VII)rr

(wÐ

or a Phâflìaceutically acceptable salt tlre¡eof' whereiru

rf is -N¡nt¡-, -o, or'+;

ß8 is hydrogen or Ç- aliPhatic

Ring D ts an optionally substituted aryl, heteroaryl' heterocydyL or rydoalipløtic rinp

a¡rd

the va¡iables Q, X, Y, R', È, R', Ru' n" nr' n"' nt' ana z løve the vaft¡es and preferred

values described above for formula (I)'

t091ì In sorne esibodi¡nerre, rf ¡ -Nß)-- In ce¡tain ernbodimenb' f is -NH-'

to92l In some edibodinents, Ring D is a Inonù' bi-' or tig¡clic rlng systerL In sorne

embodiments, Ring D is a rndìD- of bicyclic ring sysÞm' In some suclr exrrbodirrrents' Ring

D selected from tt€ grcuP consisting of frxanyl' thienyl' pyrrolyl' oxazolyl' thiazofyl

imidazolyl, pyrazolyl tsoxazolyl isothiazolÈ oxadi azolyl' biazolyl' thiadrazolyL phenyl'

naphthyl pyranyL pyridyl, pyrrdazinyl pyrirnidinyl pyr aziryL Etazimyl' indolizinyL

indolÈiso¡ndolÈindazolyl,berrzirnidazolyLbøtzthiazol¡rl'benzothienyLbenzofuranyl'

32
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pudnyl, quinow isoquinolyl, cJnnolinyl, phthalazinyl qutnazolinyl' quinoxalinyl

naphttyridinyl,Pteddinyt,tebahydrofuranyl,tetrahydrothierrylpyrrolidinylpyrrolidonyl'
piperidinyl, pyrrolinyl teüahydroquinolinyl terahydroisoquinolinyl' decahydroquinolinyl'

oxazolidinyl, piperazinyl droxanyl dioxolanyl diazepinyl orøzepinyl' thiazepinyL

morpholinyl, quinuclidinyl, tetrahydroquinolinyl tetralrydroisoquinolinyl' indanyl'

plæn rnthridlnyt, tetrahydrsrÊPhlhyL indolinyl' benzodioxanyl' b€6zodioxoly! dromanyl'

cyclopropyl cyclobutyl, cyclopentyr, cyctopentenyl' cyc-lohexyl' cyclohexenyt' cydotreptyl'

cyclotì€ptenyL cyclooctyl, cyclooctenyl, cyclooctadienyl' bicyclotreptanyl and bicydooctanyl-

In certatn embodiments, Ring D i6 an opüorrally substihrted indanyl t€tfahydfonaPhthyl' or

duorrnnYl.

IO93I Ring D rùay be úsubstituted or may be substituted on eitlrc¡ o¡ both of its

component rings, and the substihrents may be tlre sanre or diffe¡ent' In pa¡ticulal' each

subôtitutable satuated ring carbcr atom in Ring D is unôubstituted or subsütuted with =O

=g =C(R12, =N-N(R1z =N4¡R", =N-¡¡HC(O)I5, =N-NrrCO'n6' =N-NHSO"R6' =N-Rt or -RP'

Eaeh subsututable url.saturåd ring ca¡bon atom in Ring D is unsubstihrted or gubstituted

vlith -RP. Each substituÞble ring niüogen atom inRing D ís unsubstituted or substituted

with -ReP. The variables RP and RÐ have the values descibed below

(09*I Ear-h RP independently is halo, -NO., CN' -C¡n)=çGÖ2' -C{-R"' -OR3' -SRÉ'

€(o)R-6, -so"R1 -soJ.lß')'. -Nß1., -rrrnt(o)R5, -NR¿c(o)uß')"' -rv(É)c(=Nn)-Nß)"'

-N(R")c(=ñRlRÉ, -NR'corR", -NG5soJ<', -NßlsqN(R)' -cc(o)R1 -oco"R1

-oc(o)Nßl,, -c(o)R", -co"R1 {(O)Nß12' 4(O)N(ß1-oR5' {(O)Nß)C(=NR')-N(R1"

-Nß1c(=NR1-NßF(o)R5, -c(=NnJ-N6)' -c1=r'rn)'on" c(=r'rn)-r'iß1-on"'

4(nl=¡{-Og's, or an opriona[y substitúGd altPhÃtiA or arr optionally substituted aryl'

heterocyclyl, or heEroaryl trouP; of tt to I<P on the 6aÍne Satr¡fated câlbon atom" taken

together rtdth the carbon atom to which they af€ attactred, form an opticrally substituÞd 3.

to 6.membercd sPirocydic cydoaliphatic ring'

t09sl Eaclì RÞ independentry Is {(o)Rt' -c(o)Nß12 -cqB6' -so¡" -so¡¡nlt "t
a Cr. aliphaüc optictally tubslituted with f ø I{'

1096I I¡r sorÊ es¡bodiments' each RÞ independently is seleccd from the group

consisting of halo, q. aliPhatiq q4 fluûoaliphatic' -f{o' -Ræ' -f-R"t' and -f-R'P; o¡ two RP

IA o 0 CI a UN KS H2C,  N*) N H2N- Cr' 1-6 H2N HOu. cH3 1-5     * FIN043 



on the salfre satufated carbon eton, tal(en togetlrer with the cârbcrfr atom to which Ú€y arc

attacl¡ed" form an oPüonally substitued + to Gmembered sPirocyclic cycloalþhÂtic ring'

Íhe variabbs {P, RÞ, and t' have the v¿lues descnbed below

Íogn t' it o q" alkytent" clrain optioxrally substituÞd with R- or fo'

t098I EachI{P independently is an oPtiona[y srrbstituted aryl' heteroaryl' o¡

heærocydyl grorrP.

I099I Eacl RÞ independmtìy is -Nor, -cN, -c1x)=c6),' -eC-n"' €R"' -SR-''

-s(o)RÉ,-soJ{,-soÀI(R)z,-N(R5",-NRrc(o)Rs,-NR'c(o)N(R)r'-N(R{)C(=NR1-N(R')"'

-rv(n)cc-Nn1-n", -rtn'co.n', -N6)so2R', -N(R)sorNß1!' -oc(o)R5' -oco2RÉ'

-oc(o)NG)',-c(o¡n"-corn5'-c1o¡N6J'-qo¡r'r1n)-oR"'-c(O)N(R')c(-NR)-Nß)'/

-Nß1c(=I\rR')-Ntnl-ctolR5,-ct=¡un1-Nßl,'€(=NR1-oR"'-c(=NR1-NlRloR5'or

-c(R)=Non"'

t0100¡ Irr sonre eribod;nrerrts, Ring D i8 selected fromthe group con'sisting of:

each Rt independently is selecbd f¡om tt\e 8louP corisi'süng of Ruorc' -OR1 ^Nß1(R5'

-COrRr, or -C(O)¡¡ß')(nq> c a Ç. aliphatic or Ç. fluoroaliphauc optiørally

6ubsrituted v¡ith on*, -N(nlße), -Cofo, or -C(o)rvß1(no");

each fP independently is selecüed f¡om the gtouP coneisthg of fluoro' -OR1

-Nß1ß1, -COß-, or -C(O)N(R)@)' or a Ç'n aliphatic or Ç. fluoroaliphatic

optionatly ôubstituted wtth -oRs" -NßIßry)' -co"x*' or -c(o)N(R1Rry)' provided

that RÞ is ottEr ttøn -oR* ot -N(R&)(R) when locared at a Position adjacent to a

rlng oxygen atom, and fi:rther provided that whem two R8' a¡e attached to the same

cafbon atom, ofìe must be selected ffotn the Sroup canÊieting of fluoro' -co"R 

"
-C(O)Nß5ß9), and Cr. aliphatic or C* fluoroaliphatic opdonally substituted with

-oR&, -Nß1ß1, -co"Rs, or -c(o)wçn)1n); or tt"o Rh c¡r the sarne cârbon atom

fB,)r

,ß
k-¿
rJ"n i

N Ho: 1-7 0CF3 H2N1-.04 Nz:-. - Ild I-S 0 HNACH3 /N N MCI 1-9 HC..so 9....,".. H2Ntr.) 4' cif 0-
HO 140 



bogether form =o or =c(R*)i or two Ru" on the same carbon atorrr are taken totether

with the carbon atom to whiclr they are attacÌæd to forflr a 3' to 6-membered

spirocYdic ring;

sis0,1,2,3,or 4;

útsOl,or2;and

the variables R1 R"v, f' have tlæ values descibed above for formula (I) '

f01011 In some enbodiments, each RBP independently fs selected from the group

consisting of fluoro, -Of', -Nß)(Re), -CO$*, or -C(O)N(Rï@av), or a Ç. aliplratic or

Çn fluoroaliphatic optionally substituted wiùr ORs-, -Nß1ß1' {O"nl' or

-C(O)N(R^)(Rq)i or trpo RBÞ on tlre saIIrc carbori atom are taken togelher with tlre carbon

ato[r to whic¡ they are attacÌìed to form à $ to 6.membercd spírocyclic ring; provided that

RtP is other than €n* or -lr(nIGS) when located at a PosiEon adiacent to a ring o)rygen

atom; and

s is0, 1, or2.

[(xlOz] A¡rother errbodime¡rt of the invenËorr relates to a comPound of forrnula (I)'

whe¡ein:

rLis-NßI(É);

f is nyatogot 
"n 

Cr. aliPhaüc

tf is rryarogen" q-n aliphatic, -f-R'ot -t'-R*;

t';, 
" 

cr. attyt ne chain substituþd with G2 independently selected É' or Rs;

t' is 
" 

Cr" ulkylefle clrain subsütuþd with 0-2 independently selected R¡ or R$;

nÞ is c¡n)=qnl,, -c+Rs, -s(o)x*, so¡", -so"'rtrçnJ", -cßl=N-oR"' -co"R"

qo)-C(o)R5, -c(O)R", -c(o)N(R4)r -c(=NR¿)-N(R)t or 4þ-NR)oR5; and

Rsishalo,-Noz,{N,-crRs,-sR6,-Nß5r-Nßlc(o)n1-N(R1c(o)N(K-')"

-N(R )coÃ", -o-co" -R", -oc(o)Nßl", -oc(o)R", -N(R')-Nß1? -Nß1S(O),R"'

or-Nß)sorNß1'

*a HF, e Ckl eP H2IN'. trti 141 * H'. HArid M.2, HIg C P5 N ttH2N HO 1-13     CH3 ali- 'NH N SYN N



fo103l In some such embodimetrts, x is hydrogen of a Ç. altphaüc or

Cr" fluoroaliphatic optionally substituted lnith one or two substituents independendy

selected f¡om the group coriÊisring of -On", -wßl(Rs), {O2R5', -c(O)N(R')(Rq).

t0104l In a particular ernbodi¡nenù, the invention relates to a subgcnus of tlre

compounds of formda (Ð, daractefized by formula (VIIÐ:

(vm)

or a pharmaceulicaUy acceptable salt thereof, whereiÈ

ste¡eodremical confi$rfaüorìs depic-ted at astedsked posiüons lndicate absolute

stereochemistry; and

the va¡iablee Q, R", *, R", R', R", Ru, and R have the values and preferred values

described above fot formulae (I){Vd)-

f01o5¡ In some embodiments, tlrc invention relates to a subgenr¡s of the comporrnds

of fotmula (I4[I), characterized by 6orcurla (VIIIa):

-+4..-R-,.ftfr'd7'"
HzN Ru H" Lrì' (vma)

o¡ a plìaÌmâceutically acceptable salt tlrereof, wherein:

f is-or4

Ro and Rd a¡e each independently hydrogerL tluoro, or Ç, , aliphaüc;

R'is hydrogen, fluoro, or -OR"i

fd is hydloger, or Cr. aliphatiç

-1Cee"Or Flo 144  * H _pa, merry Fe I-33 0 CI 0 re 1-16 Cl G I   a i.". * eN 1,c3 H2N- tr"'Ci 



each RP independently is selected from ltre group corrsisting of fluoto -oRs', -Nß1(R+)'

-CO,R!', or -C(O)N(R')@}, or a Ç-n aliphatic or Cr. fluoroaliphatic optionally

substih¡ed with -of', -\I¡n*¡6'1, -co$1 ot -c(o)N(R-XRot);

eacf Rø ;ndeperrdently is selected frorr the group corrsisting of ftuoto' Of"

-N(R')ß1, <o"R ', or <(o)N(R1ßa), or a C,. alrphauc or q{ fluoroallPtratic

optionatty substituted with 4Rã, -N(RIßry), -CorRt-, * -C(O)Nß'XR¿v), provided

ttrat RÐ is ottrer tlran -OR* or -N(Rd)ßI whefr locãted at a Position adjâcent to a

ring oxygen atorr and further provided thät lYhen tv'o REP are attached to the same

carbon atÛI& one must be selecæd ftom the group consisting of fluoro' -COS-'

-C(O)NßIß|, arrd Ç. aliphatic or Ç. fluoroaliphatic oPtionâ¡Iy substituted with

-oRe, -N(R'XÉ), €oftü, or 4(o)wß"Xnt); o¡ tr'vo Rb qr the same ca¡bon atom

together forrr =O or -C(R*)l

n" is hyarogerv Ç. alkyl, Ç. fluoroalþ! or Co, ar(CJalþL tfre aryl portion of whic-h

may be oPtionally substituted;

Rot ls hyd.ogen, C- alþl, C* fluoroalkyl, C"l¡ ar(Ç)alkyl' the aryl portiør of whidr

rrraybeoptiorrallysubstifule4oraÃoPt¡ona[ysubstitubed5-o¡6menberedaryI,

heæ¡oarYl, o¡ heteroc5rclYl ring; or

R& and R9, talerr boçther vrith the nitrogen atonr to which tlìey are attached' form an

opticrallysubstituted+to&memberedheerocyclyl'ringhavinginaddiüontoüre
niùogen atorn, 0-2 ring heteroatorls independentìy selected f¡orr N, O' and S;

each R& indeperrdentty is hydrogen, C- alkyl Cr. fluoroalkyl or an oPtionally

substítuted Ce,o aryl or C"ro adÇ)dkyl;

s ia 0,1.2,3, ot 4, aró'

t is O.l. ot 2.

t01o6l subgenus definitions fo¡ Rtng A and variables )Ç y, !f, Rù, n', Rd' R" and r{

described for fc¡rrula (If also apply to formulae (IÐ-(vtrÐ' Cornpounds embodying any

combination of the prefefred values for the variables described herein are wittin the scope

of the present invention.

ilet--Om 1-17  HaNtu .4.er Hcf 1-18  NH2 N   Cl se  1-20   a KW 111 ad       



lOTOn Representative examples of compor.nds of formula (I) are shown in Table 1.
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tO108I The cortpounds in Tabtre 1 above may also be identified by the following

chemical namee:

Chemisal Name

r.1

t-2 I$ S 2s AR -+(+[ [2-(dif luorometho:cy)benzyl]aminol-7H-pprolo[2,]dl-
p¡rrirnidin-7-yl)-2-hydroxycydop*tyllry

r-3 I$S2S,aR)-z-\ydroxy+(+
l2aalpyf'¡ntdj'l.-z

l-4 tOS25lRF2-hydroxy-4"(rt- [ [(1 S)-1-phenylethvl]aminoþ7H-pyrr orol2 3¿l'
pSrrirridin-7-yl)cydoPentyllnethyl sr:l farrale

r-5 (1 S2s,4R)-4-l+t(rlclrlorobenzyl)aminol-7H-pynolo%S¿lpyi¡*¿n-z-Vll¿-
hydrory-2-mettrylcydopentyl)methyl .t lf.a3tu 

-r-6 <(tsPSAR)-+l+t(1S)-2.3-dihyd¡o-1ll-inden-1-yl(methyl)amirol-7H-pyrrolo'
12 þdffirrudiul.-7 -ytl-2.hydroxycydoperrtyl)methyl sulfu*L-

|.,1 t(152slR)-2-hydroxya-(+ t t(rRÞl-nhenyletl¡ytlaminol-7 H-W n olol2'3- dI-
pyrintdin-7-yl)cyclopentylmethyl 6ulf anÉte

I-r (lSpslR)-2-hydroxy4.(4. 1 [4-(Eif¡uotomethyl)benzyl]aminoþzH-pyrro]e
tz"adJp¡imldin-7^yl) cyclopentyllmethyl sulfamate

r-9 l(t S 25 AR)-+l*(âcetylamino)-7¡l-Pynotol2þ4lpyrimidtn-7 -y\-2'
hydroxycydopmÇI)nrethyl sulfamaæ

r-10 (1S2S/R)-+(4-tbenz,y(methyl)aninoþ7H-pyrrolol2 þdlpyti'niðtxr-7 -flla'
hyd¡pxycydope¡rtyl)methyl sulfa¡nate

I-11 (1 SBS)-1 I4f (1S)-2B-dihydro-1H-irrden-1-yraminoJ -7H-PynoIo[23d]-
pyrirntdin-7-yllcydopenÇl)methyl sulfamate

t-12 ((1S,2S,4R)+t4.t(ttS)-3,r1-dihydro-2tl-ctuometr{/arninol-ZFhytrolot234l-
pyrímidin-7-yr}.2-hydt@CycydoPîryÐtlehylôdfatl'âte --

t-1i¡ (1S2s/4R)+t+[(rR)-23-dihydro-1II-inde<r-1-ylaminoJ -7 H-pyrclolz þ-ìtl-
pyrimidin-7-yU-2-hydroryryrJopentyl)rræthyl sulfamate

t-74

r-15

þ46

t-77 pporolzþ-dl-

r-18 I(1S2S,4RÞ¿!(a-a¡nino-Tltaryrrolol2 þ4lpvrimidrn-7-y1)-2-
hydroxycydopentyllmethyl srrlframafe

9 8 H Ho: 1-56  HN 4 N   N H* NN HO 1-57  _ / 0 014z Ho 1-38 HN 



I-19 (152SlR)-+t4-(2,+dtdùorobenzyl) aminoþTHayrrolo[2,]dJpyrimtdin-7-ylþ
z-hydroxycyclopenÇl)melhyl sr:.lfarra te

I-20 ((rRlR)-+{ +K15f2.3-dihydrerH-inderr-1-ylaminoþ7H-p yttolol2Þ Al-
plâimid¡n-7-y$cydoPerìt-2'€n-1-yl)rretltyl sulfamate

I-21 t0 S2SIR)-4.(4((1R)3,&dimethyl-z,}dihydro-1fi-inden-1-yljârn¡nol-7H-
pyso\o[2þ-dlpyÀ¡nidin-7-yÐ-2-hydroxyryclopentyl]methyl sulf amate

t-22 ((75 2R,35 AR +(#(rLchrorobenzyÐ antnol-7H-W lrololz þ il lpy¡imidin-7-yl l-
2,ldihydroxycyclopentyl)methyl sulfârrrate

t-23 ((lS 25,4R)-+@[(+cllo¡obexøyl)amino]-9H-purin-È]¡ll-2-
hydrorycydopentyl)methyl sulfamate

t-2á' ((lS 25.4R)- +14-[(3i+didrro¡obe¡rzyl)amino]-7H-pyrrolo[2,3d]pyrimtdin-7-yrF
2-hf¡droxycyclopentyl)methyl sulfamâte

t-25 ((]'SPSAR)+l+[(cydoptopylmet]ryt)arninoFzH-pyrrololz,]¿lpyri¡nidin-7-yl]-
z-hydroryryclopentyl)methyl sufariate

t-26 ((7 S 2s AR)- +l+[ (1,3-berøodioxoþsyknethyl) amino] -7 H -pyrt olop þ' fi'
pf"rimidin-7-yu-2-hydroxycydopentyl)methyl suÚamate

t-27 Í(LS29AR)'4.(+{K1s)-5-chloro2.3drhydro-1H-lnden-1-yllaminoþ7llgyrrolo
12 3 /lpy'rtf üditÉ7 -yl)-2-hydrorycyclopenÇllrrrethyl sulf amate

þ24 (1S2SlR¡2-hyd¡oxy-4.[rr-(2-phepylethy]7H-pynolo[23-dlPyrimidlrr-7-ytl-
cydope{ìtylllwthyl sulfamate

t-29 ((LS25AR)-+14-(cydolr*yhnethyl)arninol-7H-pyrrololzþdlpynm¡d¡A-y\-2-
hydrorycydopentyl)rnethyl sulfanare

I-30 ((ls/slR)-4.{¡tr[(1Ð-2.3dihyd¡elH-inden-1/arrin ol-7 H-py r;rorolzþ il-
primidin-7ry11-2-hyd¡ocy-2-urethylcydopenty¡)methyl $¡lf amåte

I-31 IGS 25 AR)-4-L+þenz5darnino)-Éf luor eTþI-pyr:olol¿þil lp¡inidirtT-yll-2-
hydroxlnryclo,pentyllmethyl suüamate

I-32 l(LS 2-9 AR)4-f+(berrzybuffanyÐ'7 H-pyrolol2 þillpyrirnrdin-7-yrl-2-
hydrorycyclopentyllrrethyl sulf arnate

I-33 (1S2S,4R)+(&|(1S)-5-bromo-2.ldihydrolH-inden-1-yl)arnirroJ-7Hpytrclo-
t2SdJpyriniain-z-yl)-2-tg¡dEoxycjrcloPentyllmethyl sulf amate

l-34 ((LS 23 AR)- +l+[(&c]rloroÞenzyl)oryþ7H-pyrrolo[2,aJþyrirnidin-7-yt ]-z-
hydroxycydopenryl)methyl sulf amate

I-35 ((LS 2s AR>+l+[(1S)-2Bdihydro-rH-inden-1-ylamino]'7 H-pyr:olol2'34J-
pyrírnidin-7-ylþ2-hydro:<ycTdoPerìttl)methyl sulfåntate

r-36

t-97 ((152i4R)-2-}¡yâroxr'4{+(1S)-
py rrololZ P/lgynmidin-7-yl

I-38

a N N 9 0 HN* * z HO 1-59 N 9, 0 Cc HO 1-60 . HN * e  HN '* City 



149

140 f (1S25,a$-z-hydroxy-4-[4(methylaminolTH-pyrrololãSd]p¡"rimidin-z-ytl-
cyclopenùyllmethyl st¡lfarnate

t-41 [(rs25,tlR)-2-hydroxy-tl(rts[[(Frnethylisoxazol-3.y1)rrethyljaminoþZH-pyrrolo
lzþzlpfim;ènz-yt)cyclopentyllmethyl sulfamaê

I-42

I-43 (1 S2sIR)-2-hydrory-4-[+[@-rnethoxybenzyr)amino] -7 H-yytrololz þdl-
pyrimidin-7-yl)qyclopenÇl)¡nethyl sulf arrtate

I-114

I-45 ((TSZSAR)-+l+(t1-drlorobenzyl)aminol-7H-pyrrolo[2,3-djpyrinidin-7-yll-2-
hydrocycyclorpen $l)methyl sr¡Ifama te

146

r47

148 ((lS25AR)4-14-(4<trlore2-rrethylbinzyl)arrinol-THayrrolo[2"]dþ¡rrimidir
7-y$-2-hydroxçydopentyl)zrethyl sulfamate

t-49 l(ls 25,4R) +ÍÈ(benrylamino)-7H-pyrrolol2þ d)pyñmiòin-7 -yll-2-
hydrocyryclopentyumethyl sulf amate

I.s0 (1S2s,a$-2-hydrory-4-[+(2-met]ryl-2-phenytpropyl)-7H7yrlorol2,Ul-
pyrirnidin-7-yllcyclopentylmethyl sulÉanate

r-s1

l-s2 (1S2SlR)-2-hyd¡oxy-+(&(t(1R25)-2-methoxy-2,3dihydro-1fI-dnden-1-y1l-
ar¡rinol-7¡l-pyrrolol23-¿lpyrimidin-7*I)cydopentyf]methyl sulfaûate

r-53

t-54 (1S,251R)-2-hydrory-4-(tt l(LRlSl2-isopropoxy-2,3-dihydrol}I-inden-1-yll-
amirrcþ7l{-pyrrolot2ådjp>¡¡i¡¡tldin-7-yl)cydopentyllmethyl sulfazra te

r-55 (æ,3SÆR)-S| +(1Ð-23dlhyd¡o-1.11-inder-1-ylaminol -7 H-pyrcIol2þ dl-
py¡irnidin-7-yll-3-hydroxytetalrydrofurarr-2-yl)methyl sulfamat€

t-56 N-[(1S,2S,4R)-+l+t(1S)-2,]dihydro-1]l-irrden-l-ylaurinol-7H-pryr:rolol2,34l-
p¡ninidin-7-yl þ2-hydrorycydopentyl)nethyllsulf anride

t-37 (2SFS"SR)-&l6-@enzylamtno!9H-purin-9-y{t-3-hydroxyækahydroturan-2-yll
ñetlryl suüarnate

I-58 N-f((2S,3t5R)-91+t(1S)-2ådlhydrolll-inden-1-yla:ninol-7H-pyrrolo[zþ41-
pyrimidln-z-yl)€-hy&oxyteEahydrofuran-2-yt)me thy4suüa¡nide

N o z",of HzNek0_ 0Hci 1-61  H2N4renn0 oz HO 1-62 F * FIN41   6 ili HNv -41r4 N d 1-63 CI / 



I-59

l-60 ((t S 2:5,4R)-Ll41flS)-2,'dihyd¡orH-ncien-1-ylanrinol-7F-W n orol2þ'tl-
pyrimidin-7-yl) -2-hydro:<y-1-methyþclopentyl)nethyl sulf arnate

I-61 lG S2SIR)+(& ( (1s)-a"fiuoro-2êdfü ydro lfl-lnden-1-ylamino þ7H-
pyr¡olo [2.3-dlpr¡rimf din-7-yt]2-hydrorycyclopenÇllûieth]'l sulf añåte

l-62 l(ts,2s,4jf.) +(4-f [(15Þa7-drfl uore2,]dfüydrÞ1H-tnden-1-yllaminoÞ7H-
pyrrolo[2p-dJpyrfrnidin-7-fl)-2-hydroxycyclopentylmethyl sulf am¿'þ

I.63 f(75 25,4R)- +<+[ [(1R)-4lctùore2,!t-dihydro-1H-inden-1-yl]amlnoþ7if-
pyrrolo[2,]dlpyrimidin-7-yl)-2-hydroxycydopentyllmethyl sulf amate

l-6/r ICrs2S,4R)-+(+( t(lS)-4-drloro-2pdihyilrellI-índen-l-yllamtnoþ7I{-
W Ì oluþþal¿yúmidirrT-yl)-2-þdrorcycyctopentyllmethyl sulf amate

I-6s IOS 25 AR) 4<+[ [(1s)-{-bromo-2pdihydrer}I-inden-1-yl]aminol-7H-
pyrrolo[2,]dlpydmid ix*7 -yl}.z-iryòt oxycydopenqrllmethyl sulfa¡rate

I-65

t-67

l-6a

t-69 [(1 S25lR)-+(S-flr:oro+l (1&2s)-2-ñethoxy-Z]dihydrç1H-inden-1-
yilamino ¡-z¡í-py-olo[2,]dJpþmrdin-7-yl)-2-hydroxycydopentyllrnethyl
gulfamate

l-70 l(7 S 23 AR) - +(4-t [(r¡25)-z-etloxy-2B-dihydre*l-inden-1-ylamirol-7H-
pvr¡óIotz,3{lpydñidirrT-yÐ-2-hyd¡oxycydeentyllmetlryl sulf amaÞ

t-7L

l-'|t¿ t(f S2slR)-2-ht droxy-+(+f [fl nlÀ)-2-methory-2B-dihydro'1ll-inder¡-1 -
yllam;nol-7É-þynolof2,Sdlpy¡rridin-7-yl)cyclopenplmethyl srrlfamate

l-73 (E)-2-((LS2S,4R-+ta[$S)-2,]dihydro-1H-üìder¡-1-ylaninol-7H-çtyrcrol2þ
dlpyrimidin T-ylþ2-hydrroryqyclopentyl)ethylenesulfonamide

t-74 N-{ (1S2t4RÞ2-hydtory+(+( [(uls)-2-methory-2pdihydrelH-indsr-1 -
yllaminoþ7H-pyrrolo[2.]dlpyrimidin-7-yl)cydopentytlmethyllsulfartide

It5 N-((1S,2S,4R)-+ (+ t(l S)-zÞdthydre'1}I-Índen-1-yl arl;rit.lol'7H71yrr olol2 þ-
dJpyrimidin-7-ylf 2-hydrorycyclopentyl)methylþN-meiltylsulf amide

l-76 2-((lSPSlR)¡L{a.l(1s)-2,}dihyd¡o.1H-inrden-1-ylanlnol-7H-pyrolot2!-
dlpyrimidin-7-ytl-2-hydrox¡nrydopentyl)ethyl sulfanrate

ln7 GS2&4R)-4.f 4.t(1S)-2.1díhydro-LFl-inden-1-ylamin o|-7 H-pytt orol2ß-
dlpyrimidin-7-yl!-2-hydrorycr¡lopenÇl sulfanate

9 0 HO-..- 1-64 *GI HN * 1 -_, 14   * II NH NI otEce  H2N H11 1-65 F * KW  /'-N 



l-78 (IRPS AÍ)-*l+|fl S)-2,9dihydro-1H-rrrden-1-ylarninol -7 H-pytolol2,3-
dlpyrlnidin-7-yll-2-hydroxycydopentyl srrlfaûute

t:79 lH-inden-
sulfamate

ÞED f(1s2s4R)-2-hy&oxy-e(+tt(1s29)-2-(rnetho><ymethyl)-23-dihydro-1H-inden-
i-øat*,ól-zrÍ-øróto[2,]dJpyrimidin-7-yl)cydopentyllmethyl sulfamate 

-
I-E1 [(1s25,4R)-2-hydroxy-+(q [(f R2R)-2-methyl-2Sdihydro-1H-inden-l-

iilami¡ot-Z¡r-pytrotótZ.s-dlpyrimid"-7-Ðryd"p.".yU-"hyl "tuR
r-82 l(Ls7s.4R)-2-hydtory-+(+1Í(lS2S)-2-methyl-2-3ditrj¡dr-o-1H-inden-1-

yilaminoþztt-fyrroÉt2,3-¿lPyrimidin-7-ylcydopenty_llmethyl sr.rlf amate

I{? (1S,2SIR)-+(4.( t(lR 2R)-2-ethyl-2,3dihyd¡o1ff-hden-1-y'laffttt?@l-7 H'
pynoloþ þAþyrirnidnc-7-yl)-2-hydroocycydopenÇlmetlryl sulfamate 

-
t-84 lJ s 25,4R)-+(+II$S 2s)-2<ù\yl'23-dihydrolH-inden-1-ytlarninol-7H-

pynolotz;+øjpyrimidin-7-yt)'2-hyd.*yqfloP:r,ElJ-:l!4.ü-üb -

I.8S

I-86 ((1S2S,AR)+(+t(lS)-2.1dihyd¡e1H-indm-1'ylarnirrol-7 H-pyn orolz þ
djpydmidín-7'y' |-2-methorycydoPontyl)mÊthyl sr¡lfamate

Generøl Synthetic Me thø iÌologY

lo1ogl llre compounds of tI€ p¡eêent invefition can be prepared by methods known

to øæ of otdtnâry sk¡u in tìe art and/or by refe¡ence to the sdrccres shown belovt¡ and the

syñhetic exarnples that follow. Exemprary synthetic rouùes a¡e set forth in sd¡emes 1-10

below, a¡rd in the Exanrples.

N H2N- -01". Or .- HO 1-66 CI 0A # H2N-1,111. 43". H3 CH 3 'CY N27 1-16 1-67 F HN a N
1124-Cr in a Z HO 1-68 * 



Scherre 1: General route for the eynthesis of tt-substituted (Os¿S,4&-2-hydrotqt+
l7Ë-p¡'û olot2'u ¿tpyri¡ridin-7. ytlcyclopentyDmethyl sulfatratea

çÖ mc+, -'l r'| É1' É 1",*- '+."
cÔ

MorhodG d^d

]':'

,.r*"ar l'r-$o
*'^,

,*+-'*f,#:
o_H

adt
rl

BI

"+*'jffi'
Nö

I(l11Ol gdrerne I above shor,ræ a general rouæ for preparlng compounds of formula

(I), wherein Rírrg A has formula A.li. Those of ordlnary skill in the art wilt recogrize that

cornpormde of foranula (I) wherein Ring A is other than' A'ii can be prepared by the same

çneral route, beginrríng with appropriate staf Ù¡ng Þâterials analogous to t-

10111] Methods for the synthesis of drloro-subsdtuted Py¡tulopyrimldlnes suctr as

furñula i are knovm @. Rergan eú øl', Bîoorg. Med, Chem. Lett- ãOOQ 74' 5247-5?,50t L

Heteroaylic Chem.,lggï,25,7633'1639). As shown i¡ Sdreme 1, curversion of compounds of

formr¡tra I to substituêd pyrrolopyrimidines is accorrplished by coupllng with lhe

eppropr¡åtely subsÉhrled amines or mercaptaas (see Patbaþ A'K.; Pathak" V-; Seitz, L.E';

Suli¡¡g, WJ'; R€ynol ð$,R:C',I. M2à. ç)¿m- zgo4' 47,7f3'276) at ele'¡ÀtÊd ùemPeratnle in

protic solvents, such as bülanol ot isoPropanol, using an aPProPf¡ate base, such as DIPEA o¡

EtsN (À¿ethod A). .AlÞrnatively, Pyffolop¡nimtdirres i can be coupled with an appropnaæly

substiuted alcoùlol in I{O in the pxesence of a base, sudr as KOH, at refluxing temperatu¡es

(Metbod E). Compounds of forrnrla i can also be t¡eated r¡vtth Grignârd ¡eagenbs in the

s5
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presence of feÍic âcetylacetonate in TIIF (lvlethod C) to provide carbon-sr¡bstituted

pyrrolop¡'rirnidirres. Compor:nds iv are pÉpãred frorr ti by the opening of epo><ide üi wirh

a €uitable base, sudl as NaH, LiHMDS, or cesium carbonate, at eleeated temPeratules in

DMF (Ivfethod D).

t0uzl For preparation of cnmpounds of formula (I), wherein R' and Rd a¡e each

hydrogeru deo<ygenation cen be effected at thrs stage. Tlu:s, aÌkylation of compornds of

formula iv to provide xa¡rthates v is effected by treahrerìt with

chlorophenylrhionocarbonate a¡rd a suitable base, such as DIvtrqP, in DC:M (¡vfethod E)'

Deorygeoaticr of cmrpounds of formula v is adrier¡ed by beatment with a radical sor¡¡ce,

sudr as BrSSnÉI, and a radicâl initiator, sudr as AIBN, in refluxing toluene (Ùtethod Ð '

Subseguent depfotection wit]: an aqrreous acid sudr as ACOH (Method G), P$vides
compounds of forñula Yü.

t0113¡ The primary alcotrol of the diols of fo¡muta vü is selectively P¡otected, ¿8.,

with a bulky silyl proþcting grouP such as TBDll4S. Subs€quent tr€atñent l,vith aceÈic

anhydride affords tlrc Protecüed a¡cohob of fornula vüi (Method !Ð. Selective deprotection

of the priarar¡r alcohol using a fluoride reagent, such as pyridine hydrofluoride, in a basic

solverìt, Eüclr as pyridine, provides comporrnds of forrrula ix (Method Ð- Fu¡ther treatment

wiùr ftestrly prepa¡ed drlorosulfo¡umide x affo¡ds the penultimaæ srrlfamates xt (ÀÁethod).

Acelate ¡errwval by beatnent vrith a base, sudr as arunonia, ir¡ MeOII actording to \Áethod

K yields compounds of formula xit.

0.N o He 1-71 *.s. HNI'l RI 0-01-13 a -- N 0lir N H2H11:ko.Ci 0 HO: 1-72  HN * Qte* ; Fscf 1-73 *II "
:NH N N 



Sclrerrc 2: Alteírate route for the synthesis of ttsN-substiftrted (asaS4Rl'z-hydrcxy-4L
17 H'Írt'úolotz þdlpyrimidin'7-yl)ryclopen$tl)nethyl sulf azrates

'# g$t
rlU

cFCI .#ræ
ua¡a"o.¡- 

"r".Q 
-i..'r-$ 

"/"C/' 
"*;d"* Ê" 
l"*,* 

",.,"

-n 1i+L+-# *Ë ."'fü;É"fl
to114l Compor:nds of formula (I), wherein R: is ^N(R), may be PriePared by ân

altemadve procedu¡e in wNch a later stage inærmediaie incorPo¡ating a leaving group such

ae a sulfone is düectly displaced by a substituted amiÂe. As shown in Sclrenæ e t¡eaEwnt

of compounds of forz¡ula i with benzyl$ercaPtaß under conditions described ín Method B

prowides benzylsulfanyl p¡rrrolopyrimidines of formula xiti, Subsequent üeatmerrt lvitlr the

conditions outlined in MethodO ÞF aflords comporxrds of formula xiv. Cozrpornds xiv are

¡eacþd with an oxidizûrg agent, sudt as mgBA" in DCM in the Pfesence of a base, sudt as

sodium bica¡bonate, to p¡(fe¡de 6ul6ones of forrrda xv $rdethod L).

lm15ì Compounds of formula xvi a¡e tlren sylrtlresized by teaünent of ñ¡ with an

appropriately substituted amine using a base, sudr as DIPEA, in a high-boiling protic

solvent, such aE EIOIL at elevated temlrentures (Ivlethod lvf) sùnilar to litetahre Procedu¡es

(Li¡l X.; Robi¡rs, MJ ., Oryønb Lett. 2OOO, 2' Y97-34Ð). Retnorral of ttre gotectLlg grouP is

accomplished in a marurer alalogot¡s to thât dePicted in Scherre 1, r¡.dng the procedure

desc¡ibed !n lvfe{hod G, lo give diols of forc¡rda xvü. Methods for the s¡Ûhesis of trrt-butyl

clrlorcsulfonylcarbaÉate xrrlil aÌe known (Ifirayarna et øl-, Biorg- lvtei¿' Ch¿m.' Ð02" 70' t509'

1.52?), and this reagerrt is reacted selectively with the primary alcohol usiag a hindered base,

such as 2,6-di-ts¡f-butyl-4.rnethylpyridine, in a Êolvent, sudr as AcCN, to affo[d Eoc

sulfamates of formr¡la xix (Method N). TTA-depfotecbon according to Method O yieldo the

cornporurds of forrnrda s. Tlre conve¡sion of cornpor:nds xv to xvi has Êre potenual

advantage of being amenable Ûo solutiorr phase library synthesls.

iid 1-74  40 &H N r1/413rN H2N" V ii"Ci 6"file 1-75 HN /N N cV-'ithc-1 NI-12lid 1-76  H2N CP I. V
,lir 



Sdteme 3; Synthesis of substituted epoxides

**sd:13
Elll

f*
"";;9

OH
¡t¡v

I0I1SI Methods for the syntÌÉsis of the intersrediate alk¿xre diol si a¡e I'.¡¡o rn

(Nucleosídes,Nucþotides e Nadeic Acíils,Zûoz, 27,65-72). UPon beabr¡pnt with rtt-CPBA, diol

xxi is cofiveræd to epoxy diol Ãeii. Subsequent protection of the diol using P-afrisâldehyde

dimethyl acetat provides epoxide iii. åIternatively, TtsDl&protecüon of the prirnary

alcohol of xxi foltowed by PDC o<idatimr gives the cçÈ-unsatufated ketone sii. Addition

of À{el¡i to the ketone in EtzO gives teftiary alcohol xxi¡i, and teatment fÀttth TBA¡ in THF

provides diol siv. Epoddation and diol ptotectiotr affords the p¡otected substituM

epoxide xvi.

Schezre 4: Gene¡al ¡oute for the eynthecis of subsfituteil aminoindlans

H.Nfox _ 
^,/)¿(Rsrr,n",,<4'"b' 9- ''n-("t/nçH M6*o€ ,""),Cû1^*)'

''!¡¡i -.t 
v r¡t

I0tan The aminoi¡rdans used for the prepa¡atio¡r of '4-amtnoindanyl compounds of

foñ¡ula þ( afe either comnercially available, or they are prepared tluough the litefatu¡e

rnethods higNighted in Scheme 4- APPropÉately substituted indanones of formtfa xrriü
are teated wilh (R)-Z-anino-Z-phenylethãnol to Provide the desi¡ed intermediate irìine-

Subsequent leacdon witl¡ an aPPfoPtiate reducing agent, sudr ae sodlum borohydride in the

preence of AIO}I, gives arníno alcolols of forrnule six (Àtethod I)- TreaÈrrent with lead

teEaac€tâte, followed by reft:xing tn l{Cl, gives artirroindam of formula u (Method Q).

HG 1-77 r4era* H 1-78 Ait   MN' 11114 la-t-eP Higacre.N Het 149 r4 %C.,. HN *4 q.,.,9I.."J
1-12N'S"CrtilN Hd I-80 



One skifled in the aft will recognizc that the use of (5f2-amino-2-phenyletÌ¡anol in Method P

ca¡r be used to afford the opposiÞ enantio¡¡re¡ of indan rs'

sclrene 5: G€¡refal fo|lt€ for tlre eyntheoie of ,4l-gfrbstituted (als25ÁN).2þdihydro:q¡'<.
l7F-pyttolotLúlpyrinidin-7-yllcycloPentyl)ñethyl eulfanete6

lO11Bl Compøxrdo of forrrula (I), wherein If is €f{ carr be prepafed as outlined i''
sclre[ìe 5. Thus, coElpor:nds of formula iv, as prepared in sclerne 1, are direcdy converted

to t¡iols of fc¡nula xri (Ntethod G). Iìotection of the two secorìdary alcohols with

2,2-dirnethocypropane and a¡r acid catalyÊþ 6uch as P-TSA mÛnohydrate, in aaetone âffords

isopropyliderres sxit (Mellrod R). Furthex ¡eacEon wíth chlorosulfonamide x by Irtlethod L

as described in Scheme L affords eulfamaÞâ of Áormula )odiii- Removal of tlre

isopropylidene using arr aod, suctr as TFA, in t].e presence of water )tields compømds of

forrnula xsi[.' ([-Q, accordrng to lvfethod s. Alerrratively, tiol xxi can be selectívely

sulfañoylated at the prinury hydroxyt and dep,rotected as desqibed in sclleme ¿ À/tethods

NO to give coInpmrnds of Áormula xiv.
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Scherne 6: Gener¡l route for the synthesis of +aûrino and lþacylsmino s{bstituted
(1S,2S,anÞ2-hyd rolr<y+I7 E'E y ß olot2&r'Jpy¡Jmidin-7-yl}
cyclopenfl)urethyl eulf ¡trates
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l0flgl Compounds of fcrnula xxxr¡ are ptePared by the rnethods desctíbed in

Scheme 1. Treatment of benzytamines ,oocv with an aqueous aeid, such as AcOl4 affords

"oritl.. 
o*t¡ (ti¡enod G). seÞctive protection of the primary alcohol ræing T'BD¡vlscl and

an appropriate base, such as imidazoþ in DMF gives compounds of fo¡srula :qxvü

(ÀÁethod Ð, Br+.acyla6on ís effecred by keatment with approPfiately sub6tituted adyla tifìg

reagerrt of forrnula ;st iii (X = Cl, OH, -OC(O)R1 and an appropriaæ base, suclr as

pyrtdrne, to afford compor.rrrde of forml¡ta rqü (tr(ethod U). Subjecting compounds xÃix

to the corrdiÉo¡rs desc¡ibed ín lvletlúds I-K âffofds both the fuily deprotecþd anãlogs xl as

well as amides ¡Jl,
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Sche¡re 7: Gene¡al ror¡te for the eyntheeie of tl-eubstifirtad ((lSpSfRl+l7l{-pynole
[?3-dJpyrimidin-7-yl]cydopentyl)methyl sulf amates

È0
Iñfn

Metàod r rror.o-',d{'l-t"'eg
uot ãx

l

1"

ÇÇr
r:,ousc-'.0

:..oìf
s

¡llY

Ilüt2Ã, Cocrpounds of formula (I) whetein Xl ana ff togettrer fcnr' a bond, and

compounde of forrlrla (I) whe¡ein each of n"-Rd is hydrogeo can be prepared as out-lined in

Scheme 7. T¡iols of fomrula xlil âre p¡epa¡ed following tlre procedure tn Sclìerne 5. Ttre

primar¡r alcohol is selectiveþ protected to give the drols of formr¡la xlüi (Ivlethod T), whidr

are ttren alkylated by 1,1'-thiocarbonyldtimidazoÞ in a suitåble solvenL sucl¡ as DMF, to

yield dioxole-thiones xliv (Method Ð. Tlealnerrt wiltr LB-diarethyl-2-phenyLlþ)-

diazaphospholidine in an appropdate solverrÇ such as T[IF, affords alke¡es of fo¡mula xlv
(Method v), whiû are ø<posed to tlte cpndiüons outlined ilr Ntet}þds I-J to affo¡d

sulfamates xlvi- Hydrogenation under an atmosphere of hydrogen in the presence of a

caüat,'6! gudl as palladiun orr carbon in EtOAc grves saturated sulfamat€s of formula xlvii
(Method W).

Scheme 8: Synlhesis of gflaoto prymolol2þdlp¡rrlmidinea

cr

ç+,
¡

[012 Compounds of formula (I) wherrein Rt rs other than hydrogetr are prepared as

outlined in ScÌ¡emes 8-9. Co¡rwe¡s¡on of i to fluoro d oro p¡zrolopyrimídine xlvii is eflected

61

I ""'* 
n

ReÊsta,

'.,,.g-o,,J# 
*-ä*E-.., J4' %** 

"Í4'

HIT /1N N r2' 0 IP1)-C143 Nhig 1-86  W1081The compounds in Table 1 above may also be
identified by the following chemical names:  Chemical Name I-1
al5,2,5,4R)-4-(4-1(2-chlorobenzyl)arnino)-7H-pyrrolo[2,3-enpyrimidin-7-y1)-2-
hydroxycyclopentypmethyl sulfarnate 1-2
[(15,2SAR)-4-(4-1[2-(difluoromethoxy)hertzy1]a1TIino)-7H-pyrro10(2,3-alpyrimidin-7-y1)-2-hydroxy
cyc1openty1bnethyl sulfarnate 1-3
E1S,25,4R)-2-hydroxy-4-(4-tmethy1R1S)-1-pheny1ethyllarnin0E7H-pyrrol0(2.3-c]pyrimidin-7-yl)cyc
lopentylltnethyl sultanate
1(15,25.,4R)-2-hydroxy-444-11(18)-1-phertylethyllaminol-711-pyrrolo12,34-
pyrirrddin-7-y1)cyclopentyllmethyl sulfamate 



by t¡eatrnent with SelecdluorrM (1-drlororrethyl-ahfluoro-1','4ldiazoniabicydo[222]ocÞne

bis(ÞEafluorobonte)) and AcOH rn AcCN. Compourrd xlviü is therr st¡bsÉtuted Ìvith thÊ

appropriate substituents âccording to lltethods A{ and cârried on to compounds of

forrnula (I) according to Sclrcnrc L

Sclreme 9: AlteÌnete route to of 4,Fdisubetltufed (OS2Sl0-2-hydtoxy'+l7F-pyrrcle
t2,3-dlpyri¡tidin-Zyllcyclopentyl)methyl sulfamates

"Su-,Su-J+-*ào' ,*ào' ;=?o-p," -P , -P Í

[0122] Comporrnds of formrlla xlix are pre¡rared as s]rown tn Scleme 1, ard ate

converÞd to iodide I by treatment with NIS (Metlúd X). Iodide 1 can be cþnverted to

compounds of fozrrula Ii usirrg a variety of patìâ di¡¡m-catalyzed coupling co¡rdidons, sudr

as Sorugashira cor:plturg (Cul PdCtG'FlÐ', DIPÉA, nrC'-Cr+ løeËo¿ Y). Fouowrng tlre

urethOd.E ShOr¡¡n ln SChene 1, compOUndS of formr:Ia Ii afe Cülverbd to fiftâl COmPoundS of

forrrula (I).

sc}relre 10: synüresis of ((2s,3s4R.5R)-s-(lÞ(alþlaurino)-7I[-wfrolol2,3-ÃEylimidin-7-
yl)€r+dihydrorry-tetrahydrofu nn-2-yl)methyl aulfamates
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1-5 ((15,25,4R)-4-144(4-chlorobenzypaminol-711-pyrroloi2,3-dlpyrimidin-7-71)-2-
hydroxy-2-methylcyclopentypntethy1 sulfamate 1-6
015,25,412)-4144(15)-2,3-dihydro-11-1-inden-1-y1(methyl)aminol-71-1-pyrrolo(2,341pyrintidin-7-y1
)-2-hydroxycyclopentyl)rnethyl sultanate 1-7
[(15,2SAR)-2-hydroxy-4-(4-(R1R)-1-phenylethyllarnino)-71-1-pyrrolo[2,3-11-
pyrimidin-7-y1)cyclopentylknethyl sulfarnate 1-8
[(15,25AR)-2-hydroxy-4-(4-1[4-(trifluororriethyl)benzyllarninol-7H-pyrr0l0[2,3Apyrimidin-7-y1)cyclop
entyl]tnethyl sulfamate 1-9 f(1.5,2SAR)-4-(4-(acetylamino)-71-1-pyrrolo(2,3-cipyrimiclin-7-yli-2-
hydroxycyclopentylknethyl sulfamate 1-10
MS,28,4R)-4-(4-(benzyknethyl)aminol-711-pyrrolo(2,3-d]pyrirnidin-7-y1)-2-
hydroxycydopentyl)methyl sulfamate I-n
((lS,38)-3-144(15)-2,3-dihydro-lti-ixiden-l-ylainirto)-71-1-pyrrolo[2,3-d1-
pyriratdin-7-ylicyclopentypmethyl sultanate 1-12
((1.5,25,4R)-4-144(45)-3,4-clihydro-21-/-chromen-4-ylarninol-71-/-pyrrolo[2,3-cilpyrimidin-7-y11-2-h
ydroxycyd0pentyl)rnethyl sultanate 1-13
(0$25,4R)-1-444(1R)-2,3-dihydro-1H-inden-1-ylamino]-7H-pyrrolo[2,3Apyrimiclirt-7-y11-2-hydroxyc
yc1opentyl)methy1 sulfamate 1-14
[(1S,2SAR)-4-(4-1R1S)-3,3-climethyl-2,3-dittydre-11-1-inden-i-yllarnino)-7Hpyrro1o(2,3-allpyrimidin
-7-y1)-2-hydroxycyclopen1yll1nethyl sulfantate 



f01231 Compounds of forrrula (I) wherein Y is -O can be prepared from compor:nds

lvüi. The synthesis Of corrpOunds of fof¡fiula lviii is fePorted in tlle literatu¡e (Ugefkal,

B.G.; CasæIlino A.J.; DaRe, J.S,; Raurirez'Weinhouse, M.; Kopclo,IJ'; Roseryren, S'; Êrio+

M.D,I. Med, CIten'2OOg,46,475G4760), a¡rd Is ougined in Scheme 10- Met}ods for the

conversion of Èribose to lil âre known (Inokawa, S.; Kitagaura, H.; Seo, K.; Yoshid+ H';

Ogata,T, C¿rtut Yilr. Hydt, Rcs.,1973, 30,727-],32),. Hydroboration-oxidaûqr using bo¡anÊ

lHF compl,ex affords liü, which is globaüy deprotecled using sr:lturic acid- Tet¡aol liv is

Fotected using ¿2-dimetlroc5propane and subsequent P¡otectidl of the primary alcohol

using TBDlvfS€l gives alcotrol tvi. Selective dùo¡i¡radon using CClo and HMPT in toluene

affords the single e¡rantiorner lvii. Glycosylation wing compounds of formr:ìa i gives

intermediates of forrrula lviii, which can be furthe¡ daborated as desctlbed in schemes 1, â
and 6 aborze.

Scheme 11; Syntheeio of 2-((lSpS/*R)4.440S)-2'3-dihydro-1lI-inilen-1'ylaminol-7l{-
pyrtotof Ze-aJpyrinidin-7-yl-2-hydroxy.ycloPentyD ethanesqlfonamide
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t0124l Compor:nds of forrrula (t) wlærein X is CtI" canbe prepa¡ed f¡om

cornpounds úi. As slrown in Scherre 1 L diol vti is protected as a bis-TBDÀÂS ether lix using

TRÌ)MS-CI. suiÌ-àble base, such as triethylamine, and 4-DMdP (Ivfetlrcd Z)- Selecdve

63

((lS,2S,4R)-4-(4-[(2,6-difluorobenzyparnino]-71-1-pyrrolo[2,3-cilpyrimidin-7-y1)-
2-hydroxycyclopentyl)methyl sultanate 1-15  1-16
((15,25,4R)-4444(3,5-d1chlorobenzyl)am1n9]41-/-pynol012.34]pyrn-7-y1}-
2-hydroxycyclopentypmethyl sulfarnate 1-17
((1,5,2R,35,4R)-4-14-[(15)-2,3-dihydro-113-inden-l-ylatrtino3-7H-pyrrolof2,3-d]-
Primidin-7-y1l-2.3-dihydroxycyc1opentyprnethyl sulfamate 1-18
[(18,23,4R)-4-(4-amirto-7H-pyrrolo[2,3-4pyrimidin-7-y1)-2- hydroxycyclopentyllinethyl sulfarnate
1-19 ((i5,25,4R)-444-[(2,4-dithlorobenzyl)arnin61-7H-pyrrolo[2,3-d]pyrimidin-7-34)-
2-hydrox-ycyclopentyl)methyl sultanate 1-20
((11c4R)-4-14-[(15)-2,3-dihydro-111-inden-1-ylaminol-7H-pyrrolo12,3Apyrimidin-7-yl)cyclopent-2-e
n-1-yl)methyl sultanate 1-21
[(18,25,4R)-4-(4-11(1R)-3,3-dimethyl-2,3-dihydru-lH-inden-1-yllarnino)-7HPYrrolo[2.3-c/]pyrimidin-7
-y1)-2-hydroxycyelopentylirnethyl sultanate 1-22
((15,2R,3S,4R)-4-(44(4-chlorobenzybamine7H-pyrnle(2,3-dipyrimidin-7-yli2,3-clihydroxycyelopenty
prnethyl sulfamate 1-23 



deprotection of prirnary TBDIvîS group to lx is effected üsing aqueous acetic acid at elevated

temperatüe (Method AA). Ald€ùryde lxi is ob'tained by oxidation of alcohol lx using I?AP

and e suitable oxidant, such as NMg (method AB). Treaùr¡ent ol aldehyde lxi with

(diethoxyphosphoryl)-rnethanesulfonic acid etlryl esÞr arrd a-Buli (tvfethod AC) g'ves

âtkefre t¡dt, v/Ndl iÊ ¡n turrì feduc€d lo sulfonyl ester lxüi using a suitable reducíng agent,

suctr as soör¡m borohydride in etharrcl (lvletfrod eO) Hydrolysis of the former ester using

TBAI under misowave conditions (N4ethod AE) gr'ves sulfonic add Ixiv, whidt is

trânsfornred into protected sr:Ifonamide lxv ui¡ inter¡¡ediatÊ fl¡Jfonyl drloride (using thionyl

cl¡loride and then am¡nonia ln d¡oxane, N{€thod AF). TBDlr4.s dePfo¡ection using a suitable

rea8ent, such as TBAF in ÎÉIF (Method AG) affords sulfona¡rride lxr¡i

scheûre 12: synthesis of (EÞ2-(os2sÁR)+{4.tús)-zêdihyd¡o-ur-inden-l.ylsninol-
7}i-pyr::oloÍz,3l{Ipyriaridin-7-yl}'z-
hydxoxycycloPentyl) ethylcnesulfonamide
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tfÌ1251 Compounds of formula (I) whetein X is €H= can be PrePa¡ed from

<ompounds lri. As strown in Sdreme 12, ¿er¿-

burytlt(dipherrylphosphorylneùryllsr.rlforryllcãùaßìaþ is heated with r-Buli and the

formed reaçnt is nixed with aldehyde lxi (À/ethod AII) to give Prcæcted vinyl

sulfonamide bcr¡i. Tlre Boc group is deprotected using a suitable Iæwis acÍd, such as ZnBr,

(N(etIrod Al) to a.fford kvü. The finat deproæction of a TtsDltLs group is câf¡ied out using a

sûitable reagent, sr¡dr as TBAF ln TIIF (Method AD ro give lxvtti-

MBthod A¡

((15,25,4R)-4-[64(4-chlurobenzypaminoi-9H-purin-9-y11-2- hydroxycyclopentyl)methyl sulfarnate
1-24 ((15,25,4R)-4-(4-[(3,4-cliehlorobenzyl)aminoi-7H-pyrrolo[2,3-cilpyrimidin-7-y1)-
2-hydroxyeyclopentAmethyl sulfarnate 1-25
((15,25AR)-4-144(cyelopropyltnethyl)aminol-7H-pyrrolo[2,3-dipyrimiclin-7-yl)-
2-hydroxycyclopentyl)methyl sultanate 1-26
((15,2S,4R)-4-14-f(1,3-benzodioxo1-5-ylrnethy0amino]-7H-prrolo[2,3-d]-
pyxMndin-7-yli-2-hydroxycyclopentyl)methyl sultanate 1-27
[(15,25,4R)-4-(4-(K1S)-5-chloro-2,3-dibydro-lH-inden-1-yliaminol-7H-pyrrolo[2,3-d]pyrimidin-7-y1)-2
-hydroxycydopentyllmethyl sulfamate 1-28
f(15,25,4R)-2-bydroxy-444-(2-phepylethyl)-71-1-pyrrolo[2,3-dip3rranidin-7-yllcydopentyl)methyl
sulfarnate 1-29 015,25,4R)-4-14-[(cydohexylxnethyl)ammTh]-711-pyrrolo12,3Apyrimidin-7-y1)-2-
hydroxycyclopentyl)methyl sultanate 1-30
01S,28,4R)-4-(4-[(15)-2,3-dihydro-1H-inden-l-ylamino]-7H-pyrrolo[2.3-r/Ipyrirnidin-7-y1}-2-hydroxy-
2-rnethyleyclopentyl)rnethyl sulfamate 1-31
l(15,25,410-444-(benzylamino)-5-fluore-711-pyrroio[2,341pyrimiclin-7-y11-2-
hydroxycyelopentyllmethyl sulfamate 1-32
/(15,2-5,4R)-4-14-(benzylstillany1)-714-pyrrolor2,3-4pyrimidin-7-y11-2- hydroxycyclopentyllrnethyl
sultanate 1-33 



Scher¡e 13: Gene¡al route to ,4-substihrred (1s¡S/4RÞ2.hydroxy+471¡.ntnotol2þi{l-
pyrimiìlin-7.y1þclopentyl)methyl eulfamtdes

AO

-$.î--JË
HO

t0t26l Compounds of formula (4 whßtein X is NH can be prepared frorn
compo¡rnds Ix. ¡As st¡o$'f¡ in Scherìe 13, alcolot l¡ is beated with N-Eoc+ulfonamide ufrde¡

Mltsunobu conditions, surh as triplrenylphosphine arrd DEAD tn ethyl aetate under

etrer¡at€d temperatu¡e to affo¡d protected sulfenide lrdx (If,fethod AK). Ttre TBDlvfS group is

dep¡otecÞd using a suitable acid" sudr as aqueous I{CI (Method AL) to afford l*. Ilre final
dep¡oÞctiqr of a Boc group is carried out using a suitable feagenL güch as TFA in
rnethylene dùoride (lvfettúd AM) to give Iæd.

Schdme 14: General ¡oute to rlsubstituted (OSpSlR).2-hydrory-l!{7l¡l-pyr¡olol},+il]-
pyrinidin-7-ylÌgclopenþDnethyl ìSmerhyl sulfasrldes

IaIU\n Compormds of formula (I) wtrerein X ts -N(CI4> can be pfE)aÌed f¡orn

coÎ(rpou¡\ds lxix. As shown l¡rScheme 14, sulfarnide lxix is ¡educed $¡Íth a suitable agent
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[(15,25,4k)-4-(4-W1S)-5-brurno-2,3-dihydro-11-/-inden-l-yliamino.1-7H-pyrrolo[2,3-d]pyrimtdin-7-y1
)-2-hyciroxycyelopentylimethyl sultanate 1-34
((1S,2S,4R)-4-{4-[(4-chiorobenzyl)oxyj-7H-pyrrolof2,3-d]pyrirnidin-7-yl)-2-
ktydroxycyelopentyl)methyl s-ulfarnate 1-35
((18,28,42?)-4-14-[(15)-2,3-dihydro-1H-inden-l-ylamno]-7H-pyrrolo12,3-djpyclin-7-y11-2-hydroxycy
cloperxtyl)rnethyl sultanate 1-36
1(15,28,4R)-4-(4-{[(13)-5-fluoro-2,3-dihydro-ili-inden-1-ylIamine)-7H-pyrrolo(2,3-alpyxixnidin-7-y1)-
2-hydroxycyclopentyl]methyl sultanate 1-37
((15,25,4R)-2-hydroxy-4-14-[(13)-1,2,3,4-tetrahydronaphilialen-1-ylamino]-711-
pyrrole123-dipyrimidin-7-ylicyclopentyl)methyl sultanate 1-38
015,25,4.R)-2-hydroxy-4-141(1-naphthylrnethyl)amino]-7H-pyrrolo[2,3Apyrimidin-7-ylicyclopentyl)rn
ethyl sultanate   1-39 [(1S,25,1R)-1-(1-antlino-711-pyrrelo[2,3-d]pyrimidin-7-y1)-2-
11ydroxycyclopentyl]methyl sulfamate 1-10
((152S,4R)-2-hydroxy-144-(methylamino)-71f-pyrrolo[2,3-dipyriznidin-7-y1)- eyelopentyl)raethyl
sultanate 1-41
[(15,25,4R)-2-hydroxy-1-(1-([(5-methylisoxazol-3-yl)rnethyl]arninol-711-pyrrolo[2,3-alpyrirnidn-7-Ac
yclopentyllmethyl sultanate 1-12 



such as I,iAlHa in TFIF under elevated te[ìpeÉh¡Ie to afford protected N-ñethyl sulfãmide

b(xü (lvfethod AÀf). The lEDlvfS group È deprctected using a suitable acid, such as aqueor¡s

}{CI (Metlrcd AL) to afford lsüi-

Sclreme 15; gynthesis of ((1s2slÐ.2-(ftert-butyl(dinethyl)silyllory)-+{tkt(19-z'¡-
dlhydro-lll-inden.l-ytâûinol-7ÃI-PynoloIzS .¿tPyziñidif'.'7'
yl)cyclopenr¡rl)methyl methanesulonate
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¡mzSl Compounds of foørula (Ð lr'herein X is O arrd rz - 2 can be prepared ftom

compotrrtds lL As strown i¡r Scheme 15, alcohol lx is hansformed to a surtable leaving group,

such as mesylate Do<ix, wing methanesrrlforryl cliloride arrd an approPdate bâse, suc.h aE

triethylamine in DCf,U (Method AO), fhe fo¡med mesylate is disPlaced with a nitrile group

r:sing a suitable nucleoPtrile, such as sodium cyanide in DlvßO r¡¡rder elerrated ÞmPerature

(Vfethod AF) þ afford nitile ltoq, wh¡dr is ¡educed to aldehyde lxxt using a suitable

reducjng agent, suctr as DIBAL in DCM (lVfethod AQ), Ft¡¡thet reduction of kxxi using a

súitable feagent, Sudr as sodiu4 tetmhydroborate in rrrettsnol affords alcoÌÉl lxãii

1(15,25,4R)-1-(4-114-chloro-2-(trifluonmethyl)benzyliaminol-7H-pyrrolu[2,3-1-
pyritnidin-7-y1)-2-hydroxycyclopentyl]metkiy1 sultanate 1-13
((13,2,5,4R)-2-hydroxy-/-[4-1(2-methoxybenzyl)amirm]-7H-pyrrolo[2,3-4-
pyrimidin-7-y1)eyclopeutyl)methyl sulfamate 1-14
1(13,2S,LIR)-1-(5-ethyny1-4-methy1-7H-pyrrolof2,3-alpyrimidin-7-y1)-2- hydruxycydopentyl]methyl
sulfamate 1-45 ((1.5,25,1R)-4-(4-[(4-chlorthenzybarnino)-7H-pyrrolo[2,3-dipyrimidin-7-y11-2-
hydroxycyclopentyprnethyl sulfamate 1-16
[(1.5,2SAR)-2-hydroxy-1-(4-nethyl-7H-pyx-rolo(2,3-41primidin-7- yl)cyclopentyl]methyl sulfamate
1-47
[(13,23,4R)-2-hydroxy-4-(4-([2-(trifluoromethyl)benzyl]amno)-7H-pyrrolo[2.3-4pyrinendin-7-y1)eyclo
pentyl]methyl sultanate 1-48
((15,2SAR)-4-(4-[(1.-chloro-2-niethylbenzyl)a.mine)-7H-pyrrolu(2,3-c/Ipyrimidin7-y11-2-hydroxycycl
opentyl)rnethyl sultanate 1-49 ((13,2S,4R)-441-(benzylamino)-711-pyrrolo[2,3-dipyrimiclin-7-y1]-2-
hydroxycyclopexttyllmethyl sultanate 1-50
1(15,23,41R)-2-hydroxy-441-(2-methyl-2-phenylpropy1)-77-1-pyrrolo[2,3-d]-
pyrimidin-7-ylicyclupentylimethyl sultanate 1-51
((15,25AR)-1444(3-chlorobenzyparninol-711-pyrrolo[2,3-41ppirnidin-7-y1)-2-
hydroxyeyelopentyl)methyl sulfamate 1-52 



(Method AR). Treabrlerrt of lsli $¡tth a sutfanåting feagerrt, such as chJorosulfonamide in

acetonihile ù1 a Presence of an appropriale base, sucrh as kieurylamine affords protected

sulfarrate t¡sxill (Àltethod D' ÏBDlvlS r€moval by treabîent with an aci4 such as

HF.pyridine, in pyridine/TtlF according to Melhod d9 yields compounds of forrrula

lsxiv.

Scheme 16: 9¡rnlheris of Diaslereoisomerir mixtu¡e of (1S2RlR)'el+t0$'2'3-dihydr>
lIl-inden{-ytanino) - 7ld-pyf tol:ol2.3'dlpyrimldin-7'y$-2-
hydroxycydopenþl eulfarrate and Cr&zsl94-{&f (1sF2,+dihydro-1u-
inclerr.l-y'aninol -zlf'pyrlololzþdlpyrinidin-7-ylf-2-hydroxyc5rclopenryl
sulfamale
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t0129l Compounds of fonnula (I) wherein X is O and z¿= 0 caxr be pre¡rared from

3-grclopenterre-1-ol (l:unr). As shown in Scheme 16 alcohol lxuv is activated by

transfo[lnatiût to a ouitable leaving group, such as meslaüe lxxvi usiag metlranesulfonyl

clrtoride and an approPriate bâse, suc-tr as P)tridùre and DMAF in DcM (Àltethod AÐ'

Treatment of mesylate lxxxvl with base l*neii in the presence of cesir.rm carbo¡raG in DMF

wrder elwated. temperature (Method AII) affords txrn'iil. Tleatment oÍ alkene lffiviit wittl

an appropriate chûal dlhydroryIadon agent, such as AD-rníx-d (Sigma-AldridÐ in ú¿7t-butyt

alcohol (lvlethod AV) gives diol f$irç which upon sulfamation with dúorosulfonarnide as

described in lvfEtlrod I affþfds a diásÞfeoisomeric f¡rixture of sulfarutes ,(c and xci (Method

.cw).

67

[(15,25,4R)-2-hydroxy-1-(1-(DR,25)-2-methoxy-2,3-dihydro-1H-indert-l-yllarninol-71-1:pyrrolo[2,3-d
1pyrimidin-7-y1)cyclopentyllnethyl sultanate 1-53
1(13,2R,3S,4R)-2,3-dihrzttoxy-441-(pktenylsulfartyl)-7H-pyrrolo[2,3Apyrimidixt-7-ylicyclopentyllmet
hyl sulfarnate 1-54
f(1S,28,1R)-2-hydroxy-4-(4-1[(11Z,25)-2-isopropoxy-2,3-ciihydro-111-inden-1-y11-
amino)-7H-pyrrolo[2,34pyrimidin-7-y1)c-yclopentyllmethyl sultarnate 1-55
((2$,33,5R)-5-14-[(15)-2,3-dihydro-113-indert-1-ylarnino]-7H-pyrrolo[2,3-d]pyrirnidn-7-y1)-3-hydrox
ytetrahydrofuran-2-y1)methyl sultanate 1-56
N-g(15,25,4R)-1-11-[(13)-2,3-dihydro-lii-inden-1-ylamino]-711-pyrrolo[2,3-dipyrirnidin-7-y1)-2-hydro
xycyclopentypraethylisulfamide 1-57
((23,3.9,5R)-516-(benzylamino)-9H-purin-9-y11-3-hydroxytetrallydroturan-2-yllmethyl sulfamate
1-58 N-f((2S,3S,5R)-5-{/-R1S)-2,3-dihydro-1H-inden-1-ylamino]-7/-/-pyrrolo[2,5-d]-
pyrhnidin-7-yl)-3-hydroxytettahydrofuran-Z-yl)nethylJsulfarnicle   1-59
2-((lS,25,4R)-4-141(15)-2,3-dihydro-1H-inden-l-ylarnino)-71-f-pyrr010[2,3-d1-
pyrimidin-7-y1)-2-hydroxycyclopentypethanesulforairdde 1-60
((15,25,4.R)-4-(441.5)-2,3-dihydro-1H-Mden-l-ylarnirgq-7H-pyrrolo12,3,11-
pyrimidin-7-y1)-2-hydroxy4-inethy1eyc1openty1)methyl sulfamate 1-61 



to130l The inventiur ft¡rther provides syrtlretic intermediatee useful fot the

prqraratiol of the cærpounds of forrnula (I). In one embodimerit, tlre inverrtion prcvides a

comporurd of fortrutra (IX);

""JJ:þ*
Rbb (TÐ

whe¡eí¡u

depicted stereodcmical ænligruatiûns indicat€ absolute stereoclrcrn¡süry,;

. Rb ts fluoro, Ç-n aliphatic, or Crn fluoroaliphatic;

R"" and xto a¡e eac} irrdqrendently h¡rdrogen or a hydroxyl proæcËng group, or S'
and Rbb ægetlrer lortr a cyclic dtol protect'urg group; and

the variables Rd, R', ana I{ have the valrres and pteferred values described above fo¡

formula (I).

[0131] AE üsed he¡ein" fhe tefiì "hyd¡oxyl Proþcting 8rouP" reÍers to a dleaúcsl

group that i) reac,ts with a hydroxyt fr.rnctional group of a substrate to form a protecbd

substraæ; ü) is stablê to tsaÊtidl csnötions to which the protected substae will be

subiected; alrd iti) rs removable from e pfotected substraÞ to tiberaÞ the hydroryl fllrìctional

group under conditions t}at are compatible w"ith othef functiomality Prcsefil in the substâte-

Ihe hydroxyl groups of 1,2- and l,$diots nray be individually protecÞd or mây be joindy

pmtected h¡ith a cyclíc diol protecdrig grouP. Examples of suitable hydroxyl protecting

groups and diol Proþcting $ûups nay be for.urd rn T.W. Greene and P'GM' Wuts,

"Frotective GrouPs in Organic qmthesis', 3¡d Ed., John Wiley & Sons Inc., NY (f999).

t0132I In a particular eurbodimenL the compound of forrnr¡la (VIff) is represenæd

by tlre formuìa:

d;:,9
OH
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1(15,25AR)-4-(44(1.5)-4-fluom-2,3-dihydro-1H-inden-l-yllaminol-71-1-
pyrrolo[2,3-d]pyrimidin-7-y1)-2-hydroxycyclopentyllmethyl sulfarnate 1-62
f(15,25,4R)-4-(4-([(15)-47-difluoro-2,3-dittydro-1H-inden-1-yllaminoi-7Hpyrro1o[2,3-dhprimidin-7-y1
)-2-hydroxycyelopentyl]methyl sulfamate 1-63
f(15,25,4R)-4-(4-{[(1R)-4-th1oro-2,3-dihydr0-111-inden-1-y1]a1nin0l-7H-
pyrro1o[2,3-ripyrirnidirt-7-y1)-2-hydroxycyclopentyl]methyl sulfarnate 1-64
1(15,25,4R)-4-(4-([(15)-4-chloro-2,3-c1ihydro-1H-inden-1-y1iarn1n0]-711-
pyrrolo[2,3Apyrimidin-7-y1)-2-hydroxycyclopentyllmethyl sulfamate 1-65
[(1,5,2SAR)-444-f[(15)-4-brorno-2,3-dihydro-1H-Mden-l-yl]aminol-7H-
pyrrolo[2,3-alpyrirnidin-7-y1)-2-hydroxycyclopentylimethyl sullarnate 1-66
[(15,25,4R)-4-(4-1[(15)-7-f1uoro-2,3-dihydro-111-inden-1-y1)arninol-7Hpyrro1o[2,3-4]pyrimidin-7-y
1)-2-hydroxycyc1opentyl1methyl sulfamate 1-67
RIS,2.5,4R)-4-(4-([(15)-5-chloro-3,3-dimethyl-2,3-dihydro-1H-indert-1-
yliarnin0)-71/-pyrroloP,344pyrirnixlin-7-y1)-2-hydroxyeyclopentyllmethyl sulfamate 1-65
((15,25AR)-4-(44(1.5)-2,3-clihydro-1H-inden-1-ylarrdnol-5-fluoro-7Hpyrrolo[22-d1pyrirnidin-7-y1)-2-
hydroxycyclopentyl)methyl sulfarnate 1-69
r(15,25AR)-4-(5-fluoro-411(1R,25)-2-rnethoxy-2,3.-clihydno-11-1-inden-1-
yliamino)-71-1-pyrrolo[2,3-d]priminlin-7-y1)-2-hydroxycyclopentyllmethyl sulfamate 



I01931 The inverrtion also provides a compound of forrrula (X):

."JJ.l,h:?
Rbb (x)

whe¡d¡r:

depicted stereocllemical cotr.figr:ratiors indicate absoluÞ slereodrernistry;

n" is hydrogen or a hydroxyl protecting group; and

Rto ls hydrogent or a hydroxyl protecdng grouP; or

R- and Rbb together fonr a cyclt diol protectiag group; and

the variables Rb, Ru, R", "nd 
Id have t¡e values arrd prefe¡¡ed va¡¡es described above

for formula (I),

tfm4l In one embodimerrg the courpormd of formula (X) is charaenzedby

formula (X¿):

nr Ftn""Y...L -{ .\J.',.'.,o

or,Fo*\o\no (ro)

wlrerein Ar is an optiorrally substitud aryl g¡ouP. In soøre enrbodiments, Ar i9 an

optionally substituted phenyl group. In ce¡øin embodiments, Af i5 Pdl¿-methoxy-Phenyl.

tû¡351 In cerrain particul,ar embodiÌfient8, tlle compound of formula (xa) ie selected

from the group cor¡sisting ot:

whe¡ei¡r Ar is as desc¡ibed abcve for formula (Xa)'

10136ì The invenbon also provides a cnrnpound of forr¡rula (Ií) or formula (XII):

nd'-O::ø
, enð. xotrcx. 

t
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1-70 [(15,25,4R)-4-(4-11(1R,I5)-2-ethoxy-2,3-dihydro-111-inclen-1-yl]amino)-71/-
pyrro1o[2,3-dipyrimidin-7-0)-2-laydroxycyc1opentylImethyl sulfaxnate
[(15,25,4R)-2-hydroxy-4-(44[(1R,25)-2-hydroxy-2,3-dihydro-11-1-inden-1-
yliaminol-7H-pyrna1o(2,3-d3pyrimidin-7-y1)cyclopenty1knethyl sulfaxnate 1-71  1-72
[(15,25,4R)-2-hydroxy-444-4(1R,210-2-methoxy-2,3-dihyciro-11/-inden-l-
yliamino1-7H-pyrro1o[2,3-4pyrimidin4'-y1)cyc10pen1ylknethyl sulfamate 1-73
(E)-2-((15,25,4.R)-4-(44(15)-2,3-dihyclro-1H-inden-l-ylamino]-7Ef-pynolo[2,3-
d]pyxiraklin-7-ylf-2-hydroxycyc1openty1)ethylenesulf0namide 1-74
Nq[(1.5,25,4R)-2-hydroxy-4-(4-([(1R,25)-2-methoxy-2,3-xlihydxo-1H-inden-lyliaxnino)-7Wpyxrolo[2,
3-d]pyrimiclin-7-yl)cyelopentyljmethyl)sulfatMde
N-W15,25,4R)-4-14((15)-2,3-dihydro-1H-inden-1-y1amino]41/-pyrro1o[2,3-
dippin-Liclin-7-y1J-2-hydrox-ycyc1openty1)methy1W-methylsulfamide 1-75  1-76
24(1.5,2SAR)-4-14-1(15)-2,3-dthydro-1F1-inclen-1-ylaininol-71-1-pyrrolo[2,3-
4lpyrimidin-7-y1)-2-hydroxycyclopentyl)ethyl sulfaznate 1-77
(15,.2R,4R)-4-(44(15)-2,3-dihyciro-ili-inden-l-ylatninoi-71-1-pyrrolo[2,3-
d]pyrimiclin-7-y1)-2-hydroxycyclopentyl sulfamate  



"'ffi-G',
wherein:

depicted stereoclemical configuratiorls indÍcate absolute gtef€ochÊmistryi

R' is hydrogen or a hydroxyl proæctlng group; and

R* is hydrogent c a hydroryrl protectíng grouP;

R"" is hydrogen or a hydroxyl proæcting group; or

n- artd t*b togettrcr forrr a cydic diol Protecting SlouP; or

R* and Rc toçther form a ryclic diol Ptotecting grouP; and

Ring A and the variables tf, Rd, R', and Rr hat'e üre vahres and p¡eferred values

described above for formufa (I).

(;r.r)

Qøal.

10ßn
(xIIe)

In some embodiments, tlre compound is døracterized þ forrrula Qí¿) ø

' t*'rrro
hd (r{Io)

to138t In ce¡tain ezibodiments, the irwention relaÞs to a ccnpormd selected from

the group consisting of:
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1-78 (1R,7-5,45)-4-14-n1S)-2,3-dihydro-11-1-inden-l-ylamthol7H-pyrrolo[2,3-
alpyrirnidin-7-A-2-hydroxycyclopentyl sulfarnate 1-79
[(15,25,4R)-2-hydroxy-4-(4-1E(1R,7_R)-2-(rnethoxyrnethyl)-2,3-clihydro-11-i-inden-
1-yliaminol-7H-pyrro1o[2,3-dIpyrimidin-7-yl)cycl0pentyl]met1yl sulfamate I-8D
[0.5,2SAR)-2-hydroxy-4-(4-(R1S,25)-2-(methoxyrnethyl)-2,3-dihydro-11-1-inden-
1-y11amino)-71/-pyrrolo[2,3-dippimidin-7-ypcydoPentylimethyl sulfamate I-81
R1S,25,4R)-2-hydroxy-4-(4-1[(1R,2/2)-2-rnethy1-Z3-dihydro-11-1-inden4yllatuino)-7H-pyrrolo[2,3-d
ipyrirnidin-7-371)cyclopentyl3methyl su]farnate 1-82
[(1S,25,4R)-2-hydroxy-4-(441(1S,2S)-2-rnethyl-2,3-dihydro-lki-inden-1-
yllarnino)--7H-pyrrolo[2,3-tflpyrimidin-7-y1)cyclopentyllmethyl sulfaxnate 1-$3
1(18,25,4R)-4-(4-gOR,2R)-2-ethyl-2,3-clihydro-111-inden-1-yllamino)-7Hpyrrolo[2,3-11pyrimidin-7-
y1)-2-hydroxycyclopentyllrnethyl s-ulfarnate 1-84
t(1S,25,4R)-4-(41[(15,2S)-2-ethy1-2,3-dihydro-11-1-inden-1-yllaminoi-7Hpyrrolo[2,3-41pyriznidin-7-
y1)-24ydroxycycl0pentylimethyl sulfarnate 1-86
[(1.5,25,4R)-2-hydroxy-4-0-4(1R,2S)-2-methoxy-1,2,3,4-tetrahydronaphthalen- 
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In ce¡tain ot¡er embodimenb, the inventioxr relates to a compound selected

@
j'"9""

from the group corrsistirrg of:

wtrcrein R- and R* are each independertly a hydroxyl Protecting group, or R- and

R* together form a cyclic dnot prutecting group.

t01401 Il cerÈain other errbodime¡rts, the ínventiGr fe¡åtes ûo a compound selected

from the group consisting of:

,t-3
O" 'õ
Ä* t-

@*;g
, a¡rd fi¡lÃ i

@
'.o;Ç"

and BÈs n*;

@
"v,,.c/

fl
^"-FP

@
"r'"do"

l*
wherein R* and Rbb are each independerrtly a hydroxyl proæctlng group. In sonre

embodiments, R* and Rb are selected so as to allow selective protection and deprotection-

In cre¡tain ernbodiments, R* is an acyl proÞcting goup, af¡d Rù" rs a silyl p¡otecting group.

In a patticular embodtû€rrt, R* is a.etyl or srrbstituted ac?tyl and *b is terl.butyl-

dùnethylsilyl or tdÉ-butyldiphenylsilyl,

7t

1-yliamino}-71-1-pyrrolof2,3-dipyriraidin-7-y1)cyclopentyliznethyl sulfarnate 1-86
((15,25,4R)-4-(4-R1S)-2,3-dihydro-111-inden-l-ylarnino]-7H-pyrrolo[2,3-
d]pyrimidin-7-y1)-2-methoxycyc1opentyl)methyl sulfamate  General Synthetic Metividology
[01091The compounds of the present invention can be prepared by methods known to one of
ordinary slcill in the art and/or by reference to the schemes shown below and the synthetic
examples that follow. Exemplary synthetic routes are set forth in Schemes 1-10 below, and in the
Examples.  Scheme 1:General route for the synthesis of 4-substituted 013,25,4M-2-hydroxy-4-
17H-pyrrolo(2,3-dipyrimidin-7-yncyclopentyl)methyl sulfamates SIxn [0110]Scheme 1 above shows
a general route for preparing compounds of formula (1), wherein Ring A has formula Those of
ordinary skill in the art will recognize that compounds of formula (1) wherein Ring A is other than
A-ii can be prepared by the same general route, beginning with appropriate starting materials
analogous to!. (01111Methods for the synthesis of chloro-substituted pyrrolopyrintidines such as
formula i are known (P. Reigan et at, Bi0Org. Alled, Chem. Lett., 2004, 14, 5247-5250; J.
Heterocyclic Chem., 1988, 25, 1633-1639). As shown in Scheme 1, conversion of compounds of
formula I to substituted pyrrolopyrimidirtes is accomplished by coupling with the appropriately
substituted amines or mercaptans (see Pathak, AK; Pathak, V.; Seitz, L.E.; Suling, W.J.; Reynolds,
R-C., J. Med. Chem. 20(14, 47, 273-276) at elevated temperature in protic solvents, such as
butanol or isopropanol, using an appropriate base, such as DlPEA or Et311 (Method A).
Alternatively, pyrroloppirnidirtes i can be coupled with an appropriately substituted alcohol in 11.40
in the presence of a base, such as KOH, at refluzing temperatures (Method B). Compounds of
formula i can also be treated with Grignard reagents in the  presence of ferric acetylacetonate in
TI-IF (Method C) to provide carbon-substituted pyrrolopyrimidines. Compounds iv are prepared
from ii by the opening of epoxide iii with a suitable base, such as Nall, LiHMDS, or cesium
carbonate, at elevated temperatures in DlviE (Method D). [0112]For preparation of compounds of
formula (/), wherein 13.` and Rd are each 



Uses o! Contpounds of the Intøttion

[01411 TLe comporurds of this i¡wentiorr are r¡seh¡l intribitors of E1 eneyrne acÉv¡ty.

In parücrrlar, the compounds are designed to be inhibitors of NAE UAE and,/or SAB.

Ir¡hibito¡s are sreant to include compounds which ¡educe the promoting effecb of El

er¡zf¡nes in ubl conjqation to taræt proteins (eg., reductiorL of ubiqrritinatiorç neddylation,

suûroylation), reduÉe incaaellula¡ signalfng mediated by ubl conjugatior¡, and/ ü reduce

proteolysis mediated by ubl cunjugation (e.g-, inhibition of cullin-dçendent ubiquitination

and proteolysis (e9., tl€ ubiquitin?rote¿Édne pathway)). Thus, the cnmpounds of this

invention may be assayed for their ability to irihibit the E1 errzyme iz ritro or ftt aíúo' 01 irt

cells or ânimal ñodels according to ¡nehods provided in fï[tlìer detãil hereirì" or methods

klown in tIÉ a¡t- Th€ compounds nay be assessed for tlìeir ability to bfnd or mediate E1

enzyme activlty dtrectly, Alterrradvely, tlre acfvity of cDmpôunds mÂy be a85e5sed through

indi¡ect cellula¡ assa)æ, or âqsãJls of downstream effects of E1 activat¡on to assess irihibition

qf downsEeazr effecÞ of E1 inhibitidr (e9,, inhibition of cullln- dependent ubquitination

and proteolysis). For example, activity may be assessed. by detection of ubkonjugated

substraæe (¿.9., ubl-conjugeted EAs, neddylated cu¡li¡s, ubiquitinaÞd eubstEtes, su¡noylated

substrates) detectisr of downst¡eam pmtein subsEate stabilizatíon (e8., ståbilizatiorl of P27,

st¿bilization of IxB), detectidt of irùribit¡ør of UPP activity; detection of dowrìstream effects

of prctein E1 inhlbiüon and subskate stabilization (e.g., repo¡ter asselr e.8., NFKB rePorter

assays,p2T reçlorter assays). Assays for assessing activities afe desctibed below in the

Experimental section a¡rd/or are lqrown tn ttre a¡t.

Ígl42l One embodfurent of Èris inverrtiotr relates to a composition comprJsing a

compound of this invention or a pharnraceuTically acceptable salt thereof, and a

pharrraceutically âcceptable cerrter. It will be appreciated ürat the corrpourrds of this

invention [lay be derivatized at funct¡onál gloups to proeide prodrug de¡ivatives which are

capable of corwersion back to ttre parent compoÉnds in uizo- EzanrçÅes of such prodrugs

include the ph1æiologtcally acceptable and metabolically labile e6ter derivetives, sucl âs

methoxymethyl esters, methylltriomethyl ester+ or pivaloyloxy¡nethyl eÊtE¡€ derived from a

hydroxyl group of the cørpound or a carbamoyl moiety derived from an amino group of

the compound. Additionally, any physÍologtcally aceptable equtvalents of the pre6ent

cocrpormds, sirnílar to the metabo¡ically labile esÞrs or ca¡bamabs, which are capable of
producÌng th€ parent compounds descflbed herein in vivo, are within the scope of this

inventioIL
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hydrogen, deoxygertation can be effected at this stage. Thus, alkylation of compounds of formula iv
to provide xanthates v is effected by treatment with chlorophenylthionocarbonate and a suitable
base, such as DMA?, in DCIV1 (Method E). Deoxygenation of compounds of formula v is achieved
by treatment with a radical source, such as Bu3Sn1-1, and a radical initiator, such as AWN, in
refluxing toluene (Method F), Subsequent deprotection with an aqueous acid, such as Ac01-1
(Method G), provides compounds of formula vii. [01153The primary alcohol of the diols of formula
vii is selectively protected, e.g., with a bulky silyl protecting group such as TBDMS. Subsequent
treatment with acetic anhydride affords the protected alcohols of formula viii (Method H). Selective
deprotection of the primary alcohol using a fluoride reagent, such as pyridine hydrofluotide, in a
basic solvent, such as pyridine, provides compounds of formula ix (Method 1). Further treatment
with freshly prepared chlorosulfonamide x affords the penultimate sulfarnates xi (Method J).
Acetate removal by treatment with a base, such as ammonia, in IvIe01-1 according to Method K
yields compounds of formula Xii.  Scheme 2:Alienate mute for the synthesis of 4-N-substituted
((15,25,4R)-2-hydroxy-4- {7ff-pyrtolo(2,3-c/Thyrimidirt-7-ylicyclopentyl)xnethyl sultanates
(01141Compounds of formula (I), wherein Rg is -N(R4)2 may be prepared by an alternative
procedure in which a later stage intermediate incorporating a leaving group such as a sulfone is
directly displaced by a substituted amine. As shown in Scheme 2, treatment of compounds of
formula i with benzylmercaptart under conditions described in Method B provides henzylsulfanyl
pyrrolopyrimidines of formula xiii. Subsequent treatment with the conditions outlined in Methods
D-P affords compounds of formula xiv. Compounds xiv are reacted with an oxidizing agent, such
as m-CPBA, in DCM in the presence of a base, such as sodium bicarbonate, to provide sulfories of
formula xv (Method L). RYAS]Compounds of formula xvi are then synthesized by treatment of xv
with an appropriately substituted amine using a base, such as DEPEA, in a high-boiling protic
solvent, such as E10I-I, at elevated temperatures (Method M) similar to literature procedures (Lin,
X.; Robins, M.T., Organic Lett. 2000, 2, 3497-3499). Removal of the protecting group is
accomplished in a manner analogous to that depicted in Scheme 1, using the procedure described
in Method G, to give diols of formula xvii. Methods for the synthesis of tert-butyl
chlorosulfonylcarbamate xviii are known (I-Brayarna et at, Biorg. Med. Chem., 2002, 10, 1509-
1523), and this reagent is reacted selectively with the primary alcohol using a hindered base, such
as 2,6-di-tert-butyl-4-methylpyridine, in a solvent, such as AcCN, to afford Boc sulfarnates of
formula xix (Method N). TFA-deproteciion according to Method 0 yields the compounds of formula
xx. The conversion of compounds XV to x-vi has the potential advantage of being amenable to
solution phase library synthesis.  Scheme 3:Synthesis of substituted epoxide&    101163Methods
for the synthesis of the intermediate alkene diol xxi are known (Nucleosides, Nucleotides & Nucleic
Acids, 2002, 2/, 65-72). Upon treatment with m-CPBA, diol xxi is converted to epoxy diol rcvii.
Subsequent protection of the diol using p-ardsaldehyde dirnethyl ace tal provides epoxide iii.
Alternatively, TBDPS-protection of the primary alcohol of rd followed by roc oxidation gives the
a,B-unsaturated ketone rdi. Addition of Meld to the ketone in Etp gives tertiary alcohol xxiii, and
treatment with TBAF in THF provides died xxiv. Epoxidation and diol protection affords the
protected substituted epoxide xxvi. SchemeGeneral route for the synthesis of substituted
arninoindans 



tOltE¡I If pharmacetrtically acce?table salts of the corrrpounds of Ûrc invention are

utilized in these cornpositions, the salts Preferably afe derived frorn inorganic or organic

acids arrd bases- lor reviews of suitãble salts, see, e.9., Berye er a\ I . Phann- Sci- 66tL-19

(192) and Rerungion: lhe Science and P¡actice of Pharmacy, 20th Ed., ed. A. Geruraro,

Lip,pincott Wilharns & WilkirìÉ, 2000.

fot#tl Nonlimiting exarrples of suitable ac¡d additíon salts indude the fouoì,vùg:

ace tate, adipate, alginate, asPartate, benzoaþ, benzene sulfonaæ, bisulfaÞ, butJ¡rate, cikare,

camphorate, caq\phor su]fonaþ, cydopentaneptoPioriate, digluconate, dodecyls'nf"æ,

etha¡resulfona€, fumaraÞ,lucoheptarcatq glyc€roPho6Phaþ, hemisl¡lfaÞ hePtanoate,

hexanoate, hydrochloride, hydrobromid€, hydtoiodide, z-hydroxyethanesufonate, lactate,

maleate, mefla¡resulfonate, z-nåPhthalenesulfonate, nicoti.nate, oxalale, Pamoåte, pecti$ate,

persulfaþ }phenyÞropionate, picrate, pivalate, proPionate, succinate, terEate,

thiocyahate, tosylaÞ aîd undecâno âte'

[of.45l Suitable base additiorr salts indude, withûut l¡mitatioEr a[lmonium salts,

alkali netal satts, sucÀ aB sodit¡fir aÍd potassium salts, alkaline earth metal 6alt9, such aE

calciun and magnesir¡¡n salts, salts with organlc bEses, sudr as dlcyclohexylanine salts,

N-methyl-Þglucamine, and salts with anino acids sudl as alginine, lysine, arrd so forth.

t01,45¡ Irl sofrle e¡îbodiments, the rnvention rclates to an ãdd addition ealt of a

compound of formr:la I formed by protonalion of a basic mÞiety in the nolecule. In certain

suctì errbodfunents, the invention relates to a hydrochloride sa¡t gf a compound of formula f.

10747, In so¡ne othe¡ embodifi€nts, the inventiorì relâtes to a base addition salt of a

cørpound of forcurla r formed by deprotonation of tlre suüamãÙe (X = O) moiety, tlìe

sulfamide (X = NtI) rroiety, or ü1e sulfornmide (X = CtQ moiety, as aPPlicable' In some

surh embodiments, the invefition tetates to a sodi¡r¡î o¡ Potassiürn salt of a compound of

formda f.

t0148l AIso. basic nitogen-cdrtaining SrouPs may be güaÞmized wlth sudr agene

as lower alk5zl halidee, sudr as rnethyl, efhyl, propyl, and bulrl ctrloride, bromides and

iodides; dialkyl sulfaès, sucltr as dimettryl dtethyl dibutyl and diamyl sulfates, long drain

hatidee sucJr as deryI, Iauryl m¡istyl and stearyl cHrô¡ides, brourides and iodides, âra¡kyl

halides, suctr as benzyl and phe<rethyl blomides ând ohers. Water or oil-soluble or

dispersible producæ are thereby obtained.

OH se:yrir% (RD) OH MelhoS9_ MthOtI P  C01171The aminoindans used for the preparation of
4-aminoindanyi compounds of formula :our are either commercially available, or they are prepared
through the literature methods highlighted in Scheme 4. Appropriately substituted indanones of
formula xxviii are treated with (R)-2-amino-2-phertylethanol to provide the desired intermediate
mine. Subsequent reaction with an appropriate reducing agent, such as sodium borohydride in the
presence of AcOH, gives amino alcohols of formula nix (Method P). Treatment with lead
tetraacetate, followed by refluzing th HO, gives aminoinclans of formula xicx (Method (2).  One
skilled in the art will recognize that the use of (5)-2-amino-2-phenylethanol in Method P can be
used to afford the opposite ertantiomer of indart ?oaf. Scheme 5:General route for the synthesis of
4-substituted f(15,75,4R)-2,3-dihydroxy-4- 17if-pyrrolo(2,3-dlpyriraidin-7-yncyclopentyl)methyl
sulfamates    Me thud J 17N401 0 x F10 Method S9 Hot-rerty 



l0l4glThetern"phar¡naceuticallyaccePtableca¡¡ielisusedhereíntoreftrtoa
ûìaterial i}rat is csmPatibte with a recipient subject, preferàbly a marnmal more preferably a

hunan, and is ôuitable for delivering an âctive agent to the tãrgEt site withol¡t terminating

the acbviÇ of the agent. The toxicity or adverse effects, if any, agsocianed ffitÌ¡ tlre caf¡¡ef

pre6erably are commer¡surale with a reaso¡rable ¡isk/benefit ratio fo¡ tlÉ intended Úse of tlì€

active agent.

Im50l The pharmaceuticat compositiorrs of the invet\tiorl can be manufactr'rred by

nethods well lsrown in the ert such as convenuonal graÑ¡latin& Ûrixing, dissolvinp

encapeulating, lyophilidng, or emulsifying Proc€sses, atnong others' Composiüons may be

produced in variorrs forrs, inctudtng Sranules, PrecìPitates, or Particulates, PowdeE'

incJuding freeze dr¡ed, ro{ary dried or spfay dded powders, amorPhous Powders, fåblers,

capsules, synrp, suPPositofies, injecÉons, emulsiorrs, elixirs, suspensions or solutiørs'

lormulations rnay optionãlly coÂtain stabilizes, pH modlfiers, surfactang 6o¡ubilÞing

agents, boavailabilig rrodrfiers and combinatione of Tlrese'

Iq51ìPhamraceuticallyacceptablecar:iersthâtmayberisedinthesecornposidons
include, but are not licribd þ ion exchangefs, alr¡rìinâ, aluminrrn stea¡ale, ledthin serum

proteins, such as hurran serum albumirç buffer substânces sudr as PhosPhat€s or

carbonates, glycine, sorbic acid" potassium sorbate, partial glyceride mütures of tatutated

wegetable falþr acids, trraÞr, salts or eleckolytes, Euch as protamine sulfate' disodium

hydrogen phosplrate, potassir¡n hydroSen phosptraæ, sodiun chloride, z¡nc salts, colloidd

silíca, rrragrresium Eisilicate, Polyvinyl pyrrolidone cellulose-based subatances'

polyethylene glycol, godiüÍi carboxJrmethylcellulose, poþsylaÈs' war€s'

potyethylene-potyo4prcpylene-block pol¡rmers, poþhylene glycol a¡rd wool fat.

Iü52tAccordingtoapreforfedenibodi¡nent,thecomPositionsofthisinventiofrare
forrrulated fc pharrraceutical admirìistration to a mammal, preferably a human being'

Surh pharmaceutical compositiors of the present invent¡on may be administefed o¡aly'

parenterauy, by inhalatiør sprap topically, rectallT nasallT buccally, vaginally or via an

implanËed resen¡oir. The ter¡n 'parenteralo as r¡sed herein indudes subcutaneo¡¡s,

irikaveriot¡s, inl¡aperltoneal, inEamt¡8cular, intre-aÈicular, intra-synovial' intastemal'

intfatl¡ecal, intfalìepatic, inEalesional and intracranial injection or tnfusion tedrrrlques-

Preferably, the compositiurs are adrninistered o¡ally, intravenously, o¡ subcufâneously. The

formulatio¡rs of the invention may be designed to be gllorÞac'ting, fast-releasín& or

54:1 raII  [01161Compounds of formula (I), wherein R` is -Ole can be prepared as outlined in
Scheme 5. Thus, compounds of formula iv, as prepared in Scheme 1, are directly converted to
triols of formula xrxi (Method (3). Protection of the two secondary alcohols with
2,2-climethoxypropane and an acid catalyst, such as p-TSA monohydrate, in acetone affords
isopropylidertes 70CXii (Method. R.). Further reaction with chlorosulfonamide x by Method J, as
described in Scheme 1, affords sulfamates of formula :coat Removal of the isopropylidene using an
acid, such as TPA, in the presence of water yields compounds of formula XXXiV (H-C), according
to Method S. Alternatively, triol xxxi can be selectively sulfarnoylated at the primary hydroxyl and
&protected as described in Scheme 2, Methods N-0 to give compounds of formula rociv.  Scheme
6:General route for the synthesis of 4-amino and 4-acylamino substituted
(c15,25,4R)-2-hydroxy-4-17H-pyrrolor2,3-1flpyrimidin-7-ylicycloperityl)methyl sulfatnates 0-#1  HO
(01193Compounds of formula XXXV are prepared by the methods described in Scheme 1.
Treatment of ben2ylamines XXXV with an aqueous acid, such as Ac01-1, affords amines 3accvi
(Method G). Selective protection of the primary alcohol using =MSC and an appropriate base, such
as imidazoie, in DMF gives compounds of formula mini (Method T). Bis-acylation is effected by
treatment with appropriately substituted a.cylating reagent of formula xocviii (X = Cl, OH, -0C(0)R5
and an appropriate base, such as pyridine, to afford compounds of formula raiX (Method U).
Subjecting compounds xrdx to the conditions described in Methods I-K affords both the fully
deprotected analogs xl as well as amides xli.  Scheme 7:General route for the synthesis of
4-substituted ((15,2S,4R)-4471/-pyrrolo- 12,3-411pyriuddin-7-ylicyclopentyl)methyl soli-Ai:Rates
I01203Compounds of formula (/) wherein RI and re together fonn a bond, and compounds of
formula (1) wherein each of le-Rd is hydrogen, can be prepared as outlined in Scheme 7. Triols of
formula x111 are prepared following the procedure in Scheme 5. The primary alcohol is selectively
protected to give the diols of formula xliii (Method T), which are then allcylated by
1,11-thiocarbonyldiimidazole in a suitable solvent such as DMZ to yield dioxole-thiones xliv
(Method Ti). 'Treatment with 1,3-ditnethyl-2-pheny14,3,2- diazaphospholicline in an appropriate
solvent, such as THF, affords allceres of formula xlv (Method V), which are exposed to the
conditions outlined in Methods 1-I to afford sulfarnates xlvi. Hydrogenation under an atmosphere of
hydrogen in the presence of a catalyst, such as palladium on carbon, in Et0Ac gives saturated
sulfarnates of formula xlvii. (Method W). Scheme 8:Synthesis of 5-fluoro pyrrolo(2,3-4pyrimidines  



long-acting. Still fwther, compounds can be adníniste¡ed in a local rather than s¡rstemic

means, sudr eê admirì¡suadon (e.9., by fniecËon) at a tumol site.

[0153] Ptra¡maceuücal formulations may be prePaÉd a5 lfquid susPensions o¡

solut¡o¡ts rrs¡ng a liquid, sudr as, bút not limited to, an oil, r,vater, an alcolol, and

crcmbinations of these. Solubilizing agents such as cydoctex6ns may be induded.

Pharmaceuti"-lly suiÞble $üfa.brrb, suspending agenE, or emulsi4ring agents, rnây be

added fo¡ oral or pa¡enteral ad¡nini8tation. Suspensions mÂy indude oils, sudr a6 but not

limited to, peanut oil, sesarne oil cotto¡rseed oÙ corn oil and olive oil, Suepension

preparation ¡üry also cþntain esters of fatt5r adds sudr as ethyl oleatE, lsoProPyl myriEtate,

fatty acid glycerides and acetylated fãtty acid glycerides. Srrspension fornrulations ma¡z

indude alcohoÞ such as, br¡t not limited to, ethânol, isopropyl alcolol, lexadecyl afcohol,

glycerol and propylme glycol. EtherÊ, sudr as but not li-aried to, poly(ethyleneglyml) ,

petroleum hydrocarborlg 6udr a9 minefal oi¡ and peËolahrr¡; and watermåy also be used in

susPension fûrrfrulaEGÉ,

t0154¡ Sterile injectable forrns of t}re cornposiüons of this inve!ìtion rnay be aqueous

or oleaginoüs suspensi(I¡, Ttrese suspensions Elay be formulated according to teclniques

kno¡zn in the art using suitabÞ .lisfersing ox wetting agents and srrsPending agents. The

ster¡¡e Jniectab¡e prepara8on zray also be a sterile injectable soh¡tiorr or susPension in a

non-toxic pa(enterally aeeptable dilüe'rrt or solvent, for example as a eolutiorr in

L,Þbutanediol. Among the acceptable vehides and solvents that may be errployed are

n'ate¡, Ring€r's so¡udon ând iâoto¡rrc sodir¡m chloride solution In additiorL sterile, fixed oils

are corwentionally employed as a solvent or suspqnding medirr¡n For tlis PurPose, âny

btand fixed oil may be employed induding Ðmthetic mono' or dr-gtyeid€s. Fatty acids,

Budr as oleic acrd and its glyceride derivatives a¡e useful ¡n tlre PteParatioû of injectables, as

afe naü¡ral phâ-daEceutically-accepbble oils, suc.h as olive oil or castor où especially in their

polyoxyethylâted ve¡sions. These oil solutions or st¡6pen6io¡ut r¡uly atso contain a long-ctain

alcohol dilr.¡ent or djsþersan! such as carboryrnethyl ceuulose or similaf d¡sPersing âgents

wlúdr are connorily r¡sed in the formulation of pharmaceutically acceptable dosaç forrns

induding emulsfons and suspensions. Other commonly used s¡t¡factants, such asl Ï\r¡ee¡s,

Spans and other ezrulsiþing açnts or bioavâilâbility e¡rhancers whic}r are cornmonly used

in the manufactu¡e of pharmaceutielly acceptabb solid, liqurd or other dooage forms may

also be used for the pu4rcses of formuladon. CoErpounds mây be forml¡lated for Parenteral

administratiør by injection suctr as by bohrs injection or oontinuous infusio¡r- A unit dosage

foÉm for tniection û¡åy be ¡n amPor¡les o¡ ìn m¡¡lti- dose contalnere.

[01211Compounds of formula (I) wherein Rk IS other than hydrogen are prepared as outlined in
Schemes 8-9. Conversion of i to fluor chloro pyrrolopyrimictine xlvii is effected  by treatment with
SelectfluorTM (1-chloromethy1-44luom-1,4-diazoniabicydo[22210ctane bis(tetrafluoroborate)) and
AcOH in AcCN. Compound xlviii is then substituted with the appropriate substituents according to
Methods A-C and carried on to compounds of formula (1) according to Scheme 1. Scheme
9:Alternate route to of 4,5-disubstituted (06,25,410-2-hydroxy-4-17H-pyrrolo-
[2,3-d]pyrintiditt-7-ylicyclopentyllniethyl sulfamate_s  FPIRh NN N*I  -.--1 o,,.0 ----b- 0 Method
X.0..0 --gib-Method Y teCr   



t0155! The pharmaceutical conpositions of this i¡wention may be orally

adminisÞred in any orally acrceptable dosage forn induding, but not limited to, caPsules,

tablets, aqueous sUspensiorls or SOlutiO¡ts. When aqueous suSpensions are reqUired fOr oral

use, the actine ingredient is combined with emulsifying and sr¡sPending agents. If desifed,

certain sf.reeÞning, flavoring of colodng agents rrÉy atso be added. For oral ad¡ninistradon

in a capsr e fortç usefr¡l díluents include lactose and dried cornsta¡cb- In the case of tablets

fOr Oral r:se, carriers tÌrat are COmmOnly r¡Sed í¡Clude lactose a¡rd COrn sÞ¡dr. Lubf¡Câting

agents, such as nu¡Snesrum steafate, a¡e also tïPically added. Coattrgs may be used for a

v¿r¡ety of prllposes; ¿€'., to ßÊsk Þsne, to affect the site of dissolution or absorPtionn or to

prolong drug action- CoatingS rray be applied to a tablel of to tfânulatecl patticles for r¡se

in a capsule,

to156] Alùeñat¡vety, tlle pharmaceutical compositions of this invention may be

administercd in the form of supposib¡ies for rectat adminiSÈation, Tlrese may be prepated

by mixing ihe agerrt with a suitable ¡ror¡-i¡¡itating exciPient $'hich is solid at rooln

temperahüe but liquid at ¡ectal tsmpefehr¡e and the¡efo¡e witl nelt in lhe fectum to release

the drrrg. Such materials Ínclude cocoa butter, beeswax and po\ærhyler¡e tlycols'

rcßn The phaunaceutical compositions of this inverrtion may also be adminislered

topically, especially whetr the tartet of tfeabnent includes a¡eas or organs readlly accessible

by tcpical application, induding diseaseE of lhe eye, the skírç or the lower intestinâl tfact.

Suitable topical formrlatiørs ere rcadily Plepùed fûr each Ôf the8e afeas ol organ¡t'

to158l Topical applicatiOn Áor the lower intestÍna.l tract gìåy be efÍected in a ¡ectal

suppository formulation (see above) or In a suitable eneûìa formulation'

Topicalty-transdental patdres rrray dso be used. For to. Pical apPlications, the

pharmaceuücal cocrpositiuu may be forrtulaled in a suit'able oinE€rrt conalning The active

compolent swpended ot dtesolved in one ôr more ca üe¡s. Carriefs fo¡ toPicd

administation of tÌæ comporrnds of lhis invention indude, but aæ not limited to, mine¡al

oil liquid pebolafusr, white petrotaturrr, propylene glycof polyoxyeÉrylene,

polyory?ropyl€ne compound, errulsifying wÐ( a¡d wat€r- AltemativelT the

pharrnaceutical coñposrdons ñay be formr¡lated in a suilable lotion ol cJeam containlng the

active components srxpended of disgolved in one or more Phârmaceutically acc€Ptdble

cardefs. guitable Cardefs índude, but afe not limited to, rüneral oil, sorbitan mølostearate,

polysorbãte 60, cetyl esers wæç c€tearyl alcohol,2-octyldodecand benzyl alcohol and

waler,

[Din]Compounds of formula xlix are prepared as shown in Scheme 1, and are converted to iodide 1
by treatment with NIS (Method X). Iodide I can be converted to compounds of formula Ii using a
variety of palladium-catalyzed coupling conditions, such as Sanagashira coupling (Cul,
PdC12(PP14),, DIPEA,12.1C-^01, Method !r). Following the methods shown in Scheme I,.
compounds of formula Ii are converted to final compounds of formula (1). Scheme 10: Synthesis of
((2,5,36,4R512)-5-(4-falkylarninol-ni-pyrrolo12,3-Apyrirnidin-7-
y1)-3,4-dihydroxy-tetrahydrofttran-2-ylhnethyl sulf-aroates    IlvIv  [0123)Compounds of formula (/)
wherein Y is -0- can be prepared from compounds Iviii. The synthesis of compounds of formula Mil
is reported in the literature (lgarkar, B.G.; Caste/lino, A.J.;Dalte, J.S.; Ramirez-Weinhouse, M.;
Kopcho,N.; Rosengren, S.; Erion, M.D., J. Med. Client., 2003, 46, 4750-4760), and Is outlined in
Scheme 10. Methods for the conversion of 0-ribose to lii are known (Inokawa, S.; Kitagawa, K;
See, K.; Yoshida, H.; Ogata, T., Carbohydr. Hydr, Res.,1973, 30, 127-132).
Hydroboration-oxidation using boraneMB complex affords liii, which is globally deprotected using
sulfuric acid_ Tetraol liv is protected using 2,2-climethoxypropane and subsequent protection of the
primary alcohol using noms--a gives alcohol lvi. Selective chlorination using CO, and HMFT in
toluene affords the single enantiorner lvii. Glycosylation using compounds of formula i gives
intermediates of formula Iviii, which can be further elaborated as described in Schemes 1, 2, and 6
above. Scheme 11: Synthesis of 24(15,2SAR)-4-4415)-2,3-dihydro-1/1-inderi-1-ylaminol-71/-
PYrrolo[2.3-'13pyrintidin-7-y1-2-hydroxycyclopentyl) ethanesulfonamide    [0124]Compounds of
formula (1) wherein Xis CI-12 can be prepared from compounds vit. As shown in Scheme 11, diol
vii is protected as a bis-TBDMS ether lix using TRIIMS-CI. suitable base, such as triethylamine,
and 4-DIvIAP (Method Z). Selective 63  deprotection of primary TBDMS group to lx is effected
using aqueous acetic add at elevated temperature (Method AA). Aldehyde I'd is obtained by
oxidation of alcohol lx using TPAP and a suitable oxidant, such as NMO (method AB). Treatment of
aldehyde lxi with (diethoxyphosphoryI)-methanesulfonic acid ethyl ester and n-Bull (Method AC)
gives alkene lxii, which is in turn reduced to sulfonyl ester lxiii using a suitable reducing agent, such
as sodium borohydride in ethanol (Method AD). Hydrolysis of the former ester using TSAI under
microwave conditions (Method AE) gives sulfonic add bdv, which is transformed into protected
sulfonamide lxv via intermediate sulfonyl chloride (using thiortyl chloride and then ammonia III
dioxane, Method AY). TBDMS deprotectiort using a suitable reagent, such as TBAF in fl-IF
(Method AG) affords sulfonamide lxvi. Scheme 12: Synthesis of
(E)-240SAS,410-44440.8)-2,3-dihydro--1H-inden-1.-ylamino3- 7H-pyrrolol2,3-d)pyrimidin-7-0-2- 



[0159] For ophthalmic r:se, the pharmaceutical conpositiorrs may be Áormtrlated as

micronized susperlsiorì.s in isoùonic, PII adjusted gterile saline, of, Prefetably, as solutiorrs in

isotonic, pH adiusted sterile sâline, either r ¡ith our without a lxeservative suclh ãs

benzylalkonium ch.loride. AlÞrnatively, Íor ophlhalmic uses, the Phãmåceutical
compositions may be formulated in a¡r ointnrerrt such as peEolalum.

t0160i The pturrnaceutical compositiors of this inventicm may also be admirustered

by nasai aerosol or i¡ùralation Suctr coarpositions a¡e prepa¡ed acco¡ding to techniques well

l¡rown in the a¡t of pharmaceutical formulation and may be Prepared as solutions in saline,

employing benzyl alcrhol o¡ other suitable preservaüves, âbsorPtion ProtnoEs to enhanc€

bioavailâbility, fluorocârbo¡ìs, and/or other cpnventional solubiltzlng or dispe¡sing agents.

t016L1 The pha¡oâceutical compo6itions of tbjs invention are particularly useful in
therapeutic applications relating to disordere as descr¡bed Ìrerein (ø.g., proliferation

disorders, e.g., caruers, inflamnatory, neurodegenerative disorders). Preferably, tle
composition is lorzrulated for ad¡ninishat¡on to a Patient having or at risk of developing or

experiencÍng a recurrenc€ of tlrc feler¡a¡rt d¡sorder berng EeaÞd. The ærm "Patierrf', as r:sed

herei¡v mea¡s a¡r arrimat, preferabty a maqrrnal, more Prcfetebly a human. P¡efe¡red

pharrraceutlcal coûrpositioîs of the irì\¡ention are tlìose formr¡laed for oEal, inlraYenoua, ot

subcuta¡resus administratiof¡. I{owever, any of t}c above dosage folrls cont'aining a

tlrerapeutically effectlve emount of a comporurd of the Ínvention are well within tle bounds

of routine ex¡:erirnerrtaËør afid therefote, well within the scope of the instarrt inYentiorl In

certain ernbodimenþ the pharmaceut¡cal coûrpositiør of tlre invention zìay furtlìel

comprise another thenapeutic agent Re6efabty, tuch otter therapeutic agentis one

normally administe¡ed to patients with the di.eolder, disease or condiüo$ being heated.

[01621 By "therapeuticâþ effuctive amounl" ís meant an aulount of comPound or

corrposition sufficient, upon singÞ or mr.rltiple dose adminisbaÉon, þ cause a detectable

decrease in El enz¡rrre activity and/or the seve¡ity of tlxe diso¡de¡ or disease Etate berng

treated. "Therapeutically effective amount/ is ålso intended lo indude an amormt sufficient

to treat a ceII, prolong or pÌevenl advancement of the disorder or disease state being keated

(eg., prevent addldonal tunor growth of a carKer, Pferrent addlllqìal inttammatory

response), ameliorate, alleviate, relieve, or imp¡ove a subject'g E¡rnPtoms of Uìe a .liqorder

beyørd that oçecúed in the abgenÉe of sudr beab:nenl The arrount of E1 errzy¡rre inhibito¡

required rarlll deperrd on the pardcular compound of tìe coîrPosition giver¡ the $r¡re of

disorder being treated, ttre route of adtrìinistËtion, and the length of tlrre required to Eeat

hydroxycyclopentyllethylenesulfonamide    1-614" TeDroscf bmi  Method pal Nd   sip ti2N"
[01251Compounds of formula, (I) wherein Xis -CH= can be prepared from compounds bd. As
shown in Scheme 12, tert- butylladiphertylphosphoryl)raethyllsvlf onylicarbalna is treated with
n-BuLi and the formed reagent is mixed with aldehyde lxi (Method ATI) to give protected vinyl
sulfonamide lxvi. The I3oc group is deprotected using a suitable Lewis acid, such as Zrd3r,
(Method Al) to afford lxvii. The final deprotection of a TBIDNIS group is carried out using a suitable
reagent, such as TBAF in THE (Method A)) to give lxviii.  Scheme 13: General route to
4-substituted ((13,2S,4R)-2-hydroxy-447H-pyrrolo[2,3-4)- pyrimidin-7-ylicyclopentyl)methyl
sulfantides   isfr,  .e 



the disorder, It should also be undetstood tlìât a specific dosage and t(eatment regiÍlen for
arry Pa¡tic¡¡Iar patient will dqtend upon a varieþz of factors, lncluding the acdviÇ of the

speci6c compound employed the age, body weþht, gene¡al healtlv s€)t ând diet of the

pa{ient, time of adminisbatio¡v r¿te of excretion, drug corrbinations, the iudgment oI the

Ueating PhysiciarL and ûre severit¡r of the particular disease beíng keated. In certain aspects

where the inhibitor i,9 adniniÊtered in comblnaüon with another agent, the amor¡rì.t of
additional therapeutic agerrt pfeser¿t in a composition of this invention tJæicelly wilt be no
t¡ore than the amor¡nt flrat would normally be administercd in a composition compr¡si¡g
that therapeutlc agent a6 tlle only active aænt Preferably, the arnormt of additional
lherapeutic agetrt ruill range frorr about 507o to about 100fo of tlrc amourrt normalty pf$ent
ùr a composition comprising that agent as the only therapeutically active agent-

[0163¡ O¡€ embodinrent of lhe inve¡rtion relâtes to a riet]rod of inhibiting or
deceasing El errzyme activity ill â sample cþmpfistng contacting the sample wifh a
cþmpound of this inventiorV or compositiür comprisíng a campound of the invention. The

sample, es used herei+ futcludes, witìout limitatio¡V sample comprising purified or partially
purified El enzyrne, c¡¡lhlled cells o¡ e¡ctracrs of cell cr¡ltures; biopsied ce'lls or fluid obtained

f¡o¡n a nammal, of exhacts tllereof; and body fLuid (eg., blood, sen¡m, saliva, uri¡re, feces,

serner¡ tears) c er(bacts tlwreof. Irùribition of E1 enz¡rme activit¡r in a sample may be

carlred otrt in vitlo or ín aiøo, iz ceIIuIo, or tt sítu.

[01641 In another embodiment the inventiq¡ provides a method for üeeting a

patient hâving a discder, a s¡rmptour of a <risorder, at risk of developing or experiencing a

recrr¡¡encre of a djeorder, comprises admjîi6Þrlng to tÌæ patient.a compound o¡
pharmaceutical composi$ur according to the irweûtion, lteating can be to cure, heat,

alleviab, relieve, alter, remedy, ameliorate, pelliaÞ, imp¡ove o¡ affuct fhe disorder, the

sjuñI,torns of the disorder or the predispositlon toward tÌÉ disorder. While not wishing to
be bound by theo{f, tteatürg is believed to cause the fnhibldon of growtlV ablation, o¡ killing
of a cell or tissue in úíttô sr m zriw, or otherwise ¡educe olpacity of a ¡gll s¡ *issus (s.g., arì

aberant cell e diseased tissue) to rnedlate a disorder, eB., a disorder as described tre¡ein

(e.g., a prolfürative disordex, ø.g., a cancer, tnflammato4y disorde¡)_ As used he¡ein,

"inhibiting the groh'th" or "i¡ùribition of gxd ¡th" of a cell of tbrue (e.g., a proliferative ce[
trunof ts6ue) rcfeÌs to slowifig, tnterruptin& arrest¡ng o¡ stopping its grorvth and meÞstases

and does not ¡recessafily indicate a total eliminador:¡ of gforryth.

78

....N N 142N" 113oz. aMhz +BDMS    (0126)Compounds of formula (I) wherein X is NH can be
prepared from compounds lx. As shown in Scheme 13, alcohol lx is treated with
N-13oc-sulfonamide under Mitsunobu conditions, such as triphenylphosphine and DEAD in ethyl
acetate under elevated temperature to afford protected sulfamide lxix (Method AK). The TBDMS
group is depmtected using a suitable acid, such as aqueous HO (Method AL) to afford hoc. The
final deprotection of a Boc group is carried out +Icing a suitable reagent, such as TEA in methylene
chloride (Method AM) to give bud. Scheme 14: General route to 4-substituted
((18,2SAR)-2-hydroxy-447H-pyrrolor2,3-dlpyrimichr. L-7-yucyclopentyllmethyl N-methyl sulfaxnides
10127lCompounds of formula (I) wherein X is --N(C153)- can be prepared from compounds bdx.
As shown in Scheme 14, sulfamide bcix is reduced with a suitable agent, 65  such as LiAllis, in
THF under elevated temperature to afford protected N-methyl sulfatnide bcdi (Method AN). The
TBDMS group is deprotected using a suitable acid, such as aqueous Ha (Method AL) to afford bait
Scheme 15: Synthesis of ((15,25,4.R)-2-iftert-butyl(dimethy1)5i1yaoxy/4-144(1.5)-2,3-
dihydro-IH-inden-1-ylarninol-ni-pyrrolo[2,5-dipyrirnidin4- yncyclopentylknethyl methanesulonate
[0128]Compounds of formula (1) wherein Xis 0 and in 2 can be prepared from 



t01651 Disease applications indude those dÈorde¡s in which i¡rhibition of El
enzyme activity ís deEimental to sun¡ival and/or expansion of diseased cells or tissr¡e (ef-
cells a¡e sensitive to E1 inNbitiotÌ irihibition of El activity disrupts disease medranisrns;

redrrct¡on of El. acuvity stabilizes protein whid¡ are inhibito¡s of disease m€clÉn¡srns;

redr¡ction of El activity .results irì inhíbition of proteins whidr are activators of disease

meùanisms). Disease applicationE a¡e also intended to indude any disorder, disease or

condition e/hic]h requires effective ct¡Ilin a¡rd,/o¡ ubiqurtinatiotr activity, rÀ,hidr activity c?n

be regu.laæd by diminishfng E1 enz¡rme activify (e.9., NAÇ UAE activity).

ÍO7ffi1 For example, mefhods of the lnverrtion are usefuI in Eeatment of disorde$

involving ceJlular proliferatiorl irrcluding, but not lirúted to, dísorders which require an

effective cullin- depeÂdent ubiquitination and proteo\¡sis pathway (c.9., the ubiquitin
pfoÞasotr¡e pathyvÐ fc mainÞna¡rce and,/or progressicr of the disease state- The

rrethods of the invenüori a¡e u6eñ¡l in treetment of disordeÉ rÉdiated viâ proteiru(e.g.,

NF<B activatioxr, pZfþ aaivation, p21*Æ/@t acdvation, p53 activation) which are regulated

by El adivity(e.g., NAE activif, UAE activity, SAE activity). Itetevant disorders include

proliGrative disorde¡s, most notably cancers and irrflammato'ry disorders (e.g., rheumatoid

arthritis, inflammatory bowel disease, astlrrra, drronic obskr:ctive prlmonary disease

(COPD), osteoarthritis, dermatosis (e.9., atopirc detøtitts, psoriâsis), vascular proliturative

disorders (e.9., athefosdefosi6, r€stenosis) autol[lmr.¡nê dieeaees (e9., multipl,e sde¡osis,

tissue and organ r$ecìion)); as well as inflammation associated witlr infection (e.9., immune

responses), neurodegenerative disdrders (e.9., Alzheizrer's disease, Parkirsofs disease,

motor ¡rerrro¡re disease, neuropathic pain, triptet æpeat d¡sorders, astrocytomã, arld

neurodegeneration âs result of alcnholic liver disease), ischemic injury (e.9., seoke), and

cadrexia (e.9., acceterated mr.¡-scle proÞin brreakdown that aclornparries various physiological

and pathological staF.s, (e.9., nre injury, fasting fever, addosis, HtV infection, caft€f
afflictior¡ and çartain endocr¡nopathies))-

10767l The compounds and pharmaceutical ccrrrpositions of the inventio¡r a¡e

parttcuLarly useful for tlle Eeabnent of ca¡rcer. As used hereiç dhe term "canel' ¡efe¡s þ a

cellr¡lar diso¡der draracterized by unconEoUed or dioegrrlated cell proliferadory deseased

cellular differentiatioru inapprq>riate ability to invade surounding tissue, afid/or ability to
establishner,rr growth at ectopic sites. the Þrm "cancer" indudes, but ts not lirniæd to, solld

tutnors âfìd bloodbome üûofs. llre term 'cance¡" enconrpasses diseases of skin, tÈsues,

compounds lx. As shown in Scheme 15, alcohol lx is transformed to a suitable leaving group, such
as rnesylate bodx, using methanesulfonyl chloride and an appropriate base, such as triethylamine
in DCM (Method AO). The formed rnesylate is displaced with a nihile group using a suitable
nucleophile, such as sodium cyanide in D/v80 under elevated temperature (Method Al') to afford
nitrile bocci which is reduced to aldehyde trod using a suitable reducing agent, such as DIBAL in
DCM (Method AC)). Further reduction of bcxxi using a suitable reagent, such as sodium
tetrahydroborate Jr' methanol affords alcohol hood"  (Method AR). Treatment of bcceli with a
sulfamating reagent, such as chlorosulfonarnide in acetonitrile in a presence of an appropriate
base, such as triethylamine affords protected sulfatnate ba.xiii (Method J). T13DMS removal by
treatment with an add, such as HEpyridine, in pyridine/THF according to Method AS yields
compounds of formula bocxiv. Scheme 16: Synthesis of Diastereoisomeric mixture of
(15,21ZAM-444-103)-2,3-dihydro311-inden-1rylantinol-7H-pyrrolo[2,3-dipyrittidin-7-yil-2-
hydroxycyclopentyl sultanate and (1R,2S,4S)-4-(4-(01S)-2,3-dihydro-II/-
inden-1-ylamino]-7H-pyrrolo12,3dlpyrbnidin-7-y1)-2-hydroxycyclopentyl sultanate tooth
(0129]Compounds of formula (1) wherein X is 0 and in =0 can be prepared from
3-cydopentene-1-ol (baxv). As shown in Scheme 16, alcohol lxxxv is activated by transformation to
a suitable leaving group, such as mesylate lxxxvi using methanesulfonyl chloride and an
appropriate base, such as pyridine and DMAP in DCNI (Method AT). Treatment of mesylate lxcxvi
with base bc;ccvii in the presence of cesium carbonate in DMF under elevated temperature
(Method AT)) affords boccviii. Treatment of allcene bootviii with an appropriate chiral
dihydroxylation agent, such as AD-mix-a (Sigma-Aldrich) in tert-butyl alcohol (Method AV) gives
diol lxrdx, which upon sulfamatbn with chlorosulfonamide as described in Method I affords a
diastereoisomeric mixture of sulfarnate_s xc and xci (Method AW).  L01301The invention further
provides synthetic intermediates useful for the preparation of the compounds of formula (I). In one
embodiment, the invention provides a compound of formula (IX);  wherein; depicted
stereocherrdcal configurations indicate absolute stereochernistry; le is fluoro, C.14 aliphatic, or C14
fluoroaliphatic;       C and Rbb are each independently hydrogen or a hydroxyl protecting group, or
Tr and Rbb together form a cyclic diol protecting group; and       the variables Rd. R.`, and R1 have
the values and preferred values described above for formula (1). [0133]As used herein, the term
"hydroxyl protecting group" refers to a chemical 



or8arìs, bone, cartilage, blood, and vessels. The term "cancer" fu¡tlte¡ encompasses prirnary

and rretastatic cancers.

t016Sl In sorne embodimenb, the cancer is a solid hIIIlof' Non-limiting examples of

solid tumofs tllat can be t¡eated by the methods of the inventlon indude pancreatic cancer;

bladder cancer; colo¡ectal carrce¡; bfeast cancer, inclüding metastatic breast carEeD lxosfàte

carrcer, including androgendependent afìd andrcgen-indePendent Prostate cancer; renal

cancer, irrcluding, ¿.g., r|€tagbtic tenal cell carcinom4 hepatocelltrlar cancer; ¡ung cancef,

inctuding, e.g., non-small celt lung cancer GrfSCrC) b¡ørchioloalveolar carcinoma (BAC)'

and ad,e¡roca¡cinoma of ttre lung; ovarian cancer, including, e.g', progreseive epithelial or

pdmary peiitoneal canceç cervical ca¡ìce4 gastric canceç esophÂgeal canße4 tread and neck

cancer, including, ¿.g-, squamous cell carcinorna of the head and neck; rnelanoma;

neuroendocirre cancer, including met-¿stât¡c neuroendocine tumors; bt'ain tumofs,

including; e.g,, gtioma, arìâPtasüc oli8odendfogliomâ, adúlt glioblastoma multiforzre, and

adult anaplastic astroc¡¡torna; bor¡e cance¡; ar¡¡il soft tissue sartonÂ'

.tf¡1691 In sorne other embodirrrents, tlle cancer is a hematologic malignang'

Non-limiting e><arrples of hematologic marignanq¡ rnclude acute myeloid ¡eukemia (AÀdL);

chronic myelogenor:s leukemia (OvlL), íncluding accelerated CML and CML blast phase

(CMI-BÐ; acute l¡rrnphoblasüc leukernia (ALL); clnonic Iyrnphocytic leukemia (CLL);

Hodgkin'sdi6ee5e(ÍID);nør-Hodgkin'slymphonra(N[IL),indudingfolliolarl¡rmphoma
and mante cell lymphoma B<ell lym,phoma; T-cell lymphoma; multiple rnlæløø (MM)

Walde¡stom's ûasoglobuünemia; rnyelodysPlastic Ðmdromes (MDS), including refractory

anemia @A), refractory anemia gtrith ringed siderblase (RARS), (Irefractory anemia wilh

excess blasts (RAEB), and RAEB in ka¡rsformation (R'AEB-T), arrd myeloprroliÁeratíve

syndrmres.

t0170¡ In sorre ernbodinenb, tlle coñPorr¡ld ø corrposition of lhe invention is r¡sed

to beat a petient harring or at risk of de'veþing or etPerierÉing a rccur¡€n'e in a canc€r

selected from the group consisting of colorecul cancer, ovadan cancer, lung cälcer'bÌeast

ca¡ìcer, gastrlc canc€r, P¡ostate cancer, a¡ìd Pancreatic cancer' In certain preferred

e¡rrbodime¡rts, tlre cancer i9 select€d ftdt the group consisting of lunt ca¡cer, colorectal

cancef, ovariân cencet and a hematrologic cancer'

tol7fl Depertding on tlre Pâ*icular diEolder o¡ condition to be treated' in 6ome

embodiments, the E1 e¡¡zyme inhibitor of the invention i:s adÃü¡istefed in conJunclion Ygith

additionat therapeutic agent or agentg, In some embodinrents, the additiOnal therapeuËc
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group that i) reacts with a hydroxyl functional group of a substrate to form a protected substrate; ii)
is stable to reaction conditions to which the protected substrate will be subjected:, and Hi) is
removable from a protected substrate to liberate the hydroxyl functional group under conditions
that are compatible with other functionality present in the substrate. The hydroxyl groups of 1,2-
and 1,5-diols may be individually protected or maybe jointly protected with a cyclic diol protecting
group. Examples of suitable hydroxyl protecting groups and diol protecting groups may be found in
T.W. Greene and PC.M. Wuts, "Protective Groups in Organic Synthesis", 3rd Ed., John Wiley ex
Sons Inc., NY (1999). tonalIn a particular embodiment, the compound of formula (Viii) is
represented by the formula: Fe" HaC a 01-1  [0133]The invention also provides a compound of
formula (X):   (X)  wherein: depicted stereochernical configurations indicate absolute
stereochernistry; it is hydrogen or a hydroxyl protecting group; and Rbb is hydrogen or a hydroxyl
protecting group; or Ran and Rbb together form a cyclic diol protecting group; and        the
variables Rb, Rd, r, and RE have the values and preferred values described above for formula (1).
[01341In one embodiment, the compound of formula (X) is characterized by formula (Xa):  



agen{s) is one tlÉt is normãIy administered to PatienE \ tiür rhe disordef of condition being

tr€ated. As r¡sed he¡ein, additioxral t}ìerapeutic agefits that are normally adminlste¡ed to

tfeat a pafdcula¡ diso¡der or condition are knon¡n as "appro¡xiaÞ for the disorder or

condtuon being t¡eated."

aoaz2l The E1 inhibitor of tl:e invention may be administered ürith tlre other

lherapeutic agent in a gl¡ìgle dosage forrr or as a separate dosage foÛfl. when admùrjsæred

as a separaÞ dosage forrn, tlre other tlEfaPeutic agent may be adninistÊred Prior to, at the

same time as, or folloving adminisEation of tlìe E1 inhtb¡tc¡r of ttre invention'

to173l In some thrbodiments, the E1 enz)zme inhibitor of the inventiorì ¡s

adrrinistered in conjunction with a tlerapeutic agent selected from the grouP cofìsisling of

cytotodc agents, radiotlrerapy, and inmunotheraPy aPP¡oPr¡ate fo¡ Eeâtment of

proliferative dieorde¡s and cancer, Non-limiting examp)es of cytotoxic âg€nls guitable for

use in comhination with ttre El enz''me inhibitors of the inventio¡r include: a¡rtimetaboliæs'

ifìcluding, e3., capecitibine, gertcitabine,5-fluo¡ouracil o¡ 5-fluo¡ou¡acil/ leucovo¡irl

fludarabine, grtarabine, mercaPtoPurine, thiogr¡anine, PentosFatin, and ¡nethotrexate;

topoisolrrerasê inlìtbitors, including, eB., etoPoside, teniPoside, camptothectuL toPotecaû

irinotecan, dor(orubicirç and dar-rnøubicírv vinca alkaloids, rndudinp e.g,, vincristine and

vtriblãsti$ taxanes, includtr¡g, e6., paclilâxel and docetâxeli Platinum ageîts, tndudin& e.g',

cisptatin, cafboptetin, and oD€liplaure+ antibioËcs, includin& ¿.8., actinomycin D, bleomycifi,

rnitomycin C, adriarrycir¡ daurcr¡bidn, ídarubicin, doxorubicin and pegylaæd ltposorul

do,rorubtdc alkylating agents sucl as rnelphalarv drlora¡nbud]. br¡sulfa¡, tltlotepa,

ifosfamide, carrüstine, lomustine, semustine, skePtozoci¡v decarbazine, and

cyclophosphanide; including, eg,, cc.5o13 and cc-40,49; protein tyroeine kinase i¡hibitors,

including ag., imatinib nreslate and gefitinib; proÞasome i¡rhibitors, includûg' e'8',

boút€zodìib, tlìålidomide and related analogs; antibodies, ¡ncluding, e'g', trasü¡zumab,

rituxi¡nab, cetr¡<irnab, and bevacÞurubi mitoxanEonei dexarÉthasorE; Plednigone; a¡ld

ternozolornide.

Iol74) other examples or agene tre inhibitors of the inventiofì mãy be combined

with include anti-inflamr¡âtory agents 6udl as corEcosteroicls, TNF bloclers, tr-1 R'A',

azathioprlne, q¡cloplosphamide, and sulfasal'-irre; idunrüìoûlodulatory and

imr :nosuppressive agents sudr as cydos¡rcrine, tacrolimrts, faPÐnycilv mycoPhenolate

sroÍeti! interftmns, corticosteroids, c¡Jophosphamide, azattrioprine, meÚotrexate, and

EI

(7(a)         wherein Ar is an optionally substituted aryl group. In some embodiments, Ar is an
optionally substituted phenyl group. In certain embodiments, Ar is para-methoxy-phenyl. [0135] In
certain particular embodiments, the compound of formula (Xa) is selected from the group
consisting of: 0.?HO ni""a0 HOezo AelteAr)Thf CH3HO , and01-13 wherein Ar is as described
above for formula (Xa). 101361The invention also provides a compound of formula (XI) or formula
(10-1):  WS Re Rbb , '''''' 110Rbb --..0 Ons'''' 0,_fl  . kI Rb R Rb R  R" wherein: depicted
stereochemical configurations indicate absolute stereochemistry; 



sufasãlazine; antbacter¡Ãl and antivÍral agenb; a¡rd atents fo¡ Alzlreinrer's treahrcnt sücl¡

as donepezil, galantamine, memântine and rivastigmine-

[01751 h order that this invention be rrore firlly undersûood, the following
preparative and þsting g(amples efc set forth. Tlæse examples are for the pu¡pose of
illustration only and are not to be cofrstrued as limiting the scope of the invention i.n any
way.

ei is hydrogen or a hydroxyl protecting group; and Rbb is hydrogen or a hydroxyl protecting group;
R" i5 hydrogen or a hydroxyl protecting group; or Rad and Rbb together form a cyclic diol
protecting group; or C and te together form a cyclic diol protecting group; and Ring A and the
variables Rb, Rd, it and RE have the values and preferred values described above for formula (/).
[01373In some embodiments, the compound is characterized by formula (Ma) or (X114)    [0138]In
certain embodiments, the invention relates to a compound selected from the group consisting of:
[01391In certain other embodiments, the invention relates to a compound selected from the group
consisting of:    
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wherein RnA and Ir are each independently a hydroxyl protecting group, or R" and e together form
a cyclic diol protecting group. [0140)In certain other embodiments, the invention relates to a
compound selected from the group consisting of          wherein le and leb are each independently a
hydroxyl protecting group. In some embodiments, le and Rbb are selected so as to allow selective
protection and deprotection. In certain embodiments, le is an acyl protecting group, and leb is a
silyi protecting group. In a particular embodiment, r is acetyl or subsiituted acetyl, and I?" is
tert-butyl- dixnethylsityl or tert-butyldiphenylsilyl.  Uses of Compounds of the Invention f01411The
compounds of this invention are useful inhibitors of El enzyme activity. In particular, the
compounds are designed to be inhibitors of NAE, !JAE, and/or SAE. Inhibitors are meant to include
compounds which reduce the promoting effects of El enzymes in ubl conjugation to target proteins
(e.g., reduction of ubiquitination, neddylation, sturioylation), reduce intracellular signaling mediated
by ubl conjugation, and/or reduce prcrteolysis mediated by ubl conjugation (e.g., inhibition of
cullin-dependent ubiquitination and proteolysis (e.g., the ubiquitin-proteasome pathway)). Thus, the
compounds of this invention may be assayed for their ability to inhibit the El enzyme in vitro or in
vivo, or in cells or animal models according to methods provided in further detail herein, or
methods known in the art The compounds may be assessed for their ability to bind or mediate El
enzyme activity directly. Alternatively, the activity of compounds may be assessed through indirect
cellular assays, or assays of downstream effects of El activation to assess inhibition of downstream
effects of El inhibition (e.g., inhibition of cullin- dependent ubiquitinatiort and proteolysis). For
example, activity may be assessed by detection of ubl-conjugated substrates (e.g., ubl-conjugated
Vs, neddylated cullins, ubiquitinated substrates, surnoylated substrates); detection of downstream
protein substrate stabilization (e.g., stabilization of p27, stabilization of hcB); detection of inhibition
of -LIPP activity; detection of downstream effects of protein El inhibition and substrate stabilization
(e.g., reporter assays, e.g., NRcE reporter assays, p27 reporter assays). Assays for assessing
activities are described below in the Experimental section and/or are known in the a.rt. [0142]One
embodiment of this invention relates to a composition comprising a compound of this invention or a
pharmaceutically acceptable salt thereof, and a pharmaceutically acceptable carrier. It will be
appreciated that the compounds of this invention may be derivatized at functional groups to provide
prodrug derivatives which are capable of conversion back to the parent compounds in vivo.
Examples of such prodrugs include the physiologically acceptable and metabolically labile ester
derivatives, such as methoxymethyl esters, methylthiomethyl esters, or pivaloyloxyrnethyl esters
derived from a hydroxyl group of the compound or a carbamoyl moiety derived from an amino
group of the compound. Additionally, any physiologically acceptable equivalents of the present
compounds, similar to the metabolically labile esters or carbamates, which are capable of
producing the parent compounds described herein in vivo, are within the scope of this invention.
[0143]If pharmaceutically acceptable salts of the compounds of the invention are utilized in these
compositions, the salts preferably are derived from inorganic or organic adds and bases- For
reviews of suitable salts, see, e.g., Berge et at J. Pharm. Sci. 66:1-19 (1977) and Rerningtufe The
Science and Practice of Pharmacy, 20th Ed., ed. A. Germain Lippincott Williams & Wilkins, 2000.
[0144]Nortlimiting examples of suitable add addition salts include the following: acetate, adipate,
alginate, aspartate, benzoate, benzene sulfonate, bisulfate, butyrate, citrate, camphorate, camphor
sulfonate, cyclopentanepropionate, cligluconate, dodecylsulfate, ethanesulfonate, fumarate,
lucoheptanoate, glycerophosphate, hemisulfate, heptanoate, hexanoate, hydrochloride,
hyclrobroirdde, hydroiodide, 2-hydroxyethanesulfonate, lactate, male ate, tnethanesulfonate,
2-naphthalenesulfonate, nicotinate, oxalate, pamoate, pectinate, persulfate, 3-phenyl-propionate,
piacate, pivalate, propionate, sucdnate, tartrate, thiocyanate, tosylate and undecano ate.
[0145]Suitable base addition salts include, without limitation, arrunonium salts, 



TPAP tetrapropylamûroniu¡n perrut¡enaþ

Analytical LC-MS Methods

Im76l Spectra were nrn on a Phenom¡nex Lwla Sp¡n C18 50 x 4.6 rrm column on a

Her,vlett-Packard HPr100 at 2.5 mllmi¡ for a 3 minute run üsing the following gradients:

Iormic Acid Sta¡dard (FA Standard): Acetoniùile containing zero to 100 percent 0.f

7. fortric acid in water.

Am¡nørtum Acetate Starida¡d (A4. Standard): AceþniEile containing zefo to 100

percent 10 mM AA in water.

Exaurplcl: ((ls,L9AR>+t+(1S)-2,3Dihydro-1ÃI-inden-1-ylaminol'THlytoüopSdl'
pyrimidin-7-ytþ2-hyd¡o)rycycfopentyl)rrethyl sulfarnate (Compound l-îfl

SteD a: l1R2R3S,5SÞ3.(Hvd¡oxvmethvD-Goxabicvelo[3=1.0lhexa¡r-2rgl

f01:74 (1s,1ï)-F(I{ydroxymelhyl)cydopenÞ2-e¡r-1-ol(3.19g,27-9mmol)was

<lissolved in DCM (f49 mL) a¡rd the solution was cooled to O oC. 3-Ctrloroperbenzoic ac¡d

(7,52 g, ?,7.5 ønol) was added and the mixture was stirred at rt for 4 tL TLC indicated

complete conversion. Silica gel @O g) was added the mixture was concentated to drynegs

and was purlfied via silica gel d¡¡omatography eluüng with a gradient of 0 þ 10ffó EtOAc

in DCM to affo¡d the ut¡e (þrnpor¡nð. (2.75g"76'þ.LC,/MS: \ = 037 mþ ES 131 (AA

staxrdard).

Steob: llaS.1bR5aS.6aSÞ3-(thMethoxr¡phen@
flSldiaxine

tü1781 (1R"2ß3sÆÐ-+(HydrorymethyÐ4ocabicydo[3.r.0Érexan-2-ol (3.65 g,ZL.o

mol) was dissolved in DOvl (121 mL) a¡rd the solutiorr was cooled þ 0 ôC. l-
(Di:retho<ymethyt)4methoxybenzene (10.7 mL 63.1 mmol) was added followed þ
p¡rridinium pbluenesulfonate (530. mg, 2.11 mmol). Ttre nixtr¡¡e was sü¡red at rt
overni8hL Trc indicãted cþmplete corrverslon Ttre reaction nühúe wâs concent¡ated ifr
vacuo a¡rd lhe residue was purified via silica gel clrtomatography eluüng with a gradient of

0 to 50"Á EtOAc in hexa¡res to afford the atle cornpor.md (a.LO A,78%). rc/N4S: R - 1.68 rùL
E5'249 (AA. standa¡d).
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alkali metal salts, such as sodium and potassium salts, alkaline earth metal sails, such as calcium
and magnesium salts, salts with organic bases, such as dicyclohe.xylamine salts,
N-methyl-D-glucarnine, and salts with amino acids such as arginine, lysine, and so forth. [01461In
some embodiments, the invention relates to an add addition salt of a compound of formula .1
formed by protonation of a basic moiety in the molecule. In certain such embodiments, the
invention relates to a hydrochloride salt of a compound of formula T. [0147]In some other
embodiments, the invention relates to a base addition salt of a compound of formula I formed by
deprotonation. of the sulfarnate (X =0) moiety, the sulfamide (X = NH) moiety, or the sulfonamide
(X = CI-12) moiety, as applicable. In some such embodiments, the invention relates to a sodium or
potassium salt of a compound of formula I. [0148]Also, basic nitrogen-containing groups may be
quatemized with such agents as lower allcyl halides, such as methyl, ethyl, propyl, and butyl
chloride, bromides and iodides; dialkyl sulfates, such as dimethyl, diethyl, dibutyl and diamyl
sulfates, long chain halides such as decyl, lauryl, myristyl and stearyl chlorides, bromides and
iodides, aralkyl halides, such as benzyl and phenethyl bromides and others. Water or oil-soluble or
dispersible products are thereby obtained.  (0149)The term "pharmaceutically acceptable carrier" is
used herein to refer to a material that is compatible with a recipient subject, preferably a mammal,
more preferably a human, and is suitable for delivering an active agent to the target site without
terminating the activity of the agent. The toxicity or adverse effects, if any, associated with the
carrier preferably are commensurate with a reasonable risk/benefit ratio for the intended use of the
active agent. W150)The pharmaceutical compositions of the invention can be manufactured by
methods well known in the art such as conventional granulating, mixing, dissolving, encapsulating,
lyophilizing, or emulsifying processes, among others. Compositions may be produced in various
forms, including granules, precipitates, or particulates, powders, including freeze dried, rotary dried
or spray dried powders, amorphous powders, tablets, capsules, syrup, suppositories, injections,
emulsions, elixirs, suspensions or solutions. Formulations may optionally contain stabilizers, pH
modifiers, surfactants, solubilizing agents, bioavailability modifiers and combinations of these.
I01513Pharmaceutically acceptable carriers that may be used in these compositions include, but
are not limited to, ion exchangers, alumina, aluminum stearate, lecithin, serum proteins, such as
human serum albumin, buffer substances such as phosphates or carbonates, glycine, sorbic acid,
potassium sorbate, partial glyceride mixtures of saturated vegetable fatty adds, water, salts or
electrolytes, such as protamine sulfate, disoditun hydrogen phosphate, potassium hydrogen
phosphate, sodium chloride, zinc salts, colloidal silica, magnesium trisilicate, polyvinyl pyrrolidone,
cellulose-based substances, polyethylene glycol, sodium carboxymethylcellulose, polyacrylates,
waxes, polyethylene-polyoxypropylene-block polymers, polyethylene glycol and wool fat
101521According to a preferred embodiment, the compositions of this invention are formulated for
pharmaceutical administration to a mammal, preferably a human being. Such pharmaceutical
compositions of the present invention may be administered orally, parertterally, by inhalation spray,
topically, rectally, nasally, buccally, vaginally or via an implanted reservoir. The term "parenteral"
as used herein includes subcutaneous, intravenous, intraperitonea/, intramuscular, intra-articular,
intra-synovial, intrasternal, intrathecal, intrahepatic, intralesional and intracranial injection or
infusion techniques. Preferably, the compositions are administered orally, intravenously, or
subcutaneously. The formulations of the invention may be designed to 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 injection) at a tumor site. [0153]Pharmaceutical
formulations may be prepared as liquid suspensions or 



Step c: N-tl1$-23-Dihyd-rc1¡l-índe4-1-yI-7H?ynolof23JlPyrimidi4-a-år4j¡!e

t0179I 4€IrlorelEl-pyrrolo[zSJlpyrimídine (2,f0 9 13.6 mmol) was dissolved in 1-

bufanol (60.0 mL) a¡rd NÀ/- düsopropylethylamirre (3.57 mL, 20.5 mmol) was added

foUowed by (S|(Ð-1-aminoindan (1.93 mL 15.0 mmol). The nixhue was hcated to ¡eflur(

for 60 h, cooled down to rt and lhe solvent was evaporaÞd to dry¡Ess. The ¡egdue was

puxified via silica gel düomatography elutlng with a gradieît of O to 100% EtOAc in DGVI

þ afford the title compourrd (2.72 g, 80%). [C/]Æ: Rr = 1.42 mirL ES* 251 (AA standard),

SteP d: (4aS.6R,7S,7aRF-I+t(1S)-2&Dihyd¡qlH-inden-1-ylamirroì-7H-Py¡rolof23dì-
ov¡irnidin-7-vlL2J¡!.methorw¿henvllhexahvdroc'r¡dooentafdlfl3ldioxin-7+l

Iu80l N-[(1S)-2.]Dihydro-fl-inden-1-yll-7]I-pyttolol2þdlgyttmidin-,+âmine (3.m

g, 14.8 rrunol) was dissolved in DMF (49.4 mL) under axr aünosphere of nihogen. Sodiuur

hydride (5,416 mg, L3.6 mnol) was added and tlì€ suspens¡on was st¡r¡ed at 70 oC fo¡ 10 rnin

ho give a dear solution, (1a.5,1bR"5aS,6a5)€-(tÞMethoryphenyl)hexahydrooxi¡eno[a.5]-

cydoperrtafl,2-d]FSldiordne (2.82 g, 11.4 mmol) dissolved in DMF (35.3 mL) was added to

the solutio¡r above and lhe reaction was sti¡¡ed at 110 'C fof 2 h, Tlre teaction mixtu¡e r ¡as

cooled dowrv querrdred with sahxated aqueous sodium drloride solution (30 mL), extracþd

with EtoAc (3 x 50 mL), dried wittr lv(gso4, filre¡ed, and evaporated urrder high vacuurn.

Ttre residue was pr¡rified v¡a silicâ æ1 cÌìromatogÌaphy eluting with a padient of 30 to 10Ø'

EtOAc in hexanes to affo¡d the title compound (3.90 g,69%> LC/lü-'Si R, = 1.86 min, !S' 500.

(AA stardard).

Steo e: O{(4aS.6R,75,7aR)-Gltl-f(151-2,3-Dihvd¡olH-inde¡-1-v1¿minoì-7tl.?ygolq
f 2Sdlovrimidin-7-vll-2-l¡Lmethoxvohenvl)hexahvd¡ocvdopenta[dl[1.3ìdioxin-7-
vll Gohenvl thiocarborrate

tu81i (4as,6RlsraR)+l+[(15]2"]Dihydro-1H-inden-1-ylâm¡nol-7H-pyttolo-

[zþdlpytunidin-?-yl l-2-(tl-methoxyphenyl[rezahydrocydopenta[¿ll1J]dioxin-7-ol (a.00 A
8.02 mrlol) was dissolved in DOvf (169 mL) under an atûrosphere of argon and 4[-

(dimethy'arUnotpyridine (2.94 g,24.1 murol) was added followed by phenyl

dùo¡otÌúø¡oca¡b @ate (L22rú.,76.0 mmol), The mixhr¡e was stirred åt rtfor l hor¡r. Ttre

solvent was conc€ntrated in vacuo and purified via silica gel clrromatogfâphy eluting with a

gradient of 20 to 100% EtOAc in hexanee on a cplumn pre-treated with 196 TEA in hexânes

to afford tlre title cornpound (5.00 g,99%\ lÊ/lß: \ = 2.34 mirv Es. 6ó (Aá, standard).

solutions using a liquid, such as, but not limited to, an oil, water, an alcohol, and combinations of
these. Solubilizing agents such as cyclodextrins maybe included. Pharmaceutically suitable
surfactants, suspending agents, or emulsifying agents, may be added for oral or pazenteral
administration. Suspensions may include oils, such as but not limited to, peanut oil, sesame oil,
cottonseed oil, corn oil and olive oil. Suspension preparation may also contain esters of fatty adds
such as ethyl oleate, isopropyl myristate, fatty acid glycerides and acetylated fatty add glycerides.
Suspension formulations may include alcohols, such as, but not limited to, ethanol, isopropyl
alcohol, hexadecyl alcohol, glycerol and propylene glycol. Ethers, such as but not limited to,
poly(ethyleneglycol) , petroleum hydrocarbons such as mineral oil and petrolatum; and water may
also be used in suspension funnulations. (0154]Sterile injectable forms of the compositions of this
invention may be aqueous or oleaginous suspension. These suspensions may be formulated
according to techniques known in the art using suitable dispersing or wetting agents and
suspending agents. The sterile injectable preparation may also be a sterile injectable solution or
suspension in a non-toxic parenterally acceptable diluent or solvent, for example as a solution in
1,3-bulanediol. Among the acceptable vehicles and solvents that may be employed are water,
Ringer's solution and isotonic sodium chloride solution. In addition, sterile, fixed oils are
conventionally employed as a solvent or suspending medium. For this purpose, any bland fixed oil
may be employed including synthetic mono- or di-glycerides. Fatty adds, such as oleic acid- and its
glyceride derivatives are useful in the preparation of injectables, as are natural
pharmaceutically-acceptable oils, such as olive oil or castor oil, especially in their polyoxyethylated
versions. These oil solutions or suspensions may also contain a long.-chain alcohol diluent or
dispersant, such as carboxymethyl cellulose or similar dispersing agents which are commonly used
in the formulation of pharmaceutically acceptable dosage forms including emulsions and
suspensions. Other commonly used surfactants, such as Tweens, Spans and other emulsifying
agents or bioavailability enhancers which are commonly used in the manufacture of
pharmaceutically acceptable solid, liquid, or other dosage forms may also be used for the purposes
of formulation. Compounds may be formulated for parenteral administration by injection such as by
bolus injection or continuous infusion. A unit dosage form for injection may be in ampoules or in
multi- dose containers.  [0155]The pharmaceutical compositions of this invention may be orally
administered in any orally acceptable dosage form including, but not limited to, capsules, tablets,
aqueous suspensions or solutions- When aqueous suspensions are required for oral use, the
active ingredient is combined with emulsifying and suspending agents. If desired, certain
sweetening, flavoring or coloring agents may also be added. For oral administration in a capsule
form, useful diluents include lactose and dried cornstarch. In the case of tablets for oral use,
carriers that are commonly used include lactose and corn starch. Lubricating agents, such as
magnesium stearate, are also typically added. Coatings may be used for a variety of purposes;
e.g., to mask taste, to affect the site of dissolution or absorption, or to prolong drug action_
Coatings may be applied to a tablet or to granulated particles for use in a capsule.
[01563Alternatively, the pharmaceutical compositions of this invention may be administered in the
form of suppositories for rectal administration. These may be prepared by mixing the agent with a
suitable non-irritating exdpient which is solid at room temperature but liquid at rectal temperature
and therefore will melt in the rectum to release the drug. Such materials include cocoa butter,
beeswax and polyethylene glycols. [0157]The pharmaceutical compositions of this invention may
also be administered topically, especially when the target of treatment includes areas or organs
readily accessible by topical application, including diseases of the eye, the skin, or the lower
intestinal tract. Suitable topical formulations are readily prepared for each of these areas or organs.
[01581Topical application for the lower intestinal tract may be effected in a rectal suppository
formulation (see above) or in a suitable enema formulation. Topically-transdermal patches may
also be used. For topical applications, the pharmaceutical compositions may be formulated in a
suitable ointment containing the active component suspended or dissolved in one or more carriers.
Carriers for topical administration of the compounds of this invention include, but are not limited to,
mineral oil, liquid petrolatum, white petrolatum, propylene glycol, polyoxyethylene,
polyoxypropylene compound, emulsifying wax and water. Alternatively, the pharmaceutical
compositions may be formulated in a suitable lotion or cream containing the active components
suspended or dissolved in one or more pharmaceutically acceptable carriers. Suitable carriers
include, but are not limited to, mineral oil, sorbitan inanostearate, polysorbate 60, cetyl esters wax,
cetearyl alcohol, 2-octyldodecanol, bertzyl alcohol and water.  10159)For ophthalmic use, the
pharmaceutical compositions may be formulated as micronized suspensions in isotonic, pH
adjusted sterile saline, or, preferably, as solutions in isotonic, pH adjusted sterile saline, either with
our without a preservative such as benzylalkonium chloride. Alternatively, for ophthalmic uses, the
pharmaceutical compositions may be formulated in an ointment such as petrolatum. [01601The
pharmaceutical compositions of this invention may also be administered by nasal aerosol or
inhalation. Such compositions are prepared according to techniques well known in the art of
pharmaceutical formulation and may be prepared as solutions in saline, employing benzin alcohol
or other sMtable preservatives, absorption promoters to enhance bioavailability, fluorocarbons,
and/or other conventional solubilizing or dispersing agents. [0161]The pharmaceutical
compositions of this invention are particularly useful in therapeutic applications relating to disorders
as described herein (e.g., proliferation disorders, e cancers, inflammatory, neurodegenerative
disorders). Preferably, the composition is formulated for administration to a patient having or at risk
of developing or experiencing a recurrence of the relevant disorder being treated. The term
"patient", as used herein, means an animal, preferably a mammal, more preferably a human.
Preferred pharmaceutical compositions of the invention are those formulated for oral, intravenous,
or subcutaneous administration. However, any of the above dosage forms containing a
therapeutically effective amount of a compound of the invention are well within the bounds of
routine experimentation and therefore, well within the scope of the instant invention. In certain
embodiments, the pharmaceutical composition of the invention may further comprise another
therapeutic agent. Preferably, such other therapeutic agent is one normally administered to
patients with the disorder, disease or condition being treated. 



Stcp f: N:[CrÉ):2]Dihyd¡o-1ll-rnden-1-yll-71(4a5'6R,ZaSì-2-fâ-grethoxyPhenyt)-
hexqtrydrocycloPentaf dlf l.sldio. fin-Éyll'7ll?yrrolqf 23-dìpyrimidin+þ-ami¡e

tOlszl O-l(+as,6R7í,7aR)-Él+[G9)-23-DihydrolH-inden-1-ylamino]-7ll-p¡role

l2þ4lpy1ÂiòÍt-7-y7þ2-(1Þmethox¡rpbenyl)hexalrydroryclopenøldlll3löoxin-7-yll G
phenyl thiocarborrate (5,00 g, 7.88 mmot) was dÈsolved in tolue¡e (150- rril) under a¡r

atmosphefe of niEogen and li-a-butyltin hydride ( .Zt mL 15,8 mf¡ìoÐ was added followed

by2,2'-azebis-iæbuty¡o¡ribile (259 mg, 1.5S xnurot)- .I.he solution was heaæd to reflux for 30

miry the mixtu¡e was cgoled down, the solvent was concent¡at€d to 30 mL and the residue

was purilied via silica gel duomato8raphy elutint with a gradient of 30 to 100% EtOAc in

he¡anes to affüd the title cunpoun ð (3.OO g,7V/"). LClNfS: \ = 2.12 min' ES' 4tS3 (AA

Êtafìdard).

Step g: (1É25.¡1R)-4f4t(1S)-2,9Dlhydro-1H-inde-+:1-ybm¡nol-zH?EÍobf23/l-
pyrimidin-7-yl}-2-ftySlr-oxymethyllqt¡clopentano!

t01831 N-l(1Ð-2,3-o¡rryd¡o-7ä-irden-7-yll-7-I@aS,6R/a*2-(+methorypherryl)-

hocahydrocycJopexrta[dJl13]diox¡^-6y\-7H-pynolof2,34lpyc $idil,a-+amine (3.00 A 5.90

mmol) was dissolv"¿ ¡¡ 1a: (11.6 mL) avater (11.6 rrl-) and ACOH (34-9 mL, 614 rxunol)

we¡e âdded. The mixhr¡e was sdrred at ¡t under ¿m aElosPhefe of argon for 60 tu The

mixture ìüas C6n6enüated under EedUced pressr:re and tlìe reeidue was Pudfied wia SiIiCa gel

ciiomatogtaphy eluting with a gradlent of 0 to 10% ÀlfeoH in DOvf to efford the útle

compound (2.1O g,98þ, l.c/\vL':. \ = 1.a6 rni¡v ES' 36.5 (AA standard).

S'tep h: (1-S2€4R)-2-(f f te¡r-B¡ltlldrmebr-Dsilylìo)<yl¡netbylì'a1-fgf (1Ð:23-dihydroltl:- inden-1-ytaminol:Zl-EA¡otot2&dtPyrimidin-Z-yllçyclopentylacetaÞ

t01E4J Gs29pR)-+l+Í(1Ð-2,9Dihydro1¡I-inden-7-ylas;røl-7E-pyrolo[2þ41-
p)dimid¡n-7-yU-2-(hydrox)¡rnethyl)cydoPentanol (3.00 I 8.23 mmof), lH-imidazole (1'68 g,

24.7 ntrcl) ard. Ç(dirnerhylamino)Ayriåine (100 mg, 0.818 nmol) were dissolved ir¡ DMF

(90.0 url.) under an atrnosphere of atgorr and ìhe solulion vva6 cooled lo O"C- tert-

Butyldünethybifyl clloride (124 g, 8.25 mmol) was added and the mixtu¡e wa3 stified at rt
for 2 Ìr- LC,/NÍ.9 indicated comphte conversion' The reaction was quencled with satu¡ated

aqueous sodium drløide soludon (30 mL), er<bact€d with EtOAc (3 x 50 mL), d¡ied v¡ith

MgSO{, fittercd, ând conccntrated in vacuo. rhe remainini DNm was rcmoved ut¡der high

vacuurn. Crude (1s2s,4R)-2-(t[fe¡t-butyl(dimethyl)siþl]o4y)methyl)+{4lcs)-2,3-dfüydre

1g-inden-1-ylaxrinol-7Ha¡nrolo[2,SdlPyrimidin-7-yl]c]tdoPerrtanol (3-94 g, 8.23 mmol) and

10162]By "therapeutically effective amount" is meant an amount of compound or composition
sufficient, 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 amount" is also intended to include an amount sufficient to treat a cell, prolong or prevent
advancement of the disorder or disease state being treated (e.g. , prevent additional tumor growth
of a cancer, prevent additional inflammatory response), ameliorate, alleviate, relieve, or improve a
subject's symptoms of the a disorder beyond that expected in the absence of such treatment. The
amount of El enzyme inhibitor required will depend on the particular compound of the composition
given, the type of disorder being treated, the route of administration, and the length of time required
to treat  the disorder. It should also be understood that a specific dosage and treatment regimen for
any particular patient will depend upon a variety of factors, including the activity of the specific
compound employed, the age, body weight, general health, sex, and diet of the patient, time of
administration, rate of excretion, drug combinations, the judgment of the treating physician, and the
severity of the particular disease being treated. In certain aspects where the inhibitor is
administered in combination with 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 normally be
administered in a composition comprising that therapeutic agent as the only active agent
Preferably, the amount of additional therapeutic agent will range from about 50% to about 100% of
the amount normally present in a composition comprising that agent as the only therapeutically
active agent [0163]One embodiment of the invention relates to a method of inhibiting or decreasing
El enzyme activity in a sample comprising contacting the sample with a compound of this invention,
or composition comprising a compound of the invention. The sample, as used herein, includes,
without limitation, sample comprising purified or partially purified El enzyme, cultured cells or
extracts of cell cultures; biopsied cells or fluid obtained from a mammal, or extracts thereof; and
body fluid (e.g., blood, serum, saliva, urine, feces, semen, tears) or extracts thereof. Inhibition of El
enzyme activity in a sample may be carried out in vitro or in vivo, in cellulo, or in situ. [0164]In
another embodiment, the invention provides a method for treating a patient having a disorder, a
symptom of a disorder, at risk of developing or experiencing a recurrence of a disorder, comprises
administering to the patient .a compound or pharmaceutical composition according to the invention.
Treating can be to cure, heal, alleviate, relieve, alter, remedy, ameliorate, palliate, improve or affect
the disorder, the symptoms of the disorder or the predisposition toward the disorder. While not
wishing to be bound by theory, treating is believed to cause the inhibition of growth, ablation, or
killing of a cell or tissue in vitro or in vivo, or otherwise reduce capacity of a cell or tissue (e.g., art
aberrant cell, a diseased tissue) to mediate 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 growth"
or "inhibition of growth" of a cell or tissue (e.g., a proliferative cell, tumor tissue) refers to slowing,
Interrupting, arresting or stopping its growth and metastases and does not necessarily indicate a
total elimination of growth.  [0165]Disease applications include those disorders in which inhibition
of El  enzyme activity is detrimental to survival and/or expansion of diseased cells or tissue (e.g.,
cells axe sensitive to El inhibition; inhibition of El activity disrupts disease mechanisms; reduction of
El activity stabilizes protein which are inhibitors of disease mechanisms; reduction of El activity
results in inhibition of proteins which are activators of disease mechanisms). Disease applications
are also intended to include any disorder, disease or condition which requires effective cullin and/or
ubiquitination activity, which activity can be regulated by diminishing El enzyme activity (e.g., NAE,
UAE activity). [0166]For example, methods of the invention are useful in treatment of disorders
involving cellular proliferation, including, but not limited to, disorders which require an effective
cullin- dependent ubiquitination and proteolysis pathway (e.g., the ubiquitin proteasome pathway)
for maintenance and/or progression of the disease state. The methods of the invention are useful
in treatment of disorders mediated via proteins (e.g., NFid3 activation, p271uP activation,
p21/"PlaP1 activation, p53 activation) which are regulated by El activity(e.g., MAE activity, USE
activity, SAE activity). Relevant disorders include proliferative disorders, most notably cancers and
inflammatory disorders (e.g., rheumatoid arthritis, inflammatory bowel disease, asthma, chronic
obstructive pulmonary disease (COPD), osteoarthritis, dermatosis (e.g., atopic dermatitis,
psoriasis), vascular proliferative disorders (e.g., atherosclerosis, restenosis) =tofu-amine diseases
(e.g., multiple sclerosis, tissue and organ rejection)); as well as inflammation associated with
infection (e.g., immune responses), neurodegenerative disorders (e.g., Alzheimer's disease,
Parkinson's disease, motor neurone disease, neuropathic pain, triplet repeat disorders,
astrocytoma, and neurodegeneration as result of alcoholic liver disease), ischemic injui-y (e.g.,
stroke), and cachexia (e.g., accelerated muscle protein breakdown that accompanies various
physiological and pathological states, (e.g., nerve injury, fasting, fever, acidosis, HIV infection,
cancer affliction, and certain endocrinopathies)). [0167]The compounds and pharmaceutical
compositions of the invention are particularly useful for the treatment of cancer. As used herein, the
term "cancer" refers to a cellular disorder characterized by uncontrolled or disregulated cell
proliferation, decreased cellular differentiation, inappropriate ability to invade surrounding tissue,
and/or ability to establish new growth at ectopic sites. The term "cancer" includes, but is not limited
to, solid tumors and bloodboxne tumors. The term "cancer" encompasses diseases of skin, tissues,
organs, bone, cartilage, blood, and vessels. The term "cancer" further encompacAPs primary and
metastatic cancers. [01681In some embodiments, the cancer is a solid tumor. Non-limiting
examples of solid tumors that can be treated by the methods of the invention include pancreatic
cancer; bladder cancer; colorectal cancer; breast cancer, including metastatic breast cancer;
prostate cancer, including androgen-dependent and androgen-independent prostate cancer; renal
cancer, including, e.g., metastatic renal cell cardnoma; hepatocelltilar cancer; lung cancer,
including, e.g., non-small cell lung cancer (NSCLQ, brortchioloalveolar carcinoma (3AC), and
adenocarcinoma of the lung; ovarian cancer, including, e.g., progressive epithelial or primary
peritoneal cancer; cervical cancer; gastric cancer; esophageal cancer; head and neck cancer,
including, e.g., squarnous cell carcinoma of the head and neck; melanoma; neuroendocrine
cancer, including metastatic neuroendoccine tumors; brain tumors, including, e.g., gnome,
anaplastic oligodendroglioma, adult glioblastoma multiforme, and adult anaplas tic astrocytoma;
bone cancer; and soft tissue sarcoma. 



 -(dinethylarninolpyridine (100. mg, 0.818 rnol) were dissolved in py¡idine (70.0 mL) and

acetic anhyddde (4.66 m! 49.4 mmol) was added. The mixture was stirÍed at È overnight.

The solvent was evaporated and úre xemaining pyridine was ¡emoved under high vacuurn.

The residue was purifled vÞ silica gel cluomatography eluting wtth a gradient of 10 to 66%

EtOAc in hexanes to affrd the title csmpound (3.66 g, 86%). LC,rNtS: \ = 2.51 min, ES' 521

(A.A stsndaÌd).

SErpÉ. JS254Rì-4-l&f (1S)-2,9Dihyd¡o-1lI-inde¡r-1-ylamirrol-7fl-py¡rolof2,9dì-
ov¡imidin-7-vlÞ2-lhvdroxvmethvl)cvdoDentvl âc€tate

t01Es¡ (L9PI' R -2-(llterr-Butyl(dimethyl)slyllorylmethyl)-a-[+[(1S)-2,]dihydre

1H-inden-1-ylaminol-7H-pyttolo[2,3-dlpyrirnldin-Z-yllcydopentyl acetate (3.66 97-ß
mmol) was dlssolved in fFlF (31.3 mL) and pyridirre (31.3 mI* 387 mmol) in a

polypropylene vial and the solution was cþoled to 0 oC. tìEidine hydrofluorìde (8.61 mL,
95,ó mmol) was added dropwise and the mixtu¡e was sti¡¡ed at rt for t hour. Ilrc resulting

solutiotr wae added dropwise inùo a solution of saiu¡ated aqtreous sodrum bica¡bonate (150

nrl.), extracted with EtOAc (3 x 50 mL), dried with lvfgSon, fiIæ¡ed, and concentated in
vacuo. ïtre ¡esidue was purified via s¡lj"a gel duomatography eluting with a gradrcnt of 0

to 107" MeOH in DCM to afford the title compound @ 30 g,8O%)- LC/NIS: \= l.@mi4 ES'

4û7 (AA standad).

Sþo i: OS2SIRF2-ltlAminosulfonvl)oxvlmethvlì-4.14-t119-23-dihvd¡o'lH-inden-1-
ylaminol-?H-EryE¡qlof 2*dlpJrEnidi[-ryUçyèopenVf acetate

[0186J A 2.00 M solution of cùlorosulfonanride in AcQ{ was prepared as follours:

FA (2.30 mL ó1.0 mrnol) was added dropurise, with stining to drlorosulfonyl isocyanate

(520 rn! 59,7 mmol) under nikoçn at 0'C. Àfter the addition was complete and the

mXtr¡¡e had solidified" AcCN (225 mL) was added. Îtæ resnting solution was left to stand

undeÌ a vented gor¡fce of nitrogerì overnight at rt .

t01871 (t525,4R)+l+l(1s)-2,3-Dihydrù1H-inden-L-ylamirol-7H-pyrrcrot234l-

n¡¡imia¡n-Z-V!-Z-(hydrorynethyl)cyclopentyl acetate (2.30 g; 5.38 mol) was dissolved in
AcOV (108 mL) and,TEA (3,75 o,ú.,26.9 mmol) vzas added. The solutiorr was cooled to 0 oC

and a 2.00 M solution of cNorosulfonarnide ¡n AcCN (538 mI., 10.8 mrnol as prepared

above) wae added, The mixtu¡e was stirred at rt fo¡ ¡t5 [lin- IÏ,c indlcated 5070 dcnveËion.

Addidonal 2.00 M diloro8ulfonanide in AcG.{ solution (5.38 mL, r0.8 mmol) w¿s added

and the srütu¡e was stirred al rt for 15 min. At this tjne, TLC indicaH cûrrplete

[0169)In some other embodiments, the cancer is a hematologic malignancy. Non-limiting examples
of hematologic malignancy include acute myeloid leukemia (AML); chronic myelogertous leukemia
(CML), including accelerated CIVIL and ClvIL blast phase (CML-BP); acute lymphoblastic leukemia
(ALL); chronic lymphocytic leukemia (CLL); Hodgkin's disease (1113); non-Hodgkin's lymphoma
(NHL), including follicular lymphoma and mantle cell lymphoma; B-cell lymphoma; T-cell
lymphoma; multiple myeloma (MM); Waldenstrom's macroglobtdinemia; myelodysplastic
syndromes (MOS), including refractory anemia (RA), refractory anemia with ringed siderblasts
(BARS), (refractory anemia with excess blasts (RAEB), and BARB in transformation (RAEB-T); and
myeloproliferative syndromes. (0170)In some embodiments, the compound or composition of the
invention is used to treat a patient having or at risk of developing or experiencing a recurrence in a
cancer selected from the group consisting of colorectal cancer, ovarian cancer, lung cancer, breast
cancer, gastric cancer, prostate cancer, and pancreatic cancer. In certain preferred embodiments,
the cancer is selected from the group consisting of lung cancer, colorectal cancer, ovarian cancer
and a hematologic cancer. win]Depending on the particular disorder or condition to be treated, in
some embodiments, the El enzyme inhibitor of the invention is administered in conjunction with
additional therapeutic agent or agents. In some embodiments, the additional therapeutic  agent(s)
is one that is normally administered to patients with the disorder or condition being treated. As
used herein, additional therapeutic agents that are normally administered to treat a particular
disorder or condition are known as "appropriate for the disorder or condition being treated."
[0172]The El inhibitor of the invention may be administered with the other therapeutic agent in a
single dosage form or as a separate dosage form- When administered as a separate dosage form,
the other therapeutic agent may be administered prior to, at the same time as, or following
administration of the El inhibitor of the invention. [0173]In some embodiments, the El enzyme
inhibitor of the invention is administered in conjunction with a therapeutic agent selected from the
group consisting of cytotcodc agents, radiotherapy, and inununotherapy appropriate for treatment
of proliferative disorders and cancer. Non-limiting examples of cytotoxic agents suitable for use in
combination with the El enzyme inhibitors of the invention include: antimetabolites, including, e.g.,
capecitibine, gerncitabine, 5-flumouracil or 5-fluorottracil/ leucovorin, fludarabine, cytarabine,
mercaptopurine, thioguanine, pentostatin, and methotrexate; topoisonterase inhibitors, including,
e.g., etoposide, teniposide, carnptothecin, topotecart, irinotecan, doxorubicirt, and daunorubicin;
vinca alkaloids, including, e.g., vincristine and vinblastin; taxartas, including, e.g., paclitaxel and
docetaxel; platinum agents, including, e.g., cisplatin, carboplatin, and oxaliplatin; antibiotics,
including, e.g., actinomycin 1), bleornycin, mitomycirt C, adriarnycin, daunorubicin, idarubicin,
doxorubicirt and pegylated liposornal doxorubicin; allcylating agents such as rnelphalan,
chlorarnbucil" busulfan, thiotepa, ifosfamide, carmustine, lomustine, semustine, streptozocin
decarbazirte, and cyclophosphantide; including, e.g., CC-5013 and CC-4047; protein tyrosine
kinase inhibitors, including, e.g., imatinib mesylate and gefitinib; proteasome inhibitors, including,
e.g., bortezomib, thalidomide and related analogs; antibodies, including, e.g., trastuzurnab,
rituxirnab, cetaximab, and bevacizurnab; mitoxantrone; dexarnethasone; prednisone; and
temozolomide. [0174]Other examples of agents the inhibitors of the invention may be combined
with include anti-inflammatory agents such as corticosteroids, ThIP blockers, n.-1 RA, azathioprine,
cyclophosphamide, and sulfasalazirte; irrununornodulatory and immunosuppressive agents such
as cyclosporine, tacrolimus, raparrtycirt" rnycophenolate mofetil, interferons, corticosteroids,
cyclophosphamide, azathioprine, methotrexate, and  sulfasalazine; antibacterial and antiviral
agents; and agents for Alzheimer's treatment such as donepezil, galantarnirte, mernantine and
rivastigmine. [1:11751In order that this invention be more fully understood, the following
preparative and testing examples are set forth. These examples are for the purpose of illustration
only and are not to be construed as limiting the scope of the invention in any Way. 



conver6icìn. fhe mixture was T'enched wifl: lrlteoH (3'00 fil,), a¡rd the solvent was

removed in vacuo. Ttre ¡esid.r¡e ¡vas purified via silica gel dromatography eluting with a

gadief¡r of 0 ro 10% tyfeoH in ErOAc to affo¡d the 6tle compound (2a5 99a%\. LC,/lvfs: R,

= 1.68 mlrì, ES* 486 (AA staridard).

tuEEI (1s2s,aR)-2-lt(.cmlnqsulføryl)o><yJrrrelhyll-+l+f(ls)-23-dihydro-1Fl-inden-

1+antnol-7'J-pyttolol2,3-dlPyúftf,Jdin-7-yrlcydoPentyl aæâÞ (2'45 g' +'54 mmol) was

¿issolved in a 7.00 M solution of ammonia in lvfeCtH (108 mL) and the mixhrre was sti¡red at

rt for S days. The soirort r*os remwed in wàcuo, ¡e-diesolved in DCM and the filtered

resldue was puriñed via silioe gel c.tuorr¡atog¡aPhy eluting with a gradient of 0 to 10%

lyfegg in DO\d ro alford the tile compound (1.8o & 90%). 
¡H NMR (CDTOD 400 MÉD' ô):

E.t6(s,1H),7-2ç7'12(¡v1rÐ,6'63 (d,l =3'6t[zlIJ,),5'85(dd'J =7'6'7'6 lit¿,'trÐ's'¿'65'&

(¡rvtÍÐ.4.5ya-a7 (**rt' 4'37 (.l'l =7'6'9'6EIz,,.H,)'4'L9 (dd'J =?'+e'6'fz'LËt)'3'ov3'Ú¿

fui,rÐ,Lgçz.87 (nr,1Ð,2.892.7s (svtH),2-67-2.'59 (wtrÍ),2'372-'?-O(n,3H),2'O7-r'97

(rn, 2r{) ppm' LClÀÆi: \ = 154 o'irl E9' '4144 (AA standard)'

srep t (0s.2s.4R\-+{4.r9..SL2{-Dihyd4Fll{-ildî}-1-vYmj¡?ì-7.1-PvT-Ttof?EdlPvrimidin-

101891 KL'2s,4R)+1+[Gs)-2,]D¡hyd¡o-1fl-inden-1-ylamino)aE-pyrrorol234l-
pyrimiain-z-yrl-z-hydrorycycloperrtyl)rnethyl suJfamate (2.6+ g.5.66 xn'¡¡lol) was dissolved

in lvteoH (a3.0 mL) and a 1.002 M solutiorr of potassium hydrocide in water (5,l/411ú-,5'65

mmol) was added at and the mixh¡re was sti¡¡ed for t hour- The solvent wag lEmoved in

wacuo and t}.e solid ¡esidue was dried under high vacllun to affofd the title compound (2.87

g,looei6).'Htrn"Ít1co.oo,300M¡1z,õ):8.:16(s,!rÐ'72ç7'12(n';rÐ'6'62(ùI-3'9lfz'

1}I), s.Es (dd, / = 7.8,7.8þtz', tfiD,5'50-s.40 (r& 1Ð, 4.5L4'48 (st, tEf)' 4'22 (dd' | = 8'6' 7o'o

ÍÞ, 1IÐ,4.0s (dd ,l = 6-6,Lo-ottz, Ur), 3'10-3'OO (m" 
'IÐ'2'9Ç2'8s 

(rn' tlÐ'2'87-2'71(m' 1H)'

2.6&2.58 (m" 1Ð, 2.37-2-13 (n,3LÐ,2'O7-7-9a þn 2fÐ ppm- LCllv6: \ = 1'54 mi¡u ES' 444

(AA ståndad).

EE

EXAMPLES Abbreviations AAammonium acetate Acal-Iacetic acid AcCNacetonitrile
AIBN2,2'-azobisisobutyronitrile Boctert-butoxycarbonyl DCMclichloromethane DEADdiethyl
azodicarboxylate DB3ALdiisobutylalurninum hydride DIPEANN-dlisopropylethylamine
DMAPN,N-dimethy1-4-arninopyridine DMFdimethylformarnide ROAcethyl acetate Et0Hethanol
FAformic add hours KO-t-Bupotassium tert-butoxide LC/MSliquid chromatography mass spedrum 



Exa.urple 2 (1525,4R)+{+[(1R)-2,]Dihydto-LH-i¡rden-1-ylaminol-7H-pyrrololz,?41
pyrimidín-7-yll-2-hydrorycydopentyl)rrethyl sulfamate (Cozrpound I-13)

Stpo a: 4-l8enzvlsulfanvl\-7H-ovtolol23-dlpwrimidine

101901 To a ror:nd bottorred flask with a sdr ba¡ was added #drlorcllla¡rrrole
pþ-alpyzinXaine (5.Ø & Â?.0 mmot), 1.00M of KGt-Bu in THF (49.5 mI.49.5 rÌìmol), and

benzenemethaxrethiol (5.81 mÇ 49.5 mrnol) in isopropyl alcohol p50 [lL). The reaction

mixture rr¡as heateil to ¡eflr¡c at 85 "C rxrde¡ arr abnoçhere of niuogen- Aftet 48 h, the

¡eaction mixture was cooled and solvent lvas r€moved ù:¡ vacuo, To tlre residue was added

water (300 nL) and the solution wae flløed to colect fhe result¡ng whire solid. The solid

was washed with diethyl ether and lvIeOH and dried urrder wacrrrrm to afford tlre produrt as

a white solid (6.29 g,,79V"y1eld), LClì45: \ = 1.68 ¡nilr ES'242 (FA standarQ. Reft¡ence:

Pathak, A. K., Pathak, v., se¿tz, L. 8., Suling, w J., Re¡molds, IL C. I' Med' Chet t-,2Ø4' 47.

273-276.

St-ep b; ( aS,6ßJS-7aR)-Gt4-Genzylsulfanyl):ZÉr-¡:yr¡.olot2.*dlPy¡lmidin-Z+l'l-2-í1t
rnethoxrmhenvl)hexahvd¡ocvdoperrtatdltl 3l dioxin-7-ol

f0194 A ror¡nd-bottomed flask unde¡ an aùnasphere of argon was drarged with 4-

(benzylsulfanyr!7E-Wßololzþdlpyrinidine (1% m& 0.804 ffnol),and DMF (5.00 rnl.)

followed by a 1.00 M solution of lithrún hexamethyldisilqzide in THF (0.6fft mI+ 0.603

mmol). The reaction mixhr.¡e was healed to 60 oC. Afte¡ 10 m¡v Oa5,1bR"5a5,6eSÞ(+

methoryphenyl)hexahydrooxirenof45lcydopenta[1,2-d]þ'3ldioxine (100. In& o'4o3 mmol,

as prepared in Fr€mple 1Â-b) in DMF (2.0O ñL) was added a¡rd the ¡eactson was heated to

110 "C. Afte¡ 6 h, the ¡eaction mixtu¡e was cooled to rt and saturated aqr¡eo¡¡s godiurn

chloride solutidr (50,0 mL) was added. The aqueous layeu w¿¡s washed with EtOdc @ x 50

mL) . The combined organic layers were washed u¡ith water (2 x 100 mL), dried over MgSO.,

filÞred and concentrated in vacuo. Purificadon via silica gel ùromatograpþ elutixrg r,vith a

grâdient of 0 to 10ff/' EtOAc in hs<anes aflorded the tide compowrd as a whiÞ solid (197

ng,937d. LCIMS: R = 2.07 úin, ES* 490- (FA standard).

(01921 To a solutio¡¡ of (4a5,6&7S,7aR\-6f+@enzrylsrffanyl)-7H-pyttolot2Sdl-

p¡imidin-7-y!-2-(+metho:qçhenyl)her<ahydrocyclopentaldl[1,3]dloxin-7-ol (99O. vrg,2.t2

mmol) in DCM (57.0 mL) was added 4-(dirnethylamino)pyridine (7t18 mg,6.07 mrnol) and

E9

LikiMDSlithium bis(trimethylsilyBamide m-CPBAmeta-chloroperbenzoic add Me01-1methanol
MOO,magnesium sulfate minminutes MSmass spectrum MWImicrowave irradiation
NIBN-iodosuccinimide NMN-methylmorpholine-N-oxide rtroom temperature
TBAFtetra-n-butylarnmoniurn fluoride TBAItetra-n-butylaramonium iodide
TBDMStert-butyldlinethylsily1 TEAtrifluoroacetic acid TI-IFtetrahydrofuran
TPAPtetrapropylanutionium penuthenate Analytical LC-MS Methods [0176]Spectra were run on a
Phenominex Liana 5pm C18 50 x 4.6 ram column on a Hewlett-Packard HP1100 at 2.5 mL/mm for
a 3 minute run using the following gradients: 



phenyl clùorothionocarbonate (0.565 ml.' 4-04 mol) under an atnosphere of niüogen and the

yeuoù\' r€action wâs sãIIed at ft. AfÞr 12 \ rhe dark yellow solution was purified via silica

gel ctxomatography eluting with 107o EtoAc in hexaræs, and ttren lØ. ÙfeoH in DCM on a

column prebeated with 1% TEA irr hãa¡es to âfford tÌrc tiile compowrd as a yellow oil

(1.77 8,97'h). LClNdS: \ = 2.4/ E¡¡rù ES' 626 (FA standard)-

t01931 To a solution of G[ (4ø5,6R;75:7aR)-G[+þenzytsulfanyl)-7H-pyr¡olo[2,]dl-

pyrinudin-7-yll-2-(4.nethoxypÌænyl)hexahydrocyclopentaldlll.3ldioxin-7-yl] Gphenyl

thiocarbonåte (1.n g,7,9E taÛ\ol't in toluene (91.0 mL) was adÀed2,2'-azo-big'

isobuþronitrile (62,2 mp 0.404 mmol) and ki-r-butyltin hydride (f '11 mL,4.00 nrnol) unde¡

an aürosphere of nibogen Ï:lre yellor.T solution was heated to ¡eflD( at 140 'c, After 2 h" the

¡eaction mixtu¡e w¡9 çsolsd 5ili¡¡ gel was added, and the solverrt was remûved in vacuo.

silica get cluomatography elutjng with a gradient of 0 to 100% EtoAc in hg¡a¡res affo¡ded

the title compourrd as a semi-solid (SOO mg; 857"). LCIMS: \ = 238 rnirl ÊS'475 (FA

sbndard).

sÞP e: +Gerrqflsulfonylì-7-f (rþ5-6R,7a9-2-(4-methoxyphesylltre'€hydroqclq'entatdl-
f 13ìd¡oxin-6-y1È7H-Py¡rolot23dl¡:yrirnidine

t0l%l To a ¡ou¡rd bottoned nask \ ith a stir bar was added +@enzylsulfanyl).7-

I$asßRla9)-z-(A*tethoxyphenyl)tæxahydrocydopentatdltlSldioxin-6'ytl-7H-pvttolo'

tZÊdjpyrimid¡ne (690 rg,1.32 mmol) and DCM (32.5 mL)- Sodium bicatbonate (400 [¡g'
4.76 mnol) was added followed by Schloroperbenzoic acid (254 mP 3-36 mol) and the

reaction mixture was sti¡red for 12 h, The ¡eaction rrixh¡re was tlrsr Eeâted with satr¡¡ated

aqueour¡ sodiurn bica¡bonate solutiorr extracted with DCM and the comb¡ned organic layer6

wefe dr¡ed over MgSO" ftlteted and concerrEated in vacuo' Silica gel duomatoglåPhy

eluting witlr a gradient of 0 to 100% EtOAc in Ìrsa¡res afforded the prodr¡ct as a white soud

QL9 ng,32%). LCllrlF: \ = 1.94 mirv ÉS' 506 (FA standard)'

Sæp f: N:l(g0-?SDihyd+- 1H-inden-1.-yI-7-f(4as-qß-7aS)-2.-(4ÊetÌìoxy9hetyl)-- 
hexahydrogrclqPentaf4lflsldiox-¡n-Gy1ì-7rþy¡rolof?3. dlPyrimidtn4alqge

IO195l In a 0.t2 mL micor ¡ave Yiât, 41-(benzyfsulfonyl)-7-[(4aS'6R]7aS\2-l+

methox¡pherryl)hexahydrocydopenta[dJl13ldionnóyll'THpynoLol2']dlpyrimidine (100

mg, 0.198 mmol). (Ð-(-)-1-aninoindan (0-127 rr1.,0.989 m¡xrol), and DIPEA (O-12 rn! 0'989

Formic Add Standard (FA Standard): Acetonitrile containing zero to 100 percent 011 % formic acid
in water. Ammonium Acetate Standard (AA Standard): Acetonitrile containing zero to 100 percent
10 inlvl AA in water. Example 1:
((15,25,4R)-4-(4-[(15)-2,3-Dihydro-/H-inden-1-ylamino]-7H-pyrrolo[2,-34-
pyrirrtidin-7-y1)-2-hydroxycydopentyl)methyl sulfamate (Compound 1-35) Step
a:(1R2R,3555)-3-11-1ydroxymethyl)-6-oxabicycloi.3.1.01hexan-2-01
[01771(15,5S)-5-(Hydroxyrnethyl)cyclopent-2-en-1-o1 (3.19 g, 27S wino!) was dissolved in DCM
(143 mt.) and the solution was cooled to 0 C. 3-Chloroperbenzoic add (7,52 g, 33.5 rrunol) was
added and the mixture was stirred at rt for 4K TLC indicated complete conversion. Silica gel (20 g)
was added, the mixture was concentrated to dryness and was purified via silica gel
chromatography eluting with a gradient of 0 to 100% Et0Ac in DCM to afford the title compound
(2.75g, 76%). LC/MS: 1.1,. 0.37 min, ES1 131 (AA standard). Step b:
IlaS,lblOaS,6a5)-3-14-Methoxyphenyl)hexahydrooxireno[4.51cyclopenta11,2-dlJ1,31dioxine
[01781(1R,212,35,5.5)-3-(Hydroxymethyl)-6-oxabicydo(3.1.01hexan-2-ol (3.65 g, 21.0 mol) was
dissolved in Dal (121 raL) and the solution was cooled to 0 C. 1-
(Dirnethoxyraethyl)-4-methoxybenzene (10.7 rot, 63.1 rruxiol) was added followed by pyridinium
p-toluenesulfonate (530. mg, 2.11 mrrtol). The mixture was stirred at rt overnight. TLC indicated
complete conversion. The reaction mixture was concentrated in vacuo and the residue was purified
via silica gel chromatography eluting with a gradient of 0 to 50% Et0Ac in he:canes to afford the
title compound (4.10g. 78%). 1,C,fivIS: R = 1.68 min, ES. 249 (AA standard).
[017914-Chloro-1H-pyrrolo[2,3-d]pyrirnidine (2.10 g, 13.6 minol) was dissolved in 1- butanol (60.0
mL) and NJ'!- diisopropylethylarnine (3.57 InL, 20.5 rrimol) was added followed by
(S)-(+)-1-amixtoindan (1.93 inL, 15.0 tr./mot). The mixture was heated to reflux for 60 lie cooled
down tort and the solvent was evaporated to dryness. The residue was purified via silica gel
chromatography eluting with a gradient of 0 to 100% Et0Ac in DCM to afford the title compound
(2.72g. 80%). LC/MS: R1 1.42 min, BS+ 251 (AA standard). Step
cb(4a5,6R,7S,7aR)-6-14-1(1S)-2,3-Dihydro-111-inden-1-ylarninol-7H-pyrroloF2.3-d1-
pvrimidin-7-v11-244-methoxyphenv0hexahydrocydopentard111,31dioxin-7-ol
[01801N4(15)-2,3-Dibydro-1H-inclen-1-y1]-7H-pyrrolo[2,3-d]pyrimidin-4-amine (3.70 g, 14.8 nand)
was dissolved in DMF (49.4 mL) under an atmosphere of nitrogen. Sodium hydride (546 mg, 13.6
mmol) was added and the suspension was stirred at 70 C for 10 min to give a clear solution.
(1a5,1bR,5aS,6aS)-3-(4-Methoxyphenyl)hexahydrooxirerto[4,53- cyclopenta[1,2-d][1,3]dioxine
(2.82 g, 11.4 mmol) dissolved in DIM (35.3 int) was added to the solution above and the reaction
was stirred at 110 C for 2k The reaction mixture was cooled down, quenched with saturated
aqueous sodium chloride solution (30 rnL), extracted with Et0Ac (3 x 50 InL), dried with MgSO4,
filtered, and evaporated under high vacuum. The residue was purified via silica gel
chromatography eluting with a gradient of 30 to 100% Et0Ac in hexanes to afford the title
compound (3.90 g, 69%). LC/MS: Et =. 1.86 min, ES + 500. (AA standard). step
e:04(4a5,6R,75,7aR)-6-14-[(1S)-2,3-Dihydro-11-1-indert-1-ylaminol-7H-pyrrolo-
12,3-dlpyrimiciirt-7-v11-2-(4-rnethoxyphenvphexalwdrocvelopentar  v11 0-phenyl thiocarbonate 



mol) were dissolved in ethanol (1.22 mL)' The vial was sealed and heated þ 110 "C

overnight. The sotution was then corìcentated in vacuo and the resulting materÞI was

purified via silica gel cluornetogfaphy elutürg with a gradient of 20 ø 50% EtoAc in

lre¡anes lo afford the Product as ân orange oil (70.0 mg, 73þ' \Ê/lvÍE]¡:R, = 1't12 min, ES'

¿183 (FA standard).

Steo e (19gt4R)-+f+I(1R)-23Dihydrù1H-inden-1-ytâr-ninol-7H-Pyn@t23d-' 
pyrimidin-7-yll-2-(hydroxymeth]¡l)g¡cloPerrìanol

.to196l N-[(1RF¿]D¡hy&c1H-inden-L-y\14(azS,6Rlas)-2-(+methoxypheny[

hexahydrocyclopenta[d][1p]dioxirrÇylfJ?H-pynolotz.]dtpy¡imidin-a'amine (70'0 mg' 0-145

rnrìol) was added to a solution o f AÑrI (0-742 tú,13.0 mmol), TIIF (0235 mL) and watcr

(0.261 mL). Ttre solution was stirred at rt for 4 days before being concenbaH irr vacuo'

Silica gel chromatography eluting n'¡th a gradient of 0 to 109. MeOH in DcM afforded the

title compound (276 t È,,52vo). LClNt9: \ = 0.9a mtn, E5'365 (FA standard)'

Steph: f¿rt-Butll(ct orosulfonyl)carbarnâte

lúgn To a stirred solution of cllomsulfonyl isoqanate (3'20 mL, 36'0 mmol) in

benzene (1,5.0 mL) in a water bath at rt we5 added ,srÍ-butyl alcohol (3.50 mL, 36.2 ulIrÚt)

dropwise vfa s¡rringe under an aEnosphefe of niEoggn, Afb¡ 2 h" the mührre was diluled

with hocanes (30-o mL) afd rlÉ fesulting white PrcciPitate ¡r¡ae filtefed arrd washed with

hexanes (3 x 20 mL) . The collected solid was d¡ied in a vao.rl¡El desiccator under house

vacuun fof l0 min to affo¡d the tit]e compormd as a white solid (5.08 6; 65%). The product

wag stored under nibogeÂ l'' a fre.zu-. t¡¡ Nl"ß. 13OO MfIz, CDq¡S/ ô); 8.aU þr s, 1I! '7.57 
(s'

9IÐ ppm. LCINÁS: \ - g.!39 mi¡L ES- 215 (AA sundard)' Reference: F Ilirayana et al''

Biùtg- lvled, O@n-,2oO2" 70' 1509'1.523'

lm98l (1525,4R)+t+t(1R)-2,3Dihydro1H-inden-1-ylaminol-7H-pyrroloÍ2þdl-

p¡rrirridin-7-yll-Z{hyclrocyrrrethyl)cydoperrtanol @7.6 mg, 0.117 mnol) and 2,Gdi-terÞ'

buþl-4anetþlpyridrne (48.5 mg' 0236 nmol) urere sr:spended in AcG'f (1-57 rnl-) and

cooled to 0 "c. t¿fú-Butyl (c¡loforulfonyl)carbamate was added and the mixture wa8

allowed to wa¡¡n to rt ofernight lhe r€action was quenched via addition of lvfeoH (1'00

mtr-) and conc€nEaþd in vacuo, silica gel chromatogfaPhy eluting f¡|ith a Sradient of 0 to

[0181](4a5,6R,7S,7aR)-6-14-[(1,9)-2,3-Dihydro-IH-inden-1-ylairtino]-7H-pyrrolo-
[2,3-d]pyrimidin-7-y1)-2-(4-metho>cyphenyl)hexahydrocyclopentard][1,3]dioxin-7-ol (4.00 g, 8.02
mmol) was dissolved in DCIVI (169 mL) under an atmosphere of argon and 4-
(dimethylainino)-pyridine (2.94 g, 24.1 mmol) was added followed by phenyl chlorothionocarbonate
(2.22 mL, 16.0 nunol). The mixture was stirred at rt for 1 hour. The solvent was concentrated in
vacua and purified via silica gel chromatography eluting with a gradient of 20 to 100% Et0Ac in
hexartes on a column pre-treated with 1% TEA in hexanes to afford the title compound (5.00g.
99%). LC/MS: Ft, = 2.34 min, ES. 636 (AA standard).  Step
f:N-f(151-2.3-Dihydro-14-i-inden-l-y11-74(4a5,6R,7aS)-2-(4-methoxyphenyn-
hexahydrocyclopentardift.3]dioxin-6-y11:7H-py_rrolof2,3-dipyrimidin-4-amine
[0182]0-[(4aS,6R,75,7aR)-6-(44(1,5)-2,3-Dihydro-1H-inden.-1-ylamino]-7H-pyrrolo-
[2,3-d]pyrimidin-7-yll-2-(4-methoxyphenyl)hexahydrocyclopentaldjj1,31dioxin-7-yl] 0- phenyl
thiocarbonate (5,00 g, 7.88 rrunol) was dissolved in toluene (150_ mL) under an atmosphere of
nitrogen and tri-n-butyltin hydride (4.24 mL, 15.8 uunol) was added followed by
2,2'-azo-bis-isobutyronitrile (259 mg, 1.58 mmol). The solution was heated to reflux for 30 min, the
mixture was cooled down, the solvent was concentrated to 30 rot and the residue was purified via
silica gel chromatography eluting with a gradient of 30 to 100% Et0Ac in hexanes to afford the title
compound (3.00 g, 79%). LC/MS: RI 2.12 min, ES. 483 (AA standard). Step
g:(18,265.4R1-4-144(15)-2,3-Dihydro-1H-inden-1-ylaminc4-7H-pyrrolo12,3-di-
pyrimidth-7-y11-2-(hydroxyrnethyncyclopentanol
[0183]N-[(1.5)-2,3-Dihydro-1H-inden-l-y1]-74(4a5,6R,7aS)-2-(4-methoxypheny1)-
hexahydrocyclopenta[d][1,3]clioxin-6-y1]-7H-pyrrolo[2,3-alpyrimidin-4-amine (3.00 g, 5.90 mrnol)
was dissolved in TliF (11.6 mL), water (11.6 raL) and AcOH (34.9 rri, 614 mmol) were added. The
mixture was stirred at rt under an atmosphere of argon for 60 It The mixture was concentrated
under reduced pressure and the residue was purified via silica gel chromatography eluting with a
gradient of 0 to 10% Me01-1 in DCM to afford the title compound (2.10 g, 98%). LC/MS: Rt =1.46
ruin, ES' 365 (AA standard). Step h;(15,25,4R1-2-0f
tert-rnxty1(dimethyl)silylloxylmethvl)-4.-l4-f(1-2,3-dihydro-1H-
inden-1-v1aminoI-7H-pyrro1of2,3-4Ipyrimidin-7-yl1cyc1open1y1 acetate
[0184](13,25,410-4-14-[(15)-2,3-Dihydro-lfi-inden-1-yla_mMoi-7H-pyrrolo[2,3-dl-
pyrimidin-7-y11-2-(hyclroxymethyl)cydopentanol (3.00 g, 8.23 xrtmol), 1H-imidazole (1.68 g, 24.7
mmol) and 4-(dimethylamino)-pyridine (100 mg" 0.818 rrimol) were dissolved in DMF (90.0 ml..)
under an atmosphere of argon and the solution was cooled to 0C. tartButyldimethylsily1 chloride
(124 g, 8.23 xrunol) was added and the mixture was stirred at rt for 2 h. LC/MS indicated complete
conversion. The reaction was quenched with saturated aqueous sodium chloride solution (30 raL),
extracted with Et0Ac (3 x 50 rnL), dried with MgSO4, filtered, and concentrated in vacuo. The
remaining DMF was removed under high vacuum. Crude
(1S,2S,4R)-2-aftert-butyl(dimethyl)silylloxy)methyl)-4-(4-[(13)-2,3-dihydrolH-inden-1-ylarninol-7H-py
rrolo[2,34pyrimidin-7-ylicydopentanol (3.94 g, 823 xnmol) and  4-(dimethylarnino)-pyridine (100.
mg, 0.818 mol) were dissolved in pyridine (70.0 mL) and acetic anhydride (4.66 mL, 49.4 mmol)
was added. The mixture was stirred at rt overnight. The solvent was evaporated and the remaining
pyridine was removed under high vacuum. The residue was purified via silica gel chromatography
eluting with a gradient of 10 to 66% Et0Ac in hexanes to afford the title compound (3.66 g, 86%).
LC/MS: R, = 2.51 min, ES* 521 (AA standard). 



10% M€OH in DCM afÂorded the title compound (15-2 ng 37"i"). LC,/lr¡4S: \ = r-29 min, ES'

544 (FA standad).

Steo i: ((lS -4Rl-+l4.Il1Rl-23Dihvd¡o-1H-inden-1-vlaninoì-7H-ovr¡olof 2-9dì-
uyrimidin-7-y1F2-hyd¡oxycyclope¡91)¡nethyl sulfarnate.(Compo¡¡¡rd L13)

[u99¡ r¿r¡-Buty] l((1529AR)+l+l(1R)-2,Tdihydro-1H,inden-1-yraminol-7H'
pyrrolo[2,3-d]pyrimidin-7-y1F2-hydroxycydopentyl)metho:<ylsulfonyllcarbarrnte þ1.0 m9,

0.0570 nmol) was ùssolved in DC?1 (0-803 mL) and tifluoroacÊtic acid (0.803 mI-, 10.4

mmol) was added. The solutisr was stirred at rt 6o1 15 min before be\ corrcentrated in
vacuo. Tlre residue was tak€n up in lvfeoH (5.00 mL), treaþd with solid sodium

bica¡bonate (300 ng) and stirred for 10 min. Filuation and silica gel duonratography

eluting with a gradie¡rt of 0 to 10% Ir(eOFI in DCM affo¡ded Ére title comPound (7.20 rn&

5870). H NMR (400 MÉIz, CD9OD, E',i 8.L7 (s, 7lr), 7 2? -7.L4 (/t\ 
'Yfr, 

6,e G, I = s,5 Hz, lLÐ,

5.86(ÈJ =7-SHz,7ÍÐ,5.a^5.a2G* 1rÐ,4,ñ-4'a8 (¡¡v rIÐ,4.38 (dd,I= 7.rg.SHz,tfÐ,4.21
(dd,¡ =7.3,9,s8b,1þ,3.10{.fx} (m, aH),2.97-2..aa (n" 7}i),2,8G2.76 (xv rÐ,2.6&2.60 (nu

l[t),2.37-2.21 (¡ç 3r!, 2.0&1.97 (rrç 2r$ pprr- IEl¡vls: \ - 1.16 [ri& ES' 444 (FA Btândard).

Erample 3: IpSÆ39,qß)-2,9D:¡ydtoxy-+t4-þhenytsulfanyl)-7H-prynolol2þ-dl-
pyrimidin-z-ylcydoperìtyurnethyl suüamaÞ (Compoud I-53)

Steoa: rt-(Phenvleulfanvlì-7H-ovrm1ol2.3-dlor¡¡imidine

tü1001 1o a sol¡¡tion of +úlorelH-pyíolot¿3.dlp¡Ejmidine (1.69 g, 11.0 nmol) and

TEA (460 mL 33.0 mmo¡) in l-butanol (25.O rnL) was addeil berrÈerrethiol @.39 m! 33.0

mmol), and the mixlr-r¡€ uras lefùlxed at 140 "C owernight The leactiúr was then cooled to rt
and concenÈaþd irr våcuo. The off-white soltd wae purified by stlnca gel drronatography

eluting with a gradierrt ofo to 35% EtOAc in DG¿f to alford the proùft. (2.29 g92al).

LCllvlS: R, : 1.!g mirr ES* 228 (I¡A etandard).

[û2q] A mixtu¡e of 4þ(phenylsulfany]7H-pyrrolo[2,34pyrimtdine (895 st9,3.94

mrnol) and NalI (148 mg, 3.69 mmol) iñ dry DMF (1.2.0 mL) was stif¡ed at 60 'C for 10 mirL

Then (1a5,1bÃ.^5a5,tu99(+sethor¡'plrenyl)hexahydrooxireno[4J]cycloperrta[12d][13]-

öo)dne (611 [r& 2.116 mmol) was added and the rnixtu¡e rvas heated io 110 'C fo¡ 5 h. fte
reaction mixture was ltren cooled to rt, quendred wilh saturated aqrreous sodirrm chloride

Step i:as.25,410-4-14-ros)-2 3-Dihyaro-ur-inci?rn-1-yiaminol-mi-pyrrolor2,3-dl-
pyrimidin-7-y11-2-(hydroxyrnethyl)cyclopentyl acetate
(01851(15,25,4R)-2-(iftert-Eutyl(dirnethyl)silylloxylmethyl)-4-444(15)-2,3-dihydro-
1H-inden-l-ylaminol-7H-pyrrolo[2,3-d]pyrimidirt-7-Acydopentyl acetate (3.66 g, 7.03 mmol) was
dissolved in THE (31.3 inL) and pyridine (31.3 mL, 387 nuriol) in a polypropylene vial and the
solution was cooled to 0 C. Pyridine hydrofluoride (8.61 niL, 95.6 mmol) was added dropwise and
the mixture was stirred at rt for 1 hour. The resulting solution was added clropwise into a solution of
saturated aqueous sodium bicarbonate (150 mL), extracted with Et0Ac (3 x 50 at), dried with
MgSO4, filtered, and concentrated in vacua. The residue was purified via silica gel chromatography
eluting with a gradient of 0 to 10% Me013 in DCM to afford the title compound (230g. 80%).
LC/MS: 17,1= 1.64 min, ES. 407 (AA standard). Step
j:(1528,4R1-2-WArnirtosolfony0oxylmethyll-4-14-11151-2,3-dihydro-1H-inden-l- lardirtte 03186JA
2.00 M solution of chlorosulfonarnide in AcCN was prepared as follows: PA (2.30 int., 61.0 nurtol)
was added dropwise, with stirring to chlorosulfonyl isocyanate (520 mL, 59.7 rnmop under nitrogen
at 0C. After the addition was complete and the mixture had solidified, AcCN (225 mL) was added.
The resulting solution was left to stand under a vented source of nitrogen overnight at rt.
[0187](15,25,4R)-4-(41(15)-Z3-Dihydro-1H-inden-1-ylarninoF7H-pyrrolo[2,3-11)-
pyritniclin-7-y1)-2-(hydroxymethyl)cyclopentyl acetate (2.30 g, 5.38 mol) was dissolved in AcCN
(108 raL) and TEA (3.75 mL, 26.9 mmol) was added. The solution was cooled to 0 QC and a 2.00
M solution of cldorosulfonamide in AcCN (538 mL, 10.8 rnmol, as prepared above) was added. The
mixture was stirred at rt for 45 mm. BC indicated 50% conversion. Additional 2.00 M
chlorosulfonarnide in AcCN solution (5.38 mL, 10.8 ramol) was added and the mixture was stirred
at rt for 15 min. At this time, TLC indicated complete  conversion. The mixture was quenched with
Me0H (3.00 rri), and the solvent was removed in vacuo. The residue was purified via silica gel
chromatography eluting with a gradient of 0 to 10% Me0H in Et0Ac to afford the title compound
(2.45 g, 94%). LC/MS: R, = 1.68 min, ES* 486 (AA standard). Step
k:((15,28AR1-4-14-1(151-2,3-Dih_ydro-1H-inden-l-ylaminol-713-pyrrolof2,3-dl-
pyrimidin-7-v11-2-hydroxycyclopentylknethyl sulfarnate (Compound 1-351
[0188](15,25,4R)-2-([(Aminosulfonypoxylmethyl)-444-1(1S)-2,3-dihydro-1H-inden-
1-ylarnino)-7H-pyrrolo[2,3-dipyri1flidin-7-Acycl0pentyl acetate (2.45 g, 4.54 mmol) was dissolved in
a 7.00 M solution of ammonia in Me0H (108 mL) and the mixture was stirred at rt for 5 days. The
solvent was removed in vacuo, re-dissolved in DCM and the filtered residue was purified via silica
gel chromatography eluting with a gradient of 0 -to 10% Me013 in DC1v1 to afford the title
compound (1.80g. 90%). IHNMR (CO30D, 400 MHz, 8): 8.16 (s, 114), 7.264.12 (in, 5H), 6.63 (d, J
= 3.6 Hz, 114), 5.85 (dd, I = 7.6, 7.6 Hz, 111), 5.46-5.40 (m, 114), 4.50-4.47 (in, 114), 4.37 (d, J =
7.6, 9.6 Hz, 1H), 4.19 (dd, J = 7.4, 9.6 Hz, 114), 3.08-3.02 



solution and tlìe solution was extracted twice vvith EtOAc. The cornbned organics Y¡e¡e

dried over sodium sulfate, filtefed and concent¡ated in vacr¡o- The crude prodtrct mixture

was prrrified by silica gel cluomatography eluting vrith a gradient of 5 to à07" ErOAc in

DCIvI þ affo¡d the title compound (96.5 r:rg,,8.2aþ. LCllvlS: \ : 1,95 min, ES. 476 (FA

sÞndard).

rczlnl To a solution of AcOH (1.04 mI., 18.3 mmol), TIIF (0.330 mL), arrd waer
(0.366 mL) was added, (4aS,6R"7S,7aR)-2-(lbmethox¡phenyl)-6-[+(phenylsulfanyl]1H-

pyrrolol32<þyridin-1-ytJhexahydrocydopenta[dJ[$]dioxin-7-ol (96.7 mg' 0,2]3 mmol).

The ¡eaction solution was stirtd at rt fo¡ ¡18 h tlen concentated in vacuo. Tlre resulting oil

was purified þr srlica gel chronratography elut'urg wilh a gradient of 60 to 100% EtOAc in

he¡anes to affo¡d llre ti0e compotrnd (32.O y¡;lg, 4%\. LC./MS: & : 1.33 uúrì, ES' 358 (SA

standard).

Step d: l(3aRlS,6ß,6aÐ-2,2-DimeEryl-Cl+(phenylsr¡Ifa¡yt)JH-p]¡tmlof2'UlP)almidin-
7-J.UEbahvdro:3a¡f-cuclgÞentafdlf 13ldioxol-+vllmetÌ Ìol

to,loi¡l (1S,2R"35,5R)-3-(Hydrorymethyl)-9[a(pfrenylsulfanyl)-7H-pyrrotoÍ234]-

pyrimrdin-7-yllcyclopentane,-12-diol @20 mg, 0,0895 rrmol),zZdimethorrytr ropane (0.0549

mI., 0,446 mmol), and ptoluenesulfon¡c ac1d monohydrate (17.0 nrg, 0'0895 mmol) weæ

dissolved in acetdre (2.2ûmL) and stirred at rt ovenigh¿ Then the reactior¡ was qr¡enclìd

w¡th satüated sodium brcarboriate dolution and approcinrately half the Eolvent was

removed in vacuo. The reí¡lting residue was diluüed rvith watef and extfacted with DCM

(3x). Combiræd organics were dried ove¡ sodiurn sr¡lfate, filtered, and concenbaled in

wacuo to afford the title compound as a white foam (35.5 mg, 997"), which was used without

further puriflcation, LClllfS; R, = 1,22 min, Bs. 389 (FA standa¡d).

Step q l(3a.RlR,6Ã,6a$-2,2-Dimethyl-Gt¿L(phenylsutfanyf):7Il-pyrro.lof2ådìpyrimidin-
7-yììteþhydro-3aH-cJælqpental4f l3fdio:gol*jlmet}ryl sulf a¡rtaæ

to?04¡ A solution of l(3aR,45,6R,6e5)-ZZ-dimethyl-6t4{phenylsulfanyl)-7H-pyrrolo-

t2.ldJpyrimidin-7-yllletralrydro-3aH-cydopenta[d]ll3ldioxol-tt-yl]rnethanol (35.5 rng,

0.08113 mmol) and pyridine (0.0325 mL 0.rt{12 mmoÐ rn dry DCM (1.00 mL) was cooled with

an ice bath. To thls solut¡dt was added a 2.00 M drlorosulfonamide soluuon i¡r AcCN (0.17õ

rnL 0.356 mmol as prepared in Example 1j) and tlre reâction ïtas âIldr.red to walrr to rt and

(in, 114), 2.96-2.87 (n, 114), 2.85-2.75 (m, 114), 2.67-2.59 (n, 114), 2.37-2.20 (m, 314), 2.07-1.97
(m, 2H) ppm. LC/MS: R, .= 1,54 min, ES' 444 (AA standard). Step 1:
((1.9,25,4R)-4-144(1.5)-2,3-Dihydro-111-inden-l-vlaminol-714-pyrrolof2,3-dluvrimidin7-711-2-4ydro
xycyclopenWlmethyl sulfamate, Potassium salt
[01891((15,25,4R)-4-(44(15)-2,3-Dihydro-1H-inden-l-ylaminciPH-pyrrolo(2,3-61-
pyriaddin-7-y1)-2-hydroxycyclopentypmethyl sulfarnate (2.64 g, 5.66 mmol) was dissolved in
Me013 (43.0 mL) and a 1.002 M solution of potassium hydroxide in water (5.64 mL, 5.65 nunol)
was added at rt and the mixture was stirred for 1. hour. The solvent was removed in vacuo and the
solid residue was dried under high vacuum to afford the title compound (2.87 g, 100%). 1H NMR
(CDs0D, 300 MHz, 8): 8.16 (s, 114), 7.26-7.12 (m, 511), 6.62 (d, J= 3.9 Hz, 1H), 5.85 (dd, J = 7.8,
7.8 Hz, 114), 5.50-5.40 (m, 114), 4.51-4.48 (m, 114), 4.22 (dd, J = 8.6, 10.0 Hz, 114), 4.05 (dc1,1 =
6.6, 10.0 Hz, 111), 310-3.00 (m, 11-1), 2.96-2.85 (in, 114), 2.81-2.71 (in, 114), 2.68-2.58 (m, 114),
2.37-2.13 (m, 3H), 2.07-1.94 (in, 214) ppm. LC/MS: R1 = 1.54 nun' , E.S. 444 (AA standard).
Example 21 ((15,25,4R)-4-444(1R)-2"3-Dihydro-1/1-inden-1-ylamino]-7H-pyrrolo(2,3-/-
pyrimidin-7-y1)-2-hydroxycyclopentyl)methyl sulfamate (Compound 1-13) Step
a:4-03enwisulfanyl):711-pvuo1o12,3-d1pyrintidMe [0190]To a round bottomed flask with a stir bar
was added 4-chloro-1H-pyrrolo- [2,3-d]pyrimidthe (5.07 g, 33.0 mmol), 1.00 M of KO-t-Bu in TI-IF
(49.5 mL, 49.5 mmol), and benzenemethanethiol (5,81 rriL, 49.5 mmol) in isopropyl alcohol (350
ml.). The reaction mixture was heated to reflux at 85 C under an atmosphere of nitrogen. After 48
h, the reaction mixture was cooled and solvent was removed in vacua. To the residue was added
water (300 ml..) and the solution was filtered to collect the resulting white solid. The solid was
washed with diethyl ether and Me0I-1 and dried under vacutun to afford the product as a white
solid (6.29 g.. 79% yield). LC/MS: 171 = 1.68 min" E5(FA standard). Reference: Pathak, A. IC.,
Pathak, V., Seitz, L. E., Suling, W. J., Reynolds, R. C. J. Med. Chem., 2004, 47, 273-276. Step
b:14a5,6R.7.5.2aR)-6-1-4-(11enzylsulfany11-7H-oyrrolor2,3-dlpyrimidin-7-y11-244-
mettioxyphenyllhexahydrocyclopentaldlil,31dioxin-7-ol (0191.1A round-bottomed Bask under an
atmosphere of argon was charged with 4- (benzylsulfany1)-71-1-pyrrolo[2,3-d]pyrimidine (194 mg,
0.804 rnmol),and EWE (5.00 int) followed by a 1.00 M solution of lithium hexamethyldisilazide in
l'HE (11603 mL, 0.603 nunol). The reaction mixture was heated to 60C. After 10 min,
(1a5,1b.R.5a5,6a5)-3-(4- methoxyphenyl)hexahydrooxirenof4,51cyclopenta[1,2-d][1,3]dimdrie
(100. mg, 0.403 rranol, as prepared in Example la-b) in DMF (2.00 rril.) was added and the reaction
was heated to 110 C. After 6 h, the reaction mixture was cooled to rt and saturated aqueous
sodium chloride solution (50.0 int) was added. The aqueous layer was washed with Et0Ac (2 x 50
raL). The combined organic layers were washed with water (2 x 100 mL), dried over IVIgSO4,
filtered and concentrated in vacuo. Purification via silica gel chromatography eluting with a gradient
of 0 to 100% Et0Ac in hexane-9 afforded the title compound as a white solid (197 mg, 93%).
LC/MS: Ri = 2.07 min, ES* 490 (FA standard). SMS7RmxL J_aRnolo 2"midin-7- 1 -2- 4- rrt thhen
Hte a1 -o=bthiorate 



sti¡¡ed for 4 h. TIle mixture I^¡as diluted with DCM, washed witlì wate¡, and extracted with

DCM (3x). Combined organics were dried over sodiun suüate, filte¡ed, arìd concenEated in

vacuo. The resulting oil was purified by silica gel duomatography eluting rYith a gladient

of 50 to 70% EtOAc in hsa¡res to afford Ìhe title comPound as a white soliò' (14-4rrtg34þ'

LCl\t[^s: \ = 1.91 rr¡i& Ë5' 477 (FA standard).

Sr€p f: t L1R.2&35,4R)¿ê3-. pihydroxy-¿-14-(phenylsulfany¡). 7H-Pygelpfzii4lìg¿r¡¡qldilr' 
7-vllcvclopenwllmethyl sura¡lê-leleanlpogn4-I-Þq)

foaosl {(3aR4&6R,6asF22-p¡nalryl-ôl+þlanybuüanyl)-7H-gFroroÍ2þdlr
pyrimidin-7-ytlEtrahydro3a.H-cyclopenta[dJ[1,3]dtoxol-4-y1]methyl suüamate (14'4 nr& 30'2

mrnol) rras güffed in 1.00 [lL of 90% bifluoroacetic acid ür f 'atef for 3 h at ¡t . Ttre solvént

rr¡as tlren ¡er¡oved in wacuo and tl¡e resulting oil was purified þr silica gel chromatograpþ

eluting with a gradient of 60 to 10øo EOAc in heranes to affo¡d t}e tifle cornpound (7,50

rtg579"). Tf mvn 1æO lvffz, CorOrí; O¡: a.æ 1t,1H1,7.6Ç7.36 (rn 2l.[),.7.5ï-7 -4r (¡rç aÐ,

5-92(d,I =3.8IJ2,il{), s.13-5.06 (m,1tÐ,4.s$4.ss (dd'I -3-8,9-o[az,al:f)'4'424'37 (ddel =

8,O,9-gHz,aËIr,4,1&4.14 (rn, ãl),2.92-2.82 (rlu lL$'2'2+2-ß (m,2þ ppn I,C/ìtf.S: \ -
13s mirL ES. 4Í]7 (FA standard).

Exa.urple tt l!S}S¡+R)-2-tlydroxy+(+t[(1R)-1-p]errytethyllaminoþ7-H-pynorol2,34l-- pyrimidin-7-yl)qdopenÇrlmethylsulfamate(ComPowrdl-Ð

10206¡ The t¡t¡e comPound was prepared fc lowing the procedrrre described in

Exâmple la-k r¡sing R-(+)-canethylberrz¡rlarnine in step c. trl Nltß 1400 MtIz CD"oD, õ):

E.OS (+7br),7.4L-7.se Gt\,2rÐ,7.sr-7.26 (¡¡v2Ê1),72r-7,L6(m,?Ít),6.77 (d" I =3.5brz'7rÐ'
5.4É5.3s (m,2tÐ, a.s}a-46(lø,v1'Ët),4-3&4'34(dd'I =7.5'9.8ttz'7ÍÐ'4-214'17 (dð',1=7'3,

9.8Hz,7Yt),2.W2.74(n,LHt),2.t9215 (m" 3IÐ, 20ç1.98 (m,1Ð,1.59 (â' I = 6.8 þIz' 3Í\)

ppm. LCllvlS: R, = 1.16 mirr ES' 432 (FA sandard).

Exarnple 5: t$S2slR)-2-Hy&oxy+(+[rnethyl[(1S)-1-phenylethyl]aminoþ7Él-pyrrolo- 
Í2'34lpyrimidin-7-yÐc]'doPentytlrrethylsulfarrate(Compoundl-?)

1o?Jü7l The title coßpourid was prepared following the procedure desc¡ibed in

Erample 1a-k using (SF(-ÞN,c-diñethylberrzylamine in slep .. tH Ntlß' lcoroo' 3OO MIiIz,

8): 8.16 (s, 1IÐ, 73 +7.2o (ñ,6Lt), 6.îA (à,I :3-6112, r,J.)' 6-47-6.34 (nv llf), ss+s'tt? (rr¡ 1þ,
4.57-a-a8 @v7rÐ'4.24(d+I:9-6'9-6hrz,tllr'4.U2 (dd,I =6-e,9-6tlz,1ll),3.03 (s,3þ,2'E(}'

94

(0192]To a solution of (4a9,6R,75,7aR)-6.-(4-(benzylsulfany1)-7H-pyrrolo[2,34-
pyrimidiat-7-y11-2-(4-methoxyphenyl)hexahydrocyclopentald1[1,3]dioxisi-7-ol (990. mg, 2.02
mmol) in Davi (57.0 niL) was added 4-(dimethylarnino)-pyridine (748 mg. 6.07 rrirnol) and  phenyl
chlexothionocarbonate (0.565 rriL, 4_04 mol) under an atmosphere of nitrogen and the yellow
reaction was stirred at rt . After 12 h, the dark yellow solution was purified via silica gel
chromatography eluting with 10% Et0Ac in hexanes, and then 10% Me011 in DCM on a column
pre-treated with 1% TEA in hexanes to afford the title compound as a yellow oil (1.77 g, 97%).
LC/MS: R, 247 min, F.S. 626 (FA standard). Step
d:4-(Bertz-visulfanv1)-7-1(4a5,6R,7a5)-2-(4-methownhenvllhexahydrocyclopentardl- 1 di
:1_01_ffi..,clyll'W:11Sadine [0193]To a solution of
0-1(4a5,6R,75,7aR)-644-(beraylsulfany1)-7H-pyrroloP,341-
pyrimidin-7-y11-2-(4-rnethoxyphertyphecahydrocyclopentaWI(1,3jdioxin-7-yll 0-phenyl
thiocarbonate (1.77 g, 1.98 mmoll in toluene (91.0 mL) was added 2,2'-azo-bisisobutyronitrile (67.7
mg, 0.404 mmol) and tri-n-butyltin hydride (1.11 mL, 4.00 nunol) under an atmosphere of nitrogen.
The yellow solution was heated to reflux at 140 C. After 2 Ii, the reaction mixture was cooled, silica
gel was added, and the solvent was removed in vacuo. Silica gel chromatography eluting with a
gradient of 0 to 100% Et0Ac in hexanes afforded the title compound as a semi-solid (800 mg,
85%). LC/MS: R1= 2.38 min, FS 4- 475 (FA standard). Step
e:4-(Benzylsulfony1)-7-1(4a5,6R,7a5)-2-(4-mettioxyphenyllhexahydrocyclopentardl-
1131dioxin-6-v11-7H-pyrrolo[2.3-dlpvrirnidine  [0194]To a round bottomed flask with a stir bar was
added 4-(benzylsulfany1)-7--
1(4aS,6R,7a5)-2-(4-methoxyphenyl)hexahydrocyclopentafcM1,31dioxin-6-y1]-7H-pyrrolo12,341pyri
midine (693 mg, 1.32 mmol) and DCM (32.5 mL). Sodium bicarbonate (400 rag, 476 =top was
added followed by 3-chloroperbenzoic acid (754 mg, 3.36 mol) and the reaction mixture was stirred
for 12 h. The reaction mixture was then treated with saturated aqueous sodium bicarbonate
solution, extracted with DCM and the combined organic layers were dried over MgSO4, filtered and
concentrated in vacuo. Silica gel chromatography eluting with a gradient of 0 to 100% Et0Ac in
hexartes afforded the product as a white solid (219 mg , 32%). LC/MS: R =134 min, FS. 506 (FA
standard). Step 1:N-[(1R)-2,3-Dihydro-114-inderi-l-y11-7-1(4aS,6R,7a5)-2-(4-methoxvphertyl)-
hStclopentairll[1.31dioxin-6_-711-7H-pyrrolo[2,3-dlpyrinnidin-4-amine  [0195]In a 05-2 mL
microwave vial, 4-(benzylsulforty1)-7-[(4a5,6R,7a5)-2-(4-
methoxyphenyl)hexahydrocyclopenta[d111.31clioxin-6-y11-7H-pyrrolo[2,34Ipyrirnidine (100 mg,
0198 ramol), (R)-(-)-1-aminoindan (0.127 n0, 0.989 aurtal), and DIPEA (0.172 mL, 0.989 



2.70 (n"1ÉÐ,2.37-2.74 (n,3rl),2.02-1.88 (r1 1Ð, 7,Ø (d,I =72Hz3Ð pprn LCllvß: \ =

f ,64 mirL ES' 446 (AA standard) .

Exanple 6: (f S2S,4R)4-l+[(4s)-3,+Dihydro-2H-dtomen-4ylarniraol-THftyrro\ol2'Hl-
pyrimidin-7-ylf2-hydroxycydopentyl)rnedlyl sulfamate (Cønpound I-12)

e"
r""\rJ

o @ÇÖJ
".n-$-/",(/

'sò

t0æ81 The title coñpound was prepared following the procedure described in

Example l'a-k r:sing (4skhrortÂn-+amine in step c. tf f.nm lCorOD 4OoMFtz,6):8.?s (s,

1}f),7.¿t3 (d',I - 3.611z., úÐ,7.27-7.2O (n,ztf),6.9+6.85 (¡¡¡, 3Ð, s.5ês.a8 (m, 1IÐ, 5'31tr5.30

(nç1II), aL5+4.49 (n, 1II), a.38 (<1d, I =7.49.SIlz,aIJ),4.5429(n\,2IJ),421(dò',1=7.6,
g.E :lfz, 1:H),2.gv2.80 (m, 1II), 2.39-2.05 (m, 6ÉI) pprr- IC,/Nß: & = 1'5i *ltu fS' +eO (ae

søndard).

Exanple 7: ((1s2s,4R)-el+l(2,GDilluoroberrzyt)aminoþ7H-pyrrotolZ3d]pyrimidin-7-
yll-2-hydtoxycyclopentyl)methyt srffanraÞ (C-ompound I-15)

Jo?091 The tide comporxrd was prepared following the procedu¡e described in

ExampÞ 1a-k using (2,Gdifluorophenyl)methanamirne in sæp c. tII Nl"R (CD9OD, 300

MtIz, õ):8.17 (s, 1)l),7.39-7.29 (n,Llrt,7.16(d'I:3.6rtz'LtÐ'7.OÈ6'9a(azrl)'6'60 (d.,1=

3,6tIz,7Jl),5.ß-s37 (ru 1Ð,4.8o G,?*Ir,4$ù4.46 (rt 1IÐ, a36 (dd, I -7.6,9.6I12,llJ.),

4,19 (dðvÍ - 7.2' 9.6EIz, tY1),2.8>2.72 6rvt}J),23G2.00 (m" tlII) ppm. LClì/^s: \ - l'42

min, ES' 454 (AA sÞndard).

E:ample 8: l[S2s,4R).+l+(Benzylanino)r7Haytolot23-dlPy¡irnidi*-7-yll4-
hydroxycyclopentyUmetlryl sulfarøte (Compound I-a9)

t02101 The title compound was prepared following tìe pmcedtrre described rn

Example 1a-k using berurytamine in sÞp c }INÀ/ß.(CD"OÐ400Mlfz, õ):8.12(s,LËt),7-3G

720(y:¡6f\,6"62(d,I =3.6ru,]It), s.a9-s.aO (rn" ltÐ,L76(s'2*I)'4.5Èqa8(m,7}J.),4.37
(dd"I :7.6' 7o.o ttz' LFÍ)' 4.2o (dd" I =7.6lo-oHz,7}:Ð,2.8*2'76 (n' 7Ët)'2.3G2'79 (m,3\f),

2.0&2.00 (m,1tf) ppuu LCl\lS; \ = 1.20 mirr ES'418 (FA standard).

mol) were dissolved in ethanol (1.22 mL). The vial was sealed and heated to 110C overnight. The
solution was then concentrated in vacuo and the resulting material was purified via silica gel
chromatography eluting with a gradient of 20 to 50% EaDAc in hexanes to afford the product as an
orange oil (70.0 mg, 73%). LC/MS: R, = 1.42 mm, ES* 483 (FA standard). Step
g:(1Sa5AR)-41-14-1-C1R1-2,3-Dihydro--1H-inden-1-ylarninol-71-/-pyrrolof2,3-dl-
pyrimidin-77y11-2-(hydroxyrnethyl)cyclopentanol
.[01961N4(1R)-2,3-Dihydro-1H-inclen-l-y11-7-[(4aS,6R,7aS)-2-(4metho3cyphenyl)-
hexahydrocyclopentaId1(1,3]dioxin-6-y1]-7H-pyrrolo[2.3-d]pyrimidin-4-amine (70.0 mg, 0_145
mind) was added to a solution of AcOli (0.742 mL, 13.0 mmol), Tk3F (0.235 mL) and water (0.261
ml.). The solution was stirred at rt for 4 days before being concentrated in vacuo. Silica gel
chromatography eluting with a gradient of 0 to 10% Me014 in DQVI afforded the title compound
(27.6 mg, 52%). LC/MS: R = 0.94 min, ES' 365 (FA standard). Step h:tert-Butyl
(chlorosulfonyhcarbamate  (0197]To a stirred solution of ddorosulfonyl isocyanate (320 m.1" 36.0
rnmol) in benzene (15.0 ml..) in a water bath at it was added tert-butyl alcohol (3.50 naL, 36.2
mmol) dropwise via syringe under an atmosphere of nitrogen. After 2 h, the mixture was diluted
with ttexanes (30_0 xnL) and the resulting white precipitate was filtered and washed with hexanes
(ax 20 mL). The collected solid was dried in a vacuum desiccator under house vacuum for 10 Min
to afford the title compound as a white solid (5.08g. 65%). The product was stored under nitrogen
in a freezer. 1H NMR. (300 MHz, CDC13, 8): 8.44 (bra, 1H), 1.57 (s, 91-1) ppm. LC/MS: 121=
0.939 min, ES + 215 (AA standard). Reference: F. Hirayarna et al., Biorg. Ivied. Chem, 2002, 10,
1509-1523. [0198](15..2.5,4R)-4-14-R1R)-2,3-Dihydxo-1H-inden-1-ylamino]-7H-pyrrolo[2,3-cIJ-
pyrimidin-7-yl)-2-(hydroxymethyl)cyd0pentan0l (27.6 mg, 0.117 rranol) and
2,6-di-terbbuty1-4-methylpyridine (48.5 mg, 0.236 xximol) were suspended in AcCNI (1_57 mL)
and cooled to 0 C. tert-Butyl (chlorosulfonyl)carbamate was added and the mixture was allowed to
warm to rt overnight. The reaction was quenched via addition of Me01-1 (1.00 mL) and
concentrated in vacuo. Silica gel chromatography eluting with a gradient of 0 to  10% Me01-1 in
DCM afforded the title compound (152 mg, 37%). LC/MS: R, = L29 rain, ES. 544 (FA standard).
Step j:.3(15,254/0-1-14-1(1R)-22-Dihydro-111-inden-lcilarnincil-7H-pyrrolo[2,3-til-
pyrimidin-7-y11-2-hydroxycyclopentyl)inethyl sulfamate (Compound 1-13)
(0199)tert-Butyll[((1-5,25,4R)-4-14-[(1R)-2,3-dihydro-lli-inden-1-ylarnino]-7H- 



Example 9: (1sps,aR)-2-Hydroxya-(+((1S}1-phenvletlryllaminol-7H-pyrolol2þ41-
iìilt ¡'a¡tt z-yU'.yaot'entytJmenyt Cuuam'ræ (cornpound I-4)

102111 Ttìe title comPound. was prepared following the procedure described in

Example 1a-k using (1S)-(-)-cr-methylbenzylamine tn stqr c' 'H fvlvn 1+00 ficlz' CDTOD' ð):

8.o5 (s,IIH),7'4t-7.39 (d,,1=7-6Étz,2Hlr'7-37-7'27 (n\'2}{),7'2-7'r7 (¡¡"2ÍI)'6'72(ò'I =3'l

Hz,rËr),s.4 5i8 (m,2II),4.43-4 -47 (tÍ s,rIJ.),4-97 (dd' I =7 '6'9'6Hz'rE)' 4'2]4'1'7 (fft'

tH),2.8+2'75(*7ÍÐ,2-97-2-78(ßv3:rJ),2'Cr.'r'94(m'LIJ.)'7'6t-7's9 (d'J =7'OHz'311) ppm'

t Ç/M9: \ = 1.50 sún, ES" 432 (AA standard).

Exanplel0:((1s,2s'4R)'4.l4.tBgnzyt(rnetlryl)arn;rol-THAyrrolo[2'3'd]pyrirnidin-7-yll-2-- 
Àital"ry'.tao,pentyr¡rÁetfrytsrrlfamate(Compoundl-10)

loz¡.zl The title compound was prepared following ttre procedrue desqibed in

Examp¡e 2ã-j using N-rrcthylbenzylanine in step f' 'n wrttæ 1æO trtÍZ' Dlvl*d6'E):8'2a

þ,7t$,7-4+7.25 (n,5tl),73r-7.23 (m'3ÍÐ,6.&þr 6,1H),5'49537 (ftt' 1Ð' 5'ø (s' 21Ð',

4-374.30(atJf¡),4ß (dð',1 =7-o's'7Hn,LH)'4'C4(dð"1=8'o'9'6rfz't*')'3'3s G'3I{)'2n-

2-64(r{'T:F.¡),2.z.-1,87 (m,4þ pp:n- LC,/M9:\= 1'51 Iniri'Es'4Í!2 (AA standard)'

Example 11': ((Ll2l,4R)+I+t(2-Grlorobenzyl)aminol-7lf-pyrrolo l2þjllpyrimidtn-7-yll'2'
iìyarousycycfoperrtyÐrnetnyl sulfarrate (Compourd I-1)

It213]Tlretitlecornpourrdwaspreparedfollorrvingtheprocedrrredescribedin

Example 2a-j using 2'c¡lorobenzylarrine in sÞp f' tH I.IMR 1a0o \'ûr'' DIvfSOd6' ô): 8'10 (s'

u{), 8.03-7.94 (r& rÍÐ,7-aÙ7-a2(ucrvLIx,,738(s.ttÐ,7'3c7'24(n"4El:)'6'6s (à'l = 3'2Êtz'

1Ð, s,36 (dt, /= E-s' 74-2Étz, rËf), a'e9 (d,l = 3's Hz' 7Ëtt' 4'76 (d'I = í'gflz'2Ijt)' 4'36J''30

(n+ 7Jã), a'4a (dd,' | =7-o's-7 H2' :il{), 4'0s (d4 / = s '7' s'5 Hz' 7rÍ)' 277-2'66 (st+ rtt)' 2'L+

2-02 (*g]Éf)'1,.9Èr's9 (m, 1rr) ppnr- LCllvrS: \ - 1'51:rìnn" ES" 452 (A.a standa¡d)'

ErÐlaplc 12: l(ls p-S,aÈ)-2-Hydrorya'l+(rnettytamino>7H

hydroxycydoPerrtYl)methYl (Compounds I-40 and l{)

Stepar t¿lú-Butyl (19-2'Hihydro-11!-¡¡\den-1J¿earbe4ête

loÐL4l To a solution of (5)-(Ð-1-amfnoin dxr (L'?A g,9'z2mlxlol) in THF (20'0 mL)

vvas added TEA (1.1112 mL, 10'1 mmol) foltowed by di+crt-buryldicarbonate (2 'o7 g'9'22

rrrxnol) and the mixture was stir¡ed r:¡rder an atmosphere of nitrogen for 2 h' The rnixtu¡e

was coxrcerrt¡ated in vacuo and purified wia silica gel cluomatography eluüng witlr a

pyrrolo[2,3-d]pyrirnidin-7-y1)-2-hydroxycyclopentyDroethoxylsulfonylicarbamate (31.0 mg, 0.0570
rnmol) was dissolved in nem (0-803 mu and trinuoroacetic acid (0.803 mL, 104 nal) was added.
The solution was stirred at Et for 15 min before being concentrated in vacuo. The residue was
taken up in Me01-1 (5-00 Ea), treated with solid sodium bicarbonate (300 mg) and stirred for 10
min. Filtration and silica gel chromatography eluting with a gradient of 0 to 10% Me0H in DCM
afforded the title compound (7.20 mg, 58%). 'HIciv18. (400 MHz, CD,OD, 6); 8.17 (8, 11-1),
7.27-7.14 (m, 51-1), 6.64 (d, J = 3.5 Hz, 1H), 5.86 (t1 = 7.5 Hz, 1H), 5.49-542 (Ii,, 1H), 4.51-448 (in,
11-1), 4.38 (dd, I = 7.5, 9.8 Hz, 11-1), 4.21 (dd, J = 7.3, 9.8 Hz, 11-1), 3.10-3.03 (m, 111),
2.97-2.88 (in, 111), 2.86-2.76 (m, 1H), 2.68-2.60 (in, HI), 2.37-2.21 (m, 311), 2.08-1.97 (m, 211)
ppm. LC/MS: R1 -= 1.16 min" Es' 444 (FA standard). Example 3:
((15,2/225,4R)-2,3-Dihydroxy-444-(pheny1sulfany1)-7H-pyrro1o[2,3-61-
pyrimidin-7-yDcyclopentyllmethyl sultanate (Compound 1-53) Step
a:4-(Fhertylsulfany11-7H-pyrrolof2,3-dlptrimidine [0200]To a solution of
4-chloro-1H-pyrrolo[2,34)pyrirnicline (1.69 g, 11.0 annul) and TEA (4.60 IrtL, 33.0 xximol) in
1-butanol (25.0 int) was added benzenethiol (3.39 m14, 33.0 mmol), and the mixture was refluxed
at 140 C overnight. The reaction was then cooled tort and concentrated in vacuo. The off-white
solid was purified by silica gel chromatography eluting with a gradient of 0 to 35% EtbAc in DC/vI to
afford the product (2.29 g, 92%). LC/MS: R, =155 min, ES+ 228 (FA standard). Step
b:(4a5,6R,75,7aR)-2-(4-Methoxvpheny1).-6-1-4-(phenylsultanyl)-1H-pyrrolo13,2-cl-
pvridirt-1-yllhexahydrocyclopentaial,31dimrin-7-ol (02011A mixture of
4-(phenylsulfarty1)-7H-pyrrolo[2,3-dipyrimidine 095 mg, 3.94 mmoD and Nall (148 mg, 3.69 mmol)
in thy MEE (12.0 m1,) was stirred at 60C for 10 min. Then
(1a5,1bR,5aS,6aS)-3-(4-methoxyphenyl)hexahydromdreno[4,5]cyclopentail,2-d][1,3]- dioxine (611
mg, 2.46 mmol) was added and the mixture was heated to 110 C for 5 h. The reaction mixture was
then cooled to rt , quenched with saturated aqueous sodium chloride  solution and the solution was
extracted twice with Et0Ac. The combined organics were dried over sodium sulfate, filtered and
concentrated in vacuo. The crude product mixture was purified by silica gel chromatography eluting
with a gradient of 5 to 30% Et0Ac in DC1VI to afford the title compound (96.5 mg, 8.24%). LC/MS:
RI = 1,95 min, EC 476 (FA standard). te cdroeth 5- 4- hen lsulfan -7ol 2 d
pyrimidin-7-yllcyclopentane-1,2-diol  [02021To a solution of Ac01-1 (1.04 ruL, 18.3 rnmol), THE
(0.330 mL), and water (0.366 xriL) was added
(4a5,6R,75,7aR)-2-(4-methoxypheny1)-644-(phenylsulfany1).1.13-
pyrrolca,2-dpyridin-l-Ahexahydrocyclopenta[d][1,3]dioxin-7-ol (96.7 mg, 0203 mmol). The reaction
solution was stirred at rt for 48 h then concentrated in vacuo. The resulting oil was purified by silica
gel chromatography eluting with a gradient of 60 to 100% Et0Ac in hexanes to afford the title
compound (32.0 mg, 44%). LC/MS: R, = 1.33 min, EC 358 (FA 



gradient of 0 to 2fflo EtoAc in hexanes to afford the litle compoufìd as a vr¡rite soÈd (2.02 g,

94þ. LC/\4s. \ = 1.94 rnin, ES'234 (AA standard).

gt€p b¿. tølFButyl (1.9)¿ê3-dihvdrqlH-inde4¿:J¿hetl¡ylkarbamæ

t0ãsl To a solution of tett-bufl (lÐ-2,9dihydro-1H-inden-1-ylcatbarrate (1'82 g,

7.80 mmol) in THF (50.0 mL) úrde¡ an atmosPhere of argon at 0 oC was added 60pÁ sodit¡t¡

hydride innrlneral oil (968 mg 24.2 mmol) a¡rd the sus¡rension was allowed to warm to rt

and stir fo¡ 30 ¡nit Iodomethane (1.92 mI" 24.2 rrrnol) was added and tlÉ mixtrüe was

stined overnight lle ¡eaction was then quetrclred via addiËon of satu¡ad afü[rorúr¡¡n

cÌ¡loride solution (10.0 mL) and was cþncenüa¡ed in vacr¡o. Tlre mixture was then

paftitioned between \ùater (20 ñL) a¡rd Dc¡vf (50 mL) and lfie aqueorts laJEr was extracted

wirh DCM (3 x 50 mL). The comhined organic trayers were dried over \dgSOn, frltered

corcentrated in vao-ro and pr:rified by silica gel chrcmatrography eluting vrith a gfadief¡l of 0

to 20'l. EtOAc in her(anes to afford the title comPound as a dear, colorless oil (1'84 g, 95%)'

lt.C /luIS: \ - z.zl min, ES' 2.r!8 (Aiq, õÞndârd).

Stqre. GSì-N-Nfethyli¡¡dan-1-amine.hJ'.d¡od¡Ioridesalt

102761 To a solution of fezú-butyl (15)-2,3dihydro-1H-Índen-1-yl(nrethyl)carbamate

(l.u g,7.44 r:ulrtol) in ÙfeOH (50.0 mL) rmder an ahnosphere of niuogen was added

hydroclùoric acid (6.00 mL 724 mnoÐ and the mütule was Êtiñed overnight the feâction

was cøtcenÈated in vacuo to afford the title compound as a white solld without fu¡t}¡er

pnrification (135 g*%)- LC/Nß: \ = O.S5 tni& ES. 148 (AA sìandard)'

IO277) Tlre title compound was prqlared follorring the procedure described Ín

Example 2aJ r:sing (1S)-N-methylindan-1-amine, hyd¡ochlonde salt in sÞp f. LC,/lvfS: \ =

1.55 min" ES'558 (AA standard).

st€p.s lflt2slRF2-I{
cvgope$tyltreth/ sutfagê. te and (052s-4R)414-[(19)-2,}dihydro-1H-i¡rden-1:
yl(mèthyl)ami+p-LzA=ry¡rolof2,?4lg¡nmidin-7-ytl-2-h:¡i!¡oxy.gc!o.pSnv.l)-methyl
sr¡üamaæ (Cornoo¡¡d9l!49@d!6l

t021SI 1o a solution of teft-bt tyl lÍ((79,2sAR)4'l+[(1S)-2Jdihyd¡o1H-índen-1-

y(nethyf)anrirrol -7Éf-Pyftobf2B-dlpyrim;din-7-ylþ2-hydro5¡c¡rclopentyl)methoxyl-

standard). Step d:I (aRAS,6R,6a5)-2,2-Dimethyl-6-14-(phenylsulfany1)-711-pyrrolof 2
,3-dipyrimidin- tarahydro-3aH-cyclopentard1[1.31dioxpl-4-yllatethanol
[02031(15,2R,35,5R)-3-(Hydroxymethyl)-5-P4-(phenylsulfany1)-7H-pyrrolor2,341-
pyrirnidin-7-ylkyclopentarie-1,2-diol (320 mg, 0.0895 mmol), 2,2-ditriethoxypropane (0.0549 rnL,
0.446 mmol), and p-toluenesulfonic acid monohydrate (17.0 mg, 0.0895 mmol) were dissolved in
acetone (2.2(YM.L) and stirred at rt overnight Then the reaction was quenched with saturated
sodium bicarbonate solution and approximately half the solvent was removed in vacuo. The
resulting residue was diluted with water and extracted with DC/V1 (3x). Combined organics were
dried over sodium sulfate, filtered, and concentrated in vacuo to afford the title compound as a
white foam (35.5 mg, 99%), which was used without further purification. LC/MS: R1 =1.72 min, EC
389 (FA standard). Step
e:1(3aRAR,6R,6a5)-2,2-Dimethyl-644-(ohenvlsulfanyll&H-pyrrolor2,3-dlpvrimidin-
7-vlltetrahydro:3a1-1-cyclopentaidlltaldioxol-4-yllmethyl sulfarnate [02043A solution of
(3aR,45,6R,6a5)-2,2-dimethyl-644-(phenylsulfany1)-7H-pyrrolo-
(2,3Apyrirnidiri-7-ylltetrahydro-3aH-cyclopentarcl111,33dioxo1-4-yllmethariol (35.5 mg, 0.0893
rnmol) and pyridine (0.0325 ml,. 0.402 mmol) in dry DCM (1.00 mL) was cooled with an ice bath.
To this solution was added a 2.00 M chlorosulfonamide solution in AcCN (0.178 mL, 0.356 mmol,
as prepared in Example 1j) and the reaction was allowed to warm tort arid  stirred for 4 h. The
mixture was diluted with DCM, washed with water, and extracted with 0C1v1 (3x). Combined
organics were dried over sodium sulfate, filtered, and concentrated in vacua The resulting oil was
purified by silica gel chromatography eluting with a gradient of 50 to 70% Et0Ac in hexanes to
afford the title compound as a white solid (14.4 mg, 34%). LC/MS: R. = 1.81 min, ES4 477 (FA
standard).    7-yllcyclopentylimethyl sulfantate (Comoound 1-53)
(0205){(3aR,41',6R,6a5)-2,2-Dirnethy1-6-14-(phenylsulfany1)-7H-prrolo[2,3-dl-
pyrimidin-7-ylltetrahydro-3aH-cyclopenta[d111,3Jdioxo1-4-yllinethyl sulfamate (14.4 mg, 30.2
uunol) was stirred in 1.00 mL of 90% trifluoroacetic acid in water for 3 h at it. The solvent was then
removed in vacuo and the resulting oil was purified by silica gel chromatography eluting with a
gradient of 60 to 100% Et0Ac in hexanes to afford the title compound (7.50 mg, 57%). "H NMR
(400 MHz, CD3013, 5): 8.45 (s, 111), 7.66-7.36 (in, 21-1), 7.51-7.41 (m, 411), 5.92 (d, J r. 3.8 Hz,
111), 5.13-5.06 (m, 111), 4.58-4.55 (dd, J= 3.8, 9.0 Hz, 113), 4.42-437 (dd, J = 8.0,9.8 Hz, 111),
418-4.14 (m, 213), 2.92-2.82 (m, 1H), 2.24-2.08 (m, 21.1) ppm. LC/MS: R, 



sulfonylf carbanå te (g7-g rî8, 0.]^76 mmol) in DGVI (5,00 mL) Úìder an atmosphere of

nitrogefi was added trifluoroacetic acjd (5.00 nrL 64.9 mmol). LCl\Áç afte¡ 10 rllin indicaEd

the preserrce of bofh producþ and fho 
'lrixhrre 

was concenüated in vacuo and purified via

silica çl chromatography eluting with a gradient of 0 to 10% MeOIiI in BtOAc to affo¡d both

products as clea¡, colorless oils (9,70 mg, 1ü/, and 30.6 mg, 517ø resPecËvely). Analytical

dara for {(152SlR) -2-Hydroxy+14'(methylamino)-THpyrrolo[2,]dlpyrimidi'rv7-ylf

cyclopen5dlmethyl su[anate (Compound I-40): h NMR (4OO MFlz, CDSOD, ô): 8'16 (s, üI)'

7.38(¿t,l-3-6rr2,LtÐ,6-74(dvl=g'1ÉÞ,1Ð,5'&s'42(m,1II),451-a'a7(n'tÍl'4'37(dd'

I = 7.s, 9.8 YIz, tfÐ, 4.ts (dè,, I = 7.4, s.7 Ífz, 7lÐ, s g (s, 3IJ,)' 3'74 þr + 3LÐ' 2'9 È2'7 5 (nv

7$,237-2.78 (n,3]g),2.72-:^'96 (nç]IÐ PPIIL LCIÀIIS: R, = 1'03 min, ES" 342 (AA standard)

Anal¡rUcal data for ((ls,2s4R)-+l+t(1Ð-2,&dihydro-1H-inden-1-yt(methyl)aminoJ-7H-

p)¡fiolo[2+¿]p*fmidin-7-yl)-2-hydf orycydopentyl)methyl sulfamate (Cornpound I-6): 
tH

NMR (Áo0 MI{z, cDroD,õ):8.28 (s,t1l,7'5a(d'I=3-8lþ,ttr),739-72r(r:''4Ð,7'ÜZ(d"I

= 3.sI1z,'¡IJ',6% (cid, ! = 7 -5,7 -5 llz, rlÐ, 5s8 (ddd, / = 5'2, s'9' 17 '9 Êtz' rH), S'az (s' 1tf)'

4.5L (dd,l =3.3,s.3r42,7ÊÐ,4'98(d4l =7.a,9'8t1z,tlf)'4:2o (dd'I:7's'e'7Élz'trD't'2t-

2,s6(m,6H),2,9T2-79@va]d'),27G2.5t9(n'7H),2-42-2'05(m,6II)pprru lÊl1v19;4=1'89

min, Ës'45s (AA standard),

Exqmple13:l(7525,4R)+l+(Eenrylamino)-Sfluor.TH-pyrrolo[2,]dlpyrrnidin-7-yll-2-
oPentyl lme Èlyl sulfanate (Courpor:nd I-31)

Stepa: 4.Ct¡lo¡q:.Ffluorc7H-P]¡r¡olot23-llgmmidine

Íoz]tgl To a sbr¡ed solution of 4.{-hloro-1H-IÐ¡¡rolof2,}dlpyrimidine (3'00 g, 19'5

mrnof) in AcCN (1118 mL) was added Selectfluorrrr (1-dùoromethyl*fluqto-l'*

dtazoniablcyclo[2.22Joctane bls(teEafluoroborate)), 10'4 I 29'4 mmol) and AcOH (29'8 mL'

524 rtmol), and, then the mütrr¡e was atlowed to stir for 26 Ìus at 7O 'C r¡nder an atfriosPhere

of niEogcr|. After cooling to rt , tl.e mixtu¡e was conce¡rbated in vacuo and the mixtn¡e was

co-evapofaþd with dry toluerre @ x 30 mL). fte ¡esidue was dissolved in a solution of 5096

DcM in BtoAc and filtered through a pad of silica gel which was thorougNy washed. The

filtrate was conce¡rbated in vacuo, the residue was purified by sihca gel chromatography

elut'rng wlth a gradient of 0 to 30% EtOAc inDCM o afford the title cørpourrd as a light

brown solid (1.22 g"96%). I'C/lvß; \ = 1-51 mir¡ BS' 24Íì (A.{ süandard)'

98

1.38 min, ES"' 437 (FA standard). Example 4:
[(15,25,4R)-2-Hydroxy-4-(4-1[(1R)-1-phertylethynamino)-714-pyrrolo12,3-A-
pyrimidin-7-yl)cyclopentylimethyl sulfa.mate (Compound 1-7) 10206)The title compound was
prepared following the procedure described in Example la-k using R-H-a-methylbanzylamine in
step c. 'HNIVIR. (400 MHz, CID,OD, 8): 8.05 (s, 1H), 7.41-7.38 (m, 2E1), 7.31-7.26 (m, 214),
721-7.16 (an, 2H), 6.71 (d, I = 3.5 Hz, 113), 5.46-5.38 (in, 213), 4.50-4.46 (rn, 1H), 4.38-4.34 (dd, J
= 7.5, 9.8 Hz, 113), 4.21-4.17 (dd, J = 7.3, 9.8 Hz, 114), 2.84-2.74 (m, 113), 2.35-2.15 (n, 3H),
2.06-1.98 (m, 111), 1.59 (d, J= 6.8 Hz, 311) pprn. LC/MS: R = 116 min, ES* 432 WA standard).
Example 5:
[(1,5,25,4R)-2-Hytiroxy-4-(4-(ntethyl[(15)-1-phenylethyllamino)-711-pyrrolo[2,3-d]pyrimidin-7-y1)cyd
opentyl]methyl sulfamate (Compound 1-3) [0207]The title compound was prepared following the
procedure described in Example la-k using (5)-(-)-N,a-dirnethylbenzylamine in step c. 1H NMR
(CD30D, 300 MHz, 5): 8.16 (s, 113), 7.34-7.20 (in, 6H), 6.64 (d, J = 3.6 Hz, 113), 6.41-6.34 (m.,
114), 5.54-5.43 (in, 1H), 4.51-4.48 (n, 113), 4.24 (dd, J = 94, 9.6 Hz, 113), 4.07 (dd, J ;v. 6.9, 9.6
Hz, 113), 3.03 (s, 313), 2,80-  2.70 (m, 1H), 2.37-2.14 (m, 3H), 2.02-1.88 (m, 111), 1.64 (d, 1 =: 72
Hz, am pilau. LC/MS: R1 = 1.64 min, ES4- 446 (AA standard). Example 6:
((15,25,4R)-4-14-[(48)-3,4-Dihydro-2H-chromen-4-ylamin0]-7H-pyrrolo[2,34]-
pyrimiclin-7-y1)-2-hydrox-ycyclopentyl)methyl sulfamate (Compound I42)  H2N-Lo's 8 Of -Ha
[0208)The title compound was prepared following the procedure described in Example la-k using
(45)-chroman-4-amine in step c. 114 N/V1R (CD3OD, 400 MHz, 8): 8.28 (s, 111), 7.43 (d, J-= 3.6
Hz, 114), 7.27-7.20 (m, 211), 6.94-6.85 (m, 3H), 5.56-5.48 (m, 111), 5.34-5.30 (m, 114), 4.54-4.49
(in, 1H), 4.38 (dd, 7= 7.4, 9.$ Hz, 114), 4.33-4.29 (m, 2H), 4.21 (dd, J = 7.6, 9.8 Hz, 113), 2.90-2.80
(m, ill), 2.39-2.05 (m, 614) ppm. LC/MS: R., = 151 man, ES* 460 (AA standard). 



StepÞ:. l(1s2s-4R)+f+ßenzytamin9)-Ffluo@
hydrøxycycloPenrl¡llmethyl sutfamare-(ComPound I-?L)

102201 Itre title compound was. prepared following the Procedu¡e desc¡ibed in

Example 1a-k using benzylamine and #ch1oro5-fluoro-7H-pynold2,9dþyrimidine in step

.. tH Nt 61< llOO lvûiz, CD3OD E): A.6 þ,1Êr),7.37-7.32 (n,26t)'731-726 (tr'2t1),7 l3'7 'L9

(m,1Ð,7.06 (d, I =2.oËrz' 1tÐ,55G5.a2 (m, tIJ.),476 þr s,2Í1)' 4'47a'ß (¡llÊÐ' 4'34(dd',

I :7.& g's rlz 1ÉÐ,4-77 (dd,,I = 7 2' g.ïrLz, tÊf),2.8t-2-72 (rv tÐ,2'2s <dLdd, ¡ = 1'5' s'slþ,

L4-oEIz,tÉ1),225-zr3(r,;¡2ÍÐ,f-98<ddd,l=5.o,9.4,!4.OYb,1I!- LCllvxS:\=1'56mi+

ES* 436 (AA stand¿¡d).

Baxrple 14: (1S,2s,4R)+l+(Cyclohexytrnethyl)amino!7H-pyrroloþf{lpyrlruain-z-
yl¡-2-hyùoryc¡rclopentyl)nethyl sulfarnate (Cørpound I-29)

to?al Itre title comporürd was prepared foltoruing the procedu¡e described in

Example la-k l,3ing cyclolrexanemethylarnine in step c, tH Nlvn lsoo 1,ff", CD"oD õ): 8'08

(s,7LÐ,7']i7 (d,,1:3.6rt2,7H1:t,6-@(d''l =3-69r,1rÐ,5'47-535 (rrt 1Ð, a'50-4'46 (rn,1Ð,

a36 (dd' I =7.6,9-sÍtz'7Ll),4'19 (òd'I =73'9'eYIz, 11Ð,3'35 (br s' 1'Ð' 3'6a þr s'2rÐ'3'32

(br s,1Il),2.8Þ2.72(m,7Ë1),2i6-2.15 (m,3[Ð,2.0L(ddd'I = a-9'9'2'1431jIø,'7ÊI)'Laèt'6o

(m,6ÌI),1.3É1.15(r+3tÐ,1.0É0.91(m,2Ð.LC,I\ÁS:R,=1.60rrirçES'424(AAstarìdafd).

Example 15; (l5pRpslR)-4-l+[(1Ð-þDihyd¡o-1lr-inden-1-ylaminoJ-7H-pvrlolo[,2}ill'' p;;.tidin-7-yll-2,+dihydroxycycroPEntyl)methylsulfamate(Compoundl-
77)

IO2?21 To a solution of (¡[aS,6R,7R:7aR)-Gl+t(1s)-2']dihydro-1]I-inden-1-ylaminoþ

7É-yynolol2þ-dlpyrtrridin-7-y1þ2-(4methoxypherry$7-methyllrocahydrocydopenta[dJ-

tl,3ldioxin-7-ol (31,2 mg,0594 [ì[.ol, as prepared following the procedure in Êxample la-d,

usirrg (S)-(+Þ1-aminoindan in step c) in THF (1.17 mL) and wat€r (1.17 mL) was added

AcOII (3.51 mI., 61.7 mmol) under an ahosphere of nrtogen. The nixtüe was stir¡ed at rt

ovemighù Îlìe solvent was removed in vacuo and the ¡esidue wae purified by silica gel

chromatography eluting with a gradient of 0 to 1ffl" MÞoH in DcM to affqd rhe dde

comPou¡'rd as a ezhil€ solíò' (Llp'r.rg,76q,")' LCllvrsr \ = 0'85 mi& Es' 381 (FA standa¡d)'

Example 7: ((15,25,4R)-4-14-[(2,6-Difluorobenzyl)animo]-7Hpyrrolo[2,3-d]pyrimidin-7-
y1)-2-ktydroxycyclopentypmethyl sulfarnate (Compound I-15) [0209]The title compound was
prepared following the procedure described in Example la-k using
(2,6-difluorophenybrrtethanamine in step c. 111 NME. (CD,OD, 300 MHz, 8): 8.17 (s, 113),
7.39-7.29 (m, 1H), 7.16 (d, J = 3.6 Hz, 1H), 7.00-6.94 (in, 213), 6.60 (d, I != 3.6 Hz, 113), 5.48-537
(m, 114), 4.80 (s, 213), 4.50-4.46 (m, 114), 4.36 (dd, J 7.6, 9.6 Hz, 111), 4,19 (dd, J = 72, 9.6 Hz,
1H), 2.85-212 (m, 1H), 236-2.00 (m, 411) ppm. LC/MS: R, = 1.42 min, ES. 454 (AA standard).
Example fit I (15,25,4R).414-(Benzylamino)-7H-pyrrolo[2,3-dlpyrimidin-7-y1]-2-
hydroxycyclopentylhnethyl sulfatnate (Compound 1-49) [ono]The title compound was prepared
following the procedure described in Example la-k using benzylamine in step c. 111NMR (C1),01),
400 MHz, 5): 8.12 (s, 113), 7.36- 720 (in, 614), 6.62 (d, 1 = 3.6 Hz, 111), 5.49-5.40 (m, 111), 4.76
(s, 214), 4.50-4.48 (m, 114), 4.37 (dd, I = 7.6, 10.0 Hz, 114), 4.20 (dd, e. 7.6, 10.0 Hz, 114),
2.85-2.76 (in, 114), 2.36-2.19 (m, 313), 2.08-2.00 (m, 1H) ppm. LC/MS: R= 1.20 min, ES. 418 (FA
standard).  Example 9: [(13,25,4/0-2-1-1ydroxy-4-(4-([(1.5)-1-phertylethyl]arnino)-7H-pyrrolo[23-4-
pyrimiciin-7-y1)cyclopentyllmethyl sulfamate (Compound 1-4) [0211]The title compound was
prepared following the procedure described in Example la-k using (1.5)-(-)-a-methylbenzy1amine in
step c. NMR (400 MHz, CD3OD, 8): 8.05 (s, 114), 7.41-7.39 (d, J = 7.6 Hz, 214), 7.31-7.27 On,
214), 7.22-7.17 (m, 2H), 6.72 (d, J = 3.3 Hz, 111), 5.46-538 (m, 211), 4.48-4.47 (by s, 111), 4.37
(dd, J = 7.6, 9.6 Hz, 1H), 4.21-4.17 (rn, 111), 2.84-2.75 (m, 111), 2.37-2.18 (m, 311), 2.07-1.94 (m,
111), 1.61-1.59 (d, J 7.0 Hz, 314) ppm. LC/MS: RI = 1.50 min, ES" 432 (AA standard). Example 10:
((13,25,4R)-444413enzy1(methyl)a11in0l-7H-pyrr0l0[2,3-dIpyrimidin-7-y1)-2-
hydroxycyclopentypmethyl sulfamate (Compound 1-10) [0212]The title compound was prepared
following the procedure described in Example 2a-j using N-methylbenzYlarriine in step f. 11-1NMR
(400 MHz, DMSO-d6, 8): $.24 (s, 114), 7.44-7.25 (m, 51-1), 731-7.23 (m, 314), 6.64 (br s, 1I4),
5.49-137 (n, 114), 5.04 (s, 4.37-4.30 (at, 114), 4.23 (dd, J = 7.0, 9.7 Hz, 11-1), 4.01 (deb., = 8.0,
9.6 Hz, 111), 3.35 (s, 31-I), 2.77244 (m, 111), 2.22-1.87 (m, 414) ppm. LC/MS: R = 1.51 min, ES+
432 (AA standard). Example 11:
((13,25,4R)-4-(4-[(2-Chlorobenzyl)arnirtok7H-pyrrolo[23-dipyrimidin-7-yl)-2-
hydroxycyclopentyl)rnethyl sulfamate (Compound I-1) [0213]The title compound was prepared
following the procedure described in 



9ep b: (t3a4ls.68,6asÞô{rLf (1$-2-}DihydrgF¡Hlnden-1-ylami+p.LzH-pl¡r:rolol2'9-dl:
pyfimidin-7-ytl-2.âdiqetÌÐ¡ltehahyd¡o-3afkySlo-Pe¡tafdltl3ìdioxp.l-4þ
vllrnethanol

Ioz¿31 To a suspension of (1R,253R5s)-3{+(1S)-2þ-dihydro-1fl-inden-1-ylaminol-

7H*yrmlol2&alpyrimidin-7-yt|-a(hydrox¡mrethyl)cycloperrtane-1p-diol (63.8 mg; o'168

mmol) and z2-dimethox¡rpropane (0.103 mL 0.838 mmol) in acetone (2'10 mL) was added p-

tolue¡resutfonic acid monohydraüe (31.9 mg 0.168 rxunol) raritJr rapid stirrinS- lhe resulting

solution.wae stltzed ovemight. T}le rcaction was qrrenched with satu¡aæd aqueous sodrwn

bicarbonâte solution (1.00 mL) and the votune was ¡educed in vacuo. Tlre solution was

dlluted with water and extracted with BtoAc. Tlre combined organic layers were washed

with satr¡rated aqueous sodium drloride soluüofu dried ove! sodit fü sulfat€, filtered and

concent¡ated in vacuo. The ¡esidue was prrified by silrca gel chromatography eluting with a

gradient of l0 to 60"/6 EtOAc in hexanes to âfford lhe title comporrnd ao a evhite solJd (49.6

ng.TO!|"), l.C/ìuS: n,: t.16 mirv ES' '4!Z1 (FA ståndard).

ÍO?4AI Toasuspensionof(3a&45,6R6a5)-6-(4(1S)-2,?dihydto-lH-inden-L-

ylaminoþ7H-pyrr olol2gd)pyLniðin-7-yll-22dimethylÞtrahyd¡o.?alf-cycloPentafdll1"3]-

dio:<ol4yl)methanol (115.9 mg, 0.109 mmol) and pyridine (0.0180 mL 0-222 mmol) in .I{GCN

(1.10 mL) a¡rd DCM (0.500 mL) at 0 oC unde¡ a¡r atmosPh€re of nikogen was added

drop\ rise a 2.00 M solution of chlo¡osulfonamide ln r{CCN (o.lf 0 rrll., 0.220 mmol, as

prepared in 1j). Ttre srrspension was sti¡led for 2 h a¡rd ¡¡rore 2.00 M of d¡lorosulforraqúde in

AcGrI solution (0.150 mL 3.00 mmoi) was added, Afte¡ 5 min the react¡on was quencl€d

with MeOH (1.00 mL) and the solvent was remor¡ed in vacuo. lhe ¡esidtre was pwified by

silica gel chromatography eluting with a gradient of 0 to 10% lvleoH in DCM to affo(d the

title compor:rrd as a white sotid Q\.I rng, a6%). hf ¡.f¡r,n (¿Oof"f¿, CD"OÐ ô) : 8.36 (+ 1lÐ,

7.62 (ò; =s.7ttz.1Ë1),7-4T7.33(Iffr,4fî),7.cÉld',I=3.oIJz.a'J),5.67 þre 1þ, s.21s.20 (m,

LJJ\,4.67 (dð,,1-3.8,9.3x12,aÉD'4'48 (dd,l =2-O'9-9É1z.,LÉft'427422(¡::-zIÐ,,3:7aþ'LÉ1)'

3.27-320(r,|Jl;l3.1&3.05(¡:clFÐ,3-O24.9O(n,7tÐ,2.87-2-77(n'tÍI)'23*2-r9(a3ÍI)

pprn lÆllvf$ R" - 0.94 srin, ES'460. (FA standard).

Example 2a-j using 2-chlorobenzylarnine in step f. 11-1NM12 (400 MHz, DMSO-d6, 8): 8.10 (s,
111), 8.03-7.94 (m, 1H), 7.48-7.42 (m, 111), 7.38 (s, 111), 7.36-7.24 (in, 411), 6.65 (d, J= 3.2 Hz,
1H), 5.36 (dt, J = 8.9, 14.2 Hz, 114), 4.89 (d, J = 3.9 Hz, 111), 4.76 (d, J = 5.9 Hz, 2H), 4.36-4.30
(in, 1H), 4,24 (dd, J = 7.0, 9.7 Hz, 1H), 4.05 (dd, J = 8.1, 9.5 Hz, 111), 2.77-2.66 (in, 111), 2.24-
2.02 (in, 3H), 1,99-1.89 (m, 1H) ppm- LC/MS: RI = 1.51 min, ES' 452 (AA standard). Example 12:
1(1.5,25,4.R)-2-Hydroxy-4-14-(methylarriino)-7H-pyrrolo[2,3-dlpyrimidin-7-y1]- cyclopentyllmethyl
sulfamate and ((1.5,25,4R)-4-[44(15)-2,3-dihydr0-111-
inden-1-yl(methyl)amino)4H-pyrrolo[2,3-dlpyrirriidin-7-y1]-2- hydroxycydopentyl)rnethyl sulfamate
(Compounds 1-40 and 1-6) Ste  a;tert-Bu1 2  ih  ro-1H-inden-1 lcarbamate [0214]To a solution of
(5)-(+)-1-arrdnoindart. (1.24 g, 9.22 rnmol) in THE (20.0 mL) was added TEA (1.42 niL, 10.1 ramol)
followed by di-tert-butyldicarbonate (2.07g. 9.22 mina') and the mixture was stirred under an
atmosphere of nitrogen for 24 h. The mixture was concentrated in vacuo and purified via silica gel
chromatography eluting with a  gradient of 0 to 20% Et0Ac in hexanes to afford the title compound
as a white solid (2.02 g, 94%). LC/MS: 12., = 1.94 min, Es' 234 (AA standard). Step b:tert-Butyl
(1.3):a3-dihydrci-11/-inden-1:y1(methy1)carbamate [02131To a solution of tert-butyl
(15)-2,3-dihydro-1H-inden-l-ylcarbamate (1.82 g, 7.80 =nob in THF (50.0 nth) under an
atmosphere of argon at 0 O(added 60% sodium hydride in mineral oil (968 mg, 24.2 mmol) and the
suspension was allowed to warm to rt and stir for 30 min. Iodontethane (1.52 rnL, 24.2 mind) was
added and the mixture was stirred overnight The reac'tion was then quenched via addition of
saturated amxnonitun chloride solution (10.0 inL) and was concentrated in vacua The mixture was
then partitioned between water (20 roL) and DCIVI (50 mL) and the aqueous layer was extracted
with DCM (3 x 50 ml.). The combined organic layers were dried over MgSO4, filtered, concentrated
in vacuo and purified by silica gel chromatography eluting with a gradient of 0 to 20% Et0Ac in
hexanes to afford the title compound as a clear, colorless oil (1.84 g, 95%). LC/MS: RIa.- 2.21 min,
ES' 248 (AA standard). Steps: 515)-N-Methylindan-1-amine, hydrochloride salt [02161To a solution
of tert-butyl (15)-2,3-dihydro-1}I-inden-1-yl(methybcarbarnate (1.84 g, 7.44 nunol) in Me01-1 (50.0
rrtL) under an atmosphere of nitrogen was added hydrochloric acid (6.00 mL, 72.4 rrunol) and the
mixture was stirred overnight. The reaction was concentrated in vacua to afford the title compound
as a white solid without further purification (1.35 g, 99%). LC/MS: B1 = 0.85 min, ES+ 148 (AA
standard). Step d:tert-Butyl f (((1S,2S,4R)-4-l4-f(1S)-2f3-dihydro-1H-inden-1-y1(rnethyl)arninol.-7H-



Examplcl.6: ((1RÆS)-4-l+( -1H-inden-l-ylaminol-7 H-pyrtolol2'}dl-
1-vt)methvl iulfamate a¡rd ((1SåS)*114-[(1sÞ

ãþanya""-iA-ittaen-r-ytamino¡-ZA-pyrrgt-o(zf 'dlpy11ni d'n-7 -yrl'
cyclopántyr)methyl suránate (Compoúds I-20 and I-11)

ÍV?zft A solution of (1R2SpR5Ð-9t+t$S)-2,9dihydro'1H-inden-1-ylaarinol-7H-

pyrrolo[2pd]pyrtmtdin-7-y1þ-(hydroxymethyl)cycloPentane-12-diol (166 mp 0'tÉ16 mmol'

aE prefrared in Ex atft?l}l5,a), t¿tt-bttyldimethybifyl cfrbride (69'0 mg; 0'1t58 mmol)' t H-

irnidazole (44.6 mg, 0.654 crnol) in DMF (2.00 mL) was sti-ned r:nder an aüroq)here of

nitrogerl Afte¡ 2 h addltional t¿l-butyldimethylÊllyl clùoride (6.00 mp 0'G165 mmol) was

added and the solution was stirred for t hour. The ¡eaction was quendred with water and

extracæd with EtOAc. The cpnbined organic wEæ wãslrcd lvith water and sahr¡ated

aqueor¡s sodiwn clùoride solutio¡u d¡ied over sodir¡m sulfate, filteÉd, afid cancentraþd in

vacuo. Tl.e residue filþr€d tÌúough a plug of silca gel eluting with 60% EtOAc in hexanes

to affo¡d tlre title compourrd as an off white solid (179 ng"83ïo). LC,/lvIS: R, = 1.51Ûú& ES*

495 (FA standard).

ao?261 To a solurion of (1S2&3s,5R)-'(l[ferr-buty(dirrrethyl)silyl]orylmethyl)-]l+-

tflSF2,3-dihydro-1H-inden-1-ylamin ol¡7F-pynolol2þitlpyrimidrn-7-yllcyctoPenþn+1,2-

dtol (179 mg; 0.362 mrnol) in DMF (2.00 mL) rrnder an atmosPhere of ruhogen vzas added

1,1'-thiocarbonyldiimidazole (72,3 mg, 0.406 mmol) and the eolution rvas heated to 8o "c for

3 h. The solvent was ¡emoved and tlre residue *.as purfied by silica gel ùlomalQ'g¡aPhy

eluting rvith a gradient of 0 bo 50% EtOAc in heranes þ afSord the tide compounrd (158 mg,

817d. LCIMS: \ - 224 ¡n:n, ES' 538 (FA standa¡d) '

Sæp c: _ z-(r.¡L+R)¿<tf¡*¿-Butyl(dimettry.ile¡lyllox"vlrJetlìylìcJdqpelt¿=rEll¿làI-(ls):

-_tv2n To a solution of (3aR 4s,6R,6as)-+(f t¡e¿-bu9l(d¡¡rrethyl)silyÌoxylrnethyl)-6-

I4-(1Ð-2.3dthy&o-1H-inden-1-ylaminol-7l{-pyrrolol2,Sr'lpytiv:d¡.1tn-7-yl I ffiahydfo-3aH-

cyclopentat¿ltl¡ldioxote,2-thione (138 mg, 0.257 hmol) in TLIF (0.860 nrL) at 0 oc r¡nde¡ a¡r

aEno8pÌÉfe of nrtoge!ì was added 13-dimethyl-2-pherryl-1Bp-diazaphospholidine (0.142

nrÇ 0,793 mmol) dropvzise. The solution was stir¡ed 6o¡ 10 min at 0 'C a¡rd tlæn at ¡t for 5 h'

l0r

pyrrolof2,.3-cfhoyrimidin-7-y1l-2-hydroxycycloRentyl')rnethoxyIsu1fonyllcarbarnate [0217]The title
compound was prepared following the procedure described in Example 2a-i using
(15)-N-rnethylindan-1-amine, hydrochloride salt in step f. LC/MS: 1.55 min, ESP 558 (AA
standard).    cyr1opentylfrnethvl sulfamate and alS2S,4R1-4-14-f(15)-2,3-dihydro-H-1-index-t-1-
y1(meth_y_parrtinol7H-pyrrolor2S-dlpyrimidin-7-y11-2-hydroxycyclopenWilmethyl sulfamate
(Compounds 1-40 and 1-6)  102181To a solution of tert-butyl
(R(15,25,4R)4-144(15)-2,3-clihydro-111-inden-1-
y1(methyBamin01-7H-pyrrolor2,341pyrimidin-7-y11-2-hydrox-ycyriopentyl)mettioxyl-
sulfonyl)carbamate (97.9 mg, 0.176 mmol) in LICIvi (5.00 mL) under an atmosphere of nitrogen
was added trifluoroacetic add (5.00 mL, 64.9 rnmol). LC/MS after 10 min indicated the presence of
both products, and the mixture was concentrated in vacuo and purified via silica gel
chromatography eluting with a gradient of 0 to 10% Me01-1 in Et0Ac to afford both products as
clear, colorless oils (920 mg, 10% and 30.6 mg, 51%, respectively). Analytical data for
((15,25,4R)-2-Hydroxy-444-(methylarnino)-71/-pyrrolo(2,3-dJpyrimidin-7-y11- cyclopentyl)nethyl
sultanate (Compound 1-40): 1H NMR (400 MHz, CD30D, 8): 8.18 (s, 1H), 7.38 (d, I = 3.6 Hz, 1H),
624 (d,J = 3.1 Hz, 114), 5.53-5.42 (in, 114), 451-4.47 (m, 11-1), 4.37 (dd, = 7.5, 9.8 Hz, 1H), 4.19
(dd, = 7.4, 9.7 Hz, 111), 3.34 (s, 31-1), 3.14 (br s, 311), 2.90-2.75 (m, 111), 237-2.18 (m, 31-1),
2.12-1.96 (in, 1H) ppm. LC/MS: R = 1.03 min, ES* 342 (AA siandara Artalytical data for
((15,25AR)-4-14-[(1.5)-2,3-dihydrojili-inden-l-y1(atethyl)arninol-7Hpyrrolo12,3Apyrimidin-7-y1)-2-hy
droxycyclopentyl)mathyl sulfamate (Compound I-6): 1H NMR (400 1,111-1z, CD30D, 6): 828 (s,
111), 7.54 (d, f = 3.8 Hz, 111), 739-7.21 (m, 4H), 7.02 (d, J :--- 3.8 Hz, 11-1), 626 (dd, J= 75, 7.5
Hz, 11-1), 5.58 (ddd, J = 5.2, 8.9, 17.9 Hz, MX), 5.47 (s, 4.51 (dd, J = 3.3, 3.3 Hz, 1H), 4.38 (dd, J
= 7.4, 9.8 Hz, 114), 4.20 (cid, "1" = 7.5, 9.7 Hz, 111), 3.23- 2.96 (rrt, 6H), 2.93-2.79 (rt, 11-1),
276-2.59 (m, 1H), 2.42-2.05 (m, al) pprn. LC/MS: R = 1.89 min, ES* 456 (AA standard). Example
13: (15,25,4R)-144-(Beozylarnino)-5-fluoro-7H-pyrrolo12,3-d]pyrimidin-7-y1F2-
hydroxycydopentyllmethyl sulfamate (Compound 1-31) Step
a:4-Chloro-5-fluoro-7H-pyrrolo12.3-dipyrimidirte  [0219]To a stirred solution of
4-chloro-114-pyrrolof2,3-clipyrimidine (3.00 g, 19.5 



The solvent was reÍroved and the residue was purified by silica gel ctrromãtogfephy eluting

witl. a gradient of 0 to 2o% EtOAc in hs¡anes to afford lhe title compound as a clea¡ oil

(-7O% pnrlty,g7.9 mg,48"t"). I.C,/I\4S: \ = 2.rO min, ES.462 (FA standard).

Steo d: ( nR AR\+lçÍ íSì-2.3-Dihvdro-1l{-inden-1-vlaminoì-7H-ovlololzøL-
Dv¡irnidin-7-vllcvclooent-2-en-1-vl)methanol

lozaEl ToasoludonofT-[(1&ttR)-a(([úerÉ-butyl(dimethyl)silyl]o><yl-

methyl)cyclopexrt-2-en-1-y1]-N-tGÐ-2,+dihyd¡o-1H-irden-1-y¡l-7H-Pyr¡oto[2.3dJpy¡imidin-

4arrine (81.9 rng, 0.178 mmol) in pyridine (0,800 mL) and TIIF (0.800 rnl.) at 0 oC under an

atnosPhÊ¡e of niüogefi was added droPwise pyridine hydlofluor¡de (0.0500 mI., 0.555 mol).

The solution was warmed to ¡t and stirred ovemight. the reaction was quendred with

saturaH aqu€ûrs sodium bicarbon¿ne solutiorì and diluted with EtOAc. the layers were

separated and tlre aqueous layer was ext¡acted v¡iih ÊtOAc (3 x 20 mL)' ltre cornbi¡red

organic layers were dded over sodir¡ûr $¡lfate, ftltered and coß€nkated in vaclro. Tlrc

residue was purited by silica gel chrcmatogrãPhy eluting with a gradient of 0 to 5% MeOfI

in DCM þ afford the title compound as a white solid (-7oT" ptúty,35,7 mg,4L%1. rcAds:

& = 1.03 mi¡r, ES* 3az (FA. søndard)

Çæp e: (1RlRl+l+t(1$-2.3-Dihyd¡elH-inden-1-yta¡ninoÈ7H-gy¡r-olol?3d,1-
ovri¡nidin-7-vllcvclooenc2+n-1-vl)methvl s:dfa¡oa¡e (ÇoJnl¡orxrd I-20)

fo'2gl Toa6olutionof(1&4R>+l+t0S)-2,3dihydre1ll-lnden-1-ylaminoJ-7H-

PyrrololZ3J]Py¡imidLÈ7-yl]cydopent-2-en'1^yl)ßethânol (35-7 mg' 0.103 mmor) and

pyridine (0.0a17 ñL,0.515 mEÉl) rn AcG.J (1'00 mL) at 0 'C under an atmosplrerc of

nitrogen wa6 added dropwtse a 2,00 M soluüon of drloroeulfonamtde tn AcCN (0260 mL

0.52O mmol, as prqrared in lfl. The soluÉorr was stirred for t ho¡¡¡. The ¡eactio¡r was

quenched with satr¡¡ad aqueous sodium bica¡bon¿te solution and partitioned betr,veert

water and EtOAc. Ihe layers were separated and lhe ãqueot¡s layef was extracted rYitlì

EtOAc (2 x 20 mL). the comb¡nèd o¡ganic'layers were washed with saturated aqueous

sodium ctrloride soluüGL dried over sodium sr.rlfaþ filùered and concentraÞd in vacuo-

T?re residue was purified by silica gel dúorøtograPhy eluting with a gradimt of 0 to 57.

MeOI{ ín DCM to afford t}re title compound as a solid (28.9 
'frlg" 

661"). tH 
l.IÀÆl 1ao0f"4ft,

CDCI,6):8.36 (s,7H),7'35 <d,I =72Ifz,7lÐ,7.30-7-18 (r+ 3IÐ,6.se (d,I =3.6t12,fiÐ,6-32
(d,I-3.sl[z,tÊÐ,6-7+6.72(m,7ÉÍ),6-04-s.97(m,?Ít),5.E9@rs, 1þ,4-t9<dd,J= r-L6.o
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nunol) in Acal (148 mL) was added SelpctfluorTM (1-chloromethy1-4-fluoro-1,4-
diazoniablcydo12.22]octane bis(tetrafluoroborate)), 10.4g. 29.4 mmol) and Ac01-1 (29.8 mL, 524
rnmol), and then the mixture was allowed to stir for 26 hrs at 70C under an atmosphere of nitrogen.
After cooling to rt , the mixture was concentrated in vacuo and the mixture was co-evaporated with
dry toluene (2 x 30The residue was dissolved in a solution of 50% Davi in Et0Ac and filtered
through a pad of silica gel which was thoroughly washed. The filtrate was concentrated in vacuo,
the residue was purified by silica gel chromatography eluting with a gradient of 0 to 30% Et0Ac in
DCM to afford the title compound as a light brown solid (1.22 g, 36%). LC/MS: It = 1.51 min, ES*
243 (AA standard).  Step b:I
(1,5,25,4R)-4-14-03enzylarnino)-5-fluoro-7H-pyrrolo12,3-dloyrimidin-7-y11-2- h dren Imeth Is
ornate Com ound I-31 [0220]The title compound was prepared following the procedure described
in Example la-k using benzylarrtirte and 4-chloro-5-fluoro-7H-pyrrolo12,3-rnpyrimidine in step c. 2H
NMR (400 MHz, CD3OD, 8): 8.09 (s, 111), 7.37-7.32 (m, 213), 7.31-7.26 (m, 211), 7.23-7.19 (m,
111), 7.06 (d, J = 2.0 Hz, 1H), 530-5.42 (rn,11-1), 4.76 (Ins, 211), 4.47-4.43 (m, 11-T), 4.34 (dd, =
7.8, 9.8 Hz, 1H), 4.17 (dd, J .= 7.2, 9.8 Hz, 111), 2.81-2.72 (m, 111), 2.29 (ddd, J = 1.5, 8.0 Hz,
14.0 Hz, 1H), 2.25-2.13 (m, 211), 1,98 (ddd, J-= 5.0, 9.4, 14.0 Hz, 111). LC/MS: R = 1.56 min, ES+
936 (AA standard). Example 14:
((15,25,4R)-441-[(Cyclohexybrtethyl)aminol-7H-pyrrolo[2,34/1pyrirnidin-7-
y11-2-hydroxycyc1open1.y1)rnethyl sulfarnate (Compound 1-29) IO2211The title compound was
prepared following the procedure described in Example 1a-k using cydohexanernethylamine in
step a 11-1 NUR (300 MHz CD,OD, 8): 8.08 (s, 1H), 7.17 (d, I= 3.6 Hz, 111), 6.60 (d,J = 3.6 Hz,
111), 5.47-5.35 (in, 11-1), 4.50-4.46 (m, 111), 4.36 (dd, J = 7.6, 9.8Hz, 111), 4,19 (dd, J =7.3, 9.8
Hz, 114), 3.35 (br s, 1H), 3.34 (hr 8,21-1), 3.32   s, 114), 2.85-2.72 (in, 1H), 236-215 (m, 31-1),
2.01 (ddd, J 4.9, 9.2, 143 Hz, 1H), 1.88-1.60 (in, 611), 1.36-1.15 (in, 3H), 1.06-0.91 (in, 21-I).
LC/MS: R = 1.60 min, ES. 424 (AA standard). Example 15:
((15,2R,35,4R)-4-14-[(15)-2,3-Dihydro-1H-inden-1-ylaminol-711-pyrrolor2,3-diPYrindclin-7141-2,3-
dihydroxycycl0pentyl)methyl sulfarnate (Compound I17)  R 5S4- Dih  -inden- 7H 



frz,,2tÐ,3.433.37 (rr¡ 1þ,3.093.01(rn,r.IJ),2.9r2.90 (nv lÍI),2.n-2-69 (r '7ÍÐ'2'4ç239
(a aÉ1), z.w-l'93 (m, 3þ ppm- LCIN49 \ = r 24 milL ES* 196 (FA standa¡d)'

Stepf: ((1s3$-3.1*tgÐ¿sqhydro-1
7.-yl lcyclopentyDmetlrylsUF-anaæ (Compound-I-1 1ì

IO23OI A suspension of ((1R/4R)-4.14f (1S)-2,9dihyd¡o-1H-Índen-1-ylaminoJ-7H-

pyrrolot2,3-dlpyrimidin-7-yllcydopent-2-en-1-yl)nethyl sulfamate (17.3 mg, 0'O406 mrrol)

and 107o palladium on catbon (8.60 mg) in EtOAc (0'500 mL) was put under an abmosPhere

of hydfoge4rì. Afte¡ 3 h the flask ì¡fas pufged with niboSen and the suq)ension was filtefed

through Celite eluting with ÊtOAc to afford tlìe title mmpound as a white Êolid (1O.8 m&

62%)- rHNrvß.(400MErz,cDcl"6):8.3ó(s,1þ,7.36(dl=z3natÊf),7'29-7-75(n,3fÐ'

7 .oo (ð,, 1 = 3.4H2,1IÐ, 6.33 (d" / - 3 .4T12, 7ËÍ), s-9r-s'87 (nv 1fÐ, 5.a1 (b¡ s, 2IÐ, 5'2&5'15 (rn

ztf),4-26 (dà,1 =5.8,9.8L1z,7ÍÐ' 4.78 (d¿l,I = 6.2,9.8H2'7Êt)'3.09-3-Oz (trvttÐ'2.99-2-90

(jfrt, tËf), zsG2.27 (n,2ËI),2.2r-2.':i2(m,2tr),2.o9-r.93 (ûL 3Ð, 1-6s1-sz (m, u! ppm.

LC,/lr[s: \ - 1.!4 mln, ES'4rl8 (FA stârdard)'

Exanple 17: l(Ii29AR)'2-Hydroxy+(çl[(5-methylisoxazol-]yl)rnethylamino)-1H-- plnrolot2gdlPyrida:Àn-1'yl)cydopentyllmethyt sulfamae (Comporrnd I-41)

Sþp a: . -Al-f(ËMethytisorazol-3yl)ngthylþ7Il-P"vrro1of23-dìPy¡imidinÉamine

I0rl34 tt4hloro-lHayrrolo[2,]dlpyrimidine (1.14 I7.t13 mrnol), (S-nrethyl-]

isoxazolyl)methylaniræ (1,00 g, 8.92 mmol) and DjÌEA (L.94 ñL, 11.1 nunol) were added to

l-butanol (9.13 r¡rl-). The mixtu¡e was heated at 190 "C fo¡ 1600 seconds using MWI in tluee

batches. Ttre combined ¡eactions were concef¡bated in vacuo to $ve a bronrn oil. Tlrc

residue was purified by silica gel duorraôography eluting with EtoAc to afford tlre title

compound as a yellow solid (122 5,72./"). ÍÊ/lutg: & = 0.63 ñir! ES' ZSO. ¡Fe sat aara¡.

s f¡: f(tS¿S.+n)-z-gyao>,V<.(+tttç- 
t2,&dlpyridazin-1-yl)cyctoPentyilsretlryJsuf. Fmate(CoqPausdl4Ð

f0232l The 6tle corrpound was ptepared following tlre procedure described ln

Example ld-k using N-[(5<rethytiso<azol-]y1)methyll-7llçyrrolot2,]dlpyrimidin-'4Lamine

in step d. Yr r.n¿n (¿oorncrz, @roD,õ):8.?2(s.7IJ),7.26 (ð',1=3-6}lz'1Er)'6.63 (41=s'ø

Hz.[ar,6.f4(s,llÐ,5.5]5.{4 (rl 7rf),4'El (s,?ÍÐ,a-59 þt ¡''1ËÐ'4'42(ðd.l -7-6'9.6f:Iz'
LtÐ,4.?S (dd,l =7.49.8rfz,trÐ,297-2.79 (m"tË1),2.4t (s'3I{)'2-a0-2-22'(ru3II)'2'75-2'oa

(rv 1IÐ ppm.

103

A.         L"   



LCIMS: R, = o.s9 min, ES. llzl (!A standard)'

Erample 18: t(1S,2s,4R)+(+AnilinolE'pyrrolol2þàlpyldazîn-7'yl)-2-
hydmxycyclopentyllmethyl sr:lfamate (Corrpound I-?9)

Io?3?t The title conpound was PrePâred following the procedu¡e described in

ExamplelTa-busingaÂiü¡ìeinstep".'H¡.n*ß.(4OOMlifz,CD5ODõ)t8-r8þ,lÉÐ,7'62(d'I

= 7.6 EIz, zjJ), 7.31 (dd, J = 7.5, 8.a É2, z\Ð' 7'23 (d' I = 3-7 rþ, rI{), 7 -06 (t" I = 7.4 Hz' ttl)'
622. (d,I -37 l1z,11Ð, 5.sGs.39 (m" 1IÐ, 4.46 (br s, 1ÍÍ). asa (àò' I =7 -6'7-6rfz'rÉf),, 4.16

(dd,l =7.4,7.411¡,,7IJ.),2.89-:2.73 (n,7ÈÍ1,2.37-2-75 (m,3rÐ,2'091.97 (m, üI) pprn- LCllvlS:

Rr = 1.oA min, ES' a04 @A standard).

E:rample 19: IGS2sIR)-2-Hyd¡oxy+(+lP-(tri.Ouorotrethyl)benzylJaminoþ1H-p¡nrolo-
l2,34lpyÃdazin-1-yl)cydopentyllrrrethyl sulfamate (Compound I-47)

rc?gl Ttre title compound was prepared following the Prcced¡¡¡e described in

Example 17a-b using 2-(trlfluoromethyl)benzylanine in steP a- t{ NMR (t100 MHz, CDsOD

E): E.oï(s,7H),7.66 (d',1=7.7Ëtz'tÍT)'7.47 (d'I = 4-oÉt2,2Írr'7.42-7-3a(n+tIÐ'7'19 (d,J =
g.7ffz,L}J.),6.@ (d,I =3.2rlz,tþt1,5.5O5.36 (¡rv 1IÐ 

'4-94(s'1ÉÐ.a-aS 
(bt s'7H)'asa(dd'l

=7.5,7.6Ij12,7}J),4:t6 (àd,I =7-4,7-4t z,]}f),3-27 (q,I =7-6,3.3llz.,úÐ'2-9ç273 (rrv 1Ð,

23it2.15 (IIç 3II), 2.0ó1.96 (r¡ u! pprru LC/lr,ÁS: \ = r.z5 min" ES' 486 (FA standard)'

Exinple ?l): ((L'p1AR)-+@(Cyclopropyrmetlryl)arrtnol-7H-pyrrolo[2,]dlpytimidiFT-
yll-2-hy&oxycydaPentyl)¡lethyl sulfanate (ComPonnd I-25)

Step a: (1S2S4Rì4{4Í (Cy-cloP-¡opylmethyÐ-aminol-7H-t¡yrrotol23-dlPyrinridin-7-y*4
(hJ¿d¡ory-methyl)cycloPe¡rtanol

t0235i The title compound was prepared following lùe procedure dessibed in

Example lag r:sing cyclopropytmethylamine in steP c LC/lvIS: \ = a.po mir! ES* 303 (FA

standard).

Stcû b: Zl(1Ã3S.49€-f fÍø
methyl)cyctq¡entylþN-fcy-clotxopylrrelhyll-7H-pyr¡oloT23dlPyrimidin*amirle

t02361 (1s,ælR)-4.1+l(c¡'clopropylmethy)arrino]-7H-pyrrolo[2pdJpyrimidin-7-

yll-2-(hy&oxy$ethyl)cyclopentanot @80. mg, 0.923 rnmol) vvas stirred in DMF (3.00 mL)-

fera.But¡rldimethylsiþl drloride (698 mg, 4.63 mrnol) was added follonred by lH-imidazole

(142 ñ& 2.OB mnol) and &(dimethylaminolpyridine (10.0 mg, 0'0818 mmol)- The ¡eaction

was stir¡ed for I h then dilute¡i with $'ater and exracFd with EtOAc (3 x 15 mL). The



orgarric la)¡er was dried ôver MgSO, filtercd and conc€ntrâled in vacuo' The resulting oil

was dried unde¡ high vacuum ovemiSht. The residue r,vas pr:rifled by silica gel.

e-tuonratography eluting with a gradrent of 0 to 15 % EtOAc in hexanes to affo¡d the title

comporurd (203 mg,al %)- LC,/ÌvXS: \ = 2.16 mirL ES. 531 (FA standard).

Steo ç . (f 3åS.4R)-2-lfú¿rt-Butyl(dimethyl)sildloxyl-+f4-I(cydoProPylmethy!)exnirrol-
? IJ-ovt r olol 2 3dlov¡irnidin-7-vl lcvdooerìtvl)metlunol

fo8n 7-Í(rR$s,4sr3-l[rcrt-Butyl(dirnethyl)silyl]oryFe(l[úerl-butyt(dimethyl)silylJ-

oxylnretlryl)cydopentyl)-N-(cyctoProPylmethyt)-7H?ysolol2,3'd))pynmidin4amine (100.

ûrg, 0.188 mglol) was dlssolved in THF (0.900 mL) and pyrldrne (0.900 mL)' Ilrtdine
hydrofluoride (7 drops) wao added and tlre reaction was sti¡red fo¡ 5 Ìu Addiúonal pyridine

hydrofluoride (3 drops) was added and the reaction was stired fr 2 h befce being

quetrråed with saturated aqueous sodium bica¡bor¡ate solution. The agueous layer was

exEacted using EtOAc (3 x 10 mL), and tl¡e combined o¡garric o(tracts were dned over

IvþSOo, ftltered" a¡rd con erìtrated in vacuo. The ¡esidue was purified by silica gel

chroñatography elrrting with a gradient of 0 to 50% EtOAc in hqa¡res to affo¡d the tide

compound (47.0 mg,sO Iol. I€llvfS: \ = 1.53 min, ES'417 (FA slandard)'

StE¡ d: (C!52S;4Rl-2-lll¿rl-Bul9(dimethylìsiMìoxyì-4-{4-f (cydoProPylmet}Vl)aminol-
7H-pJrr-slgf 2,Q-dlpydmid¡n-Z-yllcydo¡2enryDrcçthlsdfamal€

t0238¡ ((79ps,4R)-2-llt¿tt-hrty\(dimethyl)silyllo¡yl4la-

l(cyctopropylmethyl)arLinoþTHpyrrolo[2,3-d]pyrimidin-7-yllcydopenryl)rretlunol (74-0

mg, O.178 rrunol) ¡¡¡as dissolved ln AcO\T (3.50 rnl-) arrd cooled to 0 t. TEA (0.0500 mL
0.355 mmol) uras added followed by a 2.00 M solutson of düorosulfonañide in AcO{ (0'178

mL, 0356 mmoL as prepared tn 1j). The reactionwas stirfed for 2 lr quendrcd with ìvfeOH

and ccncerrt¡ated in vac¡o. lhe ¡raterial u¡as takgr on to the next steP lvit¡out further

purification- LCIIúS: I{ = 1.51 mi& ES'496 (FA standad).

loz¡9l ((Li|SpR)-2-llteÌt-Butyl(dimethyl)silyLloxyl-a-la-

[(cydopropylrrethyl)aminol-7Hpynolol234lPp'tmidt '7-yllcyclopentyl)methyl sulfamate

(88.0 mg, O.178 mñol) was dissolved in THF (1.0O rnl.) and pyridtne (3.00 mL)' Ilridine
hydrofluoride (12 drops) was added and the ¡eaction was stiûed for 3 h. The reaction was

pyrimidin-7-y11-5-(hydroxymeth_yl)cyclopentane-1,2-0101 10222]To a solution of
(4a5,6R,7E,7aR)-644-[(15)-2,3-dihydro-111-inden-l-ylamino]-
7H-pyrrolo[2,3-dlpyrimidin-7-y11-2-(4-methoxypherty1)-7-methylhexahydrocyclopentaid]-
[1,3]dioxin-7-ol (312 mg., 0.594 mmol, as prepared following the procedure in Example la-d, using
(S)-(41-arninoindan in step c) in THF (1.17 mL) and water (1.17 mL) was added Ac01.1 (351 mL,
612 rranol) under an atmosphere of nitrogen. The mixture was stirred at rt overnight. The solvent
was removed in vocuo and the residue was purified by silica gel chromatography eluting with a
gradient of 0 to 10% Me01-1 in DC/VI to afford the title compound as a white solid (182 mg, 76%).
LC/MS: lt, = 0.85 miii, ES' 381 (FA standard).  yOmethariol  [0223]To a suspension of
(1R,25,3R,55)-3-141(1.5)-2,3-dihydro-1H-inden-1-yla1flin01-
7H-pyrrolo12,3-ipyrimidin-7-y11-5-(hydroxymethyl)cyclopentane-1,2-diol (63.8 mg, 0.168 iru:nol)
and 2,2-dimethoxyproparte (0.103 mL, 0.838 rnmol) in acetone (2.10 mL) was added
ptoluenesulfonic acid rnonohydrate (31.9 mg, 0.168 mmol) with rapid stirring- The resulting
solutionwas stirred overnight. The reaction was quenched with saturated aqueous sodium
bicarbonate solution (1.00 xnL) and the volume was reduced in vacua. The solution was diluted
with water and extracted with Et0Ac. The combined organic layers were washed with saturated
aqueous sodium chloride solution, dried over sodium sulfate, filtered and concentrated in vacuo.
The residue was purified by silica gel chromatography eluting with a gradient of 10 to 60% Et0Ac in
hexanes to afford the title compound as a white solid (49.6 mg, 70.%). LC/lvLS: F.1= 1.16 min, ES.
421 (FA standard). Step
c:alS,2R,35,4R)-4-44-11151-2,3-Dihydro-11-1-inden-1-ylarninol-7H-pyrrolo[2,3-d1-
pyriinidin-7-y11-2,3-clilly_droxycyclopentylirrieth_yl sulfaina_te (Compound 1-17)  



guenched using saturated aqueou.s sodium bicafbonate soluüon' The aqueorrs layer was

exbacted wíth EtoAc (3 x 10 mL), arrd the combixred organic er(facts \,Yere drÞd ose¡

MgSO¿, ñlÞred, and concETrtated in vacuo, The residue was purifÞd by silica gel

cluomatography eluting with 5% N{eOH in DCI¿ The compound was repurified via silica

gel chromatography eluting with 10fl" MeoH in DCM to affofd the tide compound (3.00 m9

4¿./"). lll NMR (400 MFIZ, CD9OD 6): 8,05 (s, 1iÐ, 7.a5 @, | = 3.611r' 1lÐ, 6.59 (d, I = 3-6 sz,

1rÐ,5.a$5.32 (m,1Ð,4'56 (br s,1ÉÐ, a'as þr s' 1lÐ 'a33 
(èò'l -7'6'7'6I:1z,'t}l)'4'L5(dÀ'I

:7.4,7.aËtz, LYI),3.Y (d,I = 6.s tIz,2tÐ' 2-s},2-68 (n' 1Ð, 2-3s-2'08 (rL 5tÐ' 2'os7'93 @v

1Ð, 1.3}1.09 (ûL 3ÍÐ, o'gt\'n @"1Ð pp¡¡¡- LC,/lvlS: \ = 0'85 mirr ES. 3s2 (FA stândard)-

Exaurple 21: (1s2s,4R)-4{+[(4cilorobe¡rzryI)o:<y]-7Tl-pyrrolo[2,]dlpyrinüdln-7-ylþ2-' hydroxycyclopentil)methylsulfanrate(C-ompoundl-?4)

oìêr
rãÐ ¡rA,y %'

o t¡rA/
xrn-$-gl''fY

olJ
Hd

Ste¡¡ a: :Êt(4Chlo¡obenzyt)o¡yì-7IIfl-r.¡olof2Jil¡¡yrimidine

'102401 To a 0.375 M gotution of aqueous potassiurr hydroxide (26'2 ml 9'83 mmol)

was added (4<trlorophenyl)mettunol (4tt mE, 3.26 m[lòl) and the mixtr¡¡e was heated to 80

"c for 30 min. Then rl-chlorclH-p¡¡rrolo[2,]dJpyrimidine (500 m9 3-26 runol) was added

and the ¡nixtr¡re was refluxed, at 130 "C. After 6 tr, addiËonal (t1-drloroptnnyl)mefharrol

(100. g, 0.ru1 mmol) was added and the soluüon was heated to 115 'C oveEright' The

reaction was cooled to rt end diluted 'wiür water, Ihe solution was tlren ø<tracted witl.

EtOAc (2x) and DCM (2x). TrÉ cøùined orSanic layerc \,vefe dded ovef Eodiun srffate,

filtere4 a¡rd concenEated i¡r vacuo. The resulting aude oil was puxified by silica gel

clúomatography etuting ll¡ith â gfadient of 5 to 30% EtoAc in DCM to afford the prodrrct as

â white 6orid (2]ro nLg,29/")' Lcllvfs: \ = 1'72 mJ¡" Es* 260' (Fz\ standard)'

strÐ b.i (os?s.48ì-+14-I(4qlorcbenzg)o)cyl-Z@
hyd¡orycldoPentyl)meüryt srlfamate (Ço¡nPound I-34ì

fo?A7l the title cvrrporurd was prepared following the procedure described in

Exampte ld1g and then Example ã1| using +[(+CNor obøn¡l)oxy7-7H-pyrolol2þ4f-

pldimidine in step ra, tH Ñrrn< 1eo0 MHz, cD3oD õ): 8.35 (s- 1tÐ, 7-51-73a (nr" 5Ð, 6'56 (4

[02241To a suspension of ((3a.12,45,6R,6a5)-6-(44(15)-2,3-dihydro-1H-inden-1-
ylarnirto1-7Ff-pyrrolo[2,3-dipyrimidth-7-y1}-2,2-dimethyltetrahydro-3aff-cyclopenta[d][1,31-
dioxo1-4-y1)xnethanol (45.9 mg, 0.109 nunol) and pyridine (0.0180 mL, 0.222 mmol) in AcC'N
(1.10 inla) and DCM (0.500 ml.) at 0C under an atmosphere of nitrogen was added dropwise a
2.00 M solution of chlorosulfonarnide in AcCN (0.110 InL, 0.220 xrunol, as prepared in 1j). The
suspension was stirred for 2 hand more 2.00 M of chlorosulfonamide in AcCN solution (0.150 mL,
3.00 mmol) was added. After 5 min the reaction was quenched with Me01-1 (1.00 raL) and the
solvent was removed in vacuo. The residue was purified by silica gel chromatography eluting with
a gradient of 0 to 10% Me0I-1 in DCM to afford the title compound as a white solid (23.1 mg, 46%).
1H N MR (400MHz, CD,OD, 8) : 8.36 (s, 11-1), 7.62 (d, J = 3.1 Hz, 1H), 7.43-7.33 (m, 411), 7.04
(d, J = 3.0 Hz, 113), 5.67 (bra, 111), 5.25-5.20 (m, 113), 4.61 (dd, 1 = 3.8, 9.3 Hz, 111), 4.48 (dd,
J= 2.0, 9.9 Hz, 113), 4.27-4.22 (rn, 2H), 3.74 (s, 1H), 3.27- 320 (m, 11-1), 3.13-3.05 (in, 111),
3.02-2.90 (m, 11-1), 2.87-227 (m, 1H), 235-2.19 (n, 3E) ppm. LC/MS: ; .= 0.94 min, ES* 460. (FA
standard).  Example 16: ((1R,4R)-4-(4-[(15)-2,3-Dihydro-11-1-inden-l-ylaminoJ-7H-pyrrolo[2,3-d]-
pyrirnidin-7-yl)cyclopent-2-en4-yl)methyl sulfarnate and ((15,35)-3-14-[(15)-
2,3-dihydro-1H-inden-1-ylamino)-7H-pyrrolo[2,3-eilpyrimidin-7-y11- cyclopentyl)methyl sulfamate
(Compounds 1-20 and I-11) - 1Sk S SR -3-t-Bd th Isil lox meth 1 -5- 4- 1S-2. dih dro-
1H-inden-1-ylaminol-7H-pyrrolof2,3-fffpyrimidin-7-yllcydopentane-12-diol IO2251A solution of
(1R,25,3R,5S)-3-(4-[aS)-2,3-dihydro-1H-inden-l-ylarnino]-7H-
pyrrolo(Z3-tf]pyrimidin-7-ylk5-(hydroxyrnethyl)cydopentane-1,2-diol (166 mg, 0.436 mmol, as
prepared in Example 15a), tert-butyldimethylsilyl chloride (69.0 mg, 0.458 rnmal),. irnidazole (44.6
mg, 0.654 mmol) in LIMY (2.00 nals) was stirred under an atmosphere of nitrogen. After 2 h
additional tert-butyldimethylsilyl chloride (6.00 mg, 0.0365 mmol) was added and the solution was
stirred for 1 hour. The reaction was quenched with water and extracted with Et0Ac. The combined
organics were washed with water and saturated aqueous sodium chloride solution, dried over
sodium sulfate, filtered, and concentrated in vacuo. The residue filtered through a plug of silica gel
eluting with 60% Et0Ac in hexanes to afford the title compound as an off white solid (179 mg,
83%). LC/MS:111= 1.51 min, ES+ 495 (FA standard). Step b:(3aR,45,6R,6a5)-4-(1
ftert-Butyl(dimethybsilylloxylmethyl)-6-144(15)-2,3-dihydro-
1H-index-t-l-vlarninol-711-pyrrolof2.3-dipyrimidin-7-ylltettahydro-3a14-
flpentafdlf1,31dioxole-2-thione (02261To a solution of (15,2R.,35,5R)-3-(f
[tert-butyl(dimethyl)silynoxylmethyl)-5-14-
E(15)-2,3-dihydro-1H-inden-lilarnino]-7H-pyrrolo[2,3-cipyrimidin-7-ylIcyclopentane-1,2- diol (179
mg, 0.362 mmol) in nmr. (ZOO mt.) under an atmosphere of nitrogen was added
1,14hiocarbonyldiimidazole (72.3 -mg, 0.406 msnol) and the solution was heated to 80C for 3 h.
The solvent was removed and the residue was purified by silica gel chromatography eluting with a
gradient of 0 to 50% Et0Ac in hexanes to afford the title compound (158 mg, 81%). LC/MS: R= 224
min, EC 538 (FA standard). 7-tnt-Eu 1 dirneth isil lo meth I en-. -n-1-I15 2,3-dihydro-1H-inden-1
-v11 -71-1-pyrrol of 2,341pyrirnidin-4-amine  [0227]To a solution of
(3aR,45,6R,62S)-4-(atert-butyl(dimethyl)sily1Joxylmethyl)-6-
f44(15)-2,3-dihydro-1H-inden-l-ylamino]-7H-pprolo(2,3-filpyrimidin-7-ylitetrahydro-3aHcyclopentaW
1,31dioxole-2-thione (138 mg, 0257 mmol) in THE (0.860 rat) at 0C under an atmosphere of
nitrogen was added 1.3-dimethy1-2-pheny1-1,3,2-eltaraphospholidine (0.147 mt., 0.793 rarriol)
dropwise. The solution was stirred for 10 min at 0C and then at rt for 5 h. 



I =3-SHz"l,ÍÐ,s,55 (s,?tÐ,5,*5.46 (rn,7H1,4s24,48 (m, t}l,),4.37 (dd'1-7.8,].o.OW

7lÐ,a.20(dð,1 =73,9-8IJz,rIJ.),2.9D2.80 (rrt" 1þ,2.*2.2O (rn'3f[)'2-11-2-O3 (ru 11Ð pprr¡'

LC,/N4S: \ = t.gl mirç ES' 453 (FA standard).

Example22: t$SpslR)at+@enzylsulfanyl)-7H-pyrtolol2,S4lpyrimidin-Z-yll-2-
hydroxycyclopenfflrnetJryl sulfanrate (Compound I-32)

\WA2J Ttre title compor.rnd was prepared follorr'¡rig tlte Procedr¡rc desc¡tbed rn

Example 2a-d and g-j. rH ÀIÀ,ß (4OO ìÆIz, CDsoD õ):8.54 (s, 1lÐ,7.45-736 ($' 3lÐ' 72A'

7.a4 (r¡n,3Ht),6.47 (d,I =5.6Ë12, 1}Ð, ss1-s.43 (m" üÐ,4.58 (+ 2rÐ,4.494,45 (t ' 1Ð,4.33

(dd,I =7.6,97 tlz,rfÐ,4.16 (d4I = 7.3,9:/Hz,tÉt),2ß7-2.78(ß\.L}l')'?-62(+2I4,'2'12-2.1s

(m, 3r!, 2.0e2.01 (Ír 1rÐ PPfrL LCINß; \ - l',// mirl BS. r[?5 (¡A sa¡rda¡d),

Exarrple 23: ((792s{R)+l+-(lÞChlorobenzyl)aninol-7ll-pyrrololZ}¿)pynnidtn-7-yll-2-- hydroxycydopentyl)methylsutfamaùe(ComPoundl45)

I02A}I The dtle cocrpormd was pre¡rared follovr.ing the procedure desc¡ibed ¡n

Exanple za-j using,lt-chlorobenzylamine in sÞp f. tH NltÍ< 1n0o lcl", CD"OD õ)l 8.10 (s,

1JJ),7.3+7-28(¡¡¡41Ð,7.2r (d'I =3.6EIz,trÐ,6.s9 (d'l =3-6rlz'tÍÐ.s-47-s-39 (ñ,tI{)'4.73

$,2JJ1,A.sùa.ß(rrurl9,4.?-5(dd"I=8.3'99YIz'7rÐ' -og(dd"j=6.8, 10.0tfz'1tÐ'3.3,

339 (n,2$,2.a7-2'77 (n,1Hf),2'3?2.29 (n.7IJ),2'2Ç2'L5 6tu2ÉÐ' 2.f2-1-96 (nç 1FI) ppn

r-C./Ms: \ = $,39 min" ES. 452 (FA standard, long puriÇ method)

Example 2rlr ((LS2SAR +l+[(]Chlorobenzyl)aminol-7H-pyrrolol2þ4lpyrrrnidin-7-yll-2-
hydroxycyclopenþ )methyl sulfarnaÞ (Corrpound I-51)

lo24[l The tille compound was prepared following the Procedure described in

Example 2a-i using &chlombenzylañine in step f. 1f r.nu< leoo lUZ, CDTOD, 6): 822 (s,

LHr,7'*73.tktv5Í1),6.78(d,,1:3.6I:[2'LEt)'5'sÉ5-ß (tr¡"1ÞÐ'a-62(e'2ËÐ'a'56a.f2@u

L}I'r,4.4:¿(dd'I-7.s,9.87fz,'7F{)'42s(dð',1=73'9.8ffz'Lht)'2.92-2-83(n"7fÐ,2,üL-2.26

(xn,3fI.),2.]l5-2.O8 (m, uI) ppm- LCllvlS: \ = 151 min, ES. 1152 (FA starrdard).

Exanple 25: ((792sAR)+t+[(+CNoro-z-nethylbenzyl)a¡nirol-7H-pynolol\9d]-
pyri¡nrdh-7-yll-2-hydorycydoPentyl)nethyl srll famaæ (ComPound I-48)

t0z15l The title conrpound was prepared follonring the procedure described in

E€Inpte 2a-i using 4-chloro-2-netlrylbenzylamine in step f. tr{ NMR (400 MHz, CD3OD 6):

S.l2 (s,lH),7."ç7.21 (¡n,3Ð,7-1+7.77 (rn" \Ë{)' 6,66 (d,/ = 3.5 Hz, 1lÐ ' 5-49-5.47' (¡¡t, üÐ,

The solvent was removed and the residue was purified by silica gel chromatography eluting with a
gradient of 0 to 20% Et0Ac in hexanes to afford the title compound as a clear oil (-70% purity, 81.9
mg, 48%). LC/MS: R, = 2J0 min, ES+ 462 WA standard). Step
d:((lRe1R)-4-14-1(1S)-2,3-Dihydro-1H-inden-1.-ylaminol-7H-pyrrolo[2,3-4-
pyrimidin-7-ylicyclopent-2-en-120rnethariol  [0228]To a solution of
7-[(1.12,4R)-4-(iftert-butyl(dirnethyl)silylioxy)-
methyl)cydopent-2-en-1-y1]-N-[(15)-2,3-dihydro-1H-inden-l-y1]-7H-pyrrolo[2,3-dipyrimidin4-amine
(81.9 mg, 0.178 mmol) in pyridine (0.800 mL) and THE (0.800 ml.) at 0C under an atmosphere of
nitrogen was added dropwise pyridine Itydrofluoride (0.0500 raL, 0.555 mol). The solution was
warmed tort and stirred overnight. The reaction was quenched with saturated aqueous sodium
bicarbonate solution and diluted with Et0Ac. The layers were separated and the aqueous layer was
extracted with Et0Ac (3 x 20 ml.). The combined organic layers were dried over sodium sulfate,
filtered and concentrated in vacuo. The residue was purified by silica gel chromatography eluting
with a gradient of 0 to 5% Me0H in Don to afford the title compound as a white solid (-70% purity,
35.7 mg, 41%). LC/MS: = 1.03 min, ES. 347 (FA standard). Step
e:((lR,4/0-4-144(1.1)-2,3-Dihydro-1H-inden-1-ylaminol-7H-pyrrolo[2,3-61-
pvrimidirt-7--ylicyclopent-2-en-1-ylbnethyl sulfamate (Compound 1-20)  (0229]To a solution of
((1R,4R)-4-14-[(15)-2,3-dihydro-1H-inden-1-ylamino]-7H-
pyrrolo[2,3-d]pyrimidin-7-yl)cyclopent-2-en-1-y1)methariol (35.7 mg, 0.103 =no]) and pyridine
(01)417 mL, 0.515 mrrto1) in AcCN (1.00 ml.) at 0C under an atmosphere of nitrogen was added
dropwise a 2.00 M solution of chlorosulforiarnirle In AcCN (0260 ML, 0.520 mmol, as prepared in
1j). The solution was stirred for 1 hour. The reaction was quenched with saturated aqueous sodium
bicarbonate solution and partitioned between water and Et0Ac. The layers were separated and the
aqueous layer was extracted with Et0Ac (2 x 20 mi.). The combined organic -layers were washed
with saturated aqueous sodium chloride solution, dried over sodium sulfate, filtered and
concentrated in vacuo. The residue was purified by silica gel chromatography eluting with a
gradient of 0 to 5% Me0H in DCM to afford the title compound as a solid (28.9 mg, 66%). 11-1
NMR (400MHz, CD03, S): 8.36 (s, 1H), 7.35 (d,/ = 7.2 Hz, 11-1), 7.30-7.18 (m, 3H), 6.89 (d, I = 3.6
Hz, 111), 6.32 (d, J= 3.5 Hz, 11-1), 6.14-6.12 (m, 1Th, 61)4-5.97 (m,21-1), 5.89 (by s, 1H), 4.19
(dd, J= 1.2, 6.0  Hz, 211), 3.43-3.37 (m, 1H), 3.09-3.01 (m, 1I-1), 2.98-2.90 (in, 311), 2.77-2.69 (m,
114), 2.46-2.39 (in, 111), 2.07-1.93 (m, 3H) ppm LC/MS: R, = 1.24 min, ES+ 426 (FA standard).
Step f:alS3S)-3-i4-[(151-2,3-Dihydro-1H-indert-1-ylaminol-7H-pyrrolnf2,3-dlpyrimidin-
7-yllcyclopentyllmethYlsigfamate (Compound I-11)  [02301A suspension of
((lR,4R)-4-I4-f(1S)-2,3-dihydro-1H-inden-1-y1arnino1-7H-
pyrrolo[2,3-i:i]pyrimidin-7-yl)cycIopent-2--en-1-yl)methyl sulfamate (17.3 mg, 0.0406 mrnol) and
10% palladium on carbon (8.60 mg) in EtoAc (0.500 mL) was put under an attnosphere of
hydrogen. After $ h the flask was purged with nitogen and the suspension was filtered through
Celite eluting with EtO.A.c to afford the title compound as a white solid (10.8 mg, 62%)_ 111 NMR
(400MHz, (DC13, 8): 8.36 (s, 1H), 7.36 (d, I = 7.3 Hz, 1H), 7.29-7.15 (m, 31-1), 7.00 (d, J= 3.4 Hz,
1H), 6.33 (d,J = 3.4 HZ, 111), 5.91-5.87 (iii,. 11-I), 5.41 (br s, 211), 5.23-5.15 (in, 2H), 4.26 (dd, J =
5.8, 9.8 Hz, 111), 4.18 (dd,J =-- 6.2, 9.8 Hz, 11-1), 3.09-3.02 (in, 11-1), 2.99-2.90 (n, 111),
2.36-2.27 (in, 2H), 2.21-2.12 (In, 2H), 2.09-1.93 (m, 3H), 1.66-1.57 (n, 111) ppm. 



a.69 (s,21Ð, ¿'5Ga'a7 QrvttÐ,a.3¡6(dd', ¡ =7'5,g's}:tz'Ltf)'4'r9 (c.a'I:7'5'9'E}lz'tfÐ'2'80-

2.76 (m,IfI),2-36 (s,3]f.),23}l2-19 (sr, 3IÐ, 2.OS-2'01 (rç 1II) ppm' LCl1v19: R, = 1'11 min'

ES* 466 (FA standard),

Þ<arrple 26: (1s2sl4R)-2-Hydroxy4-ltL(2-rretho<ybenzyÐaninol-7H'pyrrolol2Èdl-' 
àytfuain-Z-ytlþctopent/)methylsuliamate(Compoundl4l)

f0246l The title compound was prepared follwving the procedu¡e desc¡ibed in

Exanple Za-j using 2-urethoxybenzylamlne tn step f' tf fu,u< 1+oo rrcrt, CDrOD õ): E'08 (s,

Ltl),?.2.L7-78(m,g:,J),6.96<d"1 :7.S I{2, 1I{),6's5 (dEI =o'47'9ËIz'7ÊÐ'6'6r (41 =3sttz'
Lxf),5,a7-5-3s (rn tl:Ð, a.72 (s, ?lt)'4.504'46 (rr 1Ð ' 4s6 (dd'I =7's' 9'8 Hz,1lÐ' 4'19 (dd't

= 7 3,9.8rf2,7Ú), S.e7 e3Ð,2-54'2:r5 (n"7Êr),2-3F¿-18 (¡¡v 3Ð,2'0G1'ee (ry ltÐ ppnu

IÎlNrIS: \ = 1.16 min, ES' 448 (FA standard).

Exaanple 27; ((7525,4R)+lþ1(3,4Diclùorobenzyl)aminol-7H-Pyrrolo[2"3'djpyrirnidin-7-
iìl-z-ttydrbxycyclopentyl)methyl suüañåb (Compound I-24)

lollzlTtretitlecomporrndwasprcparedfollo$'ingtheP'rocedrr¡edeseibedin
Exarrple 2aj r:sing 3,*dichlorobenzylamine in sæp f. tf fVnm, (¿OO ¡lf¡ø, CD,OD ô): 8'15

(s,\Ht'7-sL (d" ! =z'Ottz']}f¡'7'46(ðþI - eSHz'71Ð'7'3Ù7'27 (rlv?-I{)'6'6s (d'l =3'sH+

L]flt,5.4*5'4L (m":lJl),a,74(s,2E),4.49 (t,I = Lolfz,tÉt)'4'37 (dd'I =7'5,9'8112'7tD'a'2O

(dd' I - 7.5. g.et!z' |ÉÐ,28Ç2.77 ('¡1, Lrl!)' 23Ç220 (rî" 3:EI)'2'oÙ2.oL (nv lFÐ PP[ì. LCllvls:

\ = 1.16 m¡n, ES* 1186 (FA sbndard)'

Exampte 28: ((Ls21,aR\2-Hyd¡oocya.Ft(1Ð-l2B,4tetrahydrornphthalen-l-ylaminol-.
àa-pynoffuz+?¡p¡imiait -z-ytlcyclopentyl)methyl sulfaßate (C-omPoutd I-
3n

1Cl2487 ltre title mmpound was prepared following ttre procedr¡¡e described in

Exarrple 2aj using (S)-(+Ff 
^2^3,+tetrahydro-1-naphthylarnine 

tn step f' tff NNm (+oo l'UJz'

CDTOD, ô):8.16 (+LLÐ,72ß-7-w (rv SfÐ,6'63 (d.I =3'íwz'tH.)' 556.s'50 (m' 1Ð's'49-5'4L

(m' ltÐ,450 (m, rlÐ,4.3S (dd,/: 7'5,9.8Ij1z.'7tÐ'a2n (dd'l =7'3,9'81:tz'LH)'2'972'76(rn'

3Ët)'2-37-2'2^o (:rrt,3Ér),2'77-\'82 (rit'sr! ppn' Lc'llvfs: \ = 1'29 min' BS'458 (FA standard)'

LC/MS: R, =- 1.24 min, ES" 428 (FA standard). Example 17:
[(1.5,25,4R)-2-Hydroxy-4-(4-([(5-methyliso>cazol-3-yl)methyllamino)-1Bprrolo[2,3-alpyridazin-1-ync
yclopentyl1methyl suliarnate (Compound 1-41) Step
a:N-115-Methylisoxazol-3-_ynmethy11-7H-pvrrolo[2,341pyrimidin-4-amine
10231)4-Chloro-1H-pyrrolo12,3-ti]pyrirnidine (1.14 g, 7.43 mmol), (5-methy1-3-
isoxazolyl)rnethylarnine (1.00 g, 8.92 mmol) and DlPEA (1.94 mL, 11.1 xrunol) were added to
1-butanol (213 mi.). The mixture was heated at 190 C for 1600 seconds using MWI in three
batches. The combined reactions were concentrated in vacuo to give a brown oil. The residue was
purified by silica gel chromatography eluting with EtOAc to afford the title compound as a yellow
solid (122 g, 72%). LC/MS: B1 = 0.63 min, ES+ 230. (FA standard). Step
b:[(15a5,4R)-2-1-1ydroxv-444-1[(5-methvlisoxazol-3-yt)nethyl1aminol4H-pyrx olo- 2 d.l10 en 1  -s
lsulfaiate Ott!   und I-41 (02321The title compound was prepared following the procedure described
in Example id-k using N4(5-rnethylisoxazol-3-y1)methy11-71/-pyrrolo[2,3-Apyrirnidin-4-arnine in
step d.NIV1R (400 MHz, CD30D, 8): 8.22 (s, 11I), 7.26 (d, j = 3.61-Iz, 11-1), 6.63 (d, = 3.6 Hz,
11-I), 6.14 (s, 111), 5.55-5.44 (in, 111), 4.81 (s, 2H), 4.59 (Ins, 111), 4.42 (dd, J 7.6, 9.6 Hz, 111),
4.25 (dd, J = 7.4, 9.8 Hz, 11-1), 2.91-2.79 (n, 111), 2.41 (s, 3H), 2.40-2.22 (in, 31-1), 2.15-2.04 (m,
1H) ppm.  LC/MS: RL = 0.89 min, ES + 423 (FA standard). Example 18:
1(15,25,4R)-4-(4-Anilino-1frityrrolo(2,3-d1pyr1dazin4-y1)-2- hyclroxycycloperityl]methyl sulfarnate
(Compound 1-39) 10233]The title compound was prepared following the procedure described in
Example 17a-b using aniline in step a. 11-1 NMR (400 MHz, CD301), 8): 8.18(s, 111), 7.62 (d, =
7.6 Hz, 211), 7.31 (dd, J = 7.5, 8.4 Hz, 2H), 7.23 (d, I= 3.7 Hz, 111), 7.06 (t, J = 7.4 Hz, 11-1), 6.22
(d, J = 3.7 Hz, 11-1), 5.50-5.39 (in, 1H), 4.46 (br s, 1H), 4.34 (dd, I = 7.6, 7.6 Hz, 1H), 4.16 (dd, J =
7.4, 7.4 Hz, 1H), 2.89-2.73 (in, Ill), 237-2.15 (m, 311), 2.09-1.97 (n, 1H) ppm. LC/MS: R.= 1.03 min,
ES' 404 (FA standard). Example 19: 1(15,25,4R)-2-Hydroxy-4-(4-112-(trifl'
uoromethyl)benzyl]arnino)-1H-pyrrolo[2,3-d]pyriclazin-1-y1)cyclopentylknethyl s-ulfamate
(Compound 1-47) 10234]The title compound was prepared following the procedure described in 



Example 29: ((1s2R¡s,4R)+{4((eChbroÞenzyt)atlTol-7¡i-pj¡nolo[2'3-.dlpyrirnidin-7-
ii-zp-ainy¿--¡tcyclopentyt)rnetliyl srdfamate (Compound I-22)

IO249l The title compound was prepared following the procedu¡e described in

Example Zad and g,i r¡sing 4-crhlorobenzylanine tn step f. 'H NÀ/ß, (300 \elz, cD.oD, 6):

8.Lt (s,r\0,7.3*7-27 (r¡.5H),6-6s (d'l =s.6ÊIz,1Hr)'5'oc4'9? (tt',ItT)' 4'7aG'z}l)' 4's1 (d¿

I=3-192Ëtz,:llÐ,4.4o(dd,I=Ss's.6vb,r'J)'4'18-a'14(s¡"2I{),2'8&:2'78@çrlI)'2'23-
2.oz (m, 2ÉI) ppnr- LClMs: \ - 1'a15 mirL Es' 4168 (AA standard)'

Exanple 30; ((L529'4R)-çl [(aLCtrlorobenzry-l)aminoJ-9H-purin&ylJ-2-
opetiryt¡metlryt suliamate (Compourd I-23)

t02501 The dtle compound. was prepared following the ¡rocedure described ¡n

Exarrrple la-f and Example 2h-j, using ¡trclrlorobenzjzl¿mi¡re and Gchlmo-gH-Püine in EteP

lc.'H Nlvß (300 Mtifz, cDsoD, ô) : 8.æ (s, 1!Ð, 8 -7a G, 7!{,, 7 -3U7.?5 (n' *1)' 5'?L-s'?2 (r*

7tf),a,79 (+zla),4'57'4.49 þre, 1þ,437 (dd,J=7'5,9'6]Jz'7xf)'42þa'M (m't\Ð'2'9'2'87

(m,l]f¡),2-a?-2,3}(n,2Ë1),2,?l.4-10(m,2H)ppm' rc,/Nrs:\=1'42rlin"ES'453(AA

standard)._

Exarrple 31: [(1S2SlR)-2-Hydroxy+{+ne thfl-rn-pyroþlzþdlpy;mid;n-z'- 
iU.VAoPentylmetl'ìylsulfamate(Cornpoundl-45)

Stepa: +lvfethyl-7H-Pfñolol2.3dìPy4lrìig¡le

I0Z5Û . A 3.00 M soluüon of magrresiurn chtoride in THF (I3'O mL 39'O mmol) vtas

added. dropwise to a stirred solution of #drloro1ÃITyrrolo[2J'd]pyrimidine (2'5O g' 16'3

mmot) and fertc acetylacetonate (700. mg 1.98 mnol) in THF (30'0 mL) under a¡r

aünæphete of argon- the resulting reactiorr rnixture lì¡45 gtirred at rt for 8 h' The mixtu¡e

was porrred onto a mixture of ice (100 mL) arrd anrmcrirrm drloride (1'00 g) and ùe mixtue

was ext¡acted with cìlo¡oforrr, volatiles we¡e ¡edìwed invacuo, and c-18 column

c-hrom.rtoSaphy eluting with a gradie¡rt of 0 to 6096 Acc\T in v¡ater with 0.1% AA affolded

the title comporm d (l'5o g', @"Y")' LCllvrS: I\ = 0'94 nir¡" Es' 134 (AA standard)'

llzszlThetitlecocrpoundwaspreparedfollowingtlreproceduredescribedin
Exampte 1a-k ustng +rnertryt-7Ë-pylolot2!-dlpyrimidirre in step c. \{ rvlfr. 1@"oÐ soo

MIiÞ, ô): 8-69 (s,711),7.68(d'l =g'6rtztÐ,6'æ'(d'l =3'6Hz' 1Ð' sJ3-551 (rç 1r!' a'51

t09

Example 17a-b using 2-(trifluoromethypbenzylamine in step a_ 1H NMR (400 MHz, CD30D, 8):
8.08 (s, 11-1), 7.66 (d, J = 7.7Hz, 111), 7.47 (d, J= 4.0 Hz, 211), 7.42-7.34 (m, 11-1), 7.19 (d,1=
3.7 Hz, 1H), 6.60 (d, j= 3.2 Hz, 1H), 5.50-5.36 (m, 1H), 4.94 (s, 111), 4.45 (br s, 1H), 4.34 (dd, =-
7.5, 7.6 Hz, 1H), 4.16 (dd, J = 7.4, 7.4 Hz, IH), 3.27 (q, J = 1.6, 3.3Hz, 111), 2.94-223 (m, IH),
2.35-2.15 (in, 31-1), 2.06-1.96 (in, 1H) ppm. LC/MS: R = 1.25 min, ES" 486 (FA standard).
Example 20: ((15,25,4R)-4-14-1(Cyclopropylmethyparnino]-7H-pyrrolo12,341pyrilnidin-7-
y11-2-hydroxycyclopentypmethyl sulfamate (Compound 1-25) Step
a:(152.5.4R)-444-1(Cyclopropy1methylarninol-7H-pyrro1or23pyrirnidin-7-y1)-2-
Thydroxymethypcyclopentanol  [0235]The title compound was prepared following the procedure
described in Example la-g using cyclopropylmethylarnine in step c. LC/MS: Ri = 0.90 min, ES +
303 (FA standard). Step
b:71(1R,3.9,45)-3-Iftert-13uadirriethyl)silyl1oxv1-4-(Ertert-butyl(climethid)silylloxyl-
inethyl)cyclopentyll-N-beloPropylrnethyl)-7H-pyrrolof23-cilpvrimidin-4-axnine
(0236)(15,25,4E)-4-14-1(Cyclopropylmethy1)arnino]-7H-pyrr0lo[2,3-d]py11midin-7-
y11-2-(hydroxymethy1)cydopentanol (280. rag, 0.923 mmol) was stirred in DMF (3.00 rriL).
tert-Butyldimethylsilyl chloride (698 mg, 4.63 mrnol) was added followed by 1H-irnidazole (142 mg,
2.08 ramol) and 4-(dimethylarnino)-pyridine (10.0 mg, 0.0818 minol). The reaction was stirred for 1
h then diluted with water and extracted with Et0Ac (3 x 15 mL). The  organic layer was dried over
MgSO4, filtered and concentrated in vacua. The resulting oil was dried under high vacuuna
overnight. The residue was purified by silica gel chromatography eluting with a gradient of 0 to 15
% Et0Ac in hexarkes to afford the title compound (203 mg, 41 %). LC/MS: R1 = 2.16 min, ES+ 531
(FA standard). Step c(.(1529,4R)-2-iftert-Butyl(dimethasily11oxy
1-444-F(cYcloProPylmethvnaminol- 7.fa,flit-7- 1 clo eatothan 1
1023717-1(1R,35,45)-3-iftert-Butyl(dirnethypsilylioxy)-4-(1Etert-butyl(dimethyl)sily1]-
oxyjmethyl)cyclopentyll-N-(cyclopropylmethyl)-7H-pyrrolo[2,3-d]pyrimidin-4-amine (100. mg, 0.188
mmol) was dissolved in THE (0.900 inL) and pyridine (0.900 mL). Pyridine hydrofluonde (7 drops)
was added and the reaction was stirred for 5 h. Additional pyridine hydrofluoride (3 drops) was
added and the reaction was stirred for 2 h before being quenched with saturated aqueous sodium
bicarbonate solution. The aqueous layer was extracted using Et0Ac (3 x 10 rnL), and the combined
organic extracts were dried over Mg504, filtered, and concentrated in vacua. The residue was
purified by silica gel chromatography eluting with a gradient of 0 to 50% Et0Ac in hexanes to afford
the title compound (47.0 mg, 50 %). LC/MS: Rt -= 1.53 min, ES 417 (FA standard). 



4.Ls (tuL\Ð,4.37 (dè,1 =7.5,e.9172' 1ÉÐ,4.20 (dò,1-7.5,9-9112,7$),2.9Ç2-80 (¡¡t'tlf)'

217 (s,?H),2su2.0s (m, +þ pprr- LCllvfS; \ = 0.50 min, Es'327 (FA standatd).

Exarrple 32: l(Ls2s,4R)-2-Hydtoxy-4-[4.(2-phenylethyÐ-7H-pynolo]2þ4)pyrinidin-7-yl)-
cydopentytlmefhyl sulfamaÞ (Compound I-28)

102531 The tit¡e corrpound was prepared foUowing the P¡ocedl¡re described in

Exarnpte 31a-b using ch-toro(2-phenylethyt)magræsium in steP a- h Nrtm ICO,OD Soo

MÉIz, ô): 8.62 (s, 7Ët),7 -aa (d' I =3.9 Hz. t Ð,7 -t9-7.o9 (m" 5Ét)' 6.s7 (d' I = 3.9lfz.7rI), s-5õ.

5,46(rt1v1\Ð,4.494'a6.hvlIl'),a35 @d,I =7A'9'6H2, 1tÐ,4'18 (dd,I = 7-5'9-6Étz'aÍÐ'

3.28l32akn"?Ð,3.1{Þ3.04 (rû 2H),2.88-2.80 (rn, 1IÐ,2,31-2-Ol (m,4EI) ppn LCllvxS: \ =

1.56 fni¡" ES' 417 (AA standard).

Example 33: l(L'294R)-2-Hyùory-4-[¡L(2-meth)'l-2?henylpropyl)-7H2yrrolol2þ41-
E ¡¡imídin-7-ytlcydoperrtyt)¡¡ethyl sullanate (Compound I-50)

ltz54'J Ttre title comporrnd was prepared following the proced¡¡¡e descdbed in

Exarrple 31a-b usrng clrtoro(2-methyl-2-pherrylpropyl)magrresium in steP a. tH 
IrIÀrß, laOO

MÉfz, cD,oÐ õ)28.62(s,TÐ,7.37-734(az},l),725-72r($,zt{),7.Lí7.72(n"1}1)'6.15 (d"

7Ëf),5.565.a? (m"trÐ,4.494Æþrs,1tÐ,4.37 (dd,I =7'6,9,6Vz,ttÐ'4'?24'77 (ñ'7rÐ'
2.s?2.87(nvtfÐ,2.s*2,80<t,7Ét),2.37-2-79(rrv3tÐ,2-Ù7-2-Oo(tt,7rÐ,r.4?(s,6ÊÐP.q,'r:.

LClNr.9:4 - 1.59 xni& ES' ,1t4t5 (âA standard).

Exanple 34: t(1525lR)-+te(Acetylaminot7Hpyrrolo[2,3-dlpþimidin-7-yr]-2-
hydrorycydopentylf methyl sulfamate and [(1S2SI4R) +(+ao.rút\ù7 H-
pyrrolo[2,3-dlpyrirnidin-Z-yl)-2-hydro:gcyclopenlyl]methyl sulfâÍÉ te
(Compounds I-9 and I-lE)

Stee a: (1S3sr&É(4-.4¡nrnoZl-pyrrolql2Ê-4ÞJ¿nndin¿$)-?

f fv2 551 A solutiorr of N-@TadirreÈroxyb e¡zyl)-7'f(h5,6&7ag)-2-(+methoxyphe<tyÐ-

hexalrydrocydopenta[dJ[1p]dioxrn-GylþTHlyrrolotZ3dtpyrimidin+amine (123 nrg,0238

mrno! prepared following tÌæ proced¡.re desqibed in Exarrple 1a-f usingZþ

dimetlroxybenzylaurine in sæp c) and AcOH (1.00 mL, 17.6 mmol) in water (0.500 mL) and

TÊIF (0500 mL) were stirred at rt oyemight. The reaction rrixtwe was cþr¡cenhaH in

vaoro and. purificatiorr þ sllica gel düomatography eluting wilh a gradiert of O to 10P/"

MeOH in DCM afforded the litle compor:nd (43.0 mÉ,73"h). LC/lulS: R' - 0.15 min, ES'24,

(FA standard).

rr0

St d:1-2- tert-Eu 1ox4- do ro hneoamin - 7H-Ryrro1g123-d1pyrimidin-7-vlicyclopentyl)methyl
sulfarnate [0238]((15,25,4.R)-2-f[tert-Butyl(dimethyl)silyl]oxy1-4-14-
[(cyclopropylmethyl)arnino]-7H-pyrrolo[2,3-4pyrixnidirk-7-ylIcyclopentyl)methanol (74.0 mg, 0.178
nunol) was dissolved in AcCNT (3.50 mL) and cooled to 0C. TEA (0.0500 mL, 0.355 mmol) was
added followed by a 2.00 M solution of chlorosulfonarnide In AceN1 (0.178 mL, 0.356 mmol, as
prepared in 1j). The reaction was stirred for 2 la, quenched with lvle01-1 and concentrated in
vacua. The material was taken on to the next step without further  purification. LC/MS: 121.= 1.51
min, ES' 496 (FA standard).    hydroxycyclopentyllmethyl sulfarnate (Compound I-25)  [0239]((I
5,25,4R)-2-1[tert-Butyl(dimethyl)silyl]oxy]-4-(4-
[(cyclopropylmethyl)arninol-7H-pyrrolo[2,3-d]pyrirnidin-7-ylicyclopentypirtethyl sulfarnate (88.0 mg,
0.178 minol) was dissolved inTHF (1.00 mL) and pyridine (3.00 mL). Pyridine hydrofluoride (12
drops) was added and the reaction was stirred for 3 h. The reaction was quenched using saturated
aqueous sodium bicarbonate solution. The aqueous layer was extracted with Et0Ac (3 x 10 mL),
and the combined organic extracts were dried over MgSO4, filtered, and concentrated in vacua.
The residue was purified by silica gel chromatography eluting with 5% Me01-1 in DCM. The
compound was re-purified via silica gel chromatography eluting with 10% Me013 in DCM to afford
the title compound (3.00 mg, 4.4%). 'H NMR (400 MHz, CD30D, 8): 8.05 (s, 114), 7.15 (d, J 3.6 Hz,
111), 6.59 (d, I = 3.6 Hz, 11-1), 5.45-5.32 (m, 114), 4.56 (hr s, 111), 4.45 (hr s, 113), 4.33 (dd, I =
7.6, 7.6 Hz, 1H), 4.15 (d.d, J =7-4, 7.4 Hz, 111), 3.34 (d, J = 6.9 Hz, 2H), 2.83-2.68 (in, 1H),
235-2.08 (m, 313), 2.05-1.93 (in, 1130.33-1.03 (m, 3H), 093-0.77 (in, 111) ppm- LC/MS: Rt = 0.85
min, ES+ 382 (FA standard)_ Example 21:
((15,25,4R)-4--1444-Chloroberizyl)oxy1-713-pyrrolo[2,3-d]pyrin-7-y11-2- hydroxycyclopenttpmethyl
sulfamate (Compound 1-34) Step a:4-l(4-Chlorobenul) oxy1-7H-pyrrolo12,3-dipyrirnidine 10240]To
a 0.375 M solution of aqueous potassium hydroxide (26.2 mL, 9.83 mrriol) was added
(4-chlorophenyprnethanol (464 mg, 3.26 rruntpl) and the mixture was heated to 80 C for 30 min.
Then 4-chloro-1H-pyrrolo[2,3-dipyri1iidine (500 rag, 3_26 nano was added and the mixture was
refluxed at 130 C. After 6 h, additional (4-chlorophenyl)methanol (100. g, 0.701 mrnol) was added
and the solution was heated to 115 C overnight The reaction was cooled to it and diluted with
water. The solution was then extracted with Et0Ac (2x) and 1DCIV1 (2x). The combined organic
layers were dried over sodium sulfate, filtered, and concentrated in vacuo. The resulting crude oil
was purified by silica gel chromatography eluting with a gradient of 5 to 30% Et0Ac in Davl to afford
the product as a white solid (210 mg, 25%). LC/MS: R. = 1.72 min, ES+ 260. (FA standard). Ste15
S 4R -4-4-orobenz"din-7 hydroxycycloperitynmethvl sulfanaate (Compound 1-34) (0241]The title
compound was prepared following the procedure described in 



Step b: (1S,251R)-4{4-Amrno-7ll-py¡rolot23-dlpy¡imidin-7-.1)-2-(llferr-
butvlldirnethvl)silvlìo><vl methwllcr¡clooentanol

f02561 To a solution of (7spS,4R)-+(+arnneTH-pyttolofZ34Jpyrimidin-7-yl)-2-

(hydroxymetlryl)c¡rclopentanol (,413.0 mg, 0.1Ë Ei¡nol) and lnidazole (25.0 mg, 0.367 mrnol)

in dry DMF (2.00 mL) at 0 'C was added tert-bqtyldimethylsilyl drloride (zg.Oßrg0.tgz

rnmol). Ihe solution rvas stirred at rt fo¡ 2 h and curcenEated in vacuo, the residue was

dissolved in rvater afìd er(bacÞd with EtOAc The combined organic exkacts we¡e dr¡ed

over MgSÔ4, filtered and concentrated in vacrro to affo¡d tlle title coúpound (50.8 mg, 81%),

'r¡¡hich r,r¡as take¡i on without firrther pr:rification. LC,rlvfS; R. = 1.38 mirr ESt 364 (FA

standard).

Step.c: Lls-2.5-4R\*14-(ÁletylaqFVù-TÉ.If.ylrolol2.3rdlpyrir¡l.dt¡-7-yll-2-({1!ert-
butvlldimethvlìsilvlì oxvlmethvl)cvc-IoÞenkl ace tate

Ío25n To a eolutiorr of (l Sp5AR)a\+anlx>-7E-pyrxolo[2]dlpyriuriòtn^7'yl)-2-
(lttsrt'butyl(dimethyl)siþlloxylmethyl)cyclopentanol (125 rng, 0345 mmol) in pyrldine (2.00

rnl-) at 0 'C was added acetic anhyd¡ide (0.380 mI., 4.ül nrmol)- The solution was stiïed at

rt overnight Ïhe ¡eaction [rixh¡re was diluted with DCM and water. The layers were

separaÞd and the aqueous layer was exÈacted wilh DCM- The combined organic layers

were dried over MgSO, filtered and conce¡rtated ln vacuo, The residue was purified by

silica gel dEornatog¡aphy eluttng w¡th a g¡adient of 0 to 50y" EtOAc in hÐøn€s to afford the

title compoúrd (47,8 m& 317"). ICllvß: \ = 1.69 nin, F,S* 447 (FA standard) '

Steo d: ns2sAR\-+l+(Acewlamino)-7H-pvrrolol23dlovrirnidin-7-vlÈ2-
lhwdroxvzne thvl)cvdopentvl acetate

[0258] 1o a solution of (1s25,4R)+t+(aóetytamino]7]l-p¡rrrolo[2pd]pyrimidin-7-

yl7-2-(llreft+1utyl (dimethyl)sitylloxylmettryl)cyclopent¡rl acetate (t9.0 rn& 0'105 rEnol) in a

mixture of TIIF @.00 mL) and pyridine (2.00 mL) was added pyridine hydrofluotide (10

drops). After 2 þ additional pyridine hydlofluoride (15 drops) was added and the solution

stir¡ed fof an ¡ddrtimalz lL The reactiorì was quendted via addition of satufated âqueous

sodium bicarbonate solutio¡r and exhacted uzith EtOAc (2 x 50 mL)- The combined organic

exEacts wef€ dried over MgSO' filtered and concenhated ifì vacuo. lhe fesidue was

p¡¡rified via silica gel chromatography eluti4g with a gradierrt of 0 to 10 % MeOlI in DCM to

affo¡d the title compourìd (29.0 m& 83%). LCllvß: \ = 0.76 mi& ES* 3a? GA standard).

Example 1d-g and then Example 29, using 4-[(4-Chlorobenzyl)oxy1-7H-pyrrolo[2,3-dlpyrimidine in
step 1.d. '13 NMR-(400 MHz, CD30D, 5): 8.35 (s, 113), 7.51-7.34 (in, 513), 6.56 (d,   = 3.5 Hz, 1H),
5.55 (s, 21-I), 5.54-5.46 (m, 1I-1), 4.524.48 (in, 111), 4.37 (dd, J= 7.8, 10.0 Hz, 11-0, 4.20 (dd, I =
73, 9.8 Hz, 111), 2.90-2.80 (in, 11-1), 2.34-2.20 (m, 3F1), 2.11-2.03 (m, 11-1) ppm. LC/MS: R1 =
1.81 min, ES 453 (FA standard). Example 22:
((i-5,25,4R)-444-(Benzylsu1fany1)-711-pyrrolo12,3-d]pyriraidin-7-y11-2- hydroxycyclopentyljrnethyl
sulfaraate (Compound 1-32) 10242)The title compound was prepared following the procedure
described in Example 2a-d and g-j. 1H NMR (400 MHz, CD,OD, 8): 8.54 (s, 1H), 7.45-7.36 (m,
31-1), 7.28- 7.14 (in, 311), 6.47 (d, 1 3.6 Hz, 111), 551-5.43 (m, 1H), 4.58 (s, 211), 4.49-4.45 (In,
113), 4.33 (dd, J = 7.6, 9.7 Hz, 11-1), 4.16 (dd, J 7.3, 9.7 Hz, 1H), 2.87-228 (in, 1H), 2.62 (s, 211),
2.32-2.15 (at, 3H), 2.08-2.01 (m, 1H) pprn. LC/MS: R1= 1.97 min, E54. 435 (FA standard).
Example 23: ((15,25,4R)-4-{4-[(4-Chlorobenzyl)amino1-7H-pyrrolo[2,3-4pyrirrtidin-7-A-2-
hydroxycyclopentypmethyl sulfaxnate (Compound 1-45) [0243]The title compound was prepared
following the procedure described in Example 2a-j using 4-cblorobenzylamine in step f. 2H NKR
(400 MHz, CD3CO3, 8): 8.10 (s, 11-I), 7.34-7.28 (m, 41-3), 7_21 (d, J = 3.6 Hz, 1H), 6.59 (d, J= 3 .
6 Hz, 11-3), 5.47-5.39 (m, 1H), 4.73 (s, 2H), 4.50-4.48 (in, 11-1), 4.25 (dd,J= 8.3, 9.9 Hz, 1H), 4.09
(dd., = 6.8, 10.0 Hz, 1H), 3.35- 3.33 (m, 211), 2.81-2.71 (in, 1H), 2.35-2.29 (m, 1H), 2.26-2.15 (in,
21-1), 2.02-4.96 (m, 11-1) pprrt. LC/M5: R 539 min, ES* 452 (FA standard, long purity method)
Example 24: ((1.5,25,4R)-4-(44(3-Chlorobenzyl)aminok7H-pyrrolo[2,3-ei]ayrimiclin-7-ylj-2-
hydroxycyclopentyl)methyl sulfamate (Compound 1-51) 102443The title compound was prepared
following the procedure described in Example 2a-j using 3-chlorobenzylarnine in step E 1H NMR
(400 MHz, CD300, 8): 8.22 (s, 1H), 7.44-7.31 (m, 511), 6.78 (d, J = 3.6 Hz, 1H),5.56-5.48 (in, 1H),
4.82 (s, 21-1), 4.56-4.52 (m, 11-1), 4.42 (dd, f = 7.5, 9.8 Hz, 1H), 4.25 (dd, J = 7.3, 9.8 Hz, 1H),
2.92-2.83 (m, 1H), 2.42-2.26 (in, 31-1), 2.15-2.08 (in, 11-1) ppm LC/MS: Rt a151 min, ES + 452
(FA standard). Example 25: ((1.5,25,4R)-4-144(4-Chloro-2-methylbenzyl)amino]-7Hpyrrolo[2,3-4-
pyrimidin-7-y11-2-hydroxycyclopentyl)rnethyl sulfamate (Compound 1-48) [0245]The title
compound was prepared following the procedure described in Example 2a-j using
4-chloro-2-methylbenzylautine in step f. NMR (400 MHz, CD30D, 8): 8.12 (s, 111), 7.26-7.21 (m,
311), 7.14-7.11 (in, 111), 6.66 (d, J 3.5 Hz, 1H), 5.49-5.41 (m,  4.69 (s, 21-1), 4.50-4.47 (m, 111),
4.36 (dd, J = 7.5, 9.8 Hz, 113), 4.19 (dd, J = 7.5, 9.8 Hz, 111), 2.86- 2.76 (m, 1E1), 2.36 (s, 311),
233-219 (m, 31-1), 2.08-2.01 (n, 11-1) ppm. LC/MS: R, = 1.11 min, EC 466 (FA standard).
Example 26: ((15,25,4R)-2-Hydroxy-4-14-1(2-methoxybenzyl)arninol-7H-pyrrolo[2,3-111-
pyrimidin-7-yncyclopentyl)methyl sulfarnate (Compound 1-43) 



Step e: . (1s.2s4Rl+f4.(AcetylaÍ!nol-7H;p]'rrel9f2'9.¿lPJzimidin-7-y-ll-2-

f o259l A soludon of (15pslR)4[+(acetylamino) -7F-pytzolol2þ4lpyrirnidin-7-yr]-

2-(hydroxymethyl)cyclopentyl acetate (63.0 mg, 0.190 nrrol) and pyridine (0'0800 mL' 0'989

mírot) tn AcO{ (5.00 mL) at 0 oC was stin€d for 15 min' A 0'641 M solution

chlorosulfoxramide in AcCN (0.64O mL, 0'410 mmo! ab prepared in lj) was then added

slon¡ly. AfE 2 h another portlon of the chlocosulfonamide soluüon (0'72 mL, 0'4@ mmol)

was added and the rcact¡on was stirred for t hor¡. The ¡eachon was then concentfated in

vacuo and the residue was purified by silrca get clxornatograPhy eluting with a gradierrt of 0

to 10% ÀlteOH in DCM b afford the ütle compound (78-0 m& 100%)' LCIMS: \ = 0'81 mirv

BS* 412 (FA standard).

Slep f: l0s2s,lß)-+f+(Acetvla.minoF:7:H-Py¡robEq:dP][r-gni9+¡-741-2-:---
-

@rycycloFrcntylìmettryl sulfa¡nate (ComPounds I-9

and I-18ì

t0260l To rreat (1S,2S,'1tR)+[a.(acetytarrino)-7E-9ynolol2þ-dlpyrimidin-7-yl]-2-

f t(an¡¡ssuUonyl)oxylmethyllcyclopentyl acetate (78'0 ng; 0'190 mmol) was added a 7 M

solubon of a¡¡rmon¡a in líeoH (5.00 mL) was stirred at rt ovemight. LCII\ß showed Paltial

converslon to the inteffiediate Íro¡ro-acetylared ComPor¡¡d, the desired Pfoduct and gome

gtarting material rcmain¡ng. Ttre reacdon rrixtufe was conoentrated in vacuo and the

residr.æ was ¡n:rified by reverse phase chromatography to âfford f (1S'251R)'+[+

(acetylarrino)-7H_pyrrolo[2,}dlpyrirridirr-7-y!-2-hydroxycyclopentyllmethylgt,lfamate

(0.900 rrg, 1.3%) and t$S¿9,4R)-4(rl-arnine7ll-pynolo[2.3-dJpvrimi òim-7 -yl)-2-

hydroxycyclopentyllnrethyl srrlfarraæ (6.50 m9 11%). Analytical data for l(Ls'2s'4R)+I+

(acetyla.rnino)-7ll-pyrrolot?3-dlpyrimidin-7-yfl-2-hydrorycydoperrtyllmethyl sulfamate

(cmrpowrd r-9)r \r ¡qø< (æo rrrt¡r, GD"OD ô): 8-48 (s ' 7¡¡)' 7 -47 (è'I = 3'8tf2'l¡.t)' 6'82 (ò'

, = 3.s, 1Ð, 5.6F5.48 (m, 1t!,460-4'4s (m, 1IÐ, 4-4É4'27 (n,atf)' 424'T1(r 't}l)'2'98-
z'j} (t]¡¡1lII),2,42-2.13 (rr, 6tI),2-18-1.93 (nç 1tI) ppm' LCIþA: \ = O'98 rnirÙ ES' 370' (FA

standard), Analy¡¡¡¡¡ ¿¿6 6ot [GS2s,aR)-4(a.am¡no-7H-pyrrolo[2Bd]pyrimidín'7-yl)-2-

hydroxycyclo,pentyllmethyl sutfamate (Compound I-18)' 'H mm 600 lvmz CDroD' E):

8.O9 (s.7Jã),7.3o (d,I =g-SÞtz,LÍÐ,6'66(d'l =3'5rtz lfÐ,551-s'41(m' 1H)'4's1-4'4¡8

(n"l}J;), a39a33 (nl:¡a),4-21'4-L6 (n¡LÍÍ)'2-85-2..79 (û! 1IÐ, 2'33-2'18 (rrç 3þ' 2'0+2'00 (xo

1IÐ ppm. rc/ÙrS: &- 0,85 lni& Es'328 (FA stândard)'

Ltz

[0246]The title compound was prepared following the procedure described in Example 2a-j using
2-methoxybenzylandne in step f. NMR (400 MHz, CD3OD, 8): 8.08 (s, 1H), 7.24-7.18 (n, 31-1),
6.96 (d, J = 7.8 Hz, 1H), 6.85 (dt,J= 0.8, 7.3 Hz, 111), 6.61 (d, J = 3.5 Hz, 1H), 5.47-5.39 (in, 11-1),
4.72 (s, 211), 4.50-4.46 (in,436 (dd, J = 7.5, 9.8 Hz, 11-1), 419 (dd, J -= 73, 9.8 Hz, 1H), 3.87 (s,
311), 2_84-2.75 (in, 113), 2.35-218 (m, 3M2.06-1.99 (n, 114) ppm. LC/MS: R 1.16 min, ET 448 (FA
standard). Example 27; ((15,25,4R)-4-14-[(3,4-Dichlorobenzypamino]-7H-pyrrolo[2,3-c)pyrimidirt-7-
y11-2-hydroxycyc1oper1y1)methy1 sulfarnate (Compound 1-24) [02471The title compound was
prepared following the procedure described in Example 2a-j using 3,4-dichlorobenzylamine in step
f. 111 N1VIR (400 MHz, CD3OT:1, 8): 8.15 (s, 1H), 7.51 (d, J = 2.0 Hz, 1H), 746 (d, J = 8.3 Hz,
1H), 7.30-7.27 (in, 2H), 6.65 (d,J = 3.5 Hz, 111), 5.48-5.41 (n, 111), 4.74 (s, 2H), 4.49 (t,J = 4.0 Hz,
113), 4.37 (dd, = 7.5, 9.8 Hz, 1H).4,20 (dd, Jr 7.5, 9.8 Hz, 1H), 2486-2.77 (n, 1H), 236-2.20 (m,
313), 2.08-2.01 (in, 11-1) ppm. LC/MS: R" = 1.16 min, EC 486 (FA standard). Example 28:
((15,25,4R)-2-Hydroxy-4-144(15)-1,2,3,4-tetrahydronapl-kthalen-1-ylarninol7H-pyrrolot2,341pyrimi
din-7-y1Icyc1opentyl)methyl sulfamate (Compound I- 37) [0248]The title compound was prepared
following the procedure described in Example 2a-j using (5)-(t)-1,23,4-tetrahydr0-1-naphthy1amine
in step f. 11-1 NMR (400 MHz, CD30D, 8): 8.16 (s, 1H), 726-7.07 (m, 513), 6.63 (d, J = 3.5 Hz,
1E1), 5.56-5.50 (n, 1E1), 5.49-5.41 (in, 113), 4.50 (m, 11-1), 4.38 (CM, J = 7.5, 9.8 Hz, 1H), 4.20
(dd, J = 7.3, 9.8 Hz, 1H), 2.93-2.76 (in, 311), 2.37-2.20 (in, 3H), 2.17-1.82 (m, 51-3) ppm. LC/MS:
R, = 1.29 mm, EC 458 (FA standard).  Example 29:
((1.5,2R,35,4R)-4-144(4-Chloroberizypamino]-71/-pyrrolo[2,3-alpyrimidin-7-
y11-2,3-dihydroxycyclopentyl)rnethyl sulfarnate (Compound 1-22) [0249]The title compound was
prepared following the procedure described in Example 2a-d and gl using 4-chlorobenzylamine in
step f. 21-1 NMR (300 MHz, CD30D, 5): 8.11 (s, 111), 7.34-7.21 (m, 514), 6.60 (d, J= 3.6 Hz, 111),
5.06-4.97 (m, 114), 474 (s, 214), 4.51 (dd, J = 3.6, 92 Hz, 111), 4.40 (dd, J 8.0, 9.6 Hz, 114),
4.18-4.14 (m, 21-1), 2.88-2.78 (n, Ili), 2.23- 2.02 (in, 211) ppm. LC/MS: R= 1.46 min, ES. 468 (AA
standard). Example 30: ((15,29,4R)-416-[(4-Chlorobenzyparnino]-9H-purin-9-y1)-2-
hydroxycyclopentyl)xnethyl sulfamate (Compound 1-23) [0250]The title compound was prepared
following the procedure described in Example la-f and Example 2h-j, using 4-chlorobenzylarnine
and 6-chloro-9H-purine in step lc. '14 NMR (300 MHz, CD,OD, 8): 8.23 (s, 114), 8.14 (s, 114),
7.35-7.25 (in, 414), 5.31-5.22 (m, 111), 4.79 (s, 211), 4.51-4.49 (br s, 114), 427 (dd,J = 7.5, 9.6 Hz,
111), 4.23-4.17 (m, 1H), 2.93-2.87 (m, 114), 2.47-2.30 (in, 214), 128-2.10 (in, 214) ppm. LC/MS: R
= 1.42 min, ES- 453 (AA standard). 



Exanrple 35: ((lSPsAR -*l+l(1.3-Benzodioxol-FyLnethyl)arrinol-7H-pyrroLoÍz,l!- ,-' 
P'ytittidi*7-yll2-hyðroxycydopenÇI)methylsulfamateCompor:nd(I-26)

l}?ßal the title compound was prepared following the procedu¡e described rn

Exarnple 2a-j using 1-(1,9benzod.ioxoÞFyl)methanarnine in step f. hf-xlr< (noo ¡w¿,

CD"OD,õ):8.09 (s,ItD,7.t5(èl,J=?.6I:2,tlJ,)'6-8r(s,rÍÐ,6'79(41 - 9'9Ëtz,7E)'6'70(d,l

= 7.s Etz, L]:I), 6.56 (d, / = g.6EIz,1\T),5.85 (s,2IÐ,5'a$535 (rn,1Ð, a-62 (s,2IÐ,4.494.42

(rç 1!Ð, 4.33 (dd, I = 7.6, 7.6 IJrz, rfÐ, 4.16 (dd, I = 7 3, 7.3 Élz' 1Ð, 2'8G2'70 (ur" lfÐ, 2'3t

2.1o (m,3þ, 2.0S1.94 (n, 1Ð ppm- LC,/Ìrß: \ = 1.oZ m¡n" ES. 462 (FA standard).

Exa.urpte 36: ((ls2s,aÐ-2-t(yà:mxy4{4-[(1-naphthylmet]ry)aminol-7H--p-yrrolol2þìIl-- pyrimidin-7-yl|þclopentyl)methylsulfanrate(ComPoundl-38)

10262l The title compound was prepared following ttre procedure desqibed in

Exarnpte 2a-j using 1-(1-naphthyl)methana¡nine irr steP f- tr NÀæ. (400 I\'ftfz, CD3OD' 6):

s.13 (s,1r!, s.11-s.0s (m, lII),7-8F7-u(xn'7E),7-77 (ð"1-82H4tÐ'7'52-z-a3 (* 3If)'

7Az-7.35 çî"tþr)'7-75 (d,I =3-6fra].kr),6-56 (d',1=3'?Hz'LIJ)'5'4fr'37 (m,1!Ð,5'19 (+

2ÍÐ,4.4f-4.42(t '71Ð,4f'4(dò',1=7'6'7'6Ij12'tTT)'4'77(dÀ'I=73,7'4Ítz'7ËÐ'2'43-2'7r
(m" 1II), 2.35-2.15 (nv 3Ð, 2.06-1.96 (rv 1!Ð pp¡n. LCllvfS: \ = 1'24 ¡nùL 468 ES* (FA

standard).

Erarrple 37: l(L',2s,4R)-2-Hydtory.+(+ll+(6fluorytetlyt)Uenz.¡tlaninopH-pyrrolo' 
1Z'Z¿lpyt¡rndn-Z-y¡cycfopentyllmethylsuuamãte(Compoundl-8)

to263l The title compor.md was prepared following t¡e procedure descdbed in

E><arnple za-j using 1-[4{Uifluorornethyl)phenyl]rnet¡anarrirre in step f. }f ¡,nr¡m (CD!OD,

400 MtIz, õ): 8.o8 (s, 1I!, 7.s6 (41 = 8.2 \fz' 2IÐ' 7-48 (ð" I - e'2H2" ?*f)' 7'tB (d', J = 3's w2'

fiÐ,658 (d,I=3,6Íf2,tIJ),5.4T5.4(rrv1Ð,4.8o(s'z}J),4Æ (brs, 1lÐ,4'33 (dd"l-2'1,

7-6Hz, tÍf),4.76 (dd, J = 2-3' 7-n Hz" 7EI),2-8I-272 (m, 1¡Ð,2'31-2'10 (rrl' 3Ð, 2'ß-1.97 (t*

1Ð ppm. LC,/N4S; I\ = 1.33 min, ES* 4s6 (FA standard)'

Exarrple 3E: l(1'2'AR),+(+l[11-Chloro-2-(uifluoromethyl)benz¡il]amino]-7H?ynolo- .- 
ià+¿¡pytiotia¡n-7-ytf2-hydrorygrcIopentyllmethyt sulfaxrraæ (Coarpound l-
42)

rcZf4.l The title compound was prepared following the procedure descibed in

Example 2a-j usmg l-l,tt-c]rlüc2-(trffluormrethyþhenylmethanamine in step f. H ¡r¡"t"ß.

(CD3OD 400 MÉIz,6):8.11 (s, 1rI),7'7O(s'tQ'7-65-7.ß(m"?ff)'7-23 (d'I =3'6htz,tÊÐ' 6'61

t13

Example 31: [(15,25,4R)-2-Hydrcory-4-(4-methyl-7H-pyrrolo[2,3-d]pyrimidin-7- yl)cydopentyllmethyl
sulfamate (Compound 1-46) Step a:4-Methy1-7H-pyrro1or2,341p7rimicline [0251)A 3.00 M solution
of magnesium chloride in THE (13.0 mL, 39.0 ounol) was added dropwise to a stirred solution of
4-chloro-1H-pyrrolo[2,3-d1pyr11Tidi1te (2.50 g, 16.3 mraol) and ferric acetylacetonate (700. mg
1.98 inmol) in THE (30.0 mL) under an atmosphere of argon- The resulting reaction mixture was
stirred at rt for 8 h. The mixture was poured onto a mixture of ice (100 mL) and ammonium chloride
(1.00 g) and the mixture was extracted with chloroform. Volatiles were removed in -yam, and C-18
column chromatography eluting with a gradient of 0 to 60% AcCN in water with 0.1% AA afforded
the title compound (1.50 g, 69%). LC/MS: R 0.94 min, ES+ 134 (AA standard). Ste b-15 S  -2-H-4-
4-meth I-7Hol 2 d methyl sulfamate (Compound 1-46) [0252]The title compound was prepared
following the procedure described in Example la-k using 4-methyl-7H-pyrrolo[2,3-d]pyrimidine in
step c. 1H NMR (030D, 300 MHz, 8): 8.69 (s, 111), 7.68 (d,1= 3.6 Hz, 114), 6.82 (d, J = 3.6 Hz,
1H), 5.63-5.51 (m, 111), 4.53- dro  4.49 (m.114), 4.37 (dd, J 7-- 7.5, 9.9 Hz, 1H), 4.20 (dd, J= 7.5,
9.9 Hz, 1H), 2.90-2.80 (m, 1H), 2.77 (s, 3H), 2.36-2.05 (in, 4H) ppm. LC/MS; 12, --a. 0.50 min, ES*
327 (FA standard). Example 32:
((1.9,28,4R)-2-14ydroxy-444-(2-phenylethyl)-71-1-pyrrolo[2,3-Apyrimidin-7-y11- cyclopentynmethyl
sulfamate (Compound 1-28) [02533The title compound was prepared following the procedure
described in Example 31a-b using chloro(2-phenylethyl)xnagnesium in step a. IH NMR. (0)20D,
300 MHz, 8): 8.62 (s, 113), 7_48 (d, J = 3.9 Hz, 1H), 7.19-7_09 (n, 511), 6.57 (c1,1=: 3.9 Hz 1H),
5.555,46 (in, 111), 4.49-4.46 (nn, 114), 4.35 (dd,J-.= 7.8, 9,6 1-1z, 114), 4.18 (dd, J ---- 7.5, 9.6 Hz,
114), 3.28-324 (rrt, 214), 3.10-3.04 (n, 21-1), 2.88-2.80 (in, 1H), 2.31-2.01 (in, 4H) ppm. LC/MS: R,
1.56 min, ES. 417 (AA standard). Example 33:
f(1.5,25,4R)-2-Hydroxy-4-[4-(2-methyl-2-phenylpropyl)-7H-pyrrolo[2,3-d3-
pyrirnidin-7-y13cydopentylintethyl sulfamate (Compound 1-50) (02541The title compound was
prepared following the procedure described in Example 31a-b using
ch1oro(2-xnethy1-2-phenylpropy1)Inagnesiurn in step a. 'H MAR (400 MHz, CD,OD, 8): 8.62 (5,
1H), 7.37-7.34 (n, 214), 7.25-721 (n, 211), 7.16-7.12 (in, 111), 6.15 (d, 11-1), 5.56-5.47 (in, 114),
4.49-4.48 (br s, 114), 4.37 (dd, J = 7.6, 9.6 Hz, 114), 4.22-4.17 (m, 111), 



@,1=gAtlz,ttÐ, s.4&s.39 (rn" 1IÐ, a.93 (s,2tÐ 
' a.49 (br s'7rf)' a36 (dd"l = 2'r,7'6 Hz' 7l+)'

a2O(dd,I =2.3,7-4t:tz"#fr,2-874.7a(l:t,7k1¡,238.2.12 (rrv 3IÐ,2-09-1'97 (m, 1þ ppm'

LCINÁS: \ = 1.29 !lin, E9' 520 (FA Etandard).

Þ<a.rrple 39: GS25/4R)4.t4.t(2,a-Didilo¡obenzyl)aminoJ-7H-pyrrolo[23-d]pyri¡nidin-7-
yi¡Z-frydroxycycloPent]¡l)methyt sutfamâte (Compotmd I-19)

fo265l Ttre tide compound lr'as PrePared following the procedure described in

Example 2a-j r.rsing 1-(2,rLdichtorophenyl)metìanamine in steP f. hI NMR (CD9OD 4Oo

t¿tr{a ô)r 8,10 (s, 7LÐ,7.46(s,7Ef),7.92(dvl = 83Éþ,181)'7'2*7'2O (n"zËt ' 6,61(d, t - 3'5

tIz,LÍÐ,5-5+537 (rn,t6),4.924.74(s.EI),4A9 þt s,7}'i),4.37 ldò.I-2.I,7'6H[z'arÐ'4'1i9
(dd,I -2.4,7.3712,7Ð,2.8&272 (tr+ 1lÐ, 2.a0-2.17 (nrv 3tl),2.11-1.98 (m, UÐ PPm' LClIrß:

\ = 1.37 nirr ES' 488 (FA sbndard).

Eranple 40: ((ll2sAR)+l+I(3,5-Dicl¡Io¡obenzyl)umino¡'Za-p¡'-"to[2Br'lpyrimidin-7-
y$-2-hydroxyqæIoPentyl)methyl sulfamâre (CoñPound I'1O

t02661 Ttre title compound was prepared folloï'ing tlrc Procedu¡e described in

Êxample 2a-j using 1-(3,Sdrclùorophenylþcthanamine in step f. rH NMR (CDsoD 4100

MlIz,ô):8.10 (s, llÍÐ,73r7.23(m"slJ'r,7.19 (d,I =3-6IJz'7tÐ'6-58(d'I=3'6L.Iz'fiÐ,s'a*
5.a5 (rn"1Ð, a.69 (s,2IÐ,4.115 (br s, ttÐ,^$çð.J=2.L,7.6È'9,,7IÐ.4-L6(dLð',I=2-4'7-gÉrz,

7\1),2.55;2.72(ll¡7ÍI),23&-2-73 (n:.,3lF'),2.o7-t-94 kî,1Ð PPm- LC,/Nß: \ = 1'38 mi¡v ES*

a58 (FA standad).

Eråmple 4l: IGS2SAR)-2-Hyd¡ory-a.(4-((1R 2'S>2-n eùDxy'2þdihydro^1fl-inden-1-vll-- am¡nol-7F-pynolol2þillPyriñidin-7-yl)cyclopentyllmethylsulfamate
(Compound I-52)

Step a: f"/f-ButJtt [(1R2$-2-hy-droxy-23-dihyCJglH-inden'1-yUg¡r-b.amete

IO26n (U.2S)-1-Aninoindan-2-ol (1,83 p 123 mmol) was dissolved in DCM (70-0

mL) and TEA (3 .42 rrú- 24.5 fiirrol) wãs added, Di-ferr-buþzldicarbmate (2-81 g, 12'9 mmol)

was added at rt and the reactiolr mixh¡re was süf¡ed for 5 h, The soluüon lvas conce ¡ated

in vacuo and pur¡fied via silica gel cluomatography elutirrg r rith a gEadient of 0 to 1o0y"

EtOAc in hexanes to afford the title coúrPound (3.12 ga1oþ- LCllvfS: ¡1 = f .s5 mi¡u ES'

250. (AA standard).

2.93-2.87 (in, 1H), 2.89-2.80 (m, 114), 2.31-2.19 (m, 3H), 2.07-2.00 (in, 111), 1.43 (s, 611) ppra.
LC/MS: lc = 1.59 mirt, ES* 445 (AA standard). Example 34:
(15,2S,4R)-4-[4-(Acetylamino)-7H-pyrmlo[2,3-dlpyrisnidin-7-ylI-2- hydroxycydopentyilmethyl
sulfamate and
[(18,7-5,4R)-4-(4-amino-7Hpyrrolo[2,3-d)pyrirradirt-7-y1)-2-hydroxycyclopenty13methyl sulfamate
(Compounds 1-9 and 1-13) Step a:(15,25,4/1)-4-(4-Amino-71-1-pyrrolo[2,3-dlpyrimiclin-7-y1)-2-
(hydroxyrnethyllcvelopentanol  [02551A solution of
N-(2,4-dimethoxybenzy1)-7-[(4aS,6R,7a5)-2-(4-metho3Cyphertyl)-
hexakrydrocyclopentald3[1,3jdioxin-6-y11-714-pytrolo[2,3-41pyrimidin-4-amine (123 mg, 0238
mmol, prepared following the procedure described in Example la-f using 2,4
dirnethoxybenzylamine in step c) and Ac014 (1.00 ml., 17.6 rrunol) in water (0.500 mL) and THP
(0500 raL) were stirred at rt overnight. The reaction mixture was concentrated in vacuo and
purification by silica gel chromatography eluting with a gradient of 0 to 10% Me014 in IDCM
afforded the title compound (43.0 mg, 73%). LC/MS: R1= 0.15 min, Es 249 (FA standard).  Step
b:(18,25,4R)-4-(4-Amino-7H-pyrrolo12,3-d1pimidin-7-v1)-2-aftert-
butyl(dimethvi)silylloxvImethvilcyclopentanol  (02561To a solution of
(1.5,25,4R)-4-(4-amino-M-pyrrolo12,3-d)pyrimidin-7-y1)-2- (hydroxymethyl)cydopentanol (43.0 mg,
0.173 nunol) and irnidazole (25.0 mg, 0.367 mmol) in dry DM'S (2.00 mi.) at 0 C was added
tert-butyldimethylsilyl chloride (29.0 mg, 0.192 rranol). The solution was stirred at rt for 2 h and
concentrated in vacno, the residue was dissolved in water and extracted with Et0Ac. The combined
organic extracts were dried over MgSO4, filtered and concentrated in vacuo to afford the title
compound (50S mg, 81%), which was taken on without further purification. LC/MS: F., = 1.38 min,
ES+ 364 (FA standard). Step
c:(1.5,26,4R)-4-14-(Acetylarninq)-7H-pyrrolor2,3-cflpyrinaidin-7-y11-2-(Iftert-
hutyl(dirnethyl)silylloxyhriethyl)cyclopentyl acetate [0251To a solution of
(1.5,25,4R)-4-(4-amino-7H-pyrrolo12,3-crIpyrimidin-7-y1)-2-
(Wert-butyl(dimethyl)silylloxylrnethypcyclopentanol (125 mg, 0.345 trawl) in pyridine (2.00 rriL) at
0C was added acetic anhydride (0.380 roL, 4.03 mmol). The solution was stirred at rt overnight.
The reaction mixture was diluted with DCM and water. The layers were separated and the aqueous
layer was extracted with 0CIV1. The combined organic layers were dried over MgSO4, filtered and
concentrated in yarn. The residue was purified by silica gel chromatography eluting with a gradient
of 0 to 50% Et0Ac in hexanes to afford the title compound (47.8 mg, 31%). LC/MS: lc -1.68 min,
ES+ 447 (FA standard). Step d:(1.5,25,4R)-444-(Acetylanurio1-7H-pwrolo123-dlpyrirrtidM-7-y11-2-
(hydroxymethyncyclopentyl acetate  [0258]To a solution of
(15,25,4R)-444-(acetylamino)-7H-pyrrolo[2,3-d]pyrimidin-7- 



Step b:,¿rf-Bulyl Ll1E35ì-2-medjpv-23dihyd¡eltl-inier¡-1-yllcarbamate

[026E] A mixhrre of farl-butyl [(1Rps)-2-hydroxy-2þð;lrydro'1H-inden-1-yl]-
carbanate (680 mg.2Æ mmol), DMF (21.1. nL), bariur¡ monoxide (5.02 g,32.7 nnol),
bariurrr hyilroxide (2.80 g; 16.4 mmol) and iodomethane (7.7O n{-273 rnxrol) was stirred

overnight. ICllrLS showed no ctarting material. The ¡eaction was quenched via addiüon of

a eatf¡ated solutior¡ of sodiu¡n bicafbcnate and ì zas e)diacted with DCM. The organic layer

was washed with water (3x), dried qvel sodiurn sulfate end cqrcenbat€d in vacuo. The

residue was purified via silica ge¡ drrornaography eluting witl' a gradieît of 0 to sop¿

EtOAc in hexanes to affo¡d the title compor:nd (178 m g ?5%\ LC./luß: & = 1.24 mtn, ES'

264 (AA standard).

SteDc l1R2Sl2-Methoxvindan-1-amine

10269l loferf-butyl(fRlSl2-rnethoxy-2,Tdihydro-1lI-inden-1-yllcarbamate(253

m& 0,961 mmo¡) wa6 added a 4.00 M solution of hydrocl¡loric acid in l,4-dio><ane (5.00 ¡nL)

and tlre mùtu¡e was stirred for 10 rnin, afÞrwhictr a white solid crashed out. the
suspension was co¡rce¡rEated in vacuo arrd cævaporated wlth toluene to afford a whtte

solid, which was dissolved in water. The solution was adjused to pH 10 via addition of
sodium ca¡bo¡rate. Tlre m¡xt¡¡¡e r^¡aÉ tlefì exrracted with dlethyl ether (3 x 30 mL) and the

orgarric exEacts ryerc conc€ntraied in vacuo to aff,ord tlre title compound (750 mg, 997o).

IÆ116: \ = 9.35 miIL ES'164 (AA standard).

Step d: rl1S.2.9lß)-2-IlyS_g¡w+1,!1-l[JlR¿Ð:àr+ç.tboà.y:2.3-dihydro-1lt-indeftl+ll-
arninoì-7fl-pwr¡olof 23dlsvrimidin-7-vllcvdoÞentvlìrnethvl sr.rlfamate
lCo¡noound I-52ì

lO2:7O\ Ihe title corrpound v/as prepared following the procedure descdbed in

Exarrple 2aj using (lR 2s)-2-metfroxyindan-1-âmine in step f, r}I NIÀ/ß, (CD9OD ñOlù/Hz,

õ):8.2o (s,ttf),7,27-7,14(rn,'H),6,67 (d,I =3.6H41IÐ, s.90 (d,I= 5zHz,lll)' 4.49 (91=

3-S fiz,lþI).437 (dd,l = 7-69.7 þ12,7$,4.37-4.28 (a 7E{), Lzo (dðe I =7-3,9.71f2,7Írf),33t-
3.29 (n,aTI)3.r9a.os(m"2}r),2.*277 (n,7Ê1),237-2-2O(nt,3ÍT1,2.O&2.00 (nL 1fÐ ppm-

LC,/lvIS: \ = r.¿6 min, ES' lt74 (AA slandard).

y11-2-(atert-butyl(dimethyl)silynoxylrnethypcyclopentyl acetate (47.0 mg, 0.105 nunol) in a mixture
of ITIF (2.00 rriL) and pyridine (2.00 mL) was added pyridine hydrofluotide (10 drops). After 2 h,
additional pyridine hydrofluoride (15 drops) was added and the solution stirred for an additional 2 h.
The reaction was quenched via addition of saturated aqueous sodium bicarbonate solution and
extracted with Et0Ac (2 x 50 InL). The combined organic extracts were dried over MgSO4, filtered
and concentrated in vacuo. The residue was purified via silica gel chromatography el-uting with a
gradient of 0 to 10 % Meal in 0CN1 to afford the title compound (29.0 mg, 83%). LC/MS: lc = 0.76
rain, ES + 333 (FA standard).  Step
e:(15,25,410-444-(Acetvlarnino)-7H-ovrrolof2,3-apyrimidin-7-v11*
Inarninosulfonyflordrnethyl)cyclopentyl acetate (0259)A solution of
(13,25,4R)-414-(acetylamino)-711-pyrrolo[2,341pyrimidin-7-y11- 2-(hydroxymethyl)cyclopentyl
acetate (63.0 mg, 0.190 mrnol) and pyridine (0.0800 inL, 0.989 nunol) in AcCN (5.00 mL) at 0 C
was stirred for 15 min. A 0.641 M solution chlorosulfonamide in AcCN (0.640 rriL, 0.410 rrunol, a
prepared in 1j) was then added slowly. After 2 h another portion of the chlorosulfonamide solution
(0.72 int, 0.462 nunol) was added and the reaction was stirred for 1 hour. The reaction was then
concentrated in vacuo and the residue was purified by silica gel chromatography eluting with a
gradient of 0 to 10%1VIe0H in DCM to afford the title compound (MO mg, 100%). LC/MS: R1=
0.81 min, BS+ 412 (FA standard). 18 5 4R -4- 4- Ace lami 7H01p din-7 hydroxycydooentyllmethyl
sultanate and [(152$AR)-4-(4-amino-7H-pyrro1012,3-tilpyrimidirt-7-y1)-2-hydroxycyclwentyllmethyl
sulfarnate (Compounds 1-9 ancni.8 [0260)To neat
(1S,25,4R)-4-[4-(acetylarnirio)-7H-pyrrolor2,3-d)pyrimidin-7-yll-2-
(E(aminosulfonyl)oxylmethyl)cydopentyl acetate (78.0 mg, 0.190 nu-nol) was added a 7M solution
of ammonia in MeOkl (5.00 mL) was stirred at rt overnight. LC/MS showed partial conversion to the
intermediate mono-acetylated compound, the desired product and some starting material
remaining. The reaction mixture was concentrated in vacuo and the residue was purified by
reverse phase chromatography to afford 1(15,25,4R)-444-
(acetylamino)-71-1-pyrrolo[2,341Pyrimiclin-7-y1]-2-hydroxycyclopentyllmethyl sulfamate (0.900 mg,
1.3%) and [(1S,25,4R)-4-(4-arnirto-7H-pyriolo[2,3-11]Pyrixrddin-7-y1)-2- hydroxycyclopentylimethyl
sulfamate (6.50 mg, 11%). Analytical data for {(15,254R)-444-
(acetylamino)-7H-pyrrolof2,3-d]pyrimidin-7-y1]-2-hydroxycydoperitylimethyl sulfamate (Compound
1-9): 1H NMR (400 IVIETz, CD3C0D, 8): 8-48 (s, 1H), 7.47 (d,f = 3.8 Hz, 1H), 6.82 (d, J 3.8, 1H),
5.65-5.48 (in, 11-1), 4.60-4.45 (in, 111), 4.40-4.27 (m,424.411 (m,11-1), 2.96- 2.80 (in, 1H),
242-2.13 (m, 6H), 2.18-1.93 (m, 1H) ppm. LC/MS: R, = 0.98 min, ES* 370. (FA standard).
Analytical data for [(15,25,4R)-4-(4-arnino-7H-pyrro1o[2,3-cflpyrirnidin-7-y1)-2-
hydroxycycloperityllmethyl sulfarnate (Compound 1-18): 1H NMR (400 MElz, CD30D, 8): 8.09 (s,
1H), 7.30 (d,f = 3.8 Hz, 1H), 6.66 (d, J = 3.5 Hz, 1H), 551-5.41 (m, 1H), 4.51-4.48 (m,1H), 439-4.33
(m,1H), 4.21-4.16 (in, 11-1), 2.85-2,79 (m, 1H), 2.33-2.18 (m, 3H), 2.09-2.00 (in, 1H) ppm. LC/MS:
R., = 0,85 min. ES" 328 WA standard).  Example 35:
((15,25,4R)-4-(44(1,3-Bertzodioxol-5-ylmethy1)amin0]-7H-pyrr0l0(2,3-61-
pyritnidin4-ylj-2-hydroxycyclopentypmethyl sulfamate Compound (1-26) [0261]The title compound
was prepared following the procedure described in Example 2a-j using
1-(1.3-benzodioxo1-5-y1)xnethanamine in step f. IH-NMR (400 MHz, CD30D, 8); 8.09 (s, 1H), 7.15
(d,J = 3.6 Hz, 1H), 6.81 (s, 1I-1), 629 (d, J = 9.9 Hz, 1H), 6.70 (d,J = 7.8 Hz, 114), 636 (d, J r. 3.6
Hz, 111), 5.85 (s, 2H), 5.45-535 (m,4.62 (s, 2H), 4.49-4.42 (in, 1H), 4.33 (dd, J= 7.6, 7.6 Hz, um,
4.16 (dd, J = 73, 7.3 Hz, 1H), 2.86-2.70 (n, 114), 2.35- 2.10 (in, 311), 2X)5-1S4 (m, 1H) ppm-
LC/MS: RI = 1.07 min, ES+ 462 (FA standard). Example 36:
(0.5,25,4R)-2-1-1ydroxy-4-14-[(1-naphthylmethyl)amino]-714-pyrrolo[2,3-.11- 



Exanrpletl2: t(1s,25,4R)+(4{tGs)-3'}Dirnethyl-2.}dihydro^tI-inden-1-y'Jâminol-7H-- 
iþorotas_4;Ëùiei.-z-yu-z-hjdroxycydopenty[metlrylsulf_ amatcll9-
f6s Zs'+n+<i{t(1R)-3"}áirethÍt-2t-dihydro-1H-inden-1-yl]anino}-7H-
iy.iuáf ¿ã¿lÞiìiudin-7-yl)-2-hidrcxycyàoperrtyllnrethyl sulf a¡nate

(ComPor:nde I-14 and I-21)

Slppa: 3,3-Dimethylindan-1-one.oxime

l}271J To a solution of 3,3dimethytindan-1-ote (1'16 g'72f mnol) and

hydroxylamine hydrocfùoride (131 I 18.8 rrrrol) in lvfeOH (20'0 mL) was added a solution

of sodium hydro Yjrde (765 r 8,'79.1 mmol) in water (10'0 mL)' The mixh¡re was heated to 8o

"C for 2 h. The cooled ¡eaction was corrcentrated in vactro a¡rd partiticred between DCM

and wate¡. The organic layet was sqrarated and corrcenEated in vacuo to affold tl€ tide

corn¡rourrd as an clil (1"?3 g,'gn">' LC'IM5: \ = r'61 min' ES' 176 (A'A sÞndard)'

Sæpb: 3,lDimethylindann-amine

lo77?ll 3¡-Dimethylindarr-1-øre oxime ('J'22 & 6'96 î:úaol, was dissolved in MeOH

(2O.0 mL) arrd palladiuur (10 weþht Percent ûr carborr" 500á wate¡ wet, 148 mg) was added'

TlEreactionwasplacedurrderanaftrosphereofhydrogetrandwasstirfedovernight.The

mixture was tlleri flltËed ifuough Celite, washed ttuougþ with MeOH arld tlre filtates

concentrated invacuo to affo¡d ttre product as a grey oil (1'12 g' 1007')' I€llvf'9; R, = 1'Q4

IIlin, ES. 162 (AA standa¡d).

Ste.gc: f (1s2SaRl-a(+{(1sl33DimethyP3'-êihy,dro-1H-.indel-1-ytlâr- ún-o]-7+

@++¡v,@
@xJzçycloPentyl meüryJsr¡f amate
(Compounds l-1+ ú.þ2l)

1@731 The title corrpounds were plepared fotlowing Ure procedu¡e desc¡ibed in

Exarrple la-g arrd then Exampl,e ã-j using 33-dimethylindarr-1-amine in step 1c lte
mixture was spalâted into iÈ comPonefit diåstereomsrs via chi¡al HPLC (ChLalPac -AF
RH, 20 mn ID x 250 mrç 5 rrtcton column eluting rrvlth 55'l" water i¡¡ Acq\ with 0'1% A.A

at 6 rrllrninuÞ): Peak A - 21'4 min, f1s2'AR)+(+lt(1ß)-3"3-diñethyl-¿3-dihydralH-

inden-l-yllaminol-z*-pynoloÍ2,Sdlpyrimidin-7-yl)-2-hydrorycydopentyÙmethyl

sulfarnate, R-€nantiomer (compound I-21), Peak B - 22,ó mi& tos2s,4¡)+(4.f (1s)-3'9

dirnethyl-2,3-dihydxo'l'ÉI-inden-1-yllamino)-7H-pyrrolot2,Sdlpyrirnidin-7-yl|2-

hydrøxpyr-IopmtylJmethyl sulfamate, ,ienantio¡r¡er (Conrpound I-14)' Tf W¡"m' (COgOD

300 MÉIz,õ):8.16 (s'lÊt),7.2*7-7o(m,slf),6.63 G,I =s.6Hz'7|Ð'5.93 (v] =8.1Ëtz'L|Ð,

tt6

pyrimidin-7-yllcyclopentypxnethyl sulfarnate (Compound 1-38) [0262]The title compound was
prepared following the procedure described in Example 2a-j using 1-(1-naphthypmethanarnine in
step f. 11-1NMR (400 MHz, CD30D, 8): 8.13 (s, 11-1), 8.11-8.05 (in, 114), 7.89-7.84 (in, 1H), 717
(d, f = 8.2 Hz, 1H), 7.52-7A3 (n, 3H), 7.42-7.35 (m, 1H), 7.15 (d, J = 3.6 Hz, 114), 6.56 (d,J = 3.3
Hz, 1H), 5.45-5.37 (m, 114), 5.19 (s, 211), 4.48-142 (n, 114), 434 (dd,j = 7.6, 7.6 Hz, 114), 4.17
(dd, j = 73, 7.4 Hz, 113), 2.83-2.71 (m, 1H), 2.35-115 (in, 31-1), 2.06-1.96 (m, 11-1) ppm. LC/MS:
Ri = 1.24 min, 466 ES+ (PA standard). Example 37:
[(16,25,4R)-2-Hydroxy-4-(4-([4-(trifluoromethyl)benzynamin" ob7H-pyrrolo-
(2,3-d1pyrimid2n-7-y1)cydopenty11methyl sultanate (Compound 1-8) (02631The title compound
was prepared following the procedure described in Example 2a-j using
144-(trifluoromethyl)phertyllmethanarnine in step f. 114 NIVIR (CD,OD, 400 MHz, 8): 8.08 (s, 114),
7.56 (d, j 8.2 Hz, 211), 7.48 (d, J = 8.2 Hz, 211), 7.18 (d, J = 3.5 Hz, 114), 6.58 (d, J = 3.6 Hz, 1H),
5.43-5.34 (in, 111), 4.80 (s, 2H), 4.45 (br s, 1H), 4.33 (dd, j = 2.1, 7.6 Hz, 1H), 4.16 (dd, J = 23, 7.4
Hz, 114), 2.81-2.72 (in, 11-1), 2.31-2.10 (in, 311), 2.05-1.97 (m, 114) ppm. LC/MS: R = 1.33 min,
ES+ 486 (FA standard). Example 38:
[(15,25,4R)-4-(4-1[4-Chloro-2-(trifluorotnethy1)benzyl]amino)-71-/-pyrrolo(2,3-d]pyrimidin-7-y1)-2-h
ydroxycyclopentyllmethyl sulfaxnate (Compound I- 42) [0264]The title compound was prepared
following the procedure described in Example 2a-j using
144-chloro-2-(trifluorornethyl)pheny11methanamine in step f. 114 NMR (CD30D, 400 MHz, 5): 8.11
(s, 111), 7.70 (s, 114), 7.65-7.46 (n" 2H), 7.23 (d, J = 3.6 Hz, 113), 6.61  (d, J = 3.4 Hz, 111),
5.48-5.39 (at, 1H), 4.93 (s, 2H), 4.49 Ox s, 114), 4.36 (dc!, = 2.1, 7.6 Hz, 1H). 4.20 (dd, 1 = 23, 7.4
Hz, 111), 2.87-2.74 (in, 111), 2.38-2.12 (n, 311), 2_09-1.97 (m, 114) ppm. LC/MS: R, =129 min,
ES' 520 (FA standard). Example 39:
((1.5,25,4R)-4-144(2,4-Dich1oroben2yl)amato3-7H-pyrr010[2,3-d1pyrimiding-
y1)-2-hydroxycyclopentyl)methyl sultanate (Compound 1-19) (02651The title compound was
prepared following the procedure described in Example 2a-j -using
1-(2,4-dichlorophenyl)methanamine in step 1. 11-1 NMR (CD,OD, 400 MHz, 5): 8.10 (s, 114), 7.46
(s, 111), 7.32 (d, 1= 83 Hz, 111), 7.29-7.20 (m, 214), 6.61 (d, J = 3.5 11z, 114), 5.54-537 (m, 114),
4.92-4.74 (s, 214), 4.49 (br s, 111), 4.37 (dd, J -= 2.1,7-6 Hz, 114), 4.19 (dd, I = 2.4, 7.3 Hz, 111),
2.88-2.72 (m, 114), 2.40-2.17 (in, 314), 2.11-1.98 (m, 111) ppm. LC/MS: R., 1.37 min, ES. 488 (FA
standard). Example 40: ((15,25,4R)-4-(44(3,5-Dichlorobenzyl)arninok7H-pyrrolo[2,3-dlpyrimidin-7- 



s.s1.-s38 (m, 1IÐ, 4.48 (br s, 1IÐ, 4 s7 (dd,,l = 7,6,9-7 Ëtz,tHt:),4-2o (dd,'I =7'4 9'6rIz'1ÍÐ,

2.s8-2'72(m,7ht)'2.47 (dd,t:7-3'12-4Ëtz,tLT)'237-2'79 (m'3Ët),2'Ú3(ddd'I =a'5'9'2'73'9

Ëlz,7tt),1-9g (iid,I = g.l,lz3 Hz,7IJ.),7.42 (r CËf),1.27 (s,3FI) ppm' LCllvlS: R,- 1'66 min"

ES* 472 (AA standard).

Exaurple 43: ((1s,2s,4R)'4.(4.((1S)-3,1Dimethy1-2,3öhydrulll-inden-1-yllarninol-7H-- 
pyrrolof2þdlpyiaidtn-7-y[2-hydrorycyctopentylmethylsr'üfamate
(Compound I-14), Chißl qmthesis

Slep a: (X\-2-{f(1sÈEFDünethyl-2.3-di4ydrc-1H-iEè-e.n-1-ylarninpl-2'Phenylethanol

lW74l To a solution of 3Sdinethylindan-l -úß (925 rllr9, 5'77 mmol) and (RF(-)-2-

plrenylglycinol (893 mg, 6,51 mmol) in toluene (10.0 url) was added p-toluenesulfonic acid

monohydrate (62.5 rnp 0.328 runol). lhe ¡eacËon rvas heaþd to ¡eflux r'¡xder an

atmoqrhere of niroæn for 90 min. At this poinL the müture was cooled and diluæd with

toluene (10.0 frìL) . The mixtu¡e was wa.stìed lvith gatu¡ated aqueous sodium bica¡bonate

solution a¡¡d water. fte orgarric layef was concenhated in wac-uo and tlìe fesidue r¡vas

dissolved in THF (10.0 mL) and cooled to 0 oc. Aceüc acid (1.13 rnl, 19.9 ¡runol) was added,

followed by sodiuzn borohydride @51 mp 6.64 mmol) and the ¡eaction was auowed to

$rann to rt ovemight. Itle ûrixtu¡e was partitiøred between DCM a¡rd satufated aqueous

sodiu¡r bicarbqrate solution. The o¡ganic fayer was concentrated arrd silica gel

cluorratography elutrrrg with a gradient of 5 to 35% EtOAc in DCM afforded' the title

compound (1.49 8,74v"). \E/NLï: & = r-92 min, Es' 282 (AA starrdard)'

SÞt)b; (1sh?3-Difitet\y¡indãn-1-âmi4e

aüÌ7lsi A solulionof (2R)-2-Jt(15)+3d¡¡nethyl-2,3'dihydrclH-inden-1-y!aninol-2-

phenylerhanol (1.44 & 5.13 mûìol) ¡n lvIeoH (a0.0 mL) \A¡¡aa added to a Etired solution of lead

teEaace tate (3.75 g, 8.03 mrnol) rn Ù[eoII (60.0 ffrl) at 0 'c dloPr ¡ise ove¡ 20 min. After

stifrlng for 115 mirL the ¡eaction was quef¡ched via additio¡r of a 1094 solutiur of sodium

cafbonete in water (76.0 mL) a¡rd the mtxture was stù¡èd fol' 1,0 min. DcM (200 mL) was

then added and the layers were separated- The aqueot s layer was o(facted with DCM (50-O

mL). Ttre combined orga¡ic layers wete cuúentfated in vacuo and tlre Ésidrre was

dissolved in ethanol (190 mL) and EeaÞd wlth a 10.4M aqueous solution of hydrodrloric

acid (5,7o xtú-,59.3 ñmol). The resutüng mixtu¡e was then heated þ ¡eflux fo¡ 16 h. The

cooled ¡eaction rvas concentratd in vacuo afìd Partitioned between watel (150 mL) and

diethyt ether (50.o rrl). fhe aqrreor:s layer was adjusæd to pH 10 via addition of sodium

tt7

y1)-2-hydroxycyclopentyl)rnethyl sulfamate (Compound 1-16) 102661The title compound was
prepared following the procedure described in Example 2a-j using
1-(3,5-dichlorophenyarnethanamine in step f. IHNIVift (CD,OD, 400 MHz, 6): 8.10 (s, 114),
7.35-7.23 (m, 311), 7.19 (d, I = 3.6 Hz, 114), 6.58 (d, J= 3.6 Hz, 11-1), 5.49- 5.35 (m, 1H), 4.69 (s,
211), 4.45 (br s, 1H), -433 (dd, I = 2.1, 7.6 Hz, 1H), 4.16 (dd, 1 = 2.4, 73 Hz, 111), 2.85-2.72 (in,
1H), 238-2.13 (m, 3H), 2.07-1.94 (m, 114) ppm- LC/MS: Py r. 1.38 min, ES 488 (FA standard).
Example 411
[(15,25,4R)-2-Hydroxy-4-<4-1[(1R,25)-2-methoxy-2,3-dihydro-111-ind.en-1-yl1arnino1-7H-pyrrolo[2
,3-clipyrimidin-7-y0cyclopentylI1Ttethyl sulfamate (Compound 1-52) Step a:tert-Eutvl
faR2S):2-hydroxy-2A-dihydro-1K-inden-17ylicarbanate [0267](1R,25)-1-Aminoindan-2-ol (1.83 g,
123 rnmol) was dissolved in DCM (70_0 mL) and TEA (3.42 ads, 24.5 nunol) was added.
Di-tert-butyldicarbonate (2.81 g, 129 tnmol) was added at rt and the reaction mixture was stirred for
5 h. The solution was concentrated in vacuo and purified via silica gel chromatography eluting with
a gradient of 0 to 100% Et0Ac in hexanes to afford the title compound (3.12g. 100%). LC/MS: 11, =
135 min, ES' 250. (AA standard).  Step b:tert-Butyl
[(1R2,5)-2-methoxy-2,3-dihydro-1H-inden-1-ylicarbamate [0268]A mixture of tert-butyl
[(1R,25)-2-hydroxy-2,3-ciihydro-1H-inden-1-y1]- carbamate (680 mg. 2.73 rrunol), DMF (21.1 mL),
barium monoxide (5.02 g 32.7 mmol), barium hydroxide (2.80 g, 16.4 rrimol) and iodomethane
(1.70 mL, 27-3 trump was stirred overnight. LC/MS showed no starting material. The reaction was
quenched via addition of a saturated solution of sodium bicarbonate and was extracted with DCM.
The organic layer was washed with water (3x), dried over sodium sulfate and concentrated in
vacuo. The residue was purified via silica gel chromatography eluting with a gradient of 0 to 50%
Et0Ac in hexanes to afford the title compound (178 mg, 25%). LC/MS: R., = 1.24 min, ES. 264 (AA
standard). Step c:(1R25)-2-Methoxvindan-1-amine [02691To tert-butyl
[(1R,25)-2-methoxy-2,3-dihydro-1H-inden-1-yl]carbarnate (253 mg, 0961 mmol) was added a 4.00
M solution of hydrochloric add in 1,4-clioxane (5.00 and the mixture was stirred for 10 min, after
which a white solid crashed out. The suspension was concentrated in vacuo and co-evaporated
with toluene to afford a white solid, which was dissolved in water. The solution was adjusted to pH
10 via addition of sodium carbonate. The mixture was then extracted with diethyl ether (3 x 30 mL)
and the organic extracts were concentrated in vacuo to afford the title compound (150 wig, 99%).
LC/MS: RI = 0.85 min, EC 164 (AA standard). Step
d:111.5.25,4R)-2-X-Tydroxy-4(4-11(1/2aS1-2-methoxy-2,3-dihydro-1H-inden-l-y11-
arnino)-7H-pyrrolo[2,3-dlpyrimidin-7-y1)cyclopentvlirnethyl sulfamate (Compound I-52)  [02701The
title compound was prepared following the procedure described in 



carbonate arad extracted with dÍethyl etlrer (3 x 50.0 nrl.). The combined organic laye$ rvere

cþnceriEated in vacuo and silica gel drromatogtaphy eluting with a gradient of 0 to loyo

MeOII in DCM þ afford the ti?ìe cornpound as a pale yellow oil (1120 ng, Elyo). 
tH NMR

(CD3OD 300 MIiIz, E)=7.3+7.14 (rrt,4Pt), ar$4-37 (rrç lrf ,2.38 (àd,I :7.7,72-4I{z,7lÐ, t-73

þr s, 2IÍ), L.6o (ò+ I = 8.7, rz.ALIz, ttÐ, 7.39 (r3m, 1.19 (s, 3þ ppm.

Strp c t(r52_54R)-4.(+f [(15F33-Di¡çetÌ¡Jz.l-23dihyd¡o,1ll-inder.r-1-yllaryinoì-ZH:
evrmlol2SdlpJ¡rimidi¡r-7-ylÞ2-hyd¡ory. cyg:lopengllmethyl eulf amate
(Compound I-14)

10276l titÌe compound was prepared follo$ring the pmctdure described ¡n

Exanple lag arrd then Example ã-j ueing (1SÞ3¡-diuethylÍndan-1-amtrre ln step tc. Chtual

HPLC showed coelution with the compound synthesÞed rn Exarnple /t2ß,,PeakB-

Analytical data identical to Exa¡rlple at2c.

Ennrplett4r Í(752-SAR\+(+{[(15)-FchlorG.Zjdihydro-1H-inden-1-y!amino]-ZH-
$ffaqrâte,

IOZTI Ïbe title compound was prepafed following ttre procedr¡¡e described in
E:<ample tlíla-b and ther¡ Example zf-j wing Fchloroindari-l-one in step 49â ând (1S)-S-

ctrloroindan-l-ami¡re in siep 2f. The potåssiün salt $ras forned following the procedure

descibed in Exarrple il, 'H NMR (CD3OD SOO MI{2, õ): 8.r.? þ,t'f),7.2&Z.to (rn,aËf),6.62

@,1=3.6H2,7fÐ,5.82(LI =7.7 IJ¿,lIí'),5-a+(qô,1= 4.6,83rfz.,rlã),4.8(br s,tIJ),4sz
(dd,I-7.6"9.7fþ,7tT),4.L9(dd,l:7a,9.7¡u,LIJ.), a.o9(q,J=7.LEIZ,,7r{),3.o5(ddd,l:
33,4.6,t5.9Ífz,tll),2.9&2-71(n1-2}J),2.e@ñ,1=3.s.7,7,1,L211¡.,!Éf),2.sv2.74(n,3H),

2.OS (dà" I = L.+ 8-6 Ha 7f\ ppm- LC,/ùÎS: 4 = 1.5s mi& ES 47s (AA sra¡da¡d).

Er.urple tllir t[S,25AR)+(+ItþS)-5-flrcto-23-dihydro-1}I-inden-1-yttaminof-ZlJ-pyrrole
l2Bdlpyt'tmidin-7-yl)-2-hydroxycydopenþlmethyl sulfarnate (Comþound I-
36)

1O27El The üUe mmpound was prepared following the procedr¡re described in
Exarrple rl4 uslag Êfluo¡oi¡rdan-1-one. I{NMR (CDgOD 400 MIJZ, ô):g.17 (s,I'J'),jZS-

7-r9 (tyzJf),6,99-6,85(n,zlr),6-63 (dvl =3,6ltz,tÍÐ,s.eLg,I=7.5k12,7H),5.a95.a1.llrIt,
7þI), 4.4e G, l - 3 -6 H4 LIJ), 4.37 (d¡d, I = 7.6 9.7 Hz, 1IÐ, 420 (dd, / = 7.+ 9.7 YIz, LEt), 3.tz-
s.æ (nt"1tÐ,2-9!t-2,87 (atIiI),2.W2-75 (r+ttÍ),2-@-2.61 (m,1II),2.36-219 (¡ru sIÐ,2.1G
1.97 (m,ztl) pprn LCllvfS: \ = 1..5 mtn" ES'462 (AA srafrdard).

Example 2a-j using (1R,25)-2-rnethoxyindan-1-amine in step f. 113 NMR (CD30D, 400 MHz, 8):
8.20 (s, 11-1), 7.27-7.14 (in, 5H), 6.67 (d,/ = 3.6 Hz, 1H), 5.90 (d, J = 5.2 Hz, 1I-1), 4.49 (t, f = 3_5
Hz, 1H), 4.37 (dd, J = 7.6, 9.7Hz, 1I-1), 4.31-4.28 (m, 113), 4.20 (dd, J = 73,9.7 Hz, 11-1), 3_31-
3.29 (m, 41-I) 3.19-3.05 (m, 2I-1), 2.85-2.77 (in, 1H), 2.37-2.20 (in, 313), 2.08-2.00 (in, 113) ppm.
LC/MS: R1 =- 1.46 min, EC 474 (AA standard).  Example 42:
[(15,25,4R)-4-(4-([(16)-3,3-Dirnethyl-2,3-dihydro-11-1-inderi-l-yllamino)-7/1-
pyrrolo[2,3-dipyrimidin-7-y1)-2-hydroxycyclopentylhnethyl sulfamate and -
[(15,25,4R)-444-(10R)-3,3-dirnethyl-2,3-dihydro-114-inden-l-yllaminol-7Hpyrrolo[2,3-c]pyrimidixt-7-
y1)-2-hydr0xycycl0pentylimethyl sulfamate (Compounds 144 and 1-21) Step a:
3,3-Dimethylindan-1-one oxime  [0271]To a solution of 3,3-dhnethylindart-1-one (1.16 g, 721
mmol) and hydroxylamine hydrochloride (131 g, 18.8 mmol) in MeOkl (20.0 mL) was added a
solution of sodium hydroxide (765 mg, 19.1 nunol) in water (10.0 mL). The mixture was heated to
$0 C for 2 h. The cooled reaction was concentrated in vacuo and partitioned between DCM and
water. The organic layer was separated and concentrated in vacua to afford the title compound as
an oil (123 g, 97%). LC/MS: B = 1.61 nun, ES' 176 (AA standard). Step b:
3,3-Dimethylindart4-amine  . [0272]3,3-Dimethylindan-1-one oxime (1.22 g, 6.96 mmol) was
dissolved in Met:X-1 (20.0 rriL) and palladium (10 weight percent on carbon, 50% water wet, 148
mg) was added. The reaction was placed under an atmosphere of hydrogen and was stirred
overnight. The mixture was then filtered through Celite, washed through with Me01-1 and the
filtrates concentrated in vacuo to afford the product as a grey oil (1.12 g, 100%). LC/MS7R1= 1.04
min, ES' 162 (AA standard). Step
c:c(1.525,4R)-4-(4-1(15)-3,3-Dimethyl-2,3-dihydro-lH-inden-1-ynaminol-7H-
pyrro1of2,3-d1pyrixrddin-7-y1)-24tydr0xycycl0pentvIlmethyl sulfamate and: J(15,25
4R1-4-f44f(1R)-3,3-dixnethy1-2,3-dihydro-1H-inden-l-yllaminol-7H-     olo 2din-72lo en line 1 ulfte
(Compounds 1-14 and 1-211 10273]The title compounds were prepared following the procedure
described in Example la-g and then Example 211 using 3,3-dimethylindan-1-amine in step 1c. The
mixture was separated into its component diastereomers via chiral HPLC (Chiralpac -ASRH, 20
ram ID x 250 mm, 5 micron column eluting with 55% water in AcCN with 0.1% AA at 6 mL/minate):
Peak A -21.4 min, [(15,25,4R)-4-(4-
([(1R)-3,3-dimethyl-2,3-dihydro-11{inden-l-yllarnirio)-7H-pyrrolo[2,3Apyrimidin-7-y1)-2-hydroxycyclo
pentylknethyl sulfamate, R-enantiotner (Compound 1-21). Peak B -22.6 min,
1(15,25,4R)-4-(44((15)-3,3-
dimethy1-2,3-dihydro-1.14-inden-1-yliamino)-7H-pyrrolo[2,3-ilpyrirnidin-7-$)-2-
hydroxycydopentyllmethyl sulfamate, S-enantiorner (Compound 1-14). IHNNER (CD,OD, 300 MHz,
8): 8.16 (s, 114), 7.28-7.10 (in, 514), 6.63 (d, J = 3.6 Hz, 1H), 5.93 (t, J = 8.1 Hz, 1H),  5.51-538 (m,
1H), 4.48 (lx s,437 (dd, J= 7.6, 9.7 Hz, 11-1), 4.20 (dd, I = 7.4, 9.6 Hz, 111), 



Example46:tc'2slR)-+(+([(1Ð.abromo-23-dihydro.lH-Írrden.1-ytJarrino}-7H_- 
¡ì¡iaol¿í¿lif¡i"ia¡t-z-VU-2-hydrolcydopentyllmethylsulfamate
(ComPoundI€3)

ftz7gl Ttre title compor$rd was prepared following ttle Procedure described in

Example rl4 rrsing Fbromoi¡rdan-1-one. 'x ttÏÀß. ICD3O¿ 400 MHz' ô): 8'17 (s' 7H)'7-a2 G'

t$r,7.zg (è,,1 =8.7ÉIz,7H),7-7r7'I4(m,z]it¡,6'63 (d'I - 3'6ÊIz,*r),5'æ'(þJ =7'8LIz'*r¡'
5.49-s.41 (m,1Ð,4.49 (bt s,7Hl),4-38(dd'I =7'6's'7Lt2,tþt),42o (dd'I =7'49'7rþ'aã)'

3.08-3.01 @t, aLÐ,2.9G2.88 (rr¡7Ët),2.ss-2'75 (m" 1.IJ),2ß7-2's9 (ø,lJJ)' 23Ç220 (¡rv 3lÐ'

2-08"7-99 lrrvzÍÐ ppnr' r'c,/lvls: \ = 1'64 mirr ES' 524 (A'A' standffd)'

Example 47: ((LS2SAR +l+(1rchlorcbenzyl)11tüol-1zH-pyrr-9tol2Þillpynniòx't-7-yrl-2'
Àya.oxy-á-oreOr¡cyaoPenryl)methyl srrlfamate (Compound I-5)

Step a: ..-(1S E5ì-$(lfú4-Butvl(diphenylrsilJ¡-Ug¡çylmethyt)cycloPent-2-en-1-ol

I02r¡0¡ To a solution of (1sþS)-9(hydroxymethyl)cyclopent-2-en'1ol (1'14 E 9'99

mmol) inDGvf (50.0 mL) was added TEA (4.18 nrL, 30.0 mmol) and DlvfAP (60.0 ffig, 0.491

ññol). Tt¡e sotution r¡¡as cooled to 0 .C, fert-butylchlorodipherry]silane p.90 mL 15.0 rnol)

was added and the mixhrre was stiïed at rt fo¡ 2 h' TLC indicated comPlete cþnversio&

and. the reaction was quenclrcd by addiÉon of IVfeoH (1.00 mL). concen¡ation in vacuo and

silica get chromatography elu?ing with a gradient of 0 to 1 00% EtOAc in hexanes affo¡ded

the title compound (2.88 I, s6%\ IÆIMS: R1 = 2-51 m¡rL ES' 353 (AA standard)'

Steplf (5$-t(ffterÞBu$(diP-b vDsily]ìoùry|æ

t02s1l (1t5s)-s-((tþzr''EuÇ(diphenyl)silylloxylnetlryl)cJrcloPent-2-€n-1-ol (460' [ls,

130 mmol) was dissolved in DGvf (l'5'0 mL) and p¡rridinirrm dic:tuo¡¡l¡ræ <7'47 g' g'91 mmol)

was added. ïlìe .m¡xture was st¡rred at rt overnight, at which point LC/UIS indicated

conplete conversron. lhe mixture was dtlubd with DCM (15'0 mL), filtered and

co¡rcenüated, in vacuo. silica gel chromamgraphy eluting with 0 to 5096 EtoAc in hexanes

afforded the litle compound (400' mg79%o), LClÙfS: \ :2'a2 Ûlin, ES* 351 (AA standârd)'

gtePc(Ë5Su9(lf@ú-Bu9l(diP.þnyl\sily.!]gxylgrethylì-1-rnethylcydoPent_2.en:1-ol

toftS2l A solution of (5s)-s(tú¿rr-bu9(diphenyl)silylloxylnethyl)cydoPent'2-en-1-

one (250. mg, O.zl3 mmol) in diettryl eürer (10,0 mL) rrnder an abros¡rhere of nitfogefì was

cooled to -40 "c and a 1.60 M soludon of methyllithir.rrn in diethyl ether (o-579 tnL' A'926

mmol) was added slowly and the mixtu¡e was sdr¡ed at -40 'c for 3 lu TIC indicated

11q

2.88-2.72 (m, 1H), 2.47 (dd,J= 7.3, 12.4 Hz, 1H), 237-2.19 (m, 3H), 2.03 (ddd,1 4.5, 9.2, 13.9 Hz,
1H), 1.93 (dd, J = 9-1, 12.3 Hz, 111), 1.42 (s, 314), 1.27 (s, 3H) ppm. LC/MS: R, = 1.66 min, ES+
472 (AA standard). Example 43:
[(1.5,2.5,4R).4-(4-(((15)-3,3-Dirnethyl-2,3-dihydro-1H-indert-l-yl]aminoj-7HpyrroIo[23-d]pyrimidirt-7-
y1)-2-hydroxycyc1opentylknethyl sultanate (Compound 1-14), Chiral synthesis 2.- 15Dim th 1-2 dih
dro4 ndert-1min -2-  It it lethartol [0274]To a solution of 3.3-dimethylindan-1-one (925 mg, 5.77
irunol) and (R)-(-)-2- phenylglycirtol (893 mg, 6.51 mmol) in toluene (10.0 mL) was added
p-toluenesulfonic acid mortohydrate (62.5 mg, 0328 mmol). The reaction was heated to reflux
under an atmosphere of nitrogen for 90 min. At this point, the mixture was cooled and diluted with
toluene (10.0 inL). The mixture was washed with saturated aqueous sodium bicarbonate solution
and water. The organic layer was concentrated in vacuo and the residue was dissolved in TI-LF
(10.0 ml.) and cooled to 0C Acetic add (1.13 niL, 19.9 mmol) was added, followed by sodium
borohydride (251 mg, 6.64 mmol) and the reaction was allowed to warm tort overnight. The mixture
was partitioned between ECM and saturated aqueous sodium bicarbonate solution. The organic
layer was concentrated and silica gel chromatography eluting with a gradient of 5 to 35% Et0Ac in
DCM afforded the title compound (1.49 g" 74%). Lc/MS: R., = 1-92 min, ES` 282 (AA standard).
Step b:(15)-3.3-Dirnethylindan-1-amine [0275]A solution of
(2R)-21(1.5)-3,3-climethyl-2,3-dihydro-1H-inden-1-yllaminol-2- phertylethanol (1.44 g, 5.13 mtnol)
in Me01-1 (40.0 mL) was added to a stirred solution of lead tetraace tate (3.75 g, 8.03 nunol) in
Me0H (60.0 ml.) at 0 C dropwise over 20 min. After stirring for 45 min, the reaction was quenched
via addition of a 10% solution of sodium carbonate in water (76.0 mL) and the mixture was stirred
for 10 min. DCM (200 rag was then added and the layers were separated- The aqueous layer was
extracted with DCM (50.0 ml.). The combined organic layers were concentrated in vacuo and the
residue was dissolved in ethanol (190 mL) and treated with a 10.4 M aqueous solution of
hydrochloric add (5.70 raL, 593 mmol). The resulting mixture was then heated to reflux for 16 h.
The cooled reaction was concentrated in vacuo and partitioned between water (150 mL) and
diethyl ether (50.0 ml.). The aqueous layer was adjusted to pH 10 via addition of sodium
carbonate and extracted with diethyl ether (3 x 50.0 mL). The combined organic layers were
concentrated in vacuo and silica gel chromatography eluting with a gradient of 0 to 10% Me0H in
Dal to afford the title compound as a pale yellow oil (420 mg, 51%). 114 N1412 (CD30D, 300 MHz,
8): 7.34-7.14 (in, 41-1), 4.45437 (in, 1H), 2.38 (dd,I n- 7.1, 12.4 Hz, 1H), 1-73 (br s, 2H), 1.60 (dd, J
= 8.7, 12.4 Hz, 1H), 1.39 (s,314), 1.19 (s, 3H) ppm. Step c/115,25,4/21-444-11(25)-3.3-Dirreeth
1-2"3-dihvclro4H-inden-1-yllamino)-7H- aprnearnate (Compound 1-14)  [0276]The title compound
was prepared following the procedure described in Example la-g and then Example 21-j using
(15)-3,3-dimethylindan-1-arnine in step lc. Chiral HPLC showed co-elution with the compound
synthesized in Example 42c, Peak B. Analytical data identical to Example 42c. - Example 44:
[(15,25,4R)-4-(4-{[(15)-5-Chloro-2,3-dihydro-1H-inclen-l-yl]amino)-7Hpyrrolo[2]pyrimidin-7-y1)-2-hy
droxycyclopentyllrnethyl sulfarnate, Potassium salt (Compound 1-27) 10277]The title compound
was prepared following the procedure described in Example 43a-b and then Example 2f-j using
5-chloroindan-1-one in step 43a and (1$)-5- chloroindan-l-amine in step 21. The potassium salt
was formed following the procedure described in Example 11. 31-1.1%1MR (CD/3D, 300 MHz, 8):
8.17 (s, 114), 7.28-7.10 (m, 414), 6.62 (d, j 3.6 Hz, 114), 5.82 (t.). = 7.7 Hz, 114), 5.44 (qd, j = 4.6,
8.3 Hz, 11-I), 4.48 (bit s, 114), 4.37 (dd, I = 7.6, 9.7 Hz, 114), 4.19 (dd, f = 7.4, 9.7 Hz, 1H), 4-09 (q,
I = 7.1 Hz, 11-1), 3.05 (dcld, I =- 3.3, 8.6, 15.9 Hz, 1H), 2.98-2.71 (m, 214), 2.64 (dtd, J = 3.5, 7.7,
11.2 Hz, 11-1), 2.38-2.14 (m, 314), 2.05 (dd, 1 4,4, 8.6 Hz, 114) pprn. LC/MS: R = 1.58 min, ES +
478 (AA standard). 



complete conversiorç and, the rcaction was guenched via addition of saturaþd aqueous

ammorrium chlo¡ide (5.00 rnr-), extracted v¡¡th EtOAc (3 x 10'0 mL)' dried over MgSOo'

filtered and concenkâted in Yacuo' Silica gel c-ltomatog¡aPhy eluting with a gfadrent of 0

to 50% EtoAc in heranes afforded tlìe ütle compound (190 rng, 737"). stereochemisEy of the

prod.uct was confixrred using ROESY analysis' LClNL9: \ = 2'5S rnirL ESt 367 (AA

standard).

Stepd: (ISSSF lHlrdrôxJ¡EethÐ-1-methylcydopent-2 -1-o¡

toz8¡il 1o a solution of (75,55)-*(lltdt-butyl(diphenyt)siyloxylmethyl)-1-

methylcyclopent-2-en-1-ol (560 nrg, 1.53 mmor) in TÍIF (29'5 mL) at 0 "C was added 1'00 M

of Þtsa-z-butylammof¡lüm ftuof¡de in TLIF (3.06 mI- 3.06 mmol). Tlrc xfìJxtu¡e was stined at

¡tfor2h,atwhiclrPointthesolvent\,1'ascon(€(lkatedinvacuoandtlreresiduewasprrrified
byg¡l¡cagelcluomatognphyelutingwithagfadientof50tol00%EtoAcinhexânesto

afford the title compolrd (181 mg' /2%\ lE/N$\= 0'76 fni& ES" 129 (AA standard)'

St@ e (192R3S.ÞSl:lGtydfo-¿Vmethl¡ll-2-meltryl-Goxabiryclof3'1'0lLrexên-2-ol

tus4l To a solutiorr of (1sJ5l+ftydro4'rrethyl)-1-melhylcycloperrt-2-en-1-ol

(0.181 g, 0.00141 mol) in DCM (18'O mL) v¡a6 added sodiun bicarbonae @37 mg' 2'82 mmol)

andlhemixtr¡¡ewascooledto0oc.TothisÍìixb[ewasadded}clrlo¡operberrzoicacid
(380. mg, 1 ,69 mmol) and the reacÉon .was etùred ât fo¡ 4 h' Ttre solvent was re¡lroved in

vacuo and silica gel cluolrratography eluting with a gradi€nì oI 0 to 10P/o ErOAc in DCM

affo¡ded lhe title comPound (2oo mg, 987')' LC/Nfs: \ - 0'52 min' ES' 1rt5 (AA standard)'

Step f: (laS lbR5aS.6aSì-3(¡t-Methoxy¡¡he¡rylÞLÞnrerhylhexahydroq'drenol4 
El-

- 
cydoPe¡rtatl3-d'ltl3ldioxi¡re

t(l2tü51 To a solution oÁ(lSln355s)'Xhydroxymethyþ2-methylóoxabicydol3'1'0]-

hexan-2.or(200m&1.39mmol)ùIDCM(13.0mL)at0"Cwasaddeddimethoxy(4-

nethoxl¡pl¡enyl)methane (0-709 mI.,4-16 ñmol) fo¡towed by pyndinium Êtolüenesulforiâte

(35.0 m8, 0.139 mûrol) and the mixt¡:¡e wâs stirred at rt overrriglrt' TLC showed compleæ

cøtvercionSrlrcagelc}rromalograPhyeluf¡ngv¡ithagfadientofoto50T"EtoAcinhexanes

affo¡ded tlre ütle cunpound (215 fn& 5få). I.C,/ÞIS: \ -7'72ûtr"!]s'263 (AA' standard)'

Example 45:
[(1.5,2SAR)-4-(4-([(19)-5-fluoro-Z3-dihydro-lii-inden-l-ynarnirio)-7.14-pyrrolof2,3-Apyrimidin-7-y1)-2
-hydroxycyclopentylimethyl sulfarnate (Compound 1- 36) [0278]The title compound was prepared
following the procedure described in Example 44 using 5-fluomindan-1-one. 114NIVIR. (CD/3D,
400 MHz, 8): 8.17 (s, 114), 7.25- 7.19 (m, 214), 6.99-6.85 (in, 2H), 6.63 (d, J = 3.6 Hz, 1H), 5.81
(t,/ = 7.5 Hz, 1k1), 5.49-5.41 (m, 111), 4.49 (t, J= 3.6 Hz 114), 4.37 (cid" J = 7.6, 9.7 Hz, 114), 420
(dd, J = 7.4, 9.7 Hz, 114), 3.12- 3.02 (in, 114), 2_95-2.87 (n, 114), 2.84-2.75 (m, 111), 2.69-2.61
(m, 1H), 2.36-2.19 (n, 311), 2.10- 1.97 (rn,21-1) ppm. LC/MS: RI 1.56 min, ES` 462 (AA standard).
Example 46:
R15,25AR)-1-(4-a(15)-5-bromo-2,3-dihydro-1H-inden-l-yliaminol-7Hpyrrolo[2,3-dipyrimidin-7-y1)-2-
hydroxycydopentyl]inethyl sulfarnate (Compound 1-33) 10279]The title compound was prepared
following the procedure described in Example 44 using 5-bromoindan4-one. 1H NMR (CD30D, 400
MHz, 5); 8.17 (s, 11-1), 7.42 (s, 11-1), 7.29 (d, J -= Si Hz, 1H), 7.19-7.14 (In, 2H), 6.63 (d, I -= 3.6
Hz, 1H), 5.82 (t, J = 7.8 Hz, 11-1), 5.49-5.41 (m, 1H), 4.49 (br s, 1H), 4.38 (dd, = 7.6, 9.71-12, H-1),
420 (dd, I = 7.4, 9.7 Hz, 11-1), 3.08-3.01 (in, 1H), 2.96-2.88 (in, 11-1), 2.85-2.75 (in, 111),
2.67-2.59 (m, 1H), 2.36-2.20 (m., 314), 2.084.99 (m, 2H) ppm. LC/MS: R1 = 1.64 min, Es' 524 (AA
standard). Example 47:
((15,2.5,4R)-4-144(4-Chlorobenzyl)amino]-71-1-pyrrolo[2,3Apyrimidin-7-y1}-2-
hydroxy-2-methylcyclopentyl)methyl sulfamate (Compound 1-5) Step a:(15,551-541f
tett-Butvl(diphenyl)silylloxy}xnethyl)cyclopent-2-en-1 -ol [0230]To a solution of
(1.9,55)-5-(hydroxyrriethy1)cyc1opent2-en4-0l (1.14 g" 9.99 nunol) in DM (50.0 mL) was added
TEA (4.18 raL, 30.0 mmol) and DMAP (60.0 mg, 0.491 mmol). The solution was cooled to 0 C,
tert-butylchlorociiphenylsilane (3.90 mL, 15.0 nnol) was added and the mixture was stirred at rt for
2 h. TLC indicated complete conversion, and the reaction was quenched by addition of Me0H (1.00
mL). Concentration in vacuo and silica gel chromatography eluting with a gradient of 0 to 100%
Et0Ac in hexanes afforded  the title compound (2.88 g, 86%). LC/MS: R1 = 2.51 min, ES+ 353 (AA
standard). Step b:(5$1-5-111tert-Butvlfdiphenyesilylloxylinethvlkvclopent-2-en-1-one
[0281](15,5.5)-5-(iftert-Butyl(diphenypsilylloxy)rnethypcyclopent-2-en-1-01 (460. mg, 1.30 mmol)
was dissolved in DCV1 (15.0 raL) and pyridiniurn dichromate (1.47 g, 3.91 rnmol) was added. The
mixture was stirred at rt overnight, at which point LC/MS indicated complete conversion. The
mixture was diluted with DCM (15.0 mL), filtered and concentrated in vactio. Silica gel
chromatography eluting with 0 to 50% Et0Ac in hexanes afforded the title compound (400. mg,
79%). LC/MS: Rt = 2.42 min, ES+ 351 (AA standard). 1S 5- tert-Eu 1 di hen 1 sn_p_il__5a(.II_Sth
-1-rnemeth 1 clo ent-2-en-1-ol (02827A solution of
(5S)-5-artert-butyl(diphenyl)silylloxy)rnethyl)cydoperit-2-ert-1- one (250. mg, 0.713 mmol) in diethyl
ether (10.0 rnL) under an atmosphere of nitrogen was cooled to -40 C and a 1.60 M solution of
rnethyllithiurn in diethyl ether (0.579 mL, 0.926 mmol) was added slowly and the mixture was
stirred at -40 C for 3K TLC indicated  



Step8: ((1s,2SARl-+l!9t(rt4t¡Io¡oben4¡l)aminolZÊpyrrolof23lìofi4tidin-7-yll-2-
hyd¡ory-2-methylcydoPgrryI)mettyl sr¡üamaE (CgnPound I-51

102S6l The title compound was prepared foLtonring the procedure described in

E:<arrple ld-i r.rsing (1aS,1bR5a5,6aÐ-3-(+l¿Ietloxyphenyl)-1b-methylÌrøtahydrooxi¡ene

t4Jlcycropentaþ2-dltlSldiox¡ne and 4-chlorobenrrylarnine in steP d. 'tl Ntvn lcoroo, loo

MIlz, õ): 8.20 (s, 1rÐ,7 A6 (dv I = 3.6Élz, tKl,7.sz (s,4rÎr,6.ez @''| = 3.6 Fø 1H), s-4&5-40

(nvltÍ),4.78 (s,2jl),4.at (dd',1=a.o,to'llfz,7IJ.).4-L4(da,¡ -s-¿19-gHz'7ÍI)'2.6e-2.&
(n,7H1).2.39-2..76(Jlr9aþI),r.a7 (+3fÐ ppn l€lll4S: \- 1'55 m¡rv ES'466 (AA standa¡d)'

ixanple 4E= (li25AR)-+l+1(1S)-2,3Dihydro-1H-isden-1-ylaminol-7Hçyrrolo[2,]dl-
p¡imidin-7-yl|-2-hydrocy-2-metlrylcydopenþl)nethyl sulfamate

'(Compomd ts30)

fÏ}ßn The Etle corrporxrd was prepared following the procedu¡e described in

Exarnple 47 r¡Bing (S){+)-¡.-arrrinoindan in step g. 'ff m/ll< lCorOo, 400 MIiÞ, ô): 8.25 (s,

LJl,),7.a8 (d,I =3.6f.,2,71Ð,7.3+7.8(n,aI:\,6'8e(d,I =3-6rIz,7H),5'61-5.56 (m, uI)' s.5f}

s.Le(r¡,LlÐ,a.a2(àd,I =6.0,l0.OHz,'JÐ,4.15(dð',1= 8.O 10.0H2,1H),3'1&3-10 (m, 1Ð,

3.0T2.97 (r;+1]l).z7r2.e$n,7H),2.392-07 (nrsÍT), 1'r$! (s,3þppm- I-ClluiS:\=1-57

ñirL ES* ¡t58 (AA standard).

Exarrple 49: l(ts!S{R)-+(+([2-(di0uoromethoxy)benzyl]arninol-7H-pynolol2s-tl-
pyrimidin-7-yl)-2-hydm4Tcydopenþü¡nethyl suüamate (Compound I-2)

[028S] The title compound was prepared following tlre procedure described in

Exarrple 2a-j, rxing 2-difluororræthcybenzylanine in s@ f. \f mtæ(æ"oO,AoONÎHz'

E):8,1o (s, rÐ,7,3T726(m,2Ët),7.?2(d',1 =3-7HzaH),7-r7-7'73(Ít'2If)'6.67 G'l =742

H2,11Ð,6-62 (è I =3-6(fz-1þt),5.rFs.20 (m,lfÐ, 4'û(s,?l:n),4.49,4.47 (ß\,tll.r'436 (d4I=
?,6,9-7Hz,7ra),4.79 (dd',1-7.3'9.7I12,7rÐ'2.8ç2-75 (tv7lÐ,2'3$2-].9 (n"3Ilr'2.o7-2,Oo

(nv l}I) ppm. I.c,/lvfs: \ = 1.gc rni& ES'484 (FA standard)-

F.xaarple 50; (1s2sl4R)4.(5-€tlrynyl+methyl-THpyrrolo[23-dlpyrimidin-7-yl)-2-
hydroxyrydopentyllnrelhyl sulfamaÞ (Cmrpormd I-44)

Step,-a;- -Þ-iodg7.:[(4aS.6R,7a$-2-(¡t<rethoxyphenyl)hexahydrocy-clpPe-nta[dìf13ìdioxin-6'
wll-4-methvl-7ll-Dvarolof 2.3-dlDvrimidine

Io289l To a solution of 7-l(M9,e7aÐ2-(+nelhxy¡rhenyl)hexah¡rdrocyclopenra[dl-

tl"3ldiodn-Gy!-4srethyl-ZH-p¡nrolot2,+dlpyrlrnidine (363 nrg, 0'995 mmol, as prepared in

complete conversion, and the reaction was quenched via addition of saturated aqueous ammonium
chloride (5.00 mL), extracted with Et0Ac (3 x 100 mL), dried over MgSO4, filtered, and
concentrated in vacua Silica gel chromatography eluting with a gradient of 0 to 50% Et0Ac in
hexanes afforded the title compound (190 mg, 73%). Stereochemistry of the product was
confirmed using ROES? analysis. LC/MS: 1 = 2.55 min, ES+ 367 (AA. standard). S d-15 5droth 1th
I clo ent-2 1-ol [0283]To a solution of (15,55)-5-({[tert-butyl(cliphenyl)si1yl1oxy1methyl)-1-
methy1cydopent-2-en4-ol (560 mg, 1.53 mmol) in THE (29.5 mL) at 0 C was added 1.00 M of
tetra-n-butylammoniurn fluoride in THE (3.06 ml.., 3.06 mmol). The mixture was stirred at rt for 2 h,
at which point the solvent was concentrated in vacua and the residue was purified by silica gel
chromatography eluting with a gradient of 50 to 100% Et0Ac in hexanes to afford the title
compound (181 mg, 92%). LC/MS: Rt 0.76 min, ES. 129 (AA standard). Step
e:(15,2R,35.5,5)-3-(Hydroxymethv11-2-methy1-6-oxabicyclof3.1.01hexan-2-ol [0284)To a solution
of (15,55)-5-(hydroxyn-tethy1)-1-methylcydopent-2-en-l-ol (0.181 g, 0.00141 mol) in [CM (18.0 mL)
was added sodium bicarbonate (237 mg, 2.82 rrimol) and the mixture was cooled to 0 C. To this
mixture was added 3-chloroperbenzoic acid (380. mg, 1.69 mmol) and the reaction was stirred at rt
for 4 h. The solvent was removed in vacuo and silica gel chromatography eluting with a gradient of
0 to 100% Et0Ac in DCM afforded the title compound (200 rag, 98%). LC/MS: R, = 0.52 min, ES*
145 (AA, standard). Step
f:(1a5,11A,5a5,6a51-3-(4-Methoxvpheny11-1b-rnethylhexahvdroccdreno14,51-
cyclopentaf12-d1[1,31dioxine [02851To a solution
of(15,2R,35,55)-3-(hydroxymethyl)-2-methyl-6-oxabicydo[3.1.01- hexart-2-ol (200 mg, 139 mmol)
in 0CN1 (13.0at 0C was added dimethoxy(4- methoxyphenyl)methane (0.709 ml., 4.16 mmol)
followed by pyridinium. p-toluenesulfonate (35.0 mg, 0.139 mind) and the mixture was stirred at rt
overnight. TLC showed complete conversion. Silica gel chromatography eluting with a gradient of 0
to 50% Et0Ac in hexanes afforded the title compound (215 mg, 59%). LC/MS: Rt r- 1.72 min, ES +
263 (AA standard).  102861The title compound was prepared following the procedure described in
Example Id-1 using
(1aS,1b12,5a5,6aS)-3-(4-Methoxyphe1ty1)-1b-methylhexahydrooxi1en014,51cydopenta11,2-1111
1,31dioxine and 4-chlorobenzyla.mine in step d. 11-1NMIl (co3on, 400 k11-1z, 5): 8.20 (s, 1H), 746
(d, J = 3-6 Hz, 1H), 7.37 (s, 411), 6.82 (d, J = 3.6 Hz, 1H), 548-540 (m, 111), 4.78 (s, 211), 4.41
(dd, J.= 6.0, 10,0 Hz, 11-1), 4.14 (dd, = 8-2, 10.0 Hz, LH), 2.69-2.64 



Example 1a-f) in DCXVI (15.0 mL) was added N-iodosuccinimide (256 mp 1-i.4 rnmol), afìd

the rnixürre was stiñed et rt ovefrritht, Silica çl duomatography elutingwith a gadient of

25 þ 1007o EtOAc in he¡ønes affo¡ded tlæ tide compound (253 m'g, 52þ. LCllvf.S: R, = 2.93

fnir! E,S' 492 (AA standard).

SteP b: 7-f(&S,6R,7-aSì-2j(€mg-thoxg)hen:v.1.)E:xah!drocyclopentaldlfl3ldiaxjin-(!yll-4-
mglh:vl-Flltrtune thylsilylìethynylì-7¡t-pyf iolot2S¿lpyr¡midire

[0290I ToasüspensionofFiodo-7-[(4a5,6R,7aS)-2-(+methoxJæhenyf)-

hexalrydrocydopenta[d][1p]dioxfn-Éyll-rt-methyl-7H-pyrroìot2,]dlpyrimfdirre (337 mg
0.6&5 mrnol), coppe¡(Ð ¡od¡dc C26.o rrrg, 0.137 rirnol), öùlorobis(ciphenylphosphine)-

palladiurn@ (48.0 rr9 0.0684 mnol) and DIPEA (0,240 mL 1,38 mmol) in DMF (20.0 mL)

was added ethynyltrirnethylsilarre (188 mg, 1.91 mmol) and fhe nixtu¡e wâs stirred at rt
overrright Ttre ¡eaction mixh¡re was quendred via addition of saturâted aqueous sodium

bicarbo¡ratê solution and ø<uacted v¡ith EtOAc. the crzurbined orgarìic la)¡e¡s \ zere dried

over MgSO. filtered, and concer¡kated in wacuo. Silica gel duomatography eluting with a

gradient of 0 to 75% EtOâ'c in her(arìes afforded the title compound (314 mg, 91o). LC/\tÉ:-

Rì :2.38 rrin" ES* 462 (AA standard).

gteD c 5+thvnvl-7-l(4as .6R.7aSl-2-Øtnethoxvplrenvllhexahvd¡ocvclooent¿fdlt13l-
drocinr&ylË+rnethyl-7H?lrrro_þf 2 3:Clpyrimi¡line

{0291] Potassiuûr câfbonate (191 r¡t, 1.3E runol) was added to a solution of 7--

l(4^5,6&7a9r-2-(+nethoxyphenyl)hexahydrocyclopenta[dJp3]dioxin-6-yü-+ûethyl-5-

Ktrib€tlryl6ilyt)ethynyll-7H-pyrrolo[2,3-dlpyrinidine (314 m9 0.680 mnor) in \feOI{ (10-0

mL), and the mixtufe Ìvas stiÍed at rt overnight. Ihe reacdon rrixture yvas diluted vvüh

EIOA,6, washed wit¡ saturated agueous 6odium bicarbonate solution, dried over MgSO.

filte¡ed, and ccncerrrated in vâcrro to afford the tide comporxrd as an oil (215 ng, 817o).

rc/Nß: \ : !.9a f¡rll, ES' 390 (Á.4 standard).

f0292l Íre ütle compound veaÊ pfêpared foltowing rfte pmcedu¡e described in
Example 1gj, nsingÍ-ethyrryl-7-[(h5.6R7aÐ-2-(+aethorcyphenyl)hexahydrocydopentatdJ-

tllldioxin-6-yll-4methyl-7H-py olo[2pr'Jpyrimidine in step g. 'H Wlvn ICOIOD IOO

MIIz,õ): a,63(s.7IÐ.7.97 (+rjJ),5.47-5.58 (rn"lE),4.514.19 (m, 1IÐ,436 (dd.I -7.5,9s

(n, 111), 2.39-2.16 (m, 411), 1.47 (s, 311) ppm- LC/MS: Ik= 1.55 min, ES* 466 (AA standard).
Example 48: (15,25,4R)-4-144(15)-2,3-Dihydro-1H-inden-1-ylarrthio]-711-pyrrolo[2,3-1-
pyriraidin-7-y11-2-hydroxy-2-rriethylcyclopentyl)rnethyl sulfainate  (Corripmind 1-30) [0287]The title
compound was prepared following the procedure described in Example 47 using
(5)-()-1-aminoindan in step g. 1H NMR (CD30D, 400 MHz, 5): 8.25 (s, 111), 7.48 (d, J = 3.6 Hz,
111), 7.34-7.23 (m, 411), 6.89 (d, J= 3.6 Hz, 111), 5.61-5.56 (n, 111), 5.50- 5.43 (n, 111), 4.42 (dd,
= 6-0, 10.0 Hz, 111), 4.15 (dd,8.0, 10.0 Hz, 11), 3.18-3.10 (m, 1H), 3.03-2.97 (in, 111), 2.75-2.64
(n, 11-1), 2.39-2.07 (n, 511), 1.48 (s, 313) ppm. LC/MS: 1?..1 = 1.57 min, ES+ 458 (AA standard),
Example 49; 1(15,25,4R)-4-(4-(12-(difluorornethoxy)benzyljaminol-7H-pyrrolo[2134]-
pyrimidirt-7-y1)-2-hydrox-ycyclopentylpnethyl sulfamate (Compound 1-2) [0288]The title compound
was prepared following the procedure described in Example 2a-j, using
2-ditluormnethoxybenzylarnine in step f. 1H NMR (CD,OD, 400 MHz, 8): 8.10 (s, /II), 7.35-7.26 (in,
2H), 7.22 (d, J = 3.7 Hz, 111), 7.17-7.13 (m, 211), 6.87 (t,J = 742 Hz, IF), 6_62 (d, J = 3.6 Hz, 113),
5.45-5.20 (m. 111), 4.80 (s, 211), 4.49-447 On, 113), 4.36 (ad, I -a 7.6, 9.7 Hz, 111), 4.19 (dd, J =.
7.3, 9.7 Hz, 113), 2.86-2.75 (in, 111), 2.35-2.19 (m, 311), 2.07-2,00 (in, 1H) ppm. LC/MS: RI -=
1.03 min, ES+ 484 (FA standard). Example 50;
1(18,25,4R)-4-(5-ethyny1-4--rnetbyl-7H-pyrrolo[2,34]pyr7-y1)-2- hydroxycyclopentylimethyl
sulfamate (Compound 1-44) Step
a:5-iodo-7-1(4a3,6R,7a5)-2-(4-methoxyphenyphexahvdrocyclopentafd111,31dioxin-6-
y11-4-methy1-7H-pyrrolof2,3-dlpyrimidine  [0289]To a solution of
7-1(4a5,6R,7aS)-2-(4-methoxyphenyl)hexahydrocyclopentabfi-
[1,3]clioidn-6-y11-4-inethyl-7H-pyrrolor2,3-dlpyrimidine (363 mg, 0995 minol, as prepared in
Example la-f) in DCM (15.0 rnL) was added N-iodosucciairaide (256 mg, (_14 minol), and the
mixture was stirred at rt overnight. Silica gel chromatography eluting with a gradient of 25 to 100%
Et0Ac in hexanes afforded the tide compound (253 mg, 52%). LC/MS: R, 2.03 min, ES' 492 (AA
standard). Step
b:74(4aS,6R,7a...T1-2-(4-methoxyohenyllhexahydrocyclonentafdla..31dioxin.-6-y114- 



Ífz,J,JÐ,4.19 (dd,I = 7-S,LO.Ottz,1Ð, 3.65 (s, 1IÐ ,3.8-3.6 (tr,lËt),3.73¡3.1'. (rL 1lÐ,2.90

(s,3ÍÐ,233-2.2O (IlL 2fÐ,2.00-2.12 (m, 1Él) ppm. LC,/tÂ9: R, - 1-16 mi¡! E-S'g5r (A.A'

standad).

Exanplc 51r K(S|S{R)+(41[(1S)-afluo¡o2p-dihyd¡o-1H-inden-1-yt]amirroþZfl-
pyrrclol2,?dlpyriøidtfvT-yl)-2-hydtorycydopentylJmethyl srlfamzre
(Compowìd161)

IO2fBl The tide compound was prepaxed follorrring the procedr.rre described in
Example 2a-j using (R)-4.chtoro2Bdihydro-1lt-inden-l-yl amine in srep .f h{ NMR
(CD'OD,400MIfz,õ):8.2j7(s,7k\,7.M(d,I =321IJz"LÍÐ73ù7.24(tn,7ËI),7-ts(d,I=7.5,
llÉÐ,7.Q(rl =8.A',.æHz,7H'),6.86(d,I =z.gztu,]J:r),s.67 (LI = 6.ss,6-99YIz,]^Ë{),5.56-

5.a8 ('JJytE\,a52-4.48 ($,7rÐ.4.37 (dd,I = 9.?6,7.4erlz,tI:Í) ,4.19 (dd,I:9.7s,7.E+8.,
tþ1),322-3.L4 (nv üÐ, 3.02-2.93 (rv 7IJ),2.9Gl2.7o (2.¡" 2J:t),2.38-2.M (sv5ÌI), ppur- LCltvlS:
Rt = 1.10 min, ESr 462 (FA standard).

Þraatple 52 ttR2R4S)+(+[[(1S){,7-difluoro-2.}dihydro-rH-inden-1-yllasrinol-7tl-
pyrrof o f2,3.dlp¡imidin-7-yf)-2-hydrox¡rcSrcIopentytlurethyÍ sulfamaÞ
(ComporndI-62)

t02941 ïhe tifle oompor:nd was prepared follouring tlre procedure described in
Example 2a-j using (S)-4,Zdifluoro-2Bdihyãro-1Hândar-1-yl anrine in sÞp f. rH NÀIIR

(@soD,4@\[7:12,6):8,17 (s,t[f),7.12 (d,,] = 3.sÍlz,1Ð, 6.99 (m, 1Ð, 6.Ap (m, 1Ð,6.60 (d"

I = ?.s lþ, ttÍ), 6.os (t, ¡ = 5.5 Êv, 7ÍÐ, s,rt&s.4l (rn" ftÐ, Lß (t I = 6.8 H41Ð, 4.36 (dd, I =
7.5,9.8112. tIlr,4.r9 (d+ I =73,9.8 I-Þ, 1fÐ,3.2G3-11 (¡rv 1Ð,2.9t2.89 (m"1Ir.),2-wz.zs
(s,1ÍÐ,270-2'60 (m"7r!,2.35-2.?ß(rn,3IJ),2.19-2.O9 (^,7Èfr,2.o7-j..99 (¡¡u 1Ð. LClÀdg R.

= 1.07 m¡ry ES' 4160 (FA standard).

ExâmPIe 59: I6s2sAR)+(41[GR)-a-drloro-2,]dihydro-l.H-inden-1-yllaminol-7H-
pyrolol2¡Sdlpyrimidin-7-yl)-2-hydrorycydopentyl]methyt sulf amate
(Compor:nd I-63)

[029f The tÍtle compor¡nd was prepared following the procedt¡re described in
Example 2a-j using (R)-4{hloo2^}dihydrolll-inden^1-yl amine in sæp I rH NMR

(CDsoD 400 MfIz, õ): 8.18 (s, lII), 7.2tL7.aZ (s. sHt), 6.6a(41 = 3.6,]J2, tfÐ, 5.9r (b ¡ = s.t
f Þ, üÐ, s. s1-5.39 (m" 11Ð, 4.49 (t,, - 7 2 H2- rËí), 437 (dd., l = 7.7, 9 3 ¡1t, LH L a-!9 (àd, I =
7.3,9.8I-Iz,1Jj),3.].v3.w (a1H),2.98-2.85 (rry LlÐ,2.8a-2..7a(r+1ÍÐ,2.72-2.60(sçtË1),

23ù2.a7 @r"3H),2.17-!-98 (rn ?fI)- Iflù6; \ = 1.16 nin, ES' 428 (FA standard).

rnethyl-541trixnethylsilynethynyll-7H-pyrrolor2.3-dlpyrimidine [0290]To a suspension of
5-iodo-74(4a5,6R,7a5)-244-methoxypheny1)-
hexaktydx-ocydopenta[d][1,31dioxin-6-y1]-4-methyl-711-pyrrolo[2,3Apyrimidine (337 mg, 0.685
nernol), copper(1) Iodide (26.0 mg, 0.137 mrnol), dichlorobis(aiphenylphosphthe)- palladiumn
.(48.0 mg, 0.0684 mrnol) and EMMA (0.240 InL, 1.38 minol) in DIvIP (20.0 ml.) was added
ethynyltrimethylsilane (188 mg, 191 mmol) and the mixture was stirred at rt overnight. The reaction
mixture was quenched via addition of saturated aqueous sodium bicarbonate solution and
extracted with Et0Ac. The combined organic layers were dried over Mg304, filtered, and
concentrated in vacuo. Silica gel chromatography eluting with a gradient of 0 to 75% Et0Ac in
hexanes afforded the title compound (314 mg, 99%). LC/MS: R, = 2.38 min, ES+ 462 (AA
standard). Step c:5-ethynyl.--74(4aS,6R,7a51-244-rnelhoxvphenynhexattydrocyclopentard111.31:
dioxin-6-y11-4-methyl-711-pyrrolgf2,3-dlpyrimidine (0291]Potassium carbonate (191 xng, 138
mrool) was added to a solution of 7--
[(4a5,6R,7a5)-2-(4-methoxyptienyl)hexahydrocyclopenla[dJ(1,3)dioxin-6-y1]-4-methy1-5-
Ktrimethylsilyi)ettlyny11-7H-pyrrolo[2,3-d]pyrimidine (314 mg, 0.680 mmol) in ivfe0H (10_0 mL),
and the mixture was stirred at rt overnight. The reaction mixture was diluted with Et0Ac, washed
with saturated aqueous sodium bicarbonate solution, dried over MgSO4, filtered, and concentrated
in vacuo to afford the title compound as an oil (215 mg, 81%). LC/MS: R, = 1.94 min, ES* 390 (AA
standard). Step d:1115,2.5,4R)-4-(5-ethyny1-4-methv1-7H-pyrrolor2,3-dippimidin-7-y1)-2-
hydroxycyclopentyllmethyl sulfamate (Compound 1-44) [0292]The title compound was prepared
following the procedure described in Example 1g-j, using
5-ethyny1-7-[(4a5,6R,7aS)-2-(4-methoxyphenyl)he-xahydrocyclopentafd)-
(1,3jdiorin-6-y1]-4-methyl-7H-pyrrolof2,3-cilpyranidine in step g. 'H NIVIR (CD3CO, 400 MHz, 6);
8.63 (s, 1H), 7.87 (s, 114), 5.47-5.58 (fn. 114), 4.514.47 (m, 111), 4.36 Oct)" =- 7.5, 9.5  Hz, 111),
4.19 (dd, J = 7S, 10.0 Hz, 114), 3.65 (s, 114), 348-3.46 (m, 114), 3.13-3.11 (m, 111), 2.90 (s, 3H),
2.33-2.20 (iii, 214), 2,00-2.12 (in, 114) ppx:n. LC/MS: = 1_16 min, ES* 351 (AA standard). Example
51:
[(1S,2SA.R)-4-(4s([(15)-4-Ruoro-2,3-dihydro-1H-inden-1-yllarrdnoj-7Hpyrroio[2,3-d]pyrixnidin-7-yl)-
2-hydroxycyclopentylJmethyl sulfamate (Compound 1-61) [02931The title compound was prepared
following the procedure described in Example 2a-j using (R)-4-chloro-2,3-dihydro-1H-indert-1-y1
amine in step L'H NAIR (CD30D, 400 MHz, 6): 8.27 (s, 113), 744 (d, J = 3.21 Hz, 114) 7.30-7.24
(In, 114), 7.15 (d, J .= 7.5, 114), 7.02 (t, J = 8.64, 8.64 Hz, 114), 6.86 (ci,J = 2.93 Hz, 111), 5.67 (t,
J = 6.99, 699 Hz, 111), 5.56- 5.48 (m, 114), 4.52-4.48 (in, 1H), 4.37 (dd, J = 9.76, 7.49 Hz, 114) ,
4.19 (dd, Jr 9.75, 7.44 Hz, 114), 3.22-3.14 (m, 111), 3.02-2.93 (m, 11-1), 2.90-2.70 (m, 211),
2.38-2.04 (n-t, 514), ppm LC/h4.5; Rt = 1.10 min, ES-'- 462 (FA standard). Example 52:
[(117,2R,45)-4-(4-([(15)-4,7-difluoro-2,3-clihydro-111-inden-1-yllaminol-711-
pyrroloe2,3-dlpyrimictin-7-y1)-2-hydroxycyclopentylknethyl sulfamate (Compound 1-62) 



Eranrple 54: ((75,25,4R)-+(+(S).4.drlorc2,3-dihydrelH-rnden-1-ylamino)-Ul-
pynolot23-d]py¡id dtn-7 -yl) -2-hy&oxycyclopenqrl)methyl sulf amåte
(Compound I-64)

102961 The title compound was prepared following t}e procedu¡e described in

Example 2a-j r:sing ($-achloro-?9dihydro.1l{-inden-1-yl arrine in step f. tH NMR

(CD'OD,ao|lvlÉlz, ô);8.30 (s,1[Ð,7.52(br +lH),7.38-723 (r¡1'3fÐ'6.93 (b¡s, 1IÐ,5.69-5.50

(n+?Ð,a.*a.a7 @v1tÐ,a37 (dd,l =7.3,9.8Ij12,1Ð,4,19 (dd,J =7.3,9.5w',7rÐ'3.27
3.15 (:rrç1Ð,3.07-2.96(r1lËf}2.92-2..82(zt,tll),2,A2-2.7r Gî,1ÉT),2AO'2-O6 (m,5rÐ.

LCl16: \ = 1.64 min, ES' 4zB (AA standa¡d).

Enmple 55; Í(7525,4R)+(+{[(lRÞtþbrouro-2,]dih)¡dro-lH-inden-lfllaminol-7H-
pyrroro[]3-dlpyrimidin-7-y1)-2-hydroxycydopentytlmelhyl sulf amate
(Conpound I-65)

lO?971 The title compound was prepared following the procedu¡e desc¡ibed in

Exarnple 44 r:sing tLbromoindan-f -one. 1{-NMR ( 4Oo NIH¿, l'.lLeoD, õ): 8.17 (s, lFÐ, 739 (4

I=7.9þtz.TrÐ,7-z(d,,1-7.5¡1.7rÐ,7-19 (d,,1=3,.7112,7LÐ,7.æ(Ll=7.7xt2,7t4¡,6.62(d"

I-'3'6Hz.LÍl)'s.96(t'Í=7.sHz.'tlf)' 5'a¿G¡.'7IJ.)'4.Æ(t'l=35rþ,7rÐ,4.37(d+l=7.611z,,

97 Ytz,lÐ,4-a9 @ð"1=73Hz9.7 ÉI2,1Ð,3.09 (ddd,l--3.2H2,9-1H2.163 Hz, rl{r,2.89

(d,I=8-aÍlz, tø.611z.,].Íì., Ln (¡rv 1!Ð, 2.65 (dtd 
' I=33 Hz' 8.OH2,72.7 rlz, ttif),2.27 (sv

3IÐ,2.05 þr 2rÐ. LC,/Nß: & = r.66 mi+ ES' 524 (ea standard).

Þcanple 56: (lR 2R 49-+(4-([(1S)-7-fluore2Sdihydro-1ll-inden-1-yl]aminol-7ÍI-
pyrrolo[2,3-d]p¡imidin-7-yf) -2-hydroxycydopenty{methyl sulfaûure
(Compourd I-66)

Io2987 1he title compound was prepared following the proced¡¡¡e desaibed in

Êxarrpl,e a4 using 7-fluoroi¡da¡r-1-one. Tf f.fÀÆ. 1Co"OD 400 MIlz, õ): 8.17 þ,aÍT:¡,7.29-? .22

(m,rIÐ,7-16(d, I=3.5kb,rH),7-Oe(d,l=7.5þIz,1I{),6.86(t,=e.0Hz,llÐ,6,6r(4,=3.8
rlz,lÍÐ,6.00(t,I =7.'r'z,tH),5.48-5.39 (m,1Ð, a.aB (t,¡ = 6.sÍ'ø''ttft'4'36(dèll =75.,9.8
tIz, tljr,4,t9 (d¡d,I -7,3,9.6I:12,1rÐ,320$.11 (a LÉÍ), L97-2.88 (nç 1þ,2.8s'2,7a@t,tÍÐ,

2.65-2.55 (ûì, 1rÐ, 2.*2.78 (m"3'if),2'7+L'9Ít (m, 1Ð. LClllfS: \ - 1'16 min, ES* 462 (6oqnic

acid standard),

Sleoa: 1-ú1-chlo¡oohenwlì-3¡nethvlbutan-2-ol

l0299l lvtagnesir¡rn (5.O2 g, 0.206 mol) was covered in dry ether (50 m! O.5 mol)

under arr aErosphere of nitrogerr- Iodine (0.254 g 0.0O1 mol) was added to the reaction,

[02941The title compound was prepared following the procedure described in Example 2a-j using
(S)-4,7-difluoro-2,3-dihydro4H-inden-1-y1 amine in step f.11-1/NBAR (Cosa), 400 MHz, 6): 8.17 (s,
114), 7.17 (1, Jr 3.8 Hz, 111), 6.99 (in, 114), 6.89 (m, Ili), 6.60 (d, J 3.5 Hz, 114), 6.05 (t, J =- 5.5
Hz, 114), 5.48-5.41 (n, 111), 448 (t, J = 6.8 Hz,111), 4.36 (do, I = 7.5, 9.8 Hz, 114), 4.19 (dd, J =
7.3, 9.8 Hz, 111), 3.20-3_11 (in, 11-1), 2.98-2.89 (in, 114), 284-2.75 (m, 113), 2.70-2.60 (iii, 1H),
2.35-2.20 (m, 3H), 2.19-2.09 (in, 114), 2.07-1.99 (in, 114). LC/1V1S: = 1.07 min, E.S. 480 (FA
standard). Example 53:
[(1.9,25,4R)-444-1[(1R)-4-chloro-2,3-ciihydro-1H-inden-1-yliarnino)-7Hpyrrolor2,3-d]pyriaddin-7-y1)
-2-hydroxycyclopentyl1methyl sulfarnate (Compound 1-63) [02951The title compound was
prepared following the procedure descdbed in Example 2a-.j using
(R)-4-chloro-2,3-dihydro-1H-inden-1-y1 amine in step f, 11-1 NR (CD,OD, 400 MHz, 6): 8.18 (s,
111), 7.24-7.12 (in, 414), 6.64 (d, J 3.6 Hz, 114), 5.91 (t,J 8.1 Hz, 114), 5.51-5.39 (rn, 114), 4.49 (t,
f = 7.2 Hz, 114), 4.37 (dd,j1 = 7.7, 9.8 Hz, 113), 4.19 (dd, I 7.3, 9.8 Hz, 111), 3.18-3.07 (m, 1H),
2.98-2.85 (m" 1H), 2.84-2.74 (in,212-2.60 (m, 114), 2.38-2.17 (m, 314), 2.11-1_98 (in, 211).
LC/MS; R= 1.16 rrtin, Es' 478 (FA standard).  Example 54:
((1S,2S,4R)-4-(4-((S)-4-chloro-2,3-dihydro-1H-inden-1-ylarnino)-7Hpyrrolo[2,3-d]pyrirn.idin-7-yll-2-
hydroxycyc1openty1)irtethyl sulfamate (Compound 1-64) (02961The title compound was prepared
following the procedure described in Example 2.11 using (5)-4-chloro-2,3-clihydro-1H-inden-1-y1
amine in step f. 1H NMR (CD301), 400 MI-1z, 8): 8.30 (s, 114), 7.52 (br s, 1H), 7.38-7.23 (m, 314),
6.93 (br s, 1H), 5.69-5.50 (m, 211), 4344.47 (m, 1H), 4.37 (dd, J = 7.3, 9.8 Hz, 11-1), 4.19 (dd, 1
7.3, 9.5 Hz, 1H), 3.25- 3.15 (m, 1H), 3.07-2.96 (m, 114), 2.92-2.82 (m, 11-1), 2,82-2.71 (m, 1H),
2.40-2.06 (m, 511). LC/MS: R= 1.64 min, Er 478 (AA standard). Example 55:
[(15,2S,4R)-4-(4-M1R)4-bromo-2,3-dihydro-1H-inden-l-yl]arnirtoi-7Hpyrrolo[2,3-d]pyrimidin-7-yll-2-h
ydroxycyclopentyl]rrketivl sulfamate (Compound 1-65) [0297]The title compound was prepared
following the procedure described in Example 44 using 4-bromoindan-1-one.1H-NIVIR (400 MHz,
Me0D, 8): 8.17 (s, 1H), 739 (d, J=7.9 Hz, 11-ll, 7.22 (d, f=7.5 Hz, 111), 119 (d,1=3.7 Hz, 111), 7.08
(t, J=7.7 Hz, 114), 6.62 (d, 1=3.6 Hz, 11-1), 5.96 (t, J=7.8 Hz, 11-1), 5.44 (m, 114), 4.48 (t, J=3.5
Hz, 114), 4.37 (dd, J=7.6 Hz, 9.7 Hz, 11-1), 4.19 (dd, J=7.3 Hz, 9.7 Hz, 111), 3.09 (ddd, f=3.2 Hz,
9.1 Hz, 16.3 Hz, 114), 2.89 (td, f=8.4 Hz, 16.6 Hz, 111), 259la, 2.65 (dtd,,T=3.3 Hz, 8.0 Hz, 12.7
Hz, 114), 2.27 (in, 314), 2.05 (in,LC/MS: R = 1.66 min, Er 524 (AA standard). Example 56:
[(1R,2R,45)-4-(4-{[(15)-7-fluoro-2,3-dihydro4H-inden-1.-ylamino)-7Hpyrrolo(2,3-d]pyrimidin-7-y1)-2-
hydroxycyclopentyllmethyl suifarnate (Compound 1-66) [0298]The title compound was prepared
following the procedure described in Example 44 using 7-fluoroindan-1-one.114 NMR (CD30D, 400
MHz, 8): 8.17 (s, 111), 7.29-7.22 (in, 111), 7_16 (d, J = 3.5 Hz, 111), 7.09 (d, J 7.5 Hz, 114), 6.86
(t,..1= 9.0 Hz, 114), 6.61 (d, J= 3.8 Hz, 1H), 6.00 (t, J 7.5 Hz, 111), 5.48-5.39 (m, 11-1), 4.48 (t, Jr
6.8 Hz, 111), 4.36 (dd, 7= 7.5, 9.8 Hz, 111), 4.19 (dd,1 = 7.3, 9.8 Hz, 1H), 3204.11 (m, 114),
2.97-2.88 (in, 1H), 2.85-2.74 (m, 114), 2.65-2.55 (m, 1H), 2.36-2.18 (m, 3H), 2.14-1.98 (n, 1H).
LC/MS: R= 1.16 min, Er 462 (formic acid standard). 



followed by approximaGly 1 mL of a solution of 1-chloro-4.(drlo¡onethyl)-benzene (32.2O g,

0200 mol) in ether (25.O 4L,0.23E mol). An exother¡n was noæd and the mrxture ¡eached

¡efi,ux. The slow addiEoxr of solution was continued over 90 minutes to maintain a gende

reflrr:<, On corrrpleüon of the addiüon, the reaction was heated fo¡ 30 minutes at 45 "C. Ilìe
¡eaction was tlren cooled to 0 "C- Isobutyraldehyde (25 .19 rl.Lt O.2774r ot) in Ether (20 rnl
0.2 mol) was then added slowly over 2 houls at 0 'C. On completion of rhe addition the

¡eâction w¿rs allort'ed to lvarf¡r to ¡oom temperatr.ue and stir overnight fhe rcaction was

then quendred with ice (200 g) and acidified with 2M HCl (100 mL). the organic phase uras

sepaÌated and the aqueous rvas e><tracted tn¡lce with mo¡e ethe¡. The cpmbined organic

phase was evaporated and the resídue was purified by silica gel drromatograPhy, eluting

rvith 0 to 10% metlranol in dichlo¡omethane to yield the producÇ 17.8 I (45%). rII Nlvß. (300

MÉ{2, CDCIa/ ö):7.?2 (n,4Ít).3.56 (lfu 1IÐ,2.61 (ü.,J=3'3l'rz,]'3.7l1tz,7ÍÐ,2-58(dd"J=9.4

lfz,73-7l1z,7t[),1r4 (dV I=65H2,72.9H2,7IJ],,LA5 (s,1Ð, 1.00 (s,3IÐ, 0.98 (s,3lf).

Steob: Gdrlorol.l-dimethvlindane

103001 Conenùated. sulfuric acid (45.0 rrl-) was added to water (5.00 mL) carefdry

and allowed to cool dorr¡n to ¡oom temperatu¡e. 1-(4.chlorophenyl)-?methylbutan-2ol (17,8

g, 0.0896 mol) wa6 added portionwise ove¡ 30 minutes. Afte¡ the additio¡t' the mütu¡e r ¡as

left to stir at roodr tem¡rerature for 2 hous. the mlxtt¡¡e was then poured onto ice and tlre

aqueous layer was qbacted with ether- Ihe orgarric Phase was w'åstred wate¡ a¡rd Ûren

dried over magnesirrm sulphate and corncentrat€d to yield crude product. The residue was

purified by filuatiorr tluough a plug of silica, elut'mg wtth dicttlo¡omethane, to yield the

ptcfjltt* 72.6 g QA%). 
IH-NMR 

(4OO lvfi{2, CDCL õ):7.10 (¡n,3Ð,2.S5 (4l=rz&z,]-Ð,1.94

(t,I-7.2ÉIz, rÍÐ, 1.25 (s,6rÐ.

SteDc 9drlo¡o-33-dimethvlindan-1-one

I(X¡OÐ 6-d oru1,1.-dimedrylindâne (2.19 g, 0.0121 mol) was dissolved ln acetone (50

m.L), and 1.41 M solution of magnesir¡.n sulhte in rrzater (9.02 mL) vras added, followed by

potassium pe¡stanga¡ate (3.83 g; 0,0242 mol). The mühte was stirred at room temperatu.æ

ovemfght 111 water:isopropanol was then added to the rrixtule and this was etir¡ed for 1

hour. The míxh¡¡e was then evapuated to an aqueous residue afrd ethyl acetate was added.

Tlre mixtu¡e was flltered, washing the collected solids with EtOAc, and the filtrates ¡¡'e¡e

sEparated. The organlc phase was cørcentated, and the residue was prrrified by silica gel

chromatography, eluüng rvlth 20 to L00ry" didüoromethane in hexanes to yield the Foduct,

tzs

Step a:1-(4-chloropheny1)-3-methylbutan-2-ol  [0299]Magnesium (5.02 g, 0.206 mol) was covered
in dry ether (50 InL, 0.5 moll under an atmosphere of nitrogen. Iodine (0.254 g, 0.001 mol) was
added to the reaction,  followed by approximately 1 ml. of a solution of
1-ch1oro-4-(chloromethyl)-benzene (32.20 g, 0.200 awl) in ether (25.0 mL, 0.238 mob. An
exotherrn was noted and the mixture reached reflux. The slow addition of solution was continued
over 90 minutes to maintain a gentle reflux. On completion of the addition, the reaction was heated
for 30 minutes at 45C. The reaction was then cooled to 0C lsobutyraldehyde (25.19 irtL, 02774 no!)
in Ether (20 mL, 0.2 mol) was then added slowly over 2 hours at 0 C. On completion of the addition
the reaction was allowed to warm to room temperature and stir overnight. The reaction was then
quenched with ice (200 g) and acidified with 2M BC (100 mL). The organic phase was separated
and the aqueous was extracted twice with more ether. The combined organic phase was
evaporated and the residue was purified by silica gel chromatography, eluting with 0 to 10%
methanol in didtloromethane to yield the product, 17.8 g (45%).1H NMR (300 MHz, CDCle, 8): 7.22
(m, 411), 3.56 (m, 1H), 2.81 (dd, 1=3.3 Hz, 13.7 Hz, 11-1), 2.58 (dd,1=9.4 Hz, 13.7 Hz, 1H), 174
(dt,J=65 Hz, 12.9 Hz, 11-1)4.45 (s, 1H), 1.00 (s, 311), 0.98 (s, 311). Step
b:6-chloro-1,1-dimethylinclarte  [0300]Concentrated sulfuric add (45.0 rriL) was added to water
(5.00 ml.) carefully and allowed to cool down to room temperature.
1-(4-ckdoropheny1)-3-methylbutan-2-ol (17.8 g, 0.0896 rnol) was added portionwise over 30
minutes. After the addition, the mixture was left to stir at room temperature for 2 hours. The mixture
was then poured onto ice and the aqueous layer was extracted with ether- The organic phase was
washed water and then dried over magnesium sulphate and concentrated to yield crude product.
The residue was purified by filtration through a plug of silica, eluting with dichlorornethane, to yield
the product, 12.6 g (78%). 1H-NMR (400 MHz, CDC13, 8): 7.10 (rn, 311), 2.85 (t, f72 Hz, 111),
1.94 (t, 1=7.2 Hz, 111), 1.25 (s, 611). Step a5-chloro-3,3-dirnethylindart-1-one
[0301]6-chloro-1,1-dimethylindane (2.19 g, 0.0121 mol) was dissolved in acetone (50 at), and 1.41
M solution of magnesium sulfate in water (9.02 ml,) was added, followed by potassium
permanganate (3.83 g, 0.0242 mol). The mixture was stirred at room temperature overnight 1:1
waterdsopropanol was then added to the mixture and this was stirred for 1 hour. The mixture was
then evaporated to an aqueous residue and ethyl acetate was added. The mixture was filtered,
washing the collected solids with Et0Ac, and the filtrates were separated. The organic phase was
concentrated, and the residue was purified by silica gel chromatography, eluting with 20 to 100%
dichloromethane in bexanes to yield the product,  1.25g (46%). 114-NIVIR (400 MHz, CDC1.3, 5)
7.62 (d, J=8.3 Hz, 1H), 7.47 (d, j=1.6 Hz, 1H), 734 (61,1=1.8 Hz, 8.1 Hz, 114), 2_60 (s, 214), 142
(s, 614). U:1S-4- 4-chloro-33-dimeth_y1-2,3-dihydro-1H-inderk-l-vlamino)-7H-
pyrrolof2,3-dlpyrimidin-7-y1)-2-hydroxycyclopentyl)methyl sulfamate (Compound I-67)  [0302]The
title compound was prepared following the procedure described in Example 44 using
5-chloro-3,3-dimethylindan-1-one.'H NMR (C133017, 400 MHz, 5): 8.16 (bs, 111); 7.22 (bs, 113);
Z20 (d, J 3.77 Hz, 114); 7.16-7.14 (m., 213); 6.62 (d, Jr 351 Hz, 11-1); 5.91 (t, J=728 Hz, 11-1);
5.50-5.40 (m, 114); 4.49 (t, 1=3.01 Hz, 18); 4.33 (dd, J= 7.78, 2.00 Hz); 4.16 (dd, J= 7.28 Hz, 2.51
Hz); 2.85-224 (in, 114); 2.53-2.45 (in, 111); 2.37-2.18 (in, 314); 2.08-1.94 (m, 28); 1.43 (s, 314);
1.28 (s, 31-I). LC/MS: RI =1.42 min, Es+ 506 (FA standard). 



125g (4t67d, rH-NMR (400MIlz,cDcL/ 6\7.62(ð',1=8.3:gl7.,:^r{r,7-47 (d',1=1.6FIz,rtÍ),?34

(d4 /=1.8 Hz, 8.t lfz, 7È0, 2.6o (s, 2tI), \42 @, 6Íl).

SteD d: (].s'2g/Rl-¡4.(4-( lS)-Èchlo¡o-33-di¡nelhwl-2&dihvdro-1H-irìderÞ1-vlar¡ino)-Z{-

lCornpound I-671

t03021 fte litle comporxrd was prepared following the ptocedr¡re desc¡ibed in

Example rl4 using 5-ctrlorc3,Sdimethylindan-1-one. tH t lvtn ¡CD"OÐ, 400 MfIz, õ): 8.16 (bs,

1IÐ;7,22 (bs,lfÐ:7,2O(d"¡=377szLED;7-!6-7,14(m,?+$;6.62(dl:JSLE z,tbt)¡5.9t (t,

I=72ßk z,1JJ)r55c5.a0 (m,IH) r 4.49 (L I= 3-OtHz, rÉÐ; a.3€¡ (dd,I= 7.78,2.@ \Iz)¡ 4.16 (dd,

l=7,8th,2.571þ);2.A5-2.7a(nv7lÐ;2.53-2.45 (rn"7}J.);2.37-2.18(*3I',);z.OÙ],sa.ht')}[):

1.4t (s,3Ð;L.?^8 (+ 3FI). LCINß: 4 = 1.42 rni& Ef 506 (FA standard).

Example s7: (1s,ælR)-+{+t(1S)-2.}dihyd¡o1H-inderr-1-ylarrinol-FfluoreTff-
pFrof ol23-djpyrimid¡n-7-yll-2-hydroxycydopentyl)nrethyl sulfarnaæ
(Cørponnd l{8)

Io303l The tiùe cørpormd was prepared following the procedure described in
Exanrple tag and then Example ã-j using (S)-1.-aminoiridårie arid +dtloro-Ffluo¡o-7H-

pyrrolot2,ldfpyrimidine in step lc. h NMR (CD3OD r$0 MHz, E): 8.18 (s, 7þ0,7.3È7.Lalu'fv

5t{),5.82<t,I:7.8,7.8H2,1}1),5.5*5.a5 (n,LÍÐ, +aùa.e@vfiÐ,a35ídÀ,1=9.72,7.37 Írz,

1Ð, a,18 (d4/- 9-n"7.37 Þtz,].r{),3.11€.llz (rrç lrl),2,98-2.88 (ñ t}{),2.8Ù2-73 (*ttÐ,
2.77-2-63 (mvLJf,),2.3L2.t6 GruSbn),2.1G1.96 (m, 2II) ppm. LClMs; Iq = 1.50 m¡& ESá 1t62

(FA' standard).

Érørrple 5E: Í(15,?5,4R)+(5.fluo¡o+f (lR 2Ð-2-nethory-2þ4ihyðrc-1ll-inden-1-
yfJamino)-7ÍI-pyrrolo[1,3-d]pyrimidin-7-yf)-2-hydroxycyclopenty[methyl
suüar¡ate (CoÊrpound I-69)

f03041 lhe title compound was prrepared followhg the procedure described in

Exanple la-g and then Example ã-j using (1&2S12-nethoxyindan-1-amine and 4.clrloro,$.

fluoro-7H-pyrrolo[2pdJpyrimidine in strp 1c. 
tH NMR (CD|OÐ, 4OO Ù4ttz, õ): 8.2o (s, 1H),

727-7.\3 fui"aÍD,1.ao (d¡ =2.3¡1r,1IÐ,5.88 (òJ = 5,3IIz, rIÐ, S.4e (b¡ s,1Ð,4.47 (LI =
7SHz 7lÐ, 4.35 (dà" I -7.5, g.aElz, rlli), 4.3T428 (m, 1rÐ, 4.r8 @d, l = 7 5, 9.8H2,1Ð, 3.39

(s, 3lI), 3.193.03 þ¡zËt),2ß}2,75 (û"7}jft,2.*2,a6 (r¡v 3tÐ, 2,091.92 (m, lÐ. LCIMS: R, =

155 xrri& ES'492 (formic acid standa¡d).

Example 57: ((15,25AR)-4-14-[(15)-2,3-dihydro-1H-inden-l-ylaminol-5-fluoro-71-1-
pyrrolo[2,34]pyrimidin-7-yll-2-hydroxycyclopentyl)methyl sulfamate (Compound 1-68) [0303]The
title compound was prepared following the procedure described in Example la-g and then Example
2i-j using (5)-1-aminoindane and 4chloro-5-fluoro-714- PYrrolo[2,3-dlpyrimidine in step lc. NMR
(CID301), 400 MH.z, a): 8.18 (s, 114), 7.30-7.14 an, 514), 5.82 (t, Jr 7.8, 7.8 Hz, 111), 5.55-5.45
(in, 1H), 4.48-4.44 (m, 114), 4.35(dd, J = 9.72, 7.37 Hz, 111) , 4.18 (dd, = 9.72, 7.37 Hz, 1H),
3.11-3.02 (m, 114), 2.98-2.88 (m, 113), 2.88-2.73 en, 114), 2.71-2.63 (In. 18), 2.34-2.16 (in, 314),
2.10-1.96 (in, 214) ppm. LC/MS: R., =1.50 min, ES + 462 (FA standard). Example 58:
[(15,25,4R)-4-(5-fluoro-4-1K1R,25)-2-xnethoxy-2,3-dihydro-1H-inden-ly1)amino)-7H-pyrroloR3-dipy
rimidin-7-y1)-2-hydroxycyclopentyllmethyl sulfarnate (Compound 1-69) (03041The title compound
was prepared following the procedure described in Example la-g and then Example 21-j using
(1R,2.5)-2-methoxyindan-1-arnine and 4-chloro-5- fluoro-7H-pyrrolo[2,3-dipyrimidine in step lc. 313
NMR (CD301D, 400 MHz, 8): 8.20 (s, 114), 727-7.13 (In, 413), 7.10 (d, j = 2.3 Hz, 114), 5.88 (d,1 =
5.3 1-12, 11-1), 5.49 (br s, 111), 4.47 (t, 7.3 Hz, 114), 4.35 (dd, 7= 7-5, 9.8 Hz, 113), 4.31-4.28 (m,
11-0, 4.18 (dd. J = 7-5, 9.8 Hz, 111), 3.39 (s, 314), 3.19-3.03 (m, 21-1), 253-225 (m, 114),
2.34-2.16 (in, 314), 2,03-1.97 (in, 114). LC/MS: RI = 1.55 min, ES. 492 (formic add standard).
Example 59: (15,25,41Z)-2-hydroxy-4-(4-1 [(112,25)-2-isopropoxy-2,3-dihydro-1H-inden-lit
amino)-7H-pyrrolo[2,3-d]pyrimidin-7-yl)cyclopentyllmethyl sulfamate (Compound 1-70) [0305]The
title compound was prepared following the procedure described in Example 41a-d, using ethyl
iodide in step b. 114 NMR (CD,OD, 400 MHz, 8): 8.19 (s, 1H), 7.294.17 (rn, 514), 6.65 (d, J = 3.6
Hz, 114), 5.73 (d, 1= 5.1 Hz, 11-1), 5.50-5.44 (n, 1H), 4.49-4.48 (xn" 111), 4.42435 (m" 214), 4.20
(dd, 1 = 7.3, 9.8 Hz, 111)" 3.66-3.56 (m, 214), 3.51-3.43 (m, 111), 3.12 (d, J = 3.8 Hz, 211), 2.81
On, 1H), 2.37-2.20 (n, 3H), 2.08-2.03 (in, 114), 1.70-1.56 (m, 1H), 1.53-126 (m, 114), 1.05 (t, J =
7.0 Hz), 0.97-0.90 (in, 21-1) ppm LC/MS: R = 1.59 min, EC 488 (AA standard). Example 60:
(15,25,4R)-2-hydroxy-4-(4-4[(1R,25)-2-isopropoxy-2,3-dihydro-1H-inden-l-yllamino)-7H-pyrrolo[2,3-
d]pyrirnidirt-7-yl)cyclopentyl]xnethyl sulfarrtate (Compound 1-54) [0306]The title compound was
prepared following the procedure described in Example 41a-d, using isopropyl iodide in step b.
11-1 NM:R (CD,OD, 400 MHz, 8): 8.20 (s, 114), 7_31-7.18 (in, 5H), 6.67 (d, I = 3.6 Hz, 114), 5.82
(d, J = 5.4 Hz, 114), 5.51-5.44 (m, 114), 4.534.48 (m, 211), 4.37 (dd, J = 7.6, 9.7 Hz, 114), 4.20
(dd, J = 7.3, 9.7 Hz, 111), 3.67-3.61 (m, 111), 3.18-3.02 (m, 214), 2.84-2,78 (in, 114), 2.37-2.00 (m,
411), 1.09 (d, J = 6.1 Hz, 314), 0.93 (d, J = 6.1 Hz, 314). LC/MS: R1 -= 1.68 min, EC 502 (AA
standard). Example 61.!
[(15,25,4R)-2-hydroxy-4-(441(1R,25)-2-hydroxy-2,3-dihydro-11-1-inden-lyl]arnin'
0)-7H-pyrrolo[23-d]pyrimidin-7-yl)cyc1openty1lmethyl sulfamate (Compound 1-71) [0307]The title
compound was prepared following the procedure described in Example 2a-j using
(11?"29)-2-Itydroxyindan-l-arnine in step f. 11-1 MAR (CD30D, 400 MHz, 8): 8.18 (s, 114729-7.16
(n, 514), 6.68 (d, J = 3.8 Hz, 114), 5.77 (d, f = 4.5 Hz, 111), 5.53-5.40 (m, 114), 4.72-4.68 (in, 114),
4.51-4.47 (in, 114), 4-37 (dd, J =9.5 Hz, 1H), 4.21 (dd, J = 7.5.9.8 Hz,3.24-3.18 (m, 114), 3.02-2.95
(n, 114), 2.87-2.78 (in, 114), 2,39-2.19 (n, 311), 2.09-2.00 



Example 59: (LS,2SAR)-2-hydxoxy-4.(tl-l(1R2S)-2-isopropoxyr-28-dihydrelll-inden-1-y!-
animol-7 H-pynolol2þìIlpyriøidin-7 -yl)cydopentyllmethyl sulf arnate
(Compound I-70)

[03051 ïhe tide compound was preçrared following the procedure desc¡ibed in
Example 41a-d using ethyl iodide in sÞp U. trf fVlræ, lCDsOD, 400 MHz, 6): B.t9 (s, 1H),

7.2*7.L7 (nv5ÎÐ,6.65(ð"1=3ßtlz,Lrf),5.73 (d,/= 5.1lfe,1!Ð,55(}5.414 (ûL 1Ð, 4,494,48

(xatt\, a.a2a35 @v2ÍÐ,4.2O(dd,l =73,9-8I:Iz.7Éf),3.6ó3-s6(rn,2Ét),3.s1-B.43 (n,t}J),
s.tz (d',I = 3.8Ëtz,*l),2-gL (tL1v1îÐ,2,37-2,20 (¡n, 3Ð, 2.0&2.03 (m, 1I{), 1.õ'1.56 (m, 1IÐ,

1.5}136 (rn, 1rI) ,1-O5 (r,l =7.otþ), o-97-o.9O (n,2]rI) ppm- LC,rlva$ \ = 1.59 min, ES' 488

(á,/c, sÀdard).

Example 60r (LS2SAR -2-hydtoxy-+(+l(1&2S)-2-isopropoxy-2B-dihydio-1H-inden-1-y!-
amirro !-7ll-pyrrolop þalpy r;nið;wZ -yl)cydopentyllmethyl sr¡lf amate
(Compound I-54)

[0306¡ The ütle corrpor:nd was p¡epared following the procedure described in
Example 41ad, using isopropyl iodlde rn sêp b. h WtC. 1CO"O¿ 4O0 MtIz, ô): S.20 (s,

tr\,7-37-7.18 (n,SÎÐ,6.67 (d,l =3.6H2,7Il),5.82(d,l =5-aI7z.7H),5,51-5.4a (nv 1Ð,4.s¡l-
4.4a(n zBl).4.37 (dd,I =7.6.9X112,,1.Ð,4.20 (dd,t -73,e.7ltz,trf),3.67€.61 (rv 1Ð,
3.T*3.ù2(n,2JJ}2.6+L78(ú'7ÍÐ,237-2.oo (n¡ 4tl),r.09 <d,l =6.LÊ{2,3Ð,0.93 (d"I= 6,1

rø,3t1l LCllv[S: \ = 1.68 mi& ES'502 (A.ê, Etãndâ¡d).

Exa.rrple 61: (1S,251R)-2-hydroxy-+(+l[(1R2sJ-2-hydxuy-2þdihydro-1H-inden-1-
yllamiro)-7fl-pyrmlo[2,3-d)pyrimidin-7-yl)cydopentyl]methyl sulf amate
(Cod¡pound I-71 )

t0302 fte tide conrpound was prepared folowing rhe procedu¡e desc¡ibed in
Example 2a-j us\ (1R2s)-2-hydroryindan-1-amine in srep f. ¡H NNß. (CD3OD 400 Mllz,
8)r 8.L8 (s, 1Ð, 7.29-7-16 (sr" 5tÐ, 6.68 (ò J = 3,8 H& Tkft,5:77 (d,I = 45 IIz- rH), s.s9s.40 (m,

tll),4.724.68 (aLht),4.sL4.47 (n,1}Ð,a37 @d.l =7.5,9-5Lrz,I,Il'),4-27 (da,¡-7.5,e.s
Hz,7È0,3.2ß,L8(n,LIl),3.@-295(ñ"tH),2.87-2.78 (ûa,].bf),2,312.19 (rvstÐ,2-o9-2.oo

(¡¡l 1Ð. rc/À¡Ë: \ = 0.90 min, ES'1160 (formic acid søndard).

114). LC/MS: R = 0.90 min, EC 460 (formic acid standard).  Example 62:
[(15,25,4R)-2-hydroxy-4-(4-l(aRt2R_-2-inethoxy-2,3-dihydro-1H-inden-lyllamino)-7H-pyrrolo[2,3-d]p
yrimidin-7-y1)cyclopentylimethyl sulfaxnate (Compound 1-72)    Step
a:24(117,2R)-2-hydroxy-2,3-dihydro-1H-inden-l-y11-1H-isoindole-1,3(2HEdione [0308]A
suspension of (1R,2R)-1-aminoindart-2-ol (1.40 g, 0.00938 mol), phthalic anhydride (139 g,
0.00938 mod), and N,N-diisopropylethylarnine (1.63 mL, 0.00935 rnol) in toluene (141 mL) in a 250
red.. round bottom flask equipped with a Dean-Stark trap and condenser was stirred at reflux under
an atmosphere of nitrogen 18 h. The reaction mixture was cooled to rt. TLC showed complete
conversion of starting material to a higher Rr spot   NMR of an aliquot sample partitioned between
Et0Ac and water coruirrned that reaction was complete. The reaction mixture was concentrated to
a pale white and pale brown solid, redissolved in Et0Ac (25 roL), washed with 1N Ha (2 x 10 mil.),
aqueous saturated NaHCO, (1 x 10 raL), and brine (1 x 10 nil.), dried over Na2SO4, filtered,
concentrated, and dried on high vacuum to give the product as an off-white solid (2_53 g, 97%). 1H
NM:R (CDC!, 400 MHz, 8): 7.86-7.84 (m, 211), 7.74-7.72 (me 2H), 7.26-725 (in, 21-I), 7.20-7.14
(m, 1H), 7.01 (d, J a 7.5 Hz, 11-1), 5.67 (d, = 6.3 Hz, 11-1), 5.14 (m, 1H), 3.58 (dd, I 7.5, 161 Hz,
1H), 2.97 (dd, I = 6.8, 15.8 Hz, 1H), 2.12 (s, 111) ppm. Step
b:2-fflRe2R)-2-methoxy-2,3-dihydro-lFf-inden-l-y11-1H-isoindole-1,3(2H)-dione 10309]To a solution
of 2-R1R,2R)-2-hydroxy-2,3-dihydro-1H-indert-1-y1F1H- isoindole-1,3(2H)-dione (0.860 g, 0.00308
mol) in THE (30 mi.) at 0 C under an atmosphere of nitrogen was added a 1.0 M solution of lithium
hexamethyldisilazide in THF (3.39 mt., 0.00339 mob_ The reaction mixture was stirred for 20
minutes, followed by the addition of methyl iodide (0.575 ml.., 0.00924 mol). The cold bath was
removed, and the reaction mixture was allowed to stir and warm to rt over 18 It. The reaction was
monitored by 111 NMR. The reaction mixture was then re-cooled to 0C. To the reaction mixture
was added 1.0 M  solution of lithium hexamethyldisilazide in TI-IF (329 rid., 0.00339 mol). The
reaction mixture was stirred for 15 minutes, followed by addition of methyl iodide (0.575 iriL,
0.00924 mol). The cold bath was removed, and the reaction mixture was allowed to stir at rt for 22
h.   NMR indicated 80:20 product/starling material. The reaction was quenched with aqueous IN
HO solution and then concentrated in vacua. The residue was partitioned between Et0Ac and
water. The organic phase was washed with saturated NaHCCs and brine, dried over Na2SO4,
filtered, and concentrated. The oil was purified by silica gel chromatography, eluting with a gradient
of hexanes to 10% Et0Ac in hexanes) to obtain product (4.18g. 46%). LC/MS:RI = 1.90 min, ES +
294 (AA standard). 



Exaûple 62:

Hô

Step a: --?-t(1R2Rl-àlydroxlz.-?ådihyd¡o'1H-in4e¡r-1-ytì-1H-isoindoielS@I!'dio¡re

toSosl A sr:speruion of (1R2R)-1-ami¡roindan-?of (1'4o g, 0.00938 mol), phtlultc

arihydride (1'39 I 0.00938 rnol), and NJri-düsopropylethylamine (1'6? nrla 0'00935 mot) in

tolueræ (141 mL) ln a 250 lll ¡ound bottonr flask equipped with a Dean-Stark lrap arrd

condenser was Eti¡red at reflux under an atÍúsPhefe of nitrogen 18 h. The Ìeaction mixtufe

was cooled to rt TLC shsrryed complete conversion of starting mâteriÃl to â higher & sPot

tH NÀß. of an aliquot sample pertitio¡red between EIOAc and water confi¡sred tlat ¡eaction

was complete. The l1eacü6r mixture was @ficentfated to a pale white and pale brornm solid"

¡ed:ssolved in EtoAc (25 ril), wastred with 1N Hcl (2 x 10 mL), aqueous satrtrirted NaHco,

(1 x 10 rrl), and brine (1 x 10 ril-) dried ovet Nar9O" filæred, concsrtated, and dúed on

high vaorurn ùo give the product as an off-white soli ð' (2-53 g,9T/")-1H NMR (CDCL 400

l.fËrz,E):7.AG7.a4(0fvæl),7.7*7.72(Drr2tJ').7.2É725 (try2FÍ),7-2Ù7-ra@t''LI''),7-OL (d"l =

7.íËtz,rJJ),5.67 (à,1 = 6.3ttz,LIlr, 5.14 (ry 1Ð, 35A (dà,1 =z-s'tø'7fiz,tf+)'2'97 (Að'I =

6.8, 15a Hz, 1lÐ,2.12 (s,1I1) ppnu

Step b: Z-f f fn-ZR):Z-methocy-2.9dilrydro-1H-inden-1-yll-1fI=isotdoÌe13G

fo309l Toasolutionof2-(1R2R)-2-hydro(y-2,Hihy&ù1H-inden-1,-y+1H-

isoirdol€-lp(2lldicne (0.860 p 0.00308 mol) in TTIF (30 mL) at 0 "c under an abrosphere

of n¡trogefr was added a 1.0 M solution of lithium hexamethyldisilazide in lrr (3.39 mL,

o.0Gt39 r¡roÐ- ftre leaction rrlixtufe was stir¡ed 6o1 20 minut€s, fo¡lowed by the addition of

rrethyl iodide (0 .575 îÍ., O.OO924 mol). Ilre cold bath rvas removed, and tlre ¡eactiorr mixture

was allowed. to stir and warm to rt ove¡ 18 lu The reaction was monitofea Uy }f Nfvæ,. ffre

reactiør mixùrre was tlren re-cooled to 0 'c To the reaction mixtr.¡¡e was added 1.0 M

Step c(1R2R1-2-methoxyindart-1-amine [0310]To a mixture of
2-[(1R,2R)-2-rnethoxy-2,3-dihydro-1H-inderi-1-31]-1H- isoindole-1,3(2H)-dione (4.13 g, 0.00141
mol) in ethanol (3.38 rnL) under an atmosphere of argon was added hydrazine (0.0442 ELL,
0.0580 inol). The reaction mixture was allowed to stir at rt overnight. White solid byproduct crashed
out of solution. TLC showed no starting material. The reaction robdure was concentrated, and the
residue was suspended in DCM and filtered. The filtrate was concentrated in vacua. 1H NMR
showed that the reaction had not gone to completion. The yellow oil was therefore stirred at refl.=
for 311. LCMS confirmed reaction was complete. The reaction mixture was cooled to rt,
concentrated in vacua, triturated with DCM, filtered, and the filtrate was concentrated in vacua to
give product as a yellow oil (01154g. 64%). LC/MS: Ri= 0.68 min, ES+ 164 (AA standard). Step
d:[(15,25,4R)-2-hydroxy-4-(4-11(1R,2R -2-methoxy-2,3-dihydro-1H-inden-l-
yllainirto1-7H-pyrrolo(2.3-dlpyrimidin-7-y1)cycloperityllrnethyl sulfarnate (Compound 1-70)
[0311)The title compound was prepared following the procedure described in Example 2a-j using
(1R,2R)-2-methoxyindan-1-amine in step f. 'H NM:R (CD300, 400 MHz, 8): 8.18 (s, 111), 7.22-7.19
(m, 31I), 7.15-714 (nn, 211), 6.63 (d, I = 3.4 Hz, 111), 5.84 (d, j = 5.9 Hz, 1H), 5.49-5.51 (in, 11-1),
4.50-1.48 (m, 1H), 437 (dd,J= 7.5, 9.8 Hz, 11-1), 4.25-4.18 (m, 2H), 3.47 (s, 3I-1), 3.37 (dd, 7 =
7.3, 15.8 Hz, 111), 2.87 (dd, J= 6.8, 15.7 Hz, 1H), 2.83-227 (in, 1H), -1), 233- 2.20 (m, 31-1),
2.07-2.00 (m, 114), 1.94 (s, 111) ppm. LC/MS: R1= 1.51 min, ES. 474 (AA standard).  Example 63:
2-((13,28,4R)-4-{44(13)-2,3-dihydro-1H-inden-1-ylamino1711-pyrrolo[2,3-
tflpyrimidin-7-y11-2-hydroxycyclopentypethanesulfonamide (Compound 1-59) Step
a:7-111R,35,45)-3-ftert-butyl(dimethvIlsilylioxy-4-(rtert-
hutyl(dirnethyl)ileH-indert-1-yll-a/pyro:Al2,3-c/lpyrintidin--4-amine
[0312](15,25,4R.)-4-14-[(15)-2,3-dihydro-1H-inden-1-ylamino]-7H-pyrrolo[2,3-
enpyrimiclin-7-y11-2-(hydroxymethypcyclopentanol (0.787 g, 0.00216 mop, 1H-imidazole (0.588 g,
0.00864 rnol) and N$-dirnethylarninopyiidthe (0.022 g, 0.00018 mol) were dissolved in
N,N-diniethylformamide (24 mL) under an atmosphere of nitrogen. After 2 hours, additional
tert-butyldirnethylsily1 chloride (0.500 g, 0.00332 rnol) was added, and the mixture was stirred for a
further 1 hour. The mixture was quenched with brine and extracted with ethyl acetate. The organic
phase was evaporated and the residue was purified by silica gel chromatography, eluting with 0 to
100% ethyl acetate in dichlorornethane, to yield 1.17g (92%) of the title compound. 2H-NIAR
(3001%.11-1z, CDC13,5): 8.40 (s, 113), 729 (in, 511), 7-00 (d, J=3.6 Hz, 11-1), 6.33 (d, .1.3 Hz,
111), 5.89 (dd, J=7.3 Hz, 15.3 Hz, 113), 5.46 (ddd, J=4.3 Hz, 8.5 Hz, 18.1 Hz, 1H), 4.48 (t, J=3.1
Hz, 111), 3.79 (dd, J=7.2 Hz, 9.9 Hz, 11-1), 3.60 (dd, ta6.8 Hz, 9.9 Hz, 114), 3.00 (m, 111), 2.75
(d-td, j=4.0 Hz, 7.6 Hz, 11.7 Hz, 113), 2.45 (d, J=4.0 Hz, 114), 2.22 (d, J=4.0 Hz, 31-I), L96 (d,
J=4.0 Hz, 21-1), 0.90 (s, 18H), 0.08 (s, 12H).
b:(115,25,4121-2-rtert-butvl(dimethyl)silviloxv-4-(t4(1S1-2,3-dihydro-1H-inden-l-
ylaminol-7H-pyrrolof2,3-dlpyrimidin-7-ylleyclopentyl)xnethanol
[031317-f(IR,33A.5)-3-(tert-butyl(dimethypsilylioxy-4-(Etert-butyl(dimethypsilyll-
oxymethyl)cydopenty1)-N-R1S)-Z3-dihydro-11-1-inderi-1-y1]-7H-pyrrolo[2,3-alpyrimidin-4- amine
(1.66 g, 0.00280 inol) was dissolved in a mixture of tetrahydrofuran (6.6 mL), water (6.6 mL, 0.36
mol), and acetic acid (19 mL, 0.34 rriol). The solution was then heated to 40C overnight The
mixture was then cooled and evaporated, azeotroped with toluene (2 x 50 mL) and the residue was
purified by silica gel chromatography eluting with 0 to 100% ethyl acetate in dichloromethane to
yield the product as a white solid, 1.05g (74%). LC/MS: R1 = 1.68 rnirt, ES+ 479 (AA standard).
Step c:(1R.25,4/1)-2-rtert-butyl(dirriethyl)silyllw-4-144(1-5)-2,3-dihydro-1H-inden-1- 



solution of lithir¡n hexamethyldisiladde in TFIF (3.39 mL, 0.003É'9 mol). The ¡eaction

mixture was stired fc 15 mi¡rutes, followed by addition of methyl iodide (0-575 rrif,, 0.00924

mol). TTre cold bath was removed, and tle reaction mixtr¡fe was allowed to sti¡ at ¡t for 22 h.

h NtvfR ¡ndicated 80:20 product/slefting meteriat. Tfæ ¡eaction Î^'as quendred with

aqueouE lN HCI solution and tlren corics¡ì,Eatd ír¿ z,¿ø¿o. The residr¡e was partitioned

between EtOAc and water. The otganic phase was washed with sah¡rated NaIICOT and

brine, dried over NqSOr, fiiteceò and corrcer¡hated. The oil was purified by silica gel

cluomatography, eluting with a gradient of hexanes to 10% EtOAc tn hexanes) to obtain

product (4.1s g, 467d. rc,rùfs: \ = 1.90 mir! ES* 294 (A.A, standard).

SteD c l1R2Rl2-methoxvindan-1-amire

tO31O¡ Toarnirtufeof2-(1R2R)-2^methoty-2,3-dihyd¡a1H-inden-1-yÐ-1H-

isoindole-1!(2Fl)-dione (4.13 I 0.00141 mol) in ethanol (338 mL) under an atmoE here of

argotr was added hydrazine (O.Ola!2 m! 0.0580 nol). The ¡eacbon mixtr¡¡e was allæved to

stir at É dvernight. White sotid blproduct c¡ashed out of solution' TLC showed no starting

maierial. The ¡eaction mixtut€ was concenkated, and tl'ìe ¡esidue was susPefìded in DCM

and filtered. The filÈate was conc erLvaæd ín ?aãn' tft NÙß sho""ed tllât the feaction had

not gone to completion. TÌre yellorø oil was therefore stùred at reflux for 3h- IÆN4S

confirmed reaction \rvas complete. The reaction mktu¡e was cooled to rL cüìcenbated in

orcto, d¡Ãtratcd vtith DOVÍ, f t€re4 a¡rd the filtate was concenEated ín ltûctzo lg Ei've

product as a yellow orl (O-75a, g e4). LCllvIS: \ = a-fS mir! Eg* 164 (A.A starrdard).

t03UI The title ompound was prepared follor,ving the proceduxe described in

Ëample 2aj using (1RpR!2-methoxyindan-1-amine in step f. ÏI NMR (CDSOD, 400 MHz,

6):8.18 (s,lfl),7 2-7.Le Qn,3:F.),7.75{--74(tt,?-rf),6.69 (ùI =g.4lfz,7HJ,5.84(d,,1=5-sLIz,
1Ð, 5.4+s.s1 (m, rtÐ,4.5(}4.1tE (¡rv üÐ, a37 (dd, I =7's'9'8lIz'7II),4.25-4.18 (m, 2ÍI),3-47

(s,3\Ð,3.37 (dd,I =7.3,75.8þIz,ttÐ,2.87 (dd'l=6;8'15.7øz,1IÐ'2.83-2-77 (nv7tJ'l'z3T

2.20 (r*3*Í),2.w-ZOO (m, 1Ð, 1.94 (s, lII) pprn LC,/\4S: & - 1.51 Eìi¡! Æ" 474 (AA

standard),

t29

ylaininol-7H-Dvrrolo2,3-dipyrirniclin-7-ylicyclwentartecarbaldehyde
I03141((15,245,4R)-2-(tert-butyl(dirnethyl)silyiloxy-4-{4-[(13)-2,3-dihydro-1H-inden-1-
ylamino1-7H-pyrroloR3-dipyrirnidin-7-ylkydopentyl)rnethanol (257.0 mg, 0_0005369 mol) was
dissolved in methylene chloride (10.0 mL) under argon. N-Methylmorpholine N-oxide  (126 mg,
0.00107 mol), and 4A molecular sieves (250 mg, freshly flame dried) were then added and the
mixture was stirred for 10 minutes at room temperature. Tetrapropylanunortiurn perruthenateVlf
(18.9 mg, 0.0000537 mop was then added, and the resulting dark green solution was stirred for lh
at room temperature. The reaction mixture was filtered through a silica gel plug, eluting with DCM
(20 rnL), followed by 50% ethyl acetate in DCM (150m14. The eluate was evaporated to provide
the product as a clear light green oil. The residue was carried on to the next reaction without further
purification. Step d:Ethyl
(E)-24(1526,410-2-ftert-butyl(dimethyl)silylloxy-444-1-(15)-2,3-dihydro-1H-, ------7ol 2 -d7-n 1 eth
lenesulfonate [03151To a stirred solution of (diethoxy-phosphory1)-rnethanesu1fonic add ethyl
ester (285 mg, 0.00110 mol) in telzahydrofuran (5.0 mL) was added, dropwise, 2.5 M of
n-butyllithium in hexane (440 p.L, 0.00110 mol) at -78 it under atmosphere of nitrogen. The mixture
was then stirred for 30 minutes. To this solution was added, dropwise, a solution of
(1R,25,412)-2-Itert-butyl(dimethypsilylloxy-4-14-1(15)-2,3-dihydro-1H-Inden-1-ylamino1-7Hpyrrolo[
2,3-d]pyriznidirt-7-ylIcydopentanecarbaldehyde (212.0 mg, 0.0004447 mol) in tetrahydrofuran (5.0
rriL) at -78 C. The resulting pink solution was stirred for 1.5 h at -78 C. The reaction mixture was
warmed and quenched by addition of saturated NH4C1 (30 raL). The resultant mixture was
extracted with DCM (3 x 30mL). The combined organic layers were dried over MgSO4, filtered, and
concentrated in vacuo. The residue was purified by silica gel chromatography with 30 to 50% ethyl
acetate in hexane to yield the product as a colorless oil, 132 mg (51%). LC/MS: ; 2.55 min, ES"
583 (AA standard). Step e:Ethyl
2-01.5,25,4R)-2-ftert-butylkihnethyl)silylioxv-4-14-11151-2,3-dilwdro-11-1-
inden-1-ylaminol-711-pyrrolof 2,3-dlpyrimidin-7-y1 1 cycl operityl) ethanesulf onate
103161Ethy1-2-((15,25,4R)-2-ftert-butyl(dixnethyl)silylioxy-4-144(15.)-2,3-dihydro-111-
inden-1-ylaminok7H-pyrroloE2,3-dipyrimidin-7-yl)cyclopentypethylenesulfonate (132.0 mg,
0.0002265 'nal) was dissolved in ethanol (8.0 mL) and sodium horohydride (42.8 mg, 0.00113 mol)
was added. The reaction mixture was stirred at room temperature overnight. The mixture was
quenched with NI-WI solution, and the mixture was concentrated to remove the ethanol. The
aqueous residue was then extracted with dichloromethane, and the organic phase was
concentrated. The residue was purified by silica gel chromatography 15% ethyl acetate in
didiloromethane to yield the product, 92 mg (69%). LC/MS: R = 2.51 min, ES + 585 (AA standard).
Step f:N,N,N-tributvlbutan-1-aminium 24(1.5,2S,4R)-2-frerr-butyl(dirnethyhsilylloxy-4-
(4-11151-2,3-dihydro-1/3-inden-1-ylaminoi-71-1-pyrrolo[2,3-dlpyrimidin-7-
yllcyclopentyl)ethanesulfonate [0317]Ethyl
24(15,25,4R)-2-ftert-butyl(dirnethyl)silygoxy-1-(4-1(15)-2,3-dihydro-114-
inden-1-ylamino)-7H-pyrrolo[2,3-dlpyrimidin-7-yllcydopentyl)ethanesulfonate (92 mg, 0.0001573
rnol) and tetra-n-butylanurionium iodide (62.0 mg, 0.000168 mol) were dissolved in acetone (2.5
mL, 0.034 rnol) and the mixture was heated using microwave irradiation at 140 C for 70 seconds.
The cooled reaction mixture was concentrated to dryness to yield the 



Exanplc 63: 2-((Ls,2s,4R)-+l+[(r5]2.3-dihlrdrc-1]I-irrden-1-ylarrino!'THaynolol2'3-
dlpyrimidin-7-yt)-2-hydroxycydoperrty¡)ethane6ulfonâñide (ComPound I-59)

7 H -owtt olol 2 34lo¡¡ri¡nidin-¡t-amine

[03121 (ts,2SþR)-+l+I(1S)-23-dihydro-1H-tnden-1-ylanrinoJ-7ã-Pprolol2S-

dlpyrimrdin-7-yl]-2-(hydrorymethyl)cydopentanol (O.7A7 g' O.Oer6 
'f,tol), 

l¡I-imidazole

(0.588 g, 0.00864 mol) and N,ÀI-dtnrethyla*nopyrídine (0.022 g, 0.00018 nrol) wete dæsolved

in N,Ndimethylfonnamide (2a mL) under an aÈnoÐlre¡e of nitfogerr. After 2 hours,

additional tstú-butyldinethyb yl dùoride (0.500 g, 0.00332 mol) was added, arrd the mixtu¡e

lr¡as stiÍed for a ft¡¡ther t hour. Tlæ mixtu¡e was quendred wirh brine and exEacted with

ethyl acetaæ. The organic phase was evaporated and the É6idue was Purlfied by silica gel

drrorratography, eluting with 0 to 1007" etlryl aceÞê in didúorc,me0une, to yþl¿il.l7g

(927.) of the title compoi¡nd. Ï:I-NMR (300 MHz, CDC\.ö): 8.4o (6, ltl), 7.æ (ur, 5þ, 7-00 (d,

I3.6LIz,tPf),6-33 (d,,143Ëlz,LIÐ,5.89 (dd,/=73H2,L5-gEIz,7Ét,5a6(ddd',I=43I{2,8-5

rilz,78-7llz,7H),4.48 (t, J=3.1. Étz,7tÐ,3.79 (rld.I=7.2tt2,9.9 ÍIz,!H),3.60 (dà', I=6.4I{z,9.9
Hz, 1rÐ,3.00 (nv 7lÐ,2.75 (düvI=4.oH2,7.6f112,77.7I12,11Ð,2.45 (d',J-4.OlIz,t}'),222(d,

l -4.o Hz, 3ÍÐ, 7.e 6 (d, I -4.o. rIz, 2rÐ, 0.90 (s, 18Ð, 0.08 (o 12rÐ.

Steo b: (fs.2sARL2-ltetabuwlldimethvlìeilvlìoxv+1-f&[t1S)-23dihvd¡o-1H-inden-1-
wlaninoì-7ll-ovrrolof 2-3dlov¡irnidin-7-wllcvclopentvDmefhanol

10313¡ 7-lERSsA9)-Tlferf-butyl(dimethyl)silyllory+l-([tert-buþl(dimethyt)sllyt]-

oxymethyl)cyclopengl-N-t$S)-23-drhydroll{-inderr-1-y\-7Ê-pynolol\3-dipyrimidin-+

amine (1.66 g, 0.00280 mol) was disscúved in a mixtu¡e of Éal¡y&ofuran (6.6 mL), water

(6,6 mL 0.36 moÐ, and aceEc acid (19 mL, 0.34 mol). The solutiorr was tlren heated to 40 "C

ove¡night Ttre mixtr¡rc vras then cooled ând evâporâted" âzeotroped with toluene (2 x 50

mL) axrd {he rcsidtre was purtfted by silica gel d[omatograPhy e]ut¡ng with 0 to 100% ethyl

acetate in didùoromethane to )aeld the product as a whiæ solid" 1.0s9 (74%). lClMS: \ =

1.68 min, ES* 479 (AA sa¡rda¡d).

Step e (r.R.2SlR)-2-L{s/t-butJ,l(diûEthyl)s¡lylìQcy-4Ll+fG$-233ihydr-o-1H--.iI'det}-1-

toÍt141 Ka'2s4R)-2-lrqt-butyl(dimethyl)silylloDry-+(+lGs)-23öhydro-1H-tnden-1-
ylaminol-7H-pyrrolotZp-algyxinttan+-ytJcyclopenþl)me thar:c.l (zî7 .O ng 0-0005369 mol)

was dissolved in rnetlrylene drloride (10.0 mL) u¡rder argon' N-Ivfetlrylmorpholine N-oxide

130

crude product, 140 mg. LC/MS: R1 = 1.75min, ES+ 557 (AA standard). Step
g72-((15,25,412)-24tert-butd(dirriethypsilylloxy-4-14-1(151-2.3-dihydro-lH-inden-1-
Vlarnin01-7H-ovrrolo 12,3-dipyrimiclin-7-ylicyclopentypethanesulfonamide
[0318]N,N,N.-tributylbutari-l-aminium 2415,25,4M-2-Red-
butyl(dimethyl)silylloxy-4-14-[(15)-2,3-dihydro-111-inden-l-ylarninoj-71-1-pyrrolo[Z3-
dlpyrimidin-7-yncydopentyl)ethanesulfonate (66.0 mg, 0,0000744 mol) was dissolved in methylene
chloride (2.0 rot., 0.031 mol) and N,N-dimethylformanide (5.50 AL, 0.0000710 mop was added.
The mixture was cooled to 0 C and thionyl chloride (50.0 AL, 0.000685 mol) was added dropwise.
The reaction was allowed to stir at 0 C for 2.5 h. The reaction mixture was diluted with toluene and
concentrated to dryness. The residue was again azeotroped with toluene. The residue was eluted
down a silica cartridge (-3 g) with 0 to 10% THP/DCM to yield the add chloride intermediate, 42
mg. The acid chloride was taken up in a 0.500 M solution of ammonia in 1,4-dioxarie (5.00 mL) and
the resultant solution was stirred overnight at room temperature under an atmosphere of nitrogen.
The mixture was then-evaporated and the residue was partitioned between Don and water. The
organic phase was evaporated to yield the crude product, 35 mg (85%). LC/MS: Rt = 1.64min, ES+
556 (AA standard).
[0319)24(15,25,4R)-2-ftert-butyl(dirnethyl)silylloxy-4-(44(15)-2,3-dihydro-1.11-inden-
l-ylarnino)-71-1-pyrrolo[2,3-dipyrirnidin-7-ylicycloPentypethanesulfonamide (32 mg, 0.000057 mol)
was dissolved in tetrahydrofuran (1.0 xriL, 0.012 mol) and a 1.00 M solution of
tetra-n-butylammonium fluoride in tetrahydrofuran (0.100 mL) was added. The mixture was stirred
at room temperature for 1 hour. The reaction mixture was quenched with a little water and then
concentrated. Purification of the residue by silica gel chromatography,   eluting with 0 to 100% of
(9:1Et0Ac:Et011) in 0CIV1" afforded the desired product, (9 mg, 40%). 11-1-N'MR (400 MHz,
Me0D, 8): 8,16 (s, 1H), 7119 (in, 514), 6.62 (d, J=3,6 Hz, 111), 5.85 (t, J=7.7 Hz, 114), 5.43
(dddd,f-=4.2 Hz, 8.4 Hz, 8.4 Hz, 8.4 Hz, 114), 435 (t, J=3.7 Hz, 1E1), 3.13 (m, 313), 2.91 (in, 11-1),
2.63 (m, 11-1), 2.49 (in, 113), 2.35 (ddd,J=-.1.21-1z, 8.1 Hz, 13.8 Hz, 113), 2,05 (in, OH). LC/MS
R1 1.07min, Er 442 (AA standard). Example 64:
(E)-24(15,25,4R)-444-[(15)-2,3-dihydro-1H-inclen-l-ylamino]-7H-pyrrolo[2,3-
cl]pyrirrtidin-7-y11-2-hydroxycyclopentyl)ethylenesulfonaroide (Compound I73) Step a:tert-Butyl
{1(if)-2-alS,25,4/0-2-Iftert-butyfidimeth_ypsilytioxyl-4-14-f(15)-2,3-
dihydx-o-11-1-inden-1-ylaminol-7H-pyrrolof2,3-dipyrirrddin-7-
ylIcyclopentyllvinyllsulfonylIcarbairiate
[03201tert-ButyliRdiphenylphosphoryl)methyl]sulfonylicarbaroate (602 mg, 1.45 rrunol) was
dissolved in TI-IF (50.0 mL) under an atmosphere of argon, a 1.60 M solution of n-butyllithium in
hexane (1.81 mL, 2.89 carnal) was added at -50 et, and the resultant mixture was stirred for 1 it A
solution of (1R,25,4R)-2-[ftert-butyl(dimethyl)silyljoxy)-4-(4-
[(L5)-2,3-dihydro-1H-inden-1-ylarnino]-7H-pyrroloI2,3-d]pyriroidin-7- yl)cyclopentanecarbaldehyde
(300 mg, 0.60 rrunol) inTEF (8.0 mL) was added to the mixture, and the resulting mixture was
stirred for 30 min at room temperature. After quenching by addition of water (200 mL), the mixture
was extracted with Et0Ac (100 nil. x 3). The organic layer was dried over MgSO4, filtered, and
concentrated in vacuo. The - residue was purified via silica gel chromatography eluting with a
gradient of 10 to 60% E80Ac in hexane to afford the title compound (84.0 mg, 21%). LC/MS: 12, .t
1.90 min, Er 654 (PA standard). Step b:(E)-24(15,2SAR)-24
ftert-butvl(_dimethv1)silylloxyl-4-l4-[(1S)-2,3-dihydro-1H-
inden-1-ylaxninol-7H-p_yrroIof2,3-dlpyrirnidin-7-  v11cvc1ooerityl)ethylenesulfonamide
[03213tert-Butyl (f(E)-2-((15,2S,4R)-2-1(tert-butyl(dimethyl)sily1Joxy)-4-144(15)-2,3-
dihyciro-1H-inden-1-ylarninol-7H-pyrrolo[2,3-dipyrimidin-7-ylicyclopentyl)vinylisulfonyllcarbamate
(120 mg, 0.17 intnol) was dissolved in DCM (10.0 roL) under an atmosphere of argon, and Et01-1
(0.05 mL, 8.72 mmol) was added at room temperature. To this mixture was added ZnEr2 (0.10 mg,
0.44 rrunol), and the resulting mixture was stirred for 4 h. After quenching by addition of water (20
nit), the mixture was stirred for lh, and then was extracted with DCM (30 InL x3). The organic layer
was dried over MgSQ, filtered, and  



(126 mg, 0.00107 rol), and 4Ä' molecular sieves @50 nrg, freslùy flame drled) were lhen

added arrd the mixture was stirred fo¡ 10 mlnutes at room temPerature'

TetrapropylamrnoniunpemrthenateVll (18.9 mp 0.0000537 mol) was then âdded' a¡rd the

resulting dark green solution was sË¡:red for th at ¡oodì' telnPerahüe' The ¡eaclion mütr¡¡e

was filGred tluough a silica gel ptug, elutrng with DGvf (20 mL), folto*red by 5f/" ethyl

acetate in DCM (150nrl)- ltre eluatÈ was evaPorated to provide the product as a deaf liSht

gteen oil. The fesidue was ca¡¡ied on to the nerct reaction without fu¡ther purification.

IO315l To a stir¡ed solution of (dielhoxy-phosphoryi)-mettranesuÍonic acid ethyl

ester @85 mg; 0.00110 mol) in ætfahydrofuran (5'0 mL) wras added, dropwise' 2'5 M of

n-butyllitltum in hexa¡re (4lO FI+ 0.00110 rrol) at -78 'C undef atnosPhere of niEogen" The

mixhr¡e vras then stirred fo¡ 30 minutes. To this solutirr wae added, droPwise, a solutiorì oú

(1&29,4R)_Z-ltsrr-buty(dtnettryl)silyüoxya-t+(6j-2,]dihydro-1H-inden-1-ylanrurol-7¡i.-

pyrolol2SQVyzinidin-7-y'lcycJopenÞnecarbaldehyde (272'0 mg.o'o$OW7 nol) irt

tetrahydrofirraxr (5.0 ril) at -78 "C. The resulting pink solution wâ.6 6üffed fo¡ 1.5 h at -78 'C.

The Eaction mixtu¡e was warrred and quenclred by addition of satufated NHpl (30 mL)'

ItÉ lesultafrt mixture was cr(tlacted rvith DcM (3 x 30¡nL) . The combined orgeÍic la]¡eIs

wefre dried ovef MgSO* filtered, afrd. con(ant¡ated in VaCUO. Tt€ tesidrre was purified by

silica gel chrosutography with 30 to 5O/" ethyl acetate in lrexarre to yield the product a.s a

colorless oil, 132 mg (51%). Lcllvfs: R, = 2.55 nin" Es'583 (AA standard)'

Sæo e: Bthyl2-(Os2s RÞ2-Þe/ú-buty(d¡4ethyltqtl,yllqDqj¡-lalGÐ:2êqihltd¡o.lH-.

t0316]Ethyl-2-((1S2S,4R)-2-[ærÉ-buty(dimethyl)sily!toxy+{+(1$-2,}dihydro'rl{-
inden-l-ylanrinol-THAynolol2}4lPyrimldin-7-yl¡cyctopentyl)ethylenesrrlfonãte(132'0mg'

0.0002265 mol) was dissolved in ethanol (8.0 mL) and sodium borohydride ('112.8 mg, 0'00u3

mol) was added, Ttre reaction ¡nixture was stired at room teÍrPerature overnight. The

mixture was quelched with NHpI solutiory and the mixtr:re t ¡as concefrtaìed to remove

fhe ethanol. The aqueous residue was tlw¡r, extracÞd rrrrtlt dichlo¡o¡nethane, and tlre organic

plrâse f ras conc€nEeted. 'Ihe fesidue was purlf,ied by silica gel dEomatography 15% elhyl

aceÞte in dic¡lororrÉÈrane to leld the produc! 92 mg ( 69%)' LC /lvf'. R'= 2'51 nirr ES' s'ss

(AA standard).

l3t

concentrated invacuo. The residue was purified via silica gel chromatography, eluting with a
gradient of 0 to 10% Me0H in DCM, to afford the title compound (91.8 mg, 90%). LC/MS: = 1.64
min, ES 1 554 (FA standard). Step
a(E)-24(15,2-5,4R)-4-14-[(151-2,3-dihvdro-1H-Mden-l-vlaminol-7H-pyrrolof2,3- "din-7- 1,I, dr xd   -
[0322](E)-2-((15,25,4R)-2-atert-buty1(dimethyl)sily11oxy)-4-144(15)-2,3-dihydr0-lH-
ind.en-1-ylamino]-7H-pyrrolo[2,3-d]pyrimidin-7-yl[cyclopentyl)ethylenesulfonarnide (30 mg, 0.05
nunol) was dissolved in THF (2.00 mL). To this solution was added at room temperature a 1M
solution of tetra-n-butylarrunonium fluoride in THE (0.08 mL, 0.08 rnmol), and the resulting mixture
was stirred for 1 h. The reaction mixture was quenched by the addition of brine (20 mL) and
extracted with Et0Ac (30 TriL x 3). The organic layer was dried over MgSO4, filtered, and
concentrated in vacua. The residue was purified via silica gel chromatography, eluting with a
gradient of 5 to 15% Me01-1 in DCM, to afford the title compound (21.3 mg, 81%). 113 NM1t
(CD,OD, 400 MHz, 5): 8.17 (s, 111), 727-7.11 (in, 5H), 6.88 Oda 7.8, 15.1 Hz, 1H), 6.63 (d, J = 3.5
Hz, 111), 6.57 (dd, J 1.0, 15.1 Hz, 111), 5.85 (dd, J= 7.7, 7.8 Hz, 113), 5.47 (ddd, J = 4.6, 8.6, 18.1
Hz, 111), 4.44-4.42 (at, 113), 3.30-321 (m, 111), 3.05 (ddd, J= 3.4, 8.8, 15.8 Hz, 111), 2.96-2.83
(m, 113), 2.66-2.58 (m, 113), 2.44 (dt, J= 10.0, 13.8 Hz, 111), 2.37 (ddd, J= 1.8, 83, 13.8 Hz, 111),
229 (ddd,." = 4.6,8-3.. 13.8 Hz, 113), 2.10-1.92 (m, 213) ppm. LC/MS: 1t = 5.00 min, E54440 (FA
long purity). Example 65:
N-R(15,25,4R)-4-(44(1.5)-2,3-diltydro-11-1-inden-1-ylarnino]-7H-pyrrolo[2,3-14-
pyrimidin-7-y1)-2-hydroxycyc1openty1)rnethy1]su1fam1de (Compound 1-56) Step
a:tert-butyliamiriosulfortv1)W1525,4R)-2-kert-butvildimethybsilylloxy-4-14-[(15)-
2,3-dihvare-1H-inden-1-ylaminol-7H-pyrrolof2,3-Apyrimidin-7- yllcyclopentyl)methyllcarbarnate
((15,25,4R)-2-[tert-butyl(dimethyl)silylloxy-4-(4-[(15)-2,3-dihydro-IR-inden-1- [0323]
ylamino1-7H-pyrrolo[2,3-a]pyrimiclin-7-y1)cyclopentypmetha11ol (700.0 mg, 0.001462 mol),
N-13oc-sulfonamide (398 mg, 0.00203 mol) and triphenylphosphine (575 mg, 0.00219 mol) were
dissolved in ethyl acetate (28 raL, 0.28 mol) at 50C under an atmosphere of nitrogen_ Diethyl
azodicarboxylate (350.0 p.L, 0.002223 mol) was added over 2-3min and the mixture was stirred at
50 C for 30 minutes. The cooled mixture was evaporated and the residue purified by silica gel
chromatography, eluting with 10 to 100% ethyl acetate in hexanes, to  yield the product as a white
solid, 636 mg (66%). LC/MS: E., = 2.55min, ES+ 657 (AA standard). Step b:tert-bubtl aminosulfon
1 1S 2S -4- 4- 1S -2 -dih dro-11-1-inden- - ylamirtoI-7H-pyrrolor2,3-dlpyrirnidin-7-y1-2z
hydroxvcydopentypmethylIcarbamate  10324)tert-Butyl
(amirtosuLfony1)1(0,5,25,4R)-24tert-butyl(dimethyl)silylloxy-4-4-
((15)-2,3-dihydro-1H-inden-1-ylamino1-7H-pyrrolo[2,3-dipyrimidin-7-y1)cyclopentyl)-
methylicarbamate (457 mg. 0.000696 mol) was dissolved in tetrahydrofuran 00.0 mL), 1.00 M
aqueous hydrochloric add (10-0 mL), and ethanol (10.0 rriL). The mixture was stirred at room
temperature overnight. Sodium bicarbonate (842 mg, 0.0100 mol) was added to the mixture,
followed by water (10 =IL). The mixture was then concentrated to -20 rnL volume, and this
aqueous residue was extracted with Et0Ac (2 x5OrnL). The separated organics were concentrated
in vacuo and the residue was purified by silica gel chromatography, eluting with 100% ethyl acetate
to yield the product, 362 mg (96%). LC/MS: B., = 1.77min, ES' 543 



Step f: . . N,N,N-tributvlbutan-1-aminiün 2-{(1s2t4ß)iÈ[terÉ+utyl(9i¡ì.ethyl)stVlorylt
{+r(1S)-?gdihydto-1H-inden-r-ylami+ol-7H-pyrrolo[?.3l lpyr¡mldin-7:

@
to3vl EÈryt 2-(1s2s,a$-2-[úøú-butyl(dimethyl)eilyrJoxy+la1-[(1s)-23-dihyd¡o-1H-

inden-l-ylaminot -7E-pyrrolol2þllpyrirnidin-7-yllcydopentyl)ethanesulfonâr€ (92 m&

0,0001573 mol) a¡rd æka-n-buSzlarnmonium iodide (62.0 mg, o.000168 mol) were dissolved

in acetone (2.5 lllL 0.034 mol) and tlre mütu¡e was heated using midowave iÍadiation at

1lt() "C for 70 seconds. The cooled reactidr rlixture. was àoncenEated to dryness to yefd the

crude product, 140 mg. I-CIÙIS: \ = 1.75min, ES* 55/ (aA standard)'

Step g 2-.(!Þ.2S.4R)-2-tt¿¡¡butyl(d&r¡ethgDsily-lìp¡y-+llt-I(151:?3-dihydrelH-i!dgft'r-

IO318l NÀN.'t¡ibutylbutan-1-aminiumz-((t9294R)-2-ltert-

butyl(dimethyl)silyllorya.(+(1S)-2,3dihydro-rH-inden-1'ylaminopH-pyrmlo[t3-

dlpyrrmidin-7-yllcycropefityÐethanesulfonaæ (66 .o 
'orLg, 

o-}oooTgmol) wâs dissolved in

rnethylene clrloride (2.0 mI., 0.031 mol) and N]'ü-dimethylformarnide (5'50 FL 0'000Û710

nol) was added. The nixture was cooled ìo o'c and tNonyl dùoride (50.0 t¿L,0,0006&5 mol)

was added dropwise. The ¡eaction was alìowed þ stil at 0 "c for 2.5 h. The reaction mixtu¡e

was diluted with toluene afrd conceÂkated to dryness. Tlre residue was apin azeotsoped

wifh toluerre. Ttre residue ¡¡,as eluted down a silica cârtddæ (-3 d rlr¡ith 0 to 10% TI#,/DCM

to peld the acid chloride inte¡mediaæ, 4iI mg. Ihe acid cl¡loride vvas taken up in a 0.500 M

solution of ammonia in l,tl-dio<ane (5.00 mL) and the ¡esulta¡rt solulion was sti¡¡ed

overnight at fOOm hrperatu¡e Under an aEnogPhere Of nitrOge'- Ttre mixtr¡¡e waS then-

evaporated and tlre residue was pa¡titioned between DCM and wate¡. The organic phase

was evaporated to yield the crude product,3s mg (85%)- LCllvfS: R,: 1.64rnin, ES' 556 (AA

standard).

t03191 2-((1.s2sAR)-2-fierú-buty(dimethyÐsilyllocy-a-laÞ(1S)-2Êdihyd¡e1H-inden-

7-ylaûinoJ-7ã2ytro\ot2-34flWr'taidin'7-yllcyclopentyl)ethanesulfonamide (32 mg,

0.000057 mol) was dissolved in tetrahydrofuran (1.0 mL, 0.012 mol) and a 1 .00 M solution of

tetra-nòutylammonium fluodde in tetrah]¡drofuran (0 '100 mL) was added' The mixtr¡re Yl¡as

Stirred at room teûìpe¡atuÌe fot t hOUf. llìe ¡eaction mütu¡e rYaS quextdred with a little

yl¡aæf and then concentfated. Iì¡rificatio¡r of ìhe fedidue by srlica gel dlromatogiaPh.y'

132

(AA standard). Step c:N-11(1.5,25.410-4-144(15)-2,3-dihydro-lff-inden-1:ylaininol-7H-pyrrolor2,3-
dluvriartidin-7-yll-2-hvdroxycyclopentyl)methyllsulfamide (Compound 1-561 [0325]tert-Butyl
(aminosulfonyl)(DS,25,4R)-4-(44(15)-2,3-dihydro-1H-indert-l-
ylarnino)-7H-pyrrolo[2,3-4pyrimidin-7-y1)-2-hydroxycyclopenryl)rnethylIcarbamate (345 mg,
0.000636 rnol) was dissolved in 2:1 methylene chloridertrifluoroacetic acid (20 xnL:10 mL) and left
to stand for 15 minutes at room temperature. The mixture was diluted with toluene (30 nit) and
evaporated to dryness. The residue was then re-subjected to the same conditions and azeotroped
with toluene after completion. The residue was purified by silica gel chromatography, eluting with 5
to 10% Methanol in dichlorometharte, to yield the product, 135 mg (48%). 11-1-Nlv1R (400 MHz,
MeOl)) 5 8.16 (s, 1H), 7.19 (m, 5H), 6.62 (d, J=3.6 Hz, 111), 5.85 (t, J=7.8 Hz, 1H) 5.43 (ddd,
1=4.6 Hz, 8.5 Hz, 17.8 Hz, 11-1), 4.46 (t, J=3.6 Hz, 111), 3.15 (dd, J=7.1 Hz, 12.9 Hz, 15), 3.05
(ddd, J=3.3 Hz, 8.7 Hz, 154 Hz, 1H), 2.91 (in, 111), 2.63 (m, 1H), 2.33 (ddd, J=1.5 Hz, 8.0 Hz, 13.8
Hz, 111), 2.20 (me 25), 2.02 (m, 25). LC/MS: R, = 1.45min, ES. 443 (AA standard).  Example 66:
N.1(1S,25,4R)-4-(4-[[(1R, 2.9)-2-methoxy-2,3-dihydro-1H-inden-1-yilamino)-
7H-pyrrolo[2,3-4pyrimidin-7-y1)-2-hydroxycyclopentylitnethyl)sulfamide (Compound 1-74)
[03261The title compound was prepared following the procedures described in Example 64a-b and
Example 66a-c starting from (15,25,4R)-4-(4-[(1R, 25)-2-methoxy-2,3-
dihydro-1H-inden-1-ylamino]-7H-pyrrolo[2,3Apyrimidin-7-yll-2- (hyclroxymethyl)cyclopentanol
(Example 41). 21-1-NMR (300 MHz, Me0D) 8 820 (s, 111), 721 On, 51-1), 6.66 (d, J=3.6 Hz, 11])
5.92 (ci, J=53 Hz, 1H) 5.43 (in, 1H), 4.47 (t,1=3.5 Hz, 11-1), 4.30 (dt, )=2.8 Hz, 52 Hz, 1H), 3.35 (s,
3H), 3.15 (in, 3H), 2.64 (m. 111), 2.27 (in, 3H), 2.03 (ddd, J=4.7 Hz, 9.0 Hz, 13.6 Hz, 1H), LC/MS:
R, = 6.88 min, ES* 473 (API purity). Example 67:
N-[((15,25,4R)-4-14-[(15)-2,3-dihydro-1H-inden-1-ylarninoi-7H-pyrrolo[2,3-
dlpyrirnidin-7-y1)-2-hydroxycyclopentyl)methyll-N-methylsulfarnide (Compound 1-75) Step
a!N-a(15,2,9,4/0-2-rtert-butyl(dimethyl)silylloxy-4-144(1.5)-2,3-dthydro-1H-inden-1- n H01 2
ddin-7cloen 1 meth methvlsulfarnide [0327]tert-Butyl
(airdnosulfony1)[((13,25,4R)-2-ftert-butyl(dirrethyl)silylioxy-4-(4-
[(15)-2,3-dihydro-1H-Inden-1-ylarnino]-7H-pyrrolo(2,3-dlpyrirnidin-7-ylIcyclopenty1)-
methylicarbamate (108 mg, 0.000164 mol) was dissolved in tetrahydrofuran (2.0 rat) under an.
atmosphere of nitrogen. Lithium tetrahydroaluminate (12.5 mg, 0.000329 mol) was added and the
mixture heated at 50C for 80 minutes. The reaction was then cooled, quenched with water and
acidified to --pX-1 6 with 1M HO. This mixture was then extracted with ethyl acetate, the separated
organic phase was evaporated, and the residue was purified by silica gel chromatography, eluting
with 10 to 100% ethyl acetate in hexanes, to yield the product, 25 mg (27%). LC/MS: 11.1= 2.34
min, ES' 571 (AA standard). Step
b:N-10115,29,4M-4-(44(1S)-23-dihydro-1H-inden-1-ylarninol-7H-pyrrolo12,3-
dlpyrimidin-7-y11-2-hydrox-ycydopentrllmethyll-N-methylsulfarnide (Compound I-751 



eluting with 0 to tOü/o of (9:lEtOAcEtOI:I) in DCM, afforded the desred producr, (9 mg.

40%). !I{-NMR 
(400 ¡ÆFIz, r\4eoD õ): 8.16 (s, 1fr),7.19 (m,5rÐ, 6.62 (d ,I=3,61:Í2,7rÐ,5.5s (t,

I-7.7 EIz,7IJ),5,43 (dddd" J=4.28{2,8.4Hz,8.4lfz,8.4I:Iz,l}J),4"3s <t,I=3.7 Þb,7tÐ,3.13
(m, ?H:),2,9t (m,1Ð,2.63 (m,1IÐ,2.a9 (lrr' ltÐ,2.35 (àdd,,I=L.zÊlz,8.rrfz,73.8lf2,rFJ),

2.OS (rrv 6fÐ, LC,/IvfS: \ = 7.O7r¡¡ix1,B' M2 (AA srandard).

Example 8lr (E)-2-((l9,2s,4R)+t+lgÐ-2þdihydrolIl-inden-1-ylasr¿røl-7ä-pytolofZ$-
dlpyrimidi¡ÈZ-yl l -2-hy dt ory q clqtenþI)ethylenesdf onamide (Cornpound I-

ltlSzol tsrt-Butytll(diphe$ylphosphoryI)nrethylsulfonyllcarbama@ (602 m& 1.45

manol) was ¿lissolved h lIlF (50.0 mL) under arr atmosphere of argo& a 1.6O M solution of
z-butyllithium in hexane (1 .81 mÇ 2.89 mmol) was added at -50 "Ç and the resulta¡rt

mixture was stined for t h. .â' soluüon of (1&2S,4RÞ2-[IH-buryl(dimethyl)silyl]ocyl4f+

tQ5)-2,3dihydro-1Ãl-inden-1-ylamirrol -7 H-pyrroloppdlpy ùmùâi*7 -

yllcydopentanecarbaldelryde (300 ng, 0.60 rnmot) ¡nTHF (8.0 mL) was added to the

mixture, and the resulting mixture was st¡Eed for 30 min at roo|fl bmperahrre. After
quendring by addruon of weter (200 mL), the mixhr¡e v¡as exbacted with EtOAc (100 mL x
3). The organtc Layer was dfied dver MgSOo, filtered and conceritated in vacr¡o. lhe
ree¡dr¡e was puriÊed via silica gel chromatography eluting with a gradient of 10 to 607"

EtOAc ín hexane to afford the tide compound (84.O rng2l%"). LCl¡l¿S: \ = f .9O mjrl' ES' 654

(FA standard).

S:teJ)b: (E'l-z((1s2s4ß)-efltsrt-bu$¡r(dimethÐsilyllqÈçyì-+l+l(19)¿3-dihvdro-1H-

Ío32tJ tert-Btt¡yll((Ð-2-((t9,2sAR>24ttqr-butyr(dinrethylþ;tl'Ðúyl+l+tgsr-23-

dihydro-1H-inder¡-r-ylaminôJ-7¡f-pyffolo[28-dJpyrimídin-Z-ytlqrctopengÐvinytJsullonytþ

carbamate (120 mg, 0.17 ¡runol) was dlssolved in DCM (10.0 ril-) rurder an atûiosphere of
argot¡ and EIOH (0.05 mL, LZ¿ mmol) was added. at rosfir bmperatuie- To this mixh¡fe waa

added ZriBr, (0-10 mg, 0.t14 mnol), ard the fesulting mixtr¡¡e was sf,i¡¡ed for 4 h. AfÞr
quenching by addition of water (20 mL), the mixture was sti¡red Áor 1Ì¡ and then riras

exûacted v¡lth Do\4 (30 fnl- ,€). 
"he 

org€¡nic ¡ayer was dried over MgSOo, filtere¿ and

73)

StE, a: r¿,t-BJrJ¿.{flEÞ2-((1.S2s4R)-ãffsrr-b-sryl(dingby.I)Eilyltoxyt-4t4J(1$-29
dihvd¡elH-inden-l-vìaminol-7H-pvrrolof 23-dlovrirnidin-7-
vl I cvdooerrtvlìvinvllsulf onwl I c¡¡bamate

133

[03281N-[((I5,25,4R)-2-ftert-Butyl(dimethyl)silylioxy-4-(4-[(15)-2,3-dihydro-1H-
Inden-1-ylaminol-7H-pyrrolof2,3-capyrirnidin-7-yBcyclopentyl)methyliar-methylsulfarnide (25.0 mg,
0.0000438 mol) was dissolved in tetrahydrofuran (2.0 mL), ethanol (2.0 mL) and 1.00 M of
hydrochloric add in water (2.0 alt). The mixture was stirred overnight at room temperature. The
solution was evaporated to dryness, and the residue was dissolved in methanol and heated with a
7.00 M solution of ammonia in methanol (0.1 mL). Solvents  were again evaporated, and the
residue was purified by silica gel chromatography, eluting with 2 to 10% methanol in
dichloromethane to yield the product, 9.8 mg (49%). il-NMR (400 MHz, Me0D) 8.16 (s, 11-1), 7.19
(m, 5H), 6.62 (d, 1H, J=.3.6 Hz), 5.84 (t, J=7.7 Hz, 1H), 5.43 (ddd, J=4.5 Hz, 8.6 Hz, 12.8 Hz, 1H),
4.43 (t, Jr-3.7 Hz, 1H), 3.25 (dd, p=8.1 Hz, 13.7 Hz, 111), 3.14 (dd, J=72 Hz, 13.7 Hz, 11-1), 3.05
(ddd, j=3.3 Hz, 8.8 Hz, 15.8 Hz, 1H), 2.91 (in, 111), 2.74 (in, 1H), 2.63 (m, 1H), 2.34 (ddd, J=1.1
Hz, 7.8 Hz, 13.6 Hz, 111), 220 (in, 211), 1.99 (in, 211). LC/MS:12, = 1.51min, EC 457 (AA
standard). Example 68; ((15,254R)-2-/
itert-butyl(dimethyl)silyfloxy)-4-14-[(18)-2,3-dihydro-1H-indenl-ylamino1-7H-pyrrolo[2,3-dipyrimidin-
7-ylicyclopentyl)methyl rnethanesulonate (Compound 1-76). Step a:al S25,413)-2-I
&ert-butyl(dirnethyl)silylloxyl-444-f(1S)-2,3-dihydro-1H-Mden-l-
xlamiriol-7H-rnrrrqlof2,3--cilpyrimidin-7-yllcycloperityl)methyl methanesulonate
[03291((15,29,4R)-2-atert-Butyl(dirnethyl)silyl]oxyl-4-14-[(15)-2,3-clihydro-1H-inden-
l-ylannino]-7H-pyrrolo[2,3-Apyrirnidin-7-ylicyclopentyl)methanol (0.345 g, 0.721 rnmol) was
dissolved in methylene chloride (5.00 mL, 78.0 xrunol) under an atmosphere of argon.
Triethylarnine (0.251 mL, 1_80 mrnol) was added, and the solution was cooled to 0 C.
Methanesulfonyl chloride (0.0669mL, 0.865mmol) was added in one portion. The solution was
stirred at 0C under an atmosphere of argon for 30 minutes. The solution was diluted with Et0Ac,
washed with water and brine, dried over anhydrous sodium sulfate, filtered, and concentrated in
vacuo to give the title compound (0.415g, 89%). LC/MS; R 2.45 min, EC 557 (AA standard). Step
b:((1$,2S,412)-24 itert:butyl(dimethyllsilylloxyl-4-K-f(15)-2,3-dihydro-1H-inden-1-
vlaminol-7H-pyrrolo12,3-clloydrnidin-7-yllcyclopentrnacetonitrile.
[03301((15,29,4R)-2-atert-Butyl(dimethypsilylloxyl-444-[(15)-2,3-dihydro-1H-inden-
1-ylamino1-7H-pyrrolo[2,3-d]pyrirnidin-7-y1)cyclopentyamethyl methanesulonate (0.415g,
0.641mmol) was dissolved in dimethyl sulfoxide (7.00 mL, 98.6 mmol) under an atmosphere of
argon. Sodium cyanide (0.166 g, 3.28 xru:nol) was added, and the mixture was stirred at 60 C for
24 h. The reaction mixture was heated for an additional 24 h at 70 C. The reaction mixture was
cooled to ambient temperature, diluted with Et0Ac, washed with water and brine, dried over
anhydrous sodium sulfate, filtered, and concentrated in vacua. The residue was purified via silica
gel chromatography, eluting with a gradient of 0 to 40% Et0Ac in  methylene chloride, to afford the
title compound (0.306 g, 98%). LC/MS: R, -= 1-85 Min, ES* 488. (FA standard). Step
c.(115,25,4R)-2-fitert-butyl(dimethyllsilylloxyl-4-[44(151-2,3-dillydro-1H-inden-1-
ylarnino1-7H-rwrro1or2,3-d1pyri1nidin-7-ylicyclopentyllacetaldehyde.
03311((15,25,4R)-2-([tert-Butyl(dimethyl)si1yl1oxy)-4-(41(15)-2ihydr0-111-inden- 



conc€nFated invacuo. the Ésidue was Purified via silica çI chromatography, eluting with

a gradient of 0 to 10% MeOH in DC\4, to affo¡d the þtle compound (91-8 rng90%\l-C/lvß:.

\ = 1.6a min, ES' 554 (FA standard).

step c; (Ð-2-(1s,25lR>+t4-f (1s)-2&dihydro-1H-inden TÞroþl2.3;--

loszzJ (Ð-2-((ts,2s,4R>2-l(t¿7t-Þutyl(diûÉthyr)sily{oxyþ!(a[(15)-2,]dihyd¡o-1H-

inden-l-ytraminol -7F-pytololz,3-dlpyrirnidin-7-yrlcydopentyl)ethylenesulfonamide (30 mg,

0.05 mmol) was dissolved in THF (2'00 mL). To thi6 soludo¡r was added at room

terxrperahre a lM solutiür of tetf¿-fr-butylammcrium fluoride in THF (0.08 mL, 0.08 mmol),

and the resulting mi¡hrre was stir¡ed for t h. ltre ¡eaction mixture was quendred by the

additiorr of brine (20 mL) and extracted rvith EtOAc (30 InL x 3), The olEanic layef was

&ied ovef Mgso{, filtercd, and concEnt¡ated Ín vacuo. Ïhe ¡esidue waE purifled via silica

5el cluomatography, eluting with a gradierrt of 5 to 15% MeOH in DGt4 to afford the title

compound (21.3 
'fififififififififrrg- 

eLþ. l+ wVm (CO"OÐ ÑONII'tz, õ):8.77 (s,1Ët)'727-7'u (m,5rÐ,

6.æ(dà"1-7-8,t1Jrrz,:J:Í),6.65(d,I =3sËIz,7rI),6-57 (dà''I= 1'O15'1IIz, rrÐ,5'85 (dd"

I =7.7,7.att2,tÐ,5.47 (ddd,I = 4,6'8'6'r8-rt[z,!l',),4-e4.42(t7f., 1rÐ,3'30-321 (m,1IÐ,

3.05 (ddd, / = 3.4 8.8,15.s Hz,lIÐ,2-sÇ2-83 (tvaËD'2-6Ç2'58þrv1rÐ'2'aa(irr'l -7O'O'73'8

Ëtz,7jif),237 (ddd"I =7.s,8.9,79.8}Jz,LrÐ,229 (ddd" I = 4.683,L3'8I:rz'7þ1),2'!È1'92(n'

2Ir) pprn LClNds: \ - 5.90 lnt& ES' 440 (FA long puriÇ)-

Eranple 65: N-t(152slR)-4"(+(1S)-2,3dihydro-1H-{nden-1-ylaminol-7B*y*o[ot2þdl-' pyti-ui"-z-¡l-2-hydroxycydoþentyl)methyllsulfamlde(Compoundl..56)

Step a: ær!.butyUaminosu¡fonl'Dt(1S25lRl-2-[te¡r-bu9l(dimethy-l)siVllorry'a-.141(1SF- 
?,+aürÍdro-rA-in¿e.n-f-ytarninql-7H-Pyñolot23dþynñidinz

t0323Ì ((Ii2sAR)-2-tteft-butyl(dimethyl)silvlloxy-+l+l(Ls)-2'9drhydrelH-inden-1-

ylarrinol-7ll-pyrrololzþllpytirlridn-7-yl |cyclopentyl)methanol (700.0 mg;0.001462 mol),

N-Boc-sulforumide (398 mp 0.00203 mol) and üiphenylphosphine (575 mg;0'0Û219 mol)

we¡e dissolved ifr ethyl acetate (28 mL, 0.28 srol) at 50 'c r.¡¡rder an atnosphere of nitrogen-

Diethyl azodicarboxy'ate (350,0 pI,, 0'0@23 nol) was added over 2'?min axrd the mix¡¡¡e

was sti¡red at 50 "c for 30 minuæs. The cooled mixtuEe wâs evaPorated and the ¡esidue

pruified by siltca gel dEornatography, eluting with 10 to 100% ethyl ac€tat€ in hexâfres, to

1-y1amino1-7H-pyrrolo[2,3-d)pyrimidin-7-ylicydopentypacetonitr1le (0.150 g, 0.308 nunoft was
dissolved in methylene chloride under an atmosphere of argon and cooled to -78 C.
Diisobutylalurnintun hydride (1.0M in methylene chloride, 0.340 rnL, 0340 mrnol) was added to the
solution and the reaction mixture was stirred for 30 minutes at -78 C. After a second addition of
diisobutylaluminum hydride (1.0M in methylene chloride, 0.340 mL, 0.340 nunol), the solution was
stirred for an additional 30 minutes at -78 C. A third addition of diisobutylaluminum hydride (1.0M
inmethylene chloride, 0.340 mL, 0.340 mrrtol) was made, and the solution was stirred for another
30 minutes at -78 C. The reaction was quenched with a saturated solution of sodium potassium
tartrate tetrahydrate. Et0Ac was added and the mixture was stirred until the layers were dear. The
layers were separated. The aqueous layer was extracted with diethyl ether. The combined organic
extracts were washed with brine, dried over anhydrous sodium sulfate, filtered and concentrated in
vacuo to give the title compound (0.160 g, 100%). LC/MS:IS = 1.80 min, FS 491 (FA standard).
Step d:2-1(15,25 410-2-fitart-butyltdimethyl)silyl1ov1-4-14-1(15)-23-dihydro-1H-in4en-1-
ylarnino1-71pyrrolo123-d1pyrimidin-7-yllcyc1opentyllethartol.
(03321((13,25,4R)--2-Wert-Butykdirnethyl)silylloxyl-4-(44(15)-2,3-dihydro-114-inden-
l-ylamino1-7H-pyrrolo[2,3-ripyrimidin-7-ylicydopentypacetaldehyde (0.164 g, 0.314 nunol) was
dissolved in methanol (5.00 mi., 123 mmol) under an atmosphere of argon and cooled to 0 C.
Sodium tetrahydroborate (0.0291g" 0.754 mmol) was added and the reaction was stirred for 10
minutes. Additional sodium tetrahydroborate (0.0143g, 0.377 mmol) was added, and the reaction
mixture was stirred for another 30 minutes. The reaction was quenched with water, extracted with
Et0Ac, dried over anhydrous sodium sulfate, filtered, and concentrated in vacuo. The residue was
purified by silica gel chromatography, eluting with a gradient of 0 to 100% Et0Ac in methylene
chloride, to afford the title compound (0.0694 g, 45%). LC/MS: R, 1.65 min, ES 494 (FA standard).
Step e!24(15,25,410-2-4 ftert-butyl(meth3rDsilylloxv1-4-14-f(15)-2,3-dihydro-1H-indert-1- erna
W3331((15,25,4R)-2-{ffert-Butyl(dimethypsilyfloxyl-4-{44(1.5)-2,3-dihydro-1H-inden-
1-ylaminol-71-/-pyrrolor2,3-clipyrimidin-7.-ylicyclopentyl)ethanol (0.0694 g, 0.141 nunol) was
dissolved in acetonitrile (3.00 mL, 57.4 nunol) and methylene chloride (2.00 xrd., 31.2 nand) under
an atmosphere of argon. Triethylamine (0.0589 nit, 0.422 mmol) was added, and the solution was
cooled to 0 C. Chlorosulfonamide (2.00M in acetonitrfie, 0.141 1-I'LL) was added and the solution
was immediately warmed to room temperature. After 30 minutes, additional chlorosulfonamide
(2.00M in acetonitrile, 0.141m-1-) and triethylamine (0.0589mL, 0.429 uurtol) were added and the
reaction was stirred for 30 minutes_ The reaction was quenched with methanol and a 1:1 solution
of saturated sodium bicarbonate and water. The mixture was extracted with Et0Ac. The combined
organic extracts were washed with brine, dried over anhydrous sodium sulfate, filtered, and
concentrated in vacuo. The residue was purified by silica gel chromatography, eluting with 0 to
50% Et0Ac in methylene chloride, to give the title compound (0.0805 g, 55%). LC/MS: R, 1.70 min,
ES 573 (FA standard). Ste
f2415.2.5,4R)-4-14-1-(15)-2,3-diltydro-1H-inden-1-ylaminol-7H-pyrrolof2,3-dl-  clin-7- 1e
(Compound 1-76), [0334124(1S,25,4R)-2-gtert-Butyl(climethybsilylloxy)-4-(44(15)-2,3-dihydro-1H-
indert-1-ylamirto]-7H-pyrrolo(2,3-d]pyrirnidin-7-ylIcydopentypethyl sulfamate (0.0442 g, 0.0773
mrnol) was dissolved in pyridine (0344 mL, 4.25 rnrnol) and tetrahydrofuran (0.345 mL, 425 mmol).
The solution was cooled to 0 C. Pyridine hydrofluoride (0500 ml., 5.55 mrnol) was added dropwise.
The solution was warmed to room temperature. After one hour, pyridine hydrofluoride (0.500 ml.,
5.55 mmol) was added. After two hours, pyridine hydrofiuoride (0.500 ELL, 5.55 narnol) was
added_ The solution was stirred for 24 h. The reaction was quenched with dropwise addition of
saturated sodium bicarbonate, and the mixture was extracted with Et0Ac. The combined organic
extracts were dried over anhydrous sodium sulfate, filtered, and concentrated in vacuo. The
residue was purified by silica gel chromatography, eluting with 0 to 5% Me0H in Et0Ac, to give the
title compound (0.005 g. 0.01 mrnol). 111 MAR. (CD,OD, 400 MHz, 8): 8.17 (s, 11-1), 7.28-7.12
(m, 514) 6.67(d, J = 3.61 Hz 1H) 5.58 (t, J =7_44, 7.44 Hz 1H), 5.48-5.40 (m, 114), 440-435 (m,
114), 4.28-4.17 (m, 211), 3.10-3.02 (m, 114), 2.98-2.88 On, 114), 2.68-2.47 (n, 114), 2-57-2.47 (n,
111), 2.38-1.98 (n, 514), 1.89-1.80 (m, 114) ppm. LC/MS: R,= 1.25 min, ES. 458 (FA standard).
Example 70: Diastereoisornexic mixture of (13,2R,4/Z)-4-(44(1S)-2,3-dihydro-1H-inden-1-
ylarnino]-711-pyrrolo[2,3-dlpyrimidirt-7-y11-2-hydroxycydopentyl sulfamate and
(1R,2SAS)-4-(4-[(18)-2,3-dihydro-1H-inden-1-ylarnino]-7H-pyrrolo[2,3d1-
pyrimidin-7-y1J-2-hydroxycyclopentyl sulfarnate (Compounds 1-77 and 1-78) 



yietd the product as a white solid, 636 mg (66%). Lcllvß: \ = 255min,ESt 6fl @A

standard).

gten b: f¿rf-butyl (arrinosulfcry-l)f ((LS.2S-4R)4ltLf (1Sì-23-dihydro-1H-i¡rS!en-1-

I0324t tøt-Butyl (aminosutfonyl)t((1s25lR)-2-[terÞ-butyl(dimethyl)silyl)ory-a.tF

(lsf2fdihyclrelH-inden-1-ylåminol-7H-pynolo[23-dlpyrimidin-7-yl]cptopentyl)-

methy{carbarnaie (,4157 Í¡g, 0.000696 mol) was dissolved in leEahydrofuran (10.O mL), 1'00

M aqueous hydrodrloric acid (10.0 mL), arrd etharrol (10.0 mL). Tlre mütu¡e was stirred at

foom temperatufe ovemight Sodium bicarbonate (842 mg, 0'0f 00 mol) was added to the

mixhr¡e, follor^/ed by water (10 mL). Ttre mixh.r¡e was tlæn concenEated to -20 mL wolrrr¡¡e,

and thls aqueous residue was extacted with EtOAc (2 ><50mL). The separatcd organics were

concentsated in vacuo and the residue was purified by silica gel dtorrratography, eluting

with 100% ethyl acetåte to yield the producÇ 362 r¡g e6V"). LC/Nß: R. - l.Zmin, ES'543

(AA standard).

Steo c . iY-t(CLS29.*4R)+f +f(1$-23dihydre1H-inden-1-larninol-7Fl-9J¡r¡otof2&
dlpy¡.imid¡n-7-yfF2-hydroxyrydopentyl)nretby-llsulfamide (ConPou¡d t5€)

lO32û H-ButyI (aminosulfonyl)((1S,25,t1R)-+1+I$S)'2,rüVdro-lFt-inden-1-

ytaminoJ-7H-pyrrolo[2,]dlpyrimrdh-7-yll-2-hyòtoxycyclopentyl)methyllcarbamate (345

mg, 0.000636 mol) was dissolved in 2:l methylene ctrloride:trif,uoroacetic acid (20 nL10
mL) and left to stând for 15 mfnutes at room lemperatr¡re. The mlxtr¡re was diluted ¡¡¡ith

toluene (30 mL) and evaporaæd to dryness. The residue was tllen rsubiected to the sañe

conditions and azeoEoped wilh tolr:erre after comP¡etion- The ¡esidue was pur¡fied by sùica

çl duornatography, eluting with 5 to 107" Methanol In dichlo¡ometb¡ræ, to yield tlte

product, ra5 nrg (48y"). ¡H-NMR (400 M[rz, MeOD) õ 8.16 (s, 1Ð, 7.19 (m, 5Ð, 6.62 (4 J=3.6

Irz, 1rÐ, s.85 (t, r=Z.8 Hz, rfÐ 5.a[ì (ddd, /=4.6r{z,a.stfz,r7 -8\:Iz.'rIJt' 4-46 (L l=3-6tLz,

7EI)' 3.75 (dòv I=7 'L [tz, t2.9 Í12, !Ð, 3.05 (dd4 /:3 -3 ttz' 8,7 l:12,75ÆrIz,1Ð,29I (ry 1Ð,

2.63 (ny J,ÍÐ,2.33 (dd4r=1.5 I{2, 8.OYI¿, r3-8 tIz, tÍÐ, z-2o (¡;v2Ír)'2-02 (m, 2II)- LC,/lvlS: \
= l.,rlsrnl¡t ES' ,4143 (å,4 sÞndard).

Step a:Cyclopent-3-en-1-v1 rnethanesulfonate [0333]3-Cyclopentene-1-ol (0.500 g, 5.94 mtnol)
was stirred in ocm (95 mL). Pyridine (2.40 irtL), N,N-dimethylaminopyridine (0.10 g, 1.00 mmol)
and inethanesulfonyl chloride (0.690 mL, 8.92 mmol) were added, and the reaction mixture was
stirred at 35C for 4 h. N,N-Dimethylarninopridine (0.14 g, 1.2 rnmol) and rnethanesulfonyl chloride
(0.69 rals, 8.92 mmol) were added, and the reaction was stirred overnight. TLC indicated complete
Conversion. The reaction mixture was cooled and concentrated. The residue was purified by silica
gel chromatography, eluting with Davl, to afford the title compound as a clear oil (0.660 g, 68%).
Step b:7-cyclopent-3-en-1:yl-N-f(1.51-2,3-dihydro-1H-inden-l-y11-7H-pyrrolof2,341-
pyrimidin-4-amine [0336]N4(1.5)-2,3-Dihydro-1R-inden-1-y11-7H-pyrrolo(2,3-d]pyrimidirt-4-amine
(132 g, 5.29 mmol) was azeotroped with toluene and placed under high vacuum for 30 min.
N,N-Dimethylforrnamide (17.7 rnL) was added, followed by cesium carbonate (1.99 g, 6.10 aunol).
The mixture was stirred at 70 C for 10 min. Cydopent-3-en-1-ylmethanesulfonate (0.660 g, 4.07
rrunol) in N,N-dimethylfonnamide (12.6 ml.) was added dropwise. The reaction mixture was heated
to 110 C for 1 h. The reaction mixture was cooled, quenched with brine and diluted with I-120. The
aqueous layer was extracted with Et0A.c (3x), washed with 1-11) and brine, dried (Na2SO4),
filtered, and concentrated. The residue was purified by via silica gel chromatography, eluting with a
gradient of 0 to 51,0 Me0H in DC1V1 followed by 25 to 50% EtC)Ac in hex anes, to afford the title
compound as a pale brown solid (0.684 g, 83%). LC/MS: Rt = 1.38 min, ES' 317 (FA standard).
Step(1,R,25,45)-4-144(15)-2.3-dihydro-1.14-inclen-l-ylaininoi-7H-pyrrolo123-
dlpyrimidirt-7-ylicyclopentane4,2-diol
[0337]7-Cyclopent-3-en-1-yl-N-[(15)-2,3-dihyrdo-1H-indert-l-y1]-7H-pyrrolo(2,3-
d)pyrirnidin-4-amine (0.312 g, 0.986 mmol) was stirred in tert-butyl alcohol (4.9 mL) and F120 (4.9
mL). AD-mix-a (Sigma-Aldrich, 1.4 g) was added, and the suspension was stirred at it overnight.
TLC indicated complete conversion. The reaction was quenched with sodium sulfite (1.48 g, 117
nunol), and the mixture was stirred for 5 h. The reaction mixture was diluted with Et0Ac and 1120,
and the aqueous layer was extracted with Et0Ac (24 The organic layer was dried (Na2SO4),
filtered, and concentrated. The residue was purified via silica gel chromatography, eluting with
Et0Ac, to afford the title compound as a white solid (0.190g 55%). Step d:Diastereoisomeric
mixture of (1.5,2R,412)-4-14-1(1.5)-2,3-dihydro-1H-inden-1-
vlaminol-7H-Dvrrolof2,3-dluyrimidin-7-y11-2-hydroxycyclopentyl sulfarnate and
(1R25,451-4-14:1(15)-2,3-Elihydro-11-finden-1-ylaminol-7H-pwrololl.3-
dlpyrimidin-7-y11-2-hydroxycyclopentyl sulfamate (Compounds 1-77 and 1-78)  



Exa.mple 65: N-l[(lSPSlR)-+(al(1& 2s)-2-methoxy-2,3-dihydrel]I-irrden-1-yllaminol-
7F-pynolol2,Tdlpyrimidin-7-yl)-z-hydroxycyclopentyllmethyllsulfamide
(Compoünd I-74)

[0326I Ttre title comporrrrd was preparcd following the procedu¡es described in
Example éta-b and Exarìple 66a-c start¡ng ftom (1S,25,4R)-+|+KL& 25)-2-methoxy-þ

dihydrelH-ixrden-1-ylarninoJ-%I-pyrroto l2,3djpyrirnidin -7 -yll-2-

(hydrox¡zrrethyl)cyclopentanol (Exarnple 41). ttl-rslrn 
lsoo Ir,fz, \lfeoD) õ s20 (s, rlrl),727

(ût,ffÐ,6.66(dþI=3.6EIZ,LIJ)5.c2(ùl=53H2, lfÐs.41Ít(m,tfÐ,4.47(LI=3StIz,rÍÐ,4.3O
(dr, ¡=2.gvv,rt lrz, 1þ, 3.3s (s, 3rÐ, 3.1s (r¡ 3þ, 2.óa (nu 1Ð, 227 (m, 3Ð, 2.(B (dd4

I-4-7 [1z,9.olJz,73.6t|z,tlÐ.1f./16: 4 = 6.88 min, ES' 473 (AA puritl').

Exaurple 67: N-((1spS,4R)+l+(1s)-Z.ldihydro-1Hánrden-1-ylarninol-7Bayrclol2þ
dlpyrimidin-7-ylþ2-hydroxycyclopenÇl)rnethyrl-N-methylsulfanide
(Cornpound I-75)

Step a: - .lJ-f((1S,291R):-2-f&¡'¿-butyl(di¡nethyl)sityrìoacy4f¡Lf(1S}2,3dihydrc1E-in4err--!:
wlaminol-7ll-ow¡rolof 2-$dlow¡irrridin-7-wll cvclooentvlìxnerhwlì-N-
mefhvlsulfarnide

íO32fd úørl-Butyl (aninosulfonyl)l((7929pR)-2-Itert-butyl(dirnethyl)silyllonl+lç

[(1Ð-2,]dthyd¡o1]f-inden-1-ylamirrolrTH-pyrro\ol2S.dJp¡dmidirrT-yl]cydopmtyl)-
methyllerbamate (108 mg, 0.000164 mol) was dissolved in tetahydrofi¡¡an (2,0 mL) under

an atrnosphere of û¡t$gen, IitNurn Gtrahydroafuminate (12.5 rrg,0.O0032!) mol) was added

and the mixture heated at 50 "C for 80 mtrutes, Íre ¡eactidr ¡ad thefì cooled quendred

$rith water ar¡d acidified to -pH 6 with 1M HCl. thi.s mixhr¡e \ ¡at tlÉri extracted witl¡ ethyl

acetate, the separat€d organic phâse $'as svapo¡ated, arrd tJ:e ¡esidue was purified by silica

gel dtomatography, eluting with 10 ùo 100% ethyl aceÞte in hexa¡res, to yield the product,

25 ng (27U").1-C.,/À/S: Rì = 2.34 mirr ES" 571 (AA standard).

Steo b: N-lll1S2S,4Rì-4-14-tl1Sì-23-dihvdrcltl.inden-1-vlarninoì-7H-ovr¡olof23-
dlpJrrimid¡+-7-yll-2-hydloxJg¡dg)entylrlgthyJ-òi-methylsu¡f amide
lComoormd I-75ì

10328I N-(Gsp5/4R)-2-[t¿r¿-Butyl(dirned¡y¡)sily'loxy-+(+t(1s)-2)-ðihydreLH-

laden-1-ylaurinol-7H-pynolo[2,3-d)pgimidin-7-yl]cyclopentyl)methylþN-nethylsulfamide

(25.0 mg,O.O0fX}l?E rnol) was össolved in tetahydrofura¡r (2.0 mL), etha¡ol (2.0 mL) and

L.00 M of hydroctùor¡c acid in $'ater (2.0 mL). The mixtu¡e was sti¡red overnight at roorn

temperah¡re. The soluüon y¡aa evâporaÞd to dÐmess, and ihe ¡eEidue was dissolved in
metlu¡rol and Eeated with a 7.00 M soluti*¡ of amrronia in methanol (0.1 rrl-). Solvenls

[0338](1R,25,45)-4-14-[(15)-2,3-Dihydro-1H-inden-1-ylarnino]-711-pyrrolo[2,3-
dipyrimidnt-7-ylicyclopentarte-12-cliol (0.080 g,. 023 mmol) was azeotroped with toluene and then
was dissolved in anhydrous acetonitrile (2.3 mL). Pyridine (0.0369 rnla, 0A58 nunol) was added.
The reaction mixture was cooled to 0 C, and a 2N solution of chlorosulfonamide in acetonitrile
(0.144 mL) was added dropwise. The reaction was stirred for 1 h, and then additional 2N
dilorosulfonamide in acetonitrile (0.028 mL) was added. After 30 min, additional 2N
chlorosulfortamide in acetortitrile (0.0342 at) was added, and the reaction mixture was stirred for 2
11. The reaction was quenched with methanol, and the mixture was concentrated in vacuo. The
residue was purified by preparative thin layer chromatography using DOvtAcCN:1V1e0H (50:45;5).
The relevant band was cut, washed with acetone, filtered, and concentrated to give a mixture of
diastereomers as a white solid, (11 mg, 11%).   NMR (CDas, 400 NMI, 8): 8.36-827 (m, 1H);
7,38-7.09 (rrt, 5H); 6.90-6.80 (in, 1H); 6.36- 620 (m, 1H); 5.95-5.76 (in, 1H); 5.51-5.22 (nn, 2H);
4.83-4.68 (in, 1H); 3.87-3.72 (in, 1H); 3.12- 2.83 (m, 2H); 2.75-2.53 (m, 11-1); 2.50-2.14 (in, al);
2.08-1.79 (m, 2H) pprn. LC/MS: R, = 1.16 min, ES' 430 (FA standard). [0339] The following
additional compounds of formula (X) were also prepared:
T(1R,2R,45)-2-1-nrdroxy-4-(4-11(1R"2/21-2-onethoxyrnethyll-23-dihydro-11-Einden-1-yllamiriol7H-
pyrrolor2,3-dlpydmidirt-7-y1)cyclopentyllmethylsulfarnate (Compound 1-79) [0340j113 NNW
(CDpD, 400 MHz, 8): 820 (s, 111), 732-7.16 (in, 513), 6.64 (d, J= 3.6 1-1z, 11-1), 5.97 (d, J= 7.0
Hz, 111), 554-5.41 (in, 11-1), 4.51-4_46 (n, 1H), 4.36 (dd, 1= 7.5, 9.8 Hz, 1H), 4.19 (dd, J = 7.3,
9.8 Hz, 111), 3.53-3.40 (xn, 113), 3.41-335 (in, 113), 3.18 (s, 313), 3.11-2.95 (m, 313), 2_84-2.75
(n, 1H), 233 (ddd, J= 14 7.7, 13.5 Hz, 113), 2.29-2.19 (to, 213), 2.04 (ddd, I = 4.9, 9.5, 14.2 1-1z,
113) ppm. LC/MS: R = 11.24 min, ES + 488 (FA long purity).
F(1R,2R,45)-2-hydroxy-4-(4-1111.5251-2-(methoxyrnethyl)-2,3-dhvdro-11-1-Inden-1-yllaminolMpyr
rolo12,3-dloyrimidin-7-yncyclopentyllmethylsulfarnate (Compound 1-80)  [0341111-1 NIVIR
(CLWD, 400 MHz, 8): 8.20 (s, 1H), 7.32-726 (n, 511), 6.64 (d, J = 3.6 Hz, 111), 5.97 (d, J = 7.0 Hz,
113), 5.50-5.41 (m, 1H), 4.51-4.46 (in, 111), 436 (dd, J-= 7.5, 9.8 Hz, 113), 4.19 (di, J = 7.3, 9.8
Hz, 111), 3.53-3.40 (nn, 111), 3.41-3.35 (m, 113), 3.18 (s, 311), 3.11-2.95 (rn, 311), 2.84-2.75 (n,
111), 233 (cldd, J = 1.4, 7.7, 13.5 Hz, 11-1), 2.29-2.19 (n, 211), 2.04 (ddd, ,= 4.9, 9.5, 14.2 Hz,
113) pprn. LC/MS: Rt = 11.24 min, Es' 498 (FA long purity).
L(1R,2.R.,45)-2-hydr0-4-(4-1111R,210-2-methyl-23-clilaydro-1H-inden-1-yl1 amino I-7Hpyrrolp f
23-dlpyrimidin-7-vbcyclopentylimethvlsulfamate (Compound I-31)  [0342]NVER (CDPD, 400 MHz,
8): 8.17 (s, 113), 7.32-7.16 (n, 511), 6.69 (d, J = 3.6 Hz, 111), 5.86 (d, 1 = 721-h. 113), 5.50-5.41
(n, 113), 4.51-4.47 (in, 111), 438 (dd, J = 9.7, 7.6 Hz, 111), 4.20 (dd, 1 = 7.4, 9.7 Hz, 111),
3.14-3.08 (in, 113), 2.95-2.88 (in, 111), 2.83-2.72 (n, 211), 237- 2.20 (in, 313), 2.09-2.00 (m, 113),
0.98 (d, J = 7.1 Hz, 311) ppm.. LC/MS: Ri= 7.93 min, ES 458 (AA long purity).
faR2R24S1-2-hydroxy-444-1R1S.251-2-rneth 1-2"dro-11.-1- amino -71iolo   "din-7- .4.  en urn
ulfamate rn ound 1-82 [0343]111 NTMR (CD1O13, 400 MHz, 8): 8.17 (s, 111), 7.32-7.16 (m, 511),
6.69 (d, J 3.6 1.1z, 11-1), 5.86 IA J = 7.2 Hz, 11-1), 550-5.41 (r, 113), 4.51-4.47 (m, 113), 4.38 (dd,
J = 9.7, 7.6 Hz, 1H), 4.20 (dd, J = 7.4, 9.7 14.z, 1H), 3.14-3.08 (in, 113), 2.95-2.88 (n, 111),
2.83-2.72 (m, 211), 2.37- 2.20 (n, 311), 2.09-2.00 (m, 111), 0.98 (d" J = 7.1 Hz, 313) ppm. LC/MS:
Rt = 7.93 min, Es* 458 (AA long purity).  11aroxi -4- 4- 1R -2-eti_UWanden2Rmine -7H- 



were again evaporated, and the ¡esidue røas purified by silica gel chromatography, eluting

v¡ith 2 lo 10% nethanol in dichloromstharie to yteld the product, 9.8 mg (49%)- !II-NÀ/ß, 
(4O0

MlIz, MeoD) õ 8.16 (s,LI{),7.19 (sv 5þr),6.62 (d,7W14.6 Hz),5.u (LI=7.7 Elz,atÐ,s.a3

(¿I¿ld' J=4.5 frz,8.6Hz,72.8Hz.IÊt),4.43 (t,I--3.7 rfz,7fÐ,3.25 (d'd, h'41ÍIz, L3-7 tlz,7fÐ.
3.74 (dù J-7 2\Iz,13.7 litz, 1Ð, 3.05 (ddd,I=3.3lÞ,8.8 Ér2,1s.8 ÉI2,1Ð,2.91(rry7}l).2,74
(nu LfÐ, 2.63 (r¡¡" ].Il),,zs (ddd.,l=t.tl:tz,7.8xtz,r3.6ffz.tÉ1),22o (m, 2rÐ, 1.99 (m, 2IÐ.

LCIMS: R, = t.5ltrìil! ES'1157 (AA standard).

Example 6E: ((79,ZspR)-2-llrett-butyl(dimethyr)silylloxy)+l+(15)-2,3dihydfÈ1H-inden-
1-ylarninoJ-7ll-pyrrolo[t3l]pyrimidin-7-yllcydopentyl)methyl
mefhånesrdonate (C@rpound I-76).

SteP a: l(1såS.4&;2-f [ÉertåutylLdimsthyDsitylìopryJ-+lttsf(!5)--2,?-dihyd¡or¡l-inderÈ1-

Ío3?Pj ((1s2S,4R)-2-{ft¿l-Bu9(dinethyÐsityloxyl+la(15)-2êdihydxo-1H-inden-

1-ylaminol-THayrrolo[Zþdjpyrirnfdin-7-yl]cyclopentyl)methânol (0345 g,0.721mmol) was

dissolved in methylene dúø¡de (5.00 mL 78,0 mmol) under arr ahosphere of argort.

Triethylamine (0.25f m! 1-80 runol) was adde4 a¡rd tlre solutio¡¡ was cooled to 0 "C.

Nfedranesulfonyl ùloride (0.0669mL, 0.E65mmo}) was added in one portion" The solution

was stir¡ed at 0 "C under an atmosphere of argon for 30 mlñrteE. The solution was diluþd
with EtOAc, washed with water arid brine, dr¡ed over arìhJ¡alrous sodlum su¡fate, 6lÞre4

and cercEritratcd tn \¡acuo to give tlre title comporrnd (0.4J,59,, A*lò.LClIrlS; \ = 2.45 mirl

ES'552 (A.A standa¡d),

StE¡ b: ((152S4RÞ2-tFe¡Éår¡tyl(dimethyl)siVrloxyt-+t+I(lSr23dihydro1¡I-i¡den-1-

If¡Ét3ol <(7så5,4R)-2-llte/t-Butyl(dirrìethyl)s¡lyIoxyl-+l+l(1Ð-23-dihydro-lH-inden-
1-ylaminoi-7H-pyrrololzBdJpynrnidin-7-yl lcydopentyl)methyl methanesulornte (0,4159

0.641mnol) was dissolved in dimøhyl sulfodde (7.00 mL, 98,6 mmol) 1¡fide¡ an atrrosphere

of argon. Sodium cyanide (0.166 g, 3.28 mrol) was added, and tÌìe mixture rvas stirred at 60

"C for 24 h. Tlæ ¡eactiorr mixtr¡¡e was heated for an additicxral24 h at 70 "C. The reaction

mixture was cooled to arnbient ternperah¡¡e, díluted wiih EtOAc, washed with wate¡ and

brine, dried over anlrydrous sodiu-m sulfatq, filtered, and cvncenbeted in vao¡o. The ¡esidue

was purified via silica gel chromatog¡aphy, elut¡ng with a gradient of 0 to 40/o EtOAc in
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o 2   7 P'mamate Comd1-83 [0344]11-1NMR (Copp; 400 MHz, 8): 8_17 (s, 1H), 7.31-7_15 (m, 5H),
6.66 (d J = 3.60 Hz, 114), 5.94 (d, J 7.28 Hz, 111), 5.48-5.41 (m, 111), 4.48 (dd, = 3.98, 3.03 Hz,
110, 4.36 (dd, = 9.74, 7.58 Hz, 1H), 4.19 (dd, J 9.73, 7.33 Hz, 1H), 3.07-3.01 (in, 111), 2.91- 2.76
(in, 211), 2.65-254HI), 2.38-2.19 (m, 314), 2.03 (ddd, J:= 13.95, 9.17, 4.93 Hz, n 1-) , 1.59 (ddd, I =
13.33, 7.40, 5.81 Hz, 1H), 1.38-1.28 (in, 111), 0.93 (t, I = 7.41 Hz, 3H) pprn. LC/MS: R, = 8.36 min,
ES+ 472 (AA long purity).
J(LR,2R,451-2-hydroxy-4-(P1(15,25)-2-ethyl-2,3-dihydro-1Htinden-1-yl1amino)-7Hpnro1o12,3-41p
yrimidin-7-y1)eyelopenty11methy1s-u1famate (Compound 1-84)   [0345]'H NMR (C1D30D, 400
MHz, 8): 8.17 (s, 113), 7.31-7.15 (m, 513), 6.66 (d, J= 3.60 Hz, 1H), 5.94 (d, J = 7.28 Hz, 1H),
5.48-5.41 (r, 1H), 4.48 (dd., J = 3.98, 3.03 Hz, 111), 4.36 (dd, = 9.74, 7.58 Hz, 111), 4.19 (dd, I =
9.73, 733 Hz, 114), 3.07-3.01 (m, 11-1), 2.91-2.76 (m, 214), 2.65- 2.54 (in, 11-1), 2.38-2.19 (in,
314), 2.03 (ddd, J = 13.95, 9.17, 4.93 Hz, 113), 1.59 (ddd, J = 13.33, 7.40, 5.81 Hz, 1H), 1.36-128
(m" 111), 0.93 (t, J 7.41 Hz, 314) ppm. LC/MS: R, = 8-36 mirt, ES+ 472 (AA long purity).
(0.5.25.4131-2-hydvoxy-444-a1R,25)-2-methox-y-1,Z3,4-tetrabydronaphthalen-1-y_lamino)-7HPnr
010[2,3-dlpyrimidin-7-Acyclopentynntethyl smlfainate (Compound 1-85)  [0346]11-111MR (CD301),
400 MHz, 8): 8.17 (s, 113), 7.25 (d, J = 7.4, 113), 7.20 (d, I = 3.6 Hz, 113), 7.15-7.06 (m, 314), 6.66
(d, I = 3.6 Hz, 11-1), 5.81. (m, 114), 5.50-5.40 (m, 1H), 4.49 (m, 1H), 4.37 (dd, J = 3.3, 7.0 Hz,
111), 4.20 (dd, J = 7.3, 9.7 Hz, 114), 3.85-3.82 (m, 114), 3.42 (s, 314), 3.06-2.96 (m, 114),
2.84.2.73 (m, 21-1), 238-2.18 (m, 41-1), 2.08-2.18 (m, 2H) ppm. LCIMS: R, = 1.51 min, P-54 488
(AA standard). i(1.925.4/0-4-(44(S)-2.-a-clihydr1H-indert-1-ylamino)-7H-din-
med-toxycyclopentyllmethyl sulfamate (Compound I-861 [03471'HN'MR (CD,OD, 400 MHz, 8):
8.13 (s, 1H), 7.23-7.08 (at, 511), 6.60 (d, Jr. 3.6 Hz, 111), 5.81 (t,J=7.69, 15.4 Hz, 114), 5.36-5.25
(in, 11-1), 4.32 (dd, J=7.5, 9.6 Hz, 11-1), 433 (dd, J  = 7.3, 9.6 Hz, 111), 4.02-4.00 (in, 114), 3.32
(s, 3H), 3.06-2.98 (n, 1H), 2.94-2.77 (n, 211), 2.63- 2.54 (n, 111), 2.54-2.48 (m, 114), 2.18-2-08 (n,
2H) ppm- LC/MS: 1-4., = 8.10 min, ES + 458 (AA standard). Example 69: Enzyme Preparation 



methylene ctìloride, to affo¡d the trtle conPound (0'306 g9æ/"\-LC/lt/lS & = 1-85 min, fS'

488. (FA standard).

Io331l ((7s,2sAR>2-llterf-Êutyl(dirrethyl)sitylloxyl-+(a[(19)-2B-dihydrelH-irrden-

1-ylaminoþ7l{-pytro\ol2S4JprÅñ¡din-7-yltcydopentyl)acetonihile (0'150 & 0'308 mñol)

wa5 d,i6solved. in methylene clùoride under an arnosphere of argon and cooled to -78 "c.
Düsobutylalrmrinurr hydride (1.0M in methylene dúoride, 0.340 rrl,, O'340 mmol) was

added to the sotutio¡r and lÌre reactio¡r mixtrÍe was stiEed for 30 minutes at -78 'c. Aftef a

second addition of düsobutylah:minum hydride (l.OM in nrethylene drloride,0.340 mI-

03410 mmol), the solution was stirred for an additional 30 minutes at -78 'C' A tlrird

addition of düsobutylalummrrrr hydride (1.0M in,methylene clùoride, 0.340 mL, 0.340

mrnol) was rnade, a¡rd the solution was stir¡ed for axrot'trer 30 minutes at -78 oC. The xeactio¡¡

vyas queîctred tvith a satqated solution of sodirnn potassium tâlEate tetrahyd¡ate' EtOAc

was added and the mirh¡¡e was stirred until the layers were dear. The layers were

Eepârated, The aqueorrs la¡ær we8 er(bacted with diethyl ether. The combined organic

qtracts were Ívash€d with br¡ne, daed over anlrydrous sodir¡m sulfaÞ, fillered and

corrcent¡aGd. in vacuo to gtve the tiue compourd (0.160 A ]:OO%)- l-C/luIS: \ = 1'S0 min" BS*

491 (FA stårìdard).

Ste¡r d: . 2-(192s.aRÞ2Jt¿¿rr-buty-(dimethytìsily!çry1:ll-l+f(1$F?3-ëhyd¡o-rH-indc¡¡r-- ytamlnol-ã+v¡Silof2ådþ¡drúdin-7-yllcycloPe!.lyDet¡anot.

to332] ((1s,251R)-2-{[rar'ú-EuÇ(dimethyl)eirvl]o{f 14.{4[(1Ð-2,3dihydro-1¡l-inden^

1-ylarninoþ7l{-pynoloÍ2ØJryttmidin-7-yllcyclopentyl)acetatdehyde (0'164 & 0'314 m¡nol)

was digsolved i¡r methanol (5.00 mL, 123 nrmol) under an aürosphere of argut arrd cooled to

0 'C. Sodium tetahydroboraæ (O.V¿918,9.754 $trrlol) was âdded atd the reaction was

stir¡ed fo¡ 10 minules. Addilional sodium tetratrydroborate (0'01439; 0.37 mmol) was

added, and the reaCtion mixtu¡e was stir¡ed fOr a¡rOther 30 ¡ninutes. The ¡eactiOn w¡aS

quenched with waær, extrac¡ed with EtOAc, dried over arùrydrorrs sodium sulfate, ñlte¡e(L

snd. concentaþd in vacuo. The ¡esidue was pudfied by siLca gel ctrromalography, eluting

with.a gradient of 0 to 100% EtOAc in urethylene drloride, to afffi the Étle comPound

(0.0694 * 45"/"). LCIM9: r{ = 1.65 mrn, E$ 494 (FA standald)'

l3E

(0348)All protein accession numbers provided herein refer to the Erttrez Protein database
maintained by the National Center for Biotechnology Information (NCB1), Bethesda, MD.
Generation of El enzymes  (0349]Following manufacturer instructions, baculoviruses were
generated with the Bac-to-Bac Expression System (Invitrogen) for the following proteins: untagged
NAEct (APPBP1; NP_003896.1), N-terminally His-tagged NAEI3 (UBE1C; NP_003959.3),
untagged SAEa (SAEl; NP 005491.1), N-terminally His-tagged SAW (UBA2; NP_005490.1),
N-terminally His-tagged =rine UAE (UBE1X; NP_033483). NAEa/His-NAEI3 and SAErt/I-Es-SAED
complexes were generated by co-infection of Sj9 cells, which were harvested after 4$ hours.
His-mi.JAE was generated by single infection of SJ9 cells and harvested after 72 hours. Expressed
proteins were purified by affinity chromatography (NiNTA agarose, Qiagen) using standard buffers.
Generation of E2 enzymes  (0350)Ubc12 (UBE2/v1; NP_003960.1), Ubc9 (UBE2I; NP 003336.1),
Ubc2 (UBE/A; NP_003327.2) were subcloned into pGEX (Pharmada) and expressed as
N-terminally GST tagged fusion proteins in E. coli. Expressed proteins were purified by
conventional affinity chromatography using standard buffers. Generation of Ubl proteins
[0351]Nedd8 (NP 006147), Sumo-1 (NP_003343) and Ubiquitin (with optimized codons) were
subdoned into pFLAG-2 (Sigma) and expressed as N-terminally Flag lagged fusion proteins in
E.coli. Expressed proteins were purified by conventional chromatography using standard buffers.
Example 70: El Enzyme Assays. Nedd8-Activating Enzyme (NAB.) HTRP Assay. [0352]The NAE
enzymatic reaction totaled 50 pL and contained 50 tn/v1 PIPES (pH 7.5), 0.05% BSA, 5 nein
MgC12, 20 p.M ATP, 250 p_M CS!, 0.01 pIVILlbc12-GST, 0.075 plvl Nedd8-Flag and 0.2$ nivl
recombinant human NAB enzyme. The enzymatic reaction mixture, with and without compound
inhibitor, was incubated at 24C for 90 minutes in a 384-well plate before termination with 25 jS of
Stop/Detection buffer (0.1M HEPES pH 7.5, 0.05% Tween20, 20 m.M EDTA, 410 m1VIKF, 0.53
rtivl Europiurn-Cryptate labeled monoclonal anti-FLAG M2 antibody (CislEllo International) and
8.125 pg/mL PHYCOLINK goat anti-CST allophycocyanin (XL-APC) antibody (PrOzyme)). After
incubation for 3 hours at 24 C, quantification of the FRET was performed on the Analysirm HT
96.384 (Molecular Devices). 103531Compounds 1-1 to 1-54, 1-56,1-59,1-61 to 1-76, and 1-79 to
1-85 exhibited IC., values less than or equal to 10 p.M in this assay. Compounds I-1,1-2, 1-3,14,
1-6,1-7, I-8, 1-12, 1-13, 1-14, 1-15, 1-16, 1-17,1-18, 1-19,1-21,1-22,1-23, 1-24, 1-25, 1-26,1-27,
1-28,1-29, 1-30,1-31,1-32, 1-33, 1-34, 



Step e: 2-((1_S-2S¿ß)-2Jft¿rr-buty!(dinethylìsilylloxyl*l4l(15Þ2.3-dihyC¡elIl-inéen-1-
vlaminol-7H-pvrrolof23dlovrimidin-7-vllcvclooentsl)ethvl sulfarrrate.

lG!3¡¡I ((7s,zsAR)-24[tert-BuÇ(dimethyl)sily!oxy]-41+[(1s)-2,3-dihydrelH-inden-

1-ylarrrinoþ7H-pyrrolo[2,3-d]pyrirnidin-7-yllcydopentyl)etìano] (0.0694 g 0,141 mmol) was

dissolved in acetoniki¡e (3.00 mÇ 57.4 rnnrol) and methylene ctiloride (2.00 mL 31 .2 mmol)

under an atnosphere of argnn. Triethylam¡ne (0.0589 ml 0.192 mmol) was added and the

solution was cooled to 0 'C, Chlorosulfonamide (2.00M in acetonitrile, 0.14L mL) was added

a¡rd the solution wag immediately wa¡med to room temperafi¡re. After 30 minutes,

additional drlorosulfonamide (2.00M in acetonit¡ile, 0.141mL. ) and trtethylamine (0.0589nrL

0.422 mrnol) were ad.ded and. the reaction vras stiíed for 30 minuEs- The reaction was

quendted with rrrethanol and a 1 :1 solution of saturated sodium bicarbonate and water, The

mixhüe was exbacted with EtOAc. The combined organic exEacts we¡e washed with brine,

dtied over arùrydrous sodiun sulfate, filtered, and conc€f¡trated in vacuo, The ¡esidue was

purified by silica gel chromatography, eluting wifh 0 to 5(P/" EtOAc in methylene chloridq

to give rlre tide comþturd (0,0S05 g, 55%). LC./1v19: R, = f .70 rrirç ES'573 (FA standard).

Step f: 2-((15251R)+f4(1SÞ2.3'díhy_dr_e1¡l-inden-ldaminol-7H-py¡¡olof2.3dl-
pwi¡nidin-7-vll-2-hvdroxvcrzdooerrvtlìetlhvl sulfamate (Comoóund I-7ô.

t03341 2-((1s2sr4R)-2-([terf-Buty(dünethyl)sily!oryl+f+(1S)-23-dihyd¡e1H-
inden^1-ylaminolAä-py*olof2B4Jpyrinidin-7-yllcydopentyl)ethyl sulfanale (O.Ø42 g
0.(ZZì mmol) was dissolved in pyridine (0.344 rril., 4.25 rnmol) and tehahydrofr:ran (0.345

rrl., tL25 mmol). The soludorr waÊ cooled to 0 'C. $aidine hydrofluoride (0500 m! 5.55

mmol) was added dropwise. the soluËon ¡r¡as warmed to room temperah:re. After orìe

hour, pyridine hyd¡ofluofide (0.500 ßL 5.55 mrnol) was added. After tvùo houß, ¡ryridine
hydrofluoride (0500 mI, 5,55 mrnol) was added- the solution was stirred for 24 h- The

reacdon was querrclred with dropwise addidon of saturated sodium btca¡boneþ, af¡d the

mixture was extracted with EtO,Ac. The combirred organic extracts y¡ere d¡ied over

anhydrous sodiurn Eulfate, Êltet€d, and concentrated ln vacuo. The residue was pufified by

sihcâ gel chroEEtography, elutirrg \,vith O !o 5% MeOH in EtOAc, to give the title compound

(0.00s g, o.01mmol). h\rÀ,ß,(cD"oD,400 MIIz,ö):8.77 þ,rE),7.2t7.12 (m, srr) 6.67(d,l

= 3.61 Hz üÐ s.s$ (LI =7-¿A,7.r14I{z 1IÐ,5.4&5.& (m,7ÍÍ1,4!Ðají gn,rl:{),4.2ù4.77 (a
2lÐ,3.LÈ3.v.(n, uÐ,2.9&2.88(m,7H),2.68-2.47 (n,7ÉÐ,L57-2.47 (¡¡r, 1IÐ,2.38-1.98 (rt,

5IÐ, 1.89-1.80 (m, 1}Ð ppm. LCIN4S: R, - t.25 min" ES',1158 (FA otandard).
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1-35,1-36, 1-37, I-38, 1-39,1-40, 1-41, 1-42, 1-43, 1-44, 1-45, 1-46, 1-47,1-48, 1-49,1-50, I-51,
1-52, 1-54, 1-56,1-59, 1-61, 1-62, 1-63, 1-64, 1-65, 1-66, 



Exarrrple 70; Diaste¡eoisomeric mixture of (1SpR 4R)-+tar[flS)-2,]dihydro-1H-inden-1-
ylaminol-7H-p¡rrrolol2Þdþyrinidi'rw7-ylf-2-hydrocycydopenr¡zl sulfamare
and (f ß2Sl4S)+{+(1 S)-2B-dihydro-1H-irrderr-1-yla-minol-Ztj
pyrimidin-7-y!-2-hydro¡ycydopentyl sulfamate (Compounds artdl-78)

"""-$-';crkH'ó)o

Stq)â: g/dopenl-3erì-1-ylhethanesulfonate

t03í¡51 3€ydopmten+1-ol (0.500 g, 5.94 rnmol) wa6 stirred in DCM (95 mL)..

Iì¡ridine (2.40 mL), N,irl-dimethylaminogyridine (0.10 ç 1.00 mrnot) arrd methanesulfonyl

drloride (0.690 mL 8.92 mmol) were adde4 and the ¡eact¡dr mixture was sti¡red at 35 .C for
a h, NJrf-Dirnefhytaminopyridtne (0.14 & f .2 mrnol) and neûranesutfonyl chloride (0.69 mI-
8.92 mrnol) were added and the reaction was stirred overnight TLC indicated complete

conversioru The feacdon mixh¡¡e was cooled and cþncefitfeted. The ¡eeidue was purified
by silica gel cluomatog¡aph" eluting with DCÀ4 ¡o affo¡d the tide compound as a clea¡ orl
(0.6608,68%)-

llt336) N-[(15)-2,]Dih¡adro-1]I-inden-1-y[-7H-pyrrolo[!3-d]pyrtmidin-a.amine (1.32

g, 5.29 mmol) was azeotrolred r ¡ith tohrene and placed rxrder high vacuum for 30 min
NÀI-D¡meùyüors¡a$ide (12.7 mL) was adde4 follon¡ed by cesir¡m carborìate (1,99 g,6.fo
mmol). The müture was sti¡¡ed at 70 qC for 1,0 miru Cydopent 3-en-1-yl methanesutfonab
(0.660 g, 4.07 mmol) in NJ.I-dimethylformamide (12.6 mL) was added dropwise. The

r€action mixture was heated to 110 qC for t h. Itre reaction ñütu¡e was coole4 quendred

lvith brine âfìd diluted with II'O. The âguÊous layer was ecctacted with EtOAc (3x), washed

with f{O and brine, dried (Na"SO), ÂItered" and concentrated. The residue wâs purified by
via silica gel duomatography, eluting yvith a gradient of 0 to 5"/" lvfeoH in DC¡yl foUorared by
25 to 50ryo EtOAc jn hexaneg to afford the title compound as a pale brown soüd (0.684 g,

Ç0%). rc/Ùrs: \ - 1.38 mi& ES'317 (FA standard).

H"N

"E'o-çtil"
xo' NvN

1-67, 1-68,1-69, 1-70, 1-71,1-72, 1-73,1-74, 1-76, 1-78, 1-79,1-80,1-81,1-82,1-83, 1-84, and 1-85
exhibited IC. values less than or equal to 100 nM  in this assay. Sumo-Activating Enzyme (SAE)
HTRP Assay. [0354]The SAE enzymatic reaction was conducted as outlined above for NAE except
that Ubc12-GST and Nedd8-Flag were replaced by 0.01 p..M Ubc9-CST and 0.125 plvl Sumo-Flag
respectively and the concentration of AT!' was 0.5 p.M. Recombinant human SAE (0.11 nM) was
the source of enzyme. Ubiquitin-Activating Enzyme (DAB) FITRF Assay.  (03551The UAE
enzymatic reaction was conducted as outlined above for NAE except that Ubc12-GST and
Nedd8-Flag were replaced by 0.005 pdvl Ubc2-GST and 0.125 p.M Ubiquitin-Flag respectively and
the concentration of ATP was 0.1 glvl. Recombinant mouse !JAE (0.3 nlv1) was the source of
enzyme.  Example 71: Cellular Assays 10356)Selected compounds of formula (I) were tested in
cellular assays: Anti-Proliferation Assay MET)  



Steo e (7R2sAs\-+14.Í(1$-23dihvdro1lI-inderr-t-vlaminol-7a-ovrolol2..?
1l ovrimidin-7-vll crrdoDentane-l z-diol

Íß3n 7-C¡aclopent-3'en-1-yl-N-(1s)-2,3drh¡do-lH-inden-L$l-7H-WrololãT

dlp¡imidin-+amine (O.312 g, 0.986 mmol) was stirrcd in úerf-butyl alcohol (a,9 mL) and f{O
(a.9 mL), ADmixc (Sigma-Aldridç 1.4 g) was added" and the stspensi@r was stired at rt
overnight lLC rnd¡cated cþmpleÞ conversion. The reaction was quendred with sodium

Êuüite (1.48 g, 11.7 mmol), and tlre müture was stiÍed for 5 h. lJre reaction mühlre was

öluted with EtOAc arrd {O, and the aqrreous la1ær was extracted with EtOAc (2x)- Ttæ

organic layer was dried (NESO), filte¡ed, and concentrated. The ¡esidue was purified via

silica gel dEomåtography, eluting v¡ith EiOAÇ to âfford the dtle conrpound as awNte solid

(0.190 e 5570).

Step d: Diast€reoisomeriç mixhrgof-flS2R-4R)+l-4t(1SÞ23-dihydro-1H-inden-1-

(1 &2S-lÐ-& l+J(1SÞ23S¡ihy-drerH-inden-1-ylaminol-ZHlty¡ro1ol23:
dìovrimidin-7-wll-2-hvd¡oxvcvdooenwl sr¡Ifamate {Comoounds I-77 a¡rd I-78)

t0338l GR?S,ß)+l+l(1S)-2,lDthydro-1H-inden-1-ylarrinol-7ll-pyr¡olol2þ-
dþyriuúdin-Z-ytlcyclopentanel2diol (0.080 g; 023 mmof) was azeoboped with tolr¡ene

a¡rd then was dissolved in anÌ¡ydrous aceton¡tdle (2.3 mL)- Iì¡ridin€ (0.ß69 rrl+ 0.458 mmol)

was added, Ttre ¡eactiør mixture wag cooled to 0 oC, and a 2ÀI solution of cihlorosulfonamide

rn ac€tøliEile (0.1t14 mL) was added dropwise. Thc ¡eaction wa6 stir¡ed fo¡ t h, and tlen
additional 2\I d¡lorosr¡lfonamide in acetonitrile (0.@8 mL) was added. Afüer 30 mirL

âdditionâl 2N dúo¡osr¡lfona¡nide in acetonitrile (0.0342 mL) was added, and the reaction

m¡xtu¡e was stir¡ed fo¡ 2 lu fhe reaction uras querrched with ¡nethanol, and the mixh¡¡e was

concmtrÂted in vacuo. lhe residue was purified by preparadve tl¡in Iayer chrorutography

ueing DCMAcCI'ü:MeOH (50:45:5). The ¡elevant band was cut, wash.ed üdth acetone,

filÞred" and conceritated lo give a rnlxhr¡e of diasteredmers as a white solid, (11 m& uyÐ.

'frf.nmlCoCça00ì,Il\rrR, õ): s,3G827 (m,rH)¡7,3&7.09 (r¡u51Ð;6.9G6.80 (nr, l}l);636.

6¿0 (¡rr, 1!Ð; 5.9*5.76 (m, 1.Ð; 5.5r-52 (n, ?:þr)t 4.834.68 (m, rÍÐ; 3.w3.72 (rv 1ÉÐ; 3'12-

2,83(nv2-EDt2.7*2.53 (m, 1Ð;2.5c2.74(m,2tI)t2.08-1.29 (rl2FI) ppn LClÙß:\- 1.16

mi¡L ES',430 (FA srånd.ard).

lü339l fhe following additional cÐmpounds of formula (Ð were aloo pre¡rared:

l4t

W3573Calu-6 (2400/well) or other tumor cells in 80 ;AL of appropriate cell culture medium (MEM
for Calu6, Invitrogen) supplemented with 10% fetal bovine serum (Invitrogen) was seeded in wells
of a 96-well cell culture plate and incubated for 24 hours in a tissue culture incubator. Compound
inhibitors were added in 20 uls culture media to the wells and the plates was incubated for 72
hours at 37 C. 10% final concentration of WST-1 reagent (Roche) was added to each well and
incubated for 3.5 hours (for C,a1u6) at 37 C. The optical density for each well was read at 4501un
using a spectrophotometer (Molecular Devices). Percent inhibition was calculated using the values
from a DIvISO control set to 100% viability. Anti-Proliferation Assay (ATPLite) [0358]Calu-6 (1500
cells/well) or other tumor cells were seeded in 72 pi of appropriate cell culture medium (MEM for
Calu6, Invitx-ogen) supplemented with 10% fetal bovine serum (Jnvitrogen) in wells of a 384-well
Poly-D-Lysine coated cell culture plate. Compound inhibitors were added in 8 ILL
10%DMSO/P13.5 to the wells and the plates were incubated for 72 hours at 37 C. Cell culture
medium was aspirated, leaving 25 uL in each well. 25 g.L of ATPlite istep MI reagent (Perkin
Elmer) was added to each well. The luminescence for each well was read using the LeadSeeker
Microplate Reader (Molecular Devices). Percent inhibition was calculated using the values from a
DMSO control set to 100% viability. Example 72: In vivo Assays [03591Selected compounds of
formula (1) were tested in in vivo assays_ In -vivo T-urnor Efficacy Model [0360]Calu6 (5 x106
cells), I-ICT116 (2 x106 cells) or other tumor cells in 100 A phosphate buffered saline were
aseptically injected into the subcutaneous space in the right dorsal flank of female Pt nude mice
(age 5-8 weeks, Charles River) using a 26-gauge needle. Beginning on day 7 after inoculation,
tumors were measured twice weekly using a vernier caliper. Tumor volumes were calculated using
standard procedures (0.5 x (length x  width)). When the tumors reached a volume of approximately
200 mm3 mice were randomized into groups and injected intravenously in the tail vein with
compound inhibitor (100 p,L) at various doses and schedules. Alternatively, compound inhibitor
may be delivered to mice by intraperitoneal or subcutaneous injection or oral administration All
control groups received vehicle alone. Tumor size and body weight was measured twice a week
and the study terminated when the control tumors reached aPprmdmately 2000rran3 . [0361]The
patent and scientific literature referred to herein establishes knowledge that is available to those
with skill in the art. Unless otherwise defined, all technical and scientific terms used herein have the
same meaning as commonly understood by one of ordinary skill in the art to which this invention
belongs. The issued patents, applications, and references that are cited herein are hereby
incorporated by reference to the same extent as if each was specifically and individually indicated
to be incorporated by reference. In the case of inconsistencies, the present clisdosure, indtxding
definitions, will control. [03621While a number of embodiments of this invention have been
described, it is apparent that the provided basic examples may be altered to convey other
embodiments, which utilize the compounds and methods of this invention. It will thus be
appreciated that the scope of this invention has been represented herein by way of example and is
not intended to be limited by the specific embodiments, rather is defined by the appended claims.
CLAIMS 1. A compound of formula (VII):  



I.(1R,2R 4çF2-hl¡drox]'-4-(4{r(1R2RÞ2-(Íìethox}rsrcthy}?3-di!y-dro-1I{-TelL:t- a¡îinp}
@ cy¿opentÉlr¡'ethylstffag.tate (ComPaundllg)

[034oJ'HNlvß¡CO"oD,40oMHz,8):8.2O(s'rli),73?-7-]:6(m"s1Ð,6'ø(41 =s'6

Êt2,llÞI).s-s7 (d, J - 7.oHz.IHr, s5G5a1 (m, 1Ð, 4.51-4-416 (ñ, 1rÐ ,436 (dð',1 =7'5'9'atþ'

Lll),4.rs <dd,I -7,?,9.8>tz,7tf),3.5æ.40 (m,1rÐ, 3.41€'3s (ûL 1Ð,3.1E (s,3H),3'u-2'95

@t, 3ÍJ)' 2-*2:15 (¡n, 1Ð, 233 (dd4 I : r-4,7 :7, Lï.s L12, L]¡Ji,, 2'2s-2'L9 (ñ, *t' 2'O4 (ddè' l
= 4.9,9-5,142]i¿2,1IÐ PPfrl. rc/Nß: \ = 11.24 rnin, ES* 488 (FA long pr'rxity)'

Io3rlí 'H tlÀrtr< 1cu.oD 400Mrrz, ô);8.20 (s-rIlr,7-32t-16(n'5'J),6'Ø(d'I = 3'6

LIz, ttT),5.97 (d" I =7.orìIz,lrÐ, ssG5.41 (¡¿ 1Ð, 4'sl-4.46 (m" trÐ' a36 (dd' I =7'5'9'8Hz'

úf), 4.rs (di.,l = 7,3,9.8\tz.Ltfr,3.5È3-a0 (m, 1Ð, 3.413.35 (n, ltÐ,3'78 (s,3hf)'3'11-2"95

in,3t1),2'8+275 (m,1þ,2'33 (ddd, I =L-a,7-7,73-5Xtz'LI{),2'29-2'r9 (rl,2+\'z'oal.d.dd,l

= 4.g,95,14.2f!2,1lÐ pprL LCllvf,S: R, = 11.24 min, ES 488 (FA long PuÌity)'

Ios42, 'H r.nrn 1co"oD, 400 Mritz, ô); 8,17 (s'tÍÐ'7.32-7-76 (rl 5rÐ, 6.69 (d, / - 3.6

Hz" rIÐ, s.86 (d, I =7 2rþ,7'Ë11,5.5f>5-al (rç 1IÐ, 4.s1-4.47 (m, 1IÐ 
' 
as} (dd'I :9'7'7'6Êfz'

]}f:),4.2t(dd,l =7.4ù9.7L72,7fÐ,3.143.08 (rr,1Ð,2.9s-2.88 (m, 1Ð,ZAT2-72(*2ÍÐ,2'37'

220 (¡n, 3ÌÐ, 2.0F2.00 (m, ItÐ, 0 -9e @,' ¡ = 7']- ¡1t'3rÐ PPßL LC/lttE:'R'= 7'93Íùt' Eg 458

(AA long pu¡tty).

lo3Â3] Ìr t,nrrtr 1co,oo, 400 l\Árrz, õ): 8.17 (s,LIJ),7-32-7-L6 (m" srÐ' 6'69 (d''l =3'6

Élg-TJJ),5-fß(i.,1=7-2Ëtz,!l'l),550-5.41 (nr,lEÐ, L51-4-47 (r^"LIJ),a38(dd,l =9'7'7'6172'

LÉf), az}(ild,I =7.4,,9'7YIz,tfÐ,9'1+3,08 (m,1Ð,2-9Ù2'88(n,7EIì'2'8}2.72(r,vzrtl,237-

22O (rrr,3tf),2,@'2.00 (rr, lEÐ,0,98 (d,I = 7 -:It&.'g'iIt ppru LCllvlS: \:7'93 fr¡ir¡, Els+ '458

(AA long purrty).

(VII) or a pharmaceutically acceptable salt thereof, wherein:   stereochemical configurations
depicted at asterisked positions indicate relative stereochemistry; Q is =N- or =C(Rk)-; X is -CH2-,
-CHF-, -CH2-, -NH-, or -0-; Y is -0-, -S-, or Ra is selected from the group consisting of hydrogen,
bond; Rh is selected from the group consisting of hydrogen, 124 is selected from the group
consisting of hydrogen, Rd is selected from the group consisting of hydrogen, 125 is hydrogen, or
C14 aliphatic; each R1 isindependently hydrogen or C14 aliphatic each Rh independently is
hydrogen, halo, -CN-, group; 12l is hydrogen, -OW, -SR6, -N(R4)2, or an optionally substituted
aliphatic, aryl, or heteroaryl group; Rk is hydrogen, halo, -ORS, -SR -N(R4)2, or an optionally
substituted C14 aliphatic group; Rm is hydrogen, fluoro, -N(124)25 or an optionally substituted C14
aliphatic group; WI is hydrogen, fluoro, or an optionally substituted C14 aliphatic group; or Rm and
Rh together form =0 or =C(R5)2; each Rd independently is hydrogen or an optionally substituted
aliphatic, aryl, heteroaryl, or heterocyclyl group; or two Rd on the same nitrogen atom, taken
together with the nitrogen atom, form an optionally substituted 4- 



t03441 'HNÀ/ff, 1CD.OD,'400 MrIz, õ): 8-17 (s, lÐ, 7.31-7-75 (m, 5Ð, 6.66 (d., J =
3.60 ÌIz, 1þ, s.9a (d,J= 7.28I{z.,1Ð,5.48-5.41 (m, 1þ,4.48 (dd,I =3.98,3.03 Hz, lþ,
4.36 (ðd,J =9.74,7.58riz,1þ, a.r9 (dd, J = 9.13,1.33IJz,,1Ð,3.ü-3.01 (rn, 1Ð,2.91-
2-76 (m.?ÍI),2.65-2.54 (m, lIÐ,2,38-2.19 (m,3H),2.03 (ddd, J = r3.9s.9-r7,4-93 Hz, rþ,
7.59 (ddd,I = 13.33,7.4O,5.8r Hz, uÐ, 1.38-r.28 (m, 1H), O.93 (r.I =7.47 Hz, 3H) ppm.

LC,/N49: \: $.36r¡i¡.,E,9'472 (AA longpurity).

lo34sl 'Hl.IÀ,ß JCD.OD,400 MÉrz, õ):8.17 (s,7li{),7.37-7.r5 (^,5Íf),6.66 (d,l =3,60

I1z,7r\,s.94(+I =7281fz.,1H),5.48-5-41(¡r¡ 1Ð, a.a8(d4 l =3.e8,3.93Írz, 1}Ð,4.36 (d4/

=9-747.58H2,rf\,4,79 (dd,I =9.73,73311z,'.H),3.U7-3.OI (n,7I{),2.97-236(m"2Ê1),2.e

2.54 (r+ 1Ð,2.3ù2.19 (r1.,3I'),2.03 (ddd,t= 13.95,9-17,4.93rfz'rÐ,1.59 (ddd,/ = 13.33,

7.4O,S.9LI:Iz,,1JI),73È|^28 (zr" 1Ð,0.93 (t,I = 7-tL EIz,3Il) pprru LCIMS; \ - 836 müv ES'

472 (AA long purity).

((1S,2S.4R)-z-hyd¡oxy-tt-(4:((1R,2$-2-methocy-12,3,+æuahyd¡ona¡¡hthaten-1-ylamino)-7H-
pyr¡olot2}dþyiunidin-7-yllvclopentyDrnethyl sulfarnate (Compound I-851

lcFg'6l hnnø< 1ca.oo,400Mr:fz, E);8.17 (s,tlr),725 (d.,1 =7.a,71Í),7.2o (d.,1=9.6

ËIz, aþI),7 -75-7.06 (m,3fÐ,6.66 (d, I =5,61þ,7H),5.81 (m" 1IÐ,5.sG5.40 (r¡ç 1IÐ,4.49 (m,

tEI), 4.37 (dið,I = 3.3,7.OËtz,7H.),4.20 (dd,I =7.3,9.7 tfz, rÈr),3.8'3.82 (rv 1rÐ, 3.tt2 (s,3Ð,

3.06.2.96 (rn, 1IÐ, 2-8+2,73 (nv zfÐ, 2s8-2-78 (* a}J), 2-0t2.t8 (m, /þt) ppt¡u rc,/ù45: 4 =
15r mi4 El 4EE (A.q standard).

((75 25 AR'14-( +llSl-23dihvdro-1lI-inden-1-vlaminol -7H-ownolol23dlov¡irnidin-7-vll-2-
¡nethoxvcrrclooenwlìmethvl sr¡lfamatÊ lCornpormd I-E6)

los4n 'Hmm,1co"oD 400 Mrilz,6): 8.13 (s,7Yf).723-7,08 (rrv srI),6.60 (d,I =3.O

Hz, rIÐ, s.81 (tFz.ø9,tS.+ttz,1H),5.36-s.2s (m, fia).432 (<id'IJ.s,9.6rf2,7\Ð,4.13 (dd,t

to 8-membered heterocyclyl ring having, in addition to the nitrogen atom, 0-2 ring heteroatoms
independently selected from N5 0, and S; each R5 independently is hydrogen or an optionally
substituted aliphatic, aryl, heteroaryl, or heterocyclyl group; each Rh independently is an optionally
substituted aliphatic, aryl, or heteroaryl group; and m is 1, 2, or 3; V2 is -N(128)-5 -0-, or -S-; Rs is
hydrogen or C14 aliphatic; Ring D is an optionally substituted aryl, heteroaryl, heterocyclyl or
cycloaliphatic ring, each substitutable saturated ring carbon atom in Ring D is unsubstituted or
substituted with =0, =S5 =C(R5)25 =N-N(124)25 =N-0R55 =N-NHC(0)R55 =N-NHCO2R65
=N-NHSO2R65 =N-R5 or -RP; each substitutable unsaturated ring carbon atom in Ring D is
unsubstituted or substituted with -RP; each substitutable ring nitrogen atom in Ring D is
unsubstituted or substituted with -129P; each R9P independently is -C(0) R55 -C(0)N(124)25
-0O2R65 -502R65 -502N(124)25 or a CIA aliphatic op natty substituted with RII; each RP
independently is selected from the group consisting of halo, C16 aliphatic, C16 fiuoroaliphatic,
-RIP, - R2P, -T2-RIP, and -T2-R2P; or two RP 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
spirocyclic cycloaliphatic T2 is a C1.6 alkylene chain optionally sub,stituted with R3a or R3k; each
RIP independently is an optionally substituted aryl, heteroaryl, or heterocyclyl group;  each R2P
independently is --NO2, -CN, -CIRs)=C(RP)2,-ORs, -SR, -S(0)R6, -SOAP, -SO2N(R4)2, -N(R4)2,
-NR4C(0)R5, -NR4(0)N(R4)2, -N(R4)Ce::NIR4)-N(le)2,-NR4CO2R6, -N(R4) S02R6, -N (R4)S
02N(R4)2, -0 -2 O)Rs, - OCO2R6,0)N(R4)2, -20)R5, -0O2R5, -C(0)1') liR112, 412t0)N (R4)- OR
((01N( R4)(2 (=NR4)-N (R4)2, -Ntle)C(=NR4)-N(R41-C(01Rs, -Cei--NR4)-N(R4)2, .-Ci=NR.4)-ORs,
.-C (=NIO-N(R4).-01(5, or 42(1(6)=N-0R5; each R'3a independently is selected from the group
consisting of -17, -OH,4 al 171`-NR4)2, 47(10) -CO 2,H,alkyl), -C(0)NI-12, and -C(0)NH(Cit alkyl);
each Rsb independently is a C1_3 aliphatic optionally substituted with Rs' of a7, of two
substituerits Rsb on the same carbon atom, taken together with the carbon atom to which they are
attached, form a 3- to 6-membered cycloaliphatic ring; 



=7.3,9-6H2,lfÐ,4.A2a.0O (n,tÉt),332(s,3rÐ,3.0ç2.98(rt:t,7rÐ,2.9+2.n þ\"2-Jf),2,*
2.54(m,7H),2.5*2,r18 (r¡u 1Ð,2.1&208 (m,2IÐ ppm- LClIvxS:\ =8.10mi&ÊS*4158 (AA

standard).

l¡'¡rr¡ple 69: EñzyûÊ Ileparatiüt

f03481 AU protetn accession m¡mbers provided herein refer to the EnEez PÞtein

databaEc haintained Þy the National Center for Bioteclìnolory fnformation (NCBI),

Befhesd¿ MD.

[ü¡49] Following manufacturer in5þuctiqns, b¿culqvin¡ses were genefated with the

Eac-lo-Bac Expression System (Inviüoæn) for the following prc'teins: untagged NAEa

(APPBPI; NP-0O3896.1), N-terminally His-tagged NAEp (UBETC; NP-0GÞ59,3), untaeged

SAEc (SAEr; NP-00s491.1) N-teÍninally His-tagged S.âEF gBA2, NP-005490.1), N-

termirrally His.tagged murine UAB (UBEIX; NP-ß3483). NAEa,/His-NAEF and

SAEc./lIis.sAÊþ comple)(eÊ \Àrere generated by co-lnfecdon of Sp celts, whidr were

harvested afbr 48 hours. His-mUAE was generated by single infection of Sp cells and

harvested afte¡ 72 hours. Expressed proteirrr were purified by affinity dìrcrnatogtâphy (Ni-

NTa, agarose, Qagen) using standard buffers. .

Generaüon of E2 enzy¡res .

f03s0l llbcl2 (UBBzItf NP-003960.1, Ilbc9 ({JBEzI; NP-003336.1), IJbc2 (UBE2A;

NP-003327.2) were subdoned lnto pGEX (Pharrucia) and expressed as N-terrrinally GST

tagged fusion proteins in E. coli. Expressed proleins wefe Pt¡rifled by cmventionâl affinity

düomâtogrãplry uSng standard bufiers.

Generation of l-lbl lf,fôteins

t03sll NeddS (NP-006147), Sunro-l (NP-0033,a13) and Ubiquitin (with optimized

codons) were subdoned into pFLAG2 (Sigma) and expressed as N-terminally Flag tagged

fusion p¡oæins in E.coli, Expressed pmteins were pur¡fied by cþnveîtional düorratogrãphy

r:sing standard buffers.

each R' independently is an optionally substituted aryl of heteroaryl ring; wherein: in each recitation
of optionally substituted aryl, the aryl group, when substituted, contains on an unsaturated carbon
atom one or more substituents independently selected from halo, -NO2, -CN, -R*, - C(R*)=C(R*)2,
-CeC-R*, -OR*, -SR, -S(0)R, -502R, -SO2N(R+)2, -N(R)2, -NW-C(0)R*, - NR+C(0)N(R+)2,
-NR+CO2R, -0-CO2R*, -0C(0)N(R+)2, -0-C(0)R*, -CO2R*, -C(0)-C(0)R*, -C(0)R*, -C(0)N(R+)2,
-C(=NR+)-N(R+)2, -C(=NR+)-OR*, -N(R)-N(R)2, -N(R+)C(=NR+)-N(R+)2, -NR+SO2R, -
NR+SO2N(R+)2, -P(0)(R*)2, -P(0)(OR*)2, -0-P(0)-OR*, and -P(0)(NR+)-N(R+)2; in each recitation
of optionally substituted heteroaryl, the heteroaryl group, when substituted, contains one or more
substituents independently selected, if on an unsaturated carbon atom, from halo, -NO2, -CN, -R*,
-C(R*)=C(R*)2, - CeC-R*, -OR*, -SR, -S(0)R, -502R, -SO2N(R+)2, -N(R)2, -NW-C(0)R*,
-NR+C(0)N(R+)22 - NR+CO2R, -0-CO2R*, -0C(0)N(R+)2, -0-C(0)R*, -CO2R*, -C(0)-C(0)R*,
-C(0)R*, -C(0)N(R+)22 - C(=NR+)-N(R+)2, -C(=NR+)-OR*, -N(R)-N(R)2, -N(R+)C(=NR+)-N(R+)2,
-NR+SO2R, -NR+SO2N(R+)22 - P(0)(R*)2, -P(0)(OR*)2, -0-P(0)-OR*, and -P(0)(NR+)-N(R+)2,
and, if on a substitutable nitrogen atom, from -R*, -N(R*)2, -C(0)R*, -CO2R*, -C(0)-C(0)R*,
-C(0)CH2C(0)R*, -SO2R*, -SO2N(R*)22 - C(=S)N(R*)2, -C(=NH)-N(R*)2, and -NR*S02R*; in each
recitation of optionally substituted heterocyclyl, the heterocyclyl group, when substituted, contains
one or more substituents independently selected, if on a saturated carbon atom, from halo, -NO2,
-CN, -R*, -C(R*)=C(R*)2, -CeC-R*, -OR*, -SR, -S(0)R, - 502R, -SO2N(R+)2, -N(R)2, -NR+C(0)R*,
-NR+C(0)N(R+)2, -NR+CO2R, -0-CO2R*, -0C(0)N(R+)2, -0- C(0)R*, -CO2R*, -C(0)-C(0)R*,
-C(0)R*, -C(0)N(R+)2, -C(=NR+)-N(R+)2, -C(=NR+)-OR*, -N(R)N(R)2, -N(R+)C(=NR+)-N(R+)2,
-NR+SO2R, -NR+SO2N(R+)2, -P(0)(R*)2, -P(0)(OR*)2, -0-P(0)-OR*, and -P(0)(NR+)-N(R+)2, =0,
=S, =C(R*)2, =N-N(R)2, =NOR*, =N-NHC(0)R*, =N-NHCO2R*, =NNHSO2R, and =NR*, and, if on
a substitutable nitrogen atom, from -R*, -N(R*)2, -C(0)R*, -CO2R*, - C(0)-C(0)R*, -C(0)CH2C(0)R*,
-SO2R*, -SO2N(R*)2, -C(=S)N(R*)2, -C(=NH)-N(R*)2, and - NR*S02R*; in each reaction of
optionally substituted aliphatic, the aliphatic group, when substituted, contains on a saturated
carbon atom one or more substituents independently selected from halo, -NO2, -CN, -R*,
-C(R*)=C(R*)2, -GeC-R*, -OR*, -SR, -S(0)R, -502R, -SO2N(R+)2, -N(R)2, -NW-C(0)R*, -
NR+C(0)N(R+)2, -NR+CO2R, -0-CO2R*, -0C(0)N(R+)2, -0-C(0)R*, -CO2R*, -C(0)-C(0)R*, -C(0)R*,
-C(0)N(R+)2, -C(=NR+)-N(R+)2, -C(=NR+)-OR*, -N(R)-N(R)2, -N(R+)C(=NR+)-N(R+)2,
-NR+SO2R, - NR+SO2N(R+)2, -P(0)(R*)2, -P(0)(DR*)2, -0-P(0)-OR*, and -P(0)(NR+)-N(R+)2, =0,
=S, =C(R*)2, =NN(R)2, =NOR*, =N-NHC(0)R*, =N-NHCO2R, =N-NHSO2R, and =NR*; each
occurrence of R is independently an aliphatic or aryl group; each occurrence of R+ is
independently hydrogen or an aliphatic, aryl, heteroaryl, or heterocyclyl group, or two R+ on the
same nitrogen atom, taken together with the nitrogen atom, form a five to eight membered aromatic
or non-aromatic ring having, in addition to the nitrogen atom, zero to two ring heteroatoms selected
from N, 0, and S; and each occurrence of R* is independently hydrogen or an aliphatic, aryl,
heteroaryl, or heterocyclyl group; and a "cycloaliphatic" includes a cycloaliphatic group fused to a
5- to 6- membered aromatic ring or a 3- to 8- membered non-aromatic ring having 0-3 heteroatoms
selected from the group consisting of 0, N and S, an "aryl" includes an aryl group fused to a 5- to 6-
membered aromatic ring or 4- to 8-membered non-aromatic ring having 0- 3 heteroatoms selected
from the group consisting of 0, N and S; a "heterocycly1" includes a heterocyclic group fused to a
5- to 6- membered aromatic ring or 3- to 8- membered non-aromatic ring having 0-3 heteroatoms
selected from the group consisting of 0, N and S; and a "heteroaryl" includes a heteroaryl  group
fused to a 5- to 6- membered aromatic ring or 4- to 8- membered non-aromatic ring having 0-3
heteroatoms selected from the group consisting of 0, N and S. 2 The compound of claim 1,
characterized by one or more of the following features: (a) X is -0-; (b) Y is -0- or (c) Ra is -OH; (d)
Rb and Rd are each independently hydrogen, fluoro, or C14 aliphatic; (e) Re is hydrogen, fluoro, or
-0R5; (f) Re is hydrogen; (g) each Rd is hydrogen; (h) each Rh is hydrogen; (i) Rl is hydrogen or
C14 aliphatic; (j) Rk is hydrogen, halo, or C14 aliphatic; (k) m is 1; and (1) stereochemical
configurations depicted at asterisked positions indicate absolute stereochemistry. 



F-¡rnfle 70: El Enzyme Assays.

NeddS-AclivâtinÊ Enzr¡zre íNÁ'Eì I{IRF Assaw-

[0352] The N,q,E mz'¡matic reactio¡r totaled 50 pL and contained 50 mM HEPF.S (pH

7.5), 0.6'/. RSA, 5 mM N(gCt, 20 ¡¡M ATP, 250 FM CSH, 0.01 FM IJbC12-GST, 0.075 FM

Nedd&Flag and 0.28 nM ¡ecrcmbinant human NAE enz'¡rre. Ttre enzymatic ¡eaction

mixfu¡e, with and without conrpound inhibilor, was i¡cubaH at 24 "C for 90 minutes ¡n a

38'âwell plate beforc te¡mirìation with 25 ¡rL of Stop/Detectio¡r buffer (0.1M TIEPES pH 7.5,

0.05% Tween20 20 mM EDIA, 410 mÀd KF, 0.53 ¡M Europium(-r¡rptale labeled monoclo¡ral

anti-FLAG L[2 antibody (ClsBio Internatio¡ral) and 8.125 ¡rglml PI{YCOLINK goat

ânti-GST â[ophycocyanin (XI-AI{) antíbody (Prozyme). after in<trbation for 3 horüs ât 24

"Ç quantification of the FIRET was per{olared orr the Analystw I'I'f 96.384 (Molecrdar

Devices).

fO353I Compounds I-1 toI-54,1-561-59,I41toI-76, anÀl-79 to I-85 exhibited IC5o.

valrres less llran or equal to 10 FM in this assay. Compounds I-7,T-2-[-3.I+I-6,I-7,18, \-72-

l-ß,T-1.4,r-7s,r-76,t-77,r-tg,I.rg,r-27,r-2.r-23,r-?41-2s,7-26,r-27,f-28,1-29,1-3f.,l-37,1-æ.,

r-s3,T34,135,r-96,137,138,t-39,t40,t4t,Í42,t $7,t-44,r45,r46,t47,r.43., r-49,r-so, r-51,

r-52,r-s{,t-56,7-59,t-6L,1-62,t-63,r-64,t65,I-66,t-67,!-68,r-69,t-7O.r-7L,r-7Zr-tn,þ74,r-76,

f-78,í-D,1{¡0,1-A7,I-A2"I-æ, ÞU, and I-85 efibiæd IÇ values less thân or equal to 100 nM

in this assay.

lo354l the SAE enz5rmatic r€actiûl rt¡as conducH as outl¡ned above for NAE

except that Ubcl2{ST arrd Nedd&Flag were replac€d by 0.01 FM Ubc}GST and 0.125 FM

SumoFlag respeclively and üre concemEatioxr of ATP wa¡ 0.5 t¡M, RecomblÍånt hurrun SAE

(0.11 nM) was the source of errzyme.

IJbiouitin-Actiwatins Er¡zr¡me (UÁ,Eì ÉIIRF Assaw.

to355J The UAE enz)'rnat¡c reacllon was conduclÊd as outlined abor¡e for NAE

exctept thât Ubclz€ST and NeddS-nag were rq>Iaced by 0.005 FM Ub¿-GST and 0.125 pM

Ubiquit¡n-Ftag respectiveþ and the concenEalion of ATP was O.1 pM. Recoribinant mouse

UAE (0.3 ¡tM) wâs tlre sou¡ce of mzr¡me.

r{5

3. The compound of claim 1 or 2, wherein V2 is -N(128)-. 4. The compound of claim 1 or 2,
wherein: Xis -0-; Y is -0- or W is -OH; Rb and Rd are each hydrogen; Re is hydrogen or -OH; Re is
hydrogen; Rd is hydrogen; Rh is hydrogen; Rl is hydrogen or C14 aliphatic; and m is 1. 5 The
compound of claim 1 or 2, wherein Ring D is selected from the group consisting of furanyl, thienyl,
pyrrolyl, oxazolyl, thiazolyl, imidazolyl, pyrazolyl, isoxazolyl, isothiazolyl, oxadiazolyl, triazolyl,
thiadiazolyl, phenyl, naphthyl, pyranyl, pyridyl, pyridazinyl, pyrimidinyl, pyrazinyl, triazinyl,
indolizinyl, indolyl, isoindolyl, indazolyl, benzimidazolyl, benzthiazolyl, benzothienyl, benzofuranyl,
purinyl, quinolyl, isoquinolyl, cinnolinyl, phthalazinyl, quinazolinyl, quinoxalinyl, naphthyridinyl,
pteridinyl, tetrahydrofuranyl, tetrahydrothienyl, pyrrolidinyl, pyrrolidonyl, piperidinyl, pyrrolinyl,
tetrahydroquinolinyl, tetrahydroisoquinolinyl, decahydroquinolinyl, oxazolidinyl, piperazinyl,
dioxanyl, dioxola- nyl, diazepinyl, oxazepinyl, thiazepinyl, morpholinyl, quinuclidinyl,
tetrahydroquinolinyl, tetrahydroisoquinolinyl, indanyl, phenanthridinyl, tetrahydronaphthyl, indolinyl,
benzodioxanyl, benzodioxolyl, chromanyl, cyclopropyl, cy- clobutyl, cyclopentyl, cyclopentenyl,
cyclohexyl, cyclohexenyl, cycloheptyl, cycloheptenyl, cyclooctyl, cyclooctenyl, cyclooctadienyl,
bicycloheptanyl and bicyclooctanyl. 6. The compound of claim 1 or 2, wherein Ring D is an
optionally substituted indanyl, tetrahydronaphthyl, or chromanyl. 7. The compound of claim 1 or 2,
wherein: V2 is -N(R8)-; Ring D is selected from the group consisting of:     



Exemple 71: Cellular Assays

I0356J Selected compounds of foltnula (Ð were tested in celhrlar âssays:

Anti-ProliËration .Assav (WSTI

[0357¡ Calu-6 (2400/well) or ot]ær h:.mor cells in 80 ¡.r,L of approp.riale c€ll culhrre

mediun (MEM for CaIu6, Invitrogen) supplemerrted urith 10% fetal bovine sen¡m

(firvitrogen) was seeded in wells of a 96-well cell cultr¡re plate and incubated fo¡ 24 hou¡s in

a tissue cultu¡e incubator. Compou¡td inhibitorg were added in 20 pL culíre media to the

wells and the plates was incrrbated for 2 hor¡¡s at 37 "C. 107o f,l¡ral concenEaüon of WST-1

reagent (Roche) was added to eadr well and incubated fo¡ 3.5 hours (for Calu6) at 37 "C.

The optical densit¡r for eadr well was read at 45&rûr r¡sing a specEophotomeær (Molecular

Devices), Percent inhibitio¡r was calculated usrng the values frorrr a DVISO cosrüol set to
100% viability.

Anti-Prolifr¡ation Assav LAl?Litel

[0358] Calu-6 (15O0 cells/well) or other tunor cells were seeded in 22 ¡rL of
apprcpriabe cell cultr¡¡e ñediurn (MEM fof Calu6, Invitrogen) suppleurented with 107o fetal

bov¡ne seftIn (Invit ogen) in wel¡s of a 3StLwell Poly-ÞL¡æine coated cell cr¡lture plate.

Com¡ound inhibito¡s were added in 8 ¡rL l0%DlvfSO/PBS to the wells and ttre plates were

incubaÞd Io¡ 72 hou¡s at 37 "C. Cell cultu¡e rnedium was aspirated leaving 25 t¡L in ea.h

well, 25 pL of ATPIite lstep lM æagent (Perkin Btmer) wâs added to eadr well. IJ:re

h:rninescence for eadr næll was ¡ead usilg the l-eadSeeker Micoplate Reader (lvlolec¡¡la¡

Devices). Èrcent inhibition was calculated using the values frorrr a Dlvf.9O conEol set to

100% viabiltiy,

Exa.nple 72: In vivo Assa¡æ

103591 Selected cþmpounds of formula (Ð were tested in in vivo assays-

In vivo Trr¡nor Efficacr¡ Nfodel

10360¡ Calu6 (5 x10É cells), HCrt16 (2 xld ells) or other tunror cells in 100 ¡rL

phosphate buffe¡ed saline we¡e asepucally injected into the subcutarEous space in tlre right
do¡sal flank of fe¡nah Ncr nude mÍce (age SB weel,s, Charles River) r.¡sing a 26.gauge

needle. Beg¡nning on day 7 after irroculatio& tr¡¡¡tofs were .measu¡ed twice weekly using a

verriier caliper. Tumor r¡olumes we¡e catculåt€d r,sing standard proædures (0.5 x (length x
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(RP),  (R13)1:    each RP independently is selected from the group consisting of fluor, -OR",
-NtR4z)(R4S), -(70,Rsx, or -00) N(11140(Rik), Of a Cia aliphatic orC1 fluoroahphatic optional ,
substituted with OR (Q R5' or each R8P independently is selected from the group consisting of
fluor, -OR", -N(le)(e), -0091e, or -C(0)N(Rix)(R411), or a Cia aliphatic of C14 fluoroaliphatic
optionally substituted with -OR'sx, -NtRikhiRki -CO2R", o - C(0)N(11140(Rik), provided that R8 is
other than -01115x or -NtR10(1114) vthen located at a position adjacent to a thng oxygen atom; s
is 0.1 or 2; t is 0, 1, Or 2; Rik is hydrogen, Ci lkyl, C14 fluoroalkyl orC6lo ar(C14)alkyi, the aryl
portion of which may be optionally substituted; Rik is hydrogen, Cia alkyl, C14 fluoroalkyl, Co_io
ar(iia)alkyl, the aryl portion of which may be optionally substituted, or an optionally substituted 5- or
6-membered aryl, heteroaryt, or heterocycly1 ring; or Rix and R411, taken together with the
nitrogen atom to which they are attached, form an optionally substituted 4- to 8-membered
heterocyclyl ring haying, in addition to the nitrogen atom, 0-2 ring heteroatoms independently
selected from N. 0, and S; and each R" independently is hydrogen, C14 alkyl, Car fluoroalkyl, or an
optionally sub ailed C61 aryl or CO jh arKii  8 The compound of claim 1, characterized by formula
(VIII):  N 



widthl). When the tumors reached a voluÍie of approximately 2@ mms mice were

randqmized into g;roups and injected intravenously in the tail vein with conpound inhibitor

(100 pL) at various doses and sctredules. Alt€rnativelt compor.urd inhibiør may be

del¡vered to mice by intraperitorieal or subcuta¡reous injeckion or oral administ¡ation- All
control g¡oups recetved veh¡cle alone. Tumo¡ size and body weight waa measu¡ed twice a

week and the study termirìated r¡.hen tlte (þntrol trrmors reached apþ¡oDdmately 2000mrra.

lo36il The patent and scierrlific literatr¡¡e refer¡ed to herein establislws tñowledæ

tlrat is available to those with skill in tle art llnless othenvise define4 all tecturical and

scienti.flc teims r¡sed herein Ìrave tlre sane mearring ¿¡s comrnorùy rrndersþod by one of
ordinary skill in the art to which this invention belongs. The issued paænts, applications,

and refetences that aÉ cited here¡n ar€ hereby incor¡rorated by referenæ to thc sa¡ne extent

as if eadr was specifically and indivi¿r rally indicaÞd to be incorpo¡ated by reference. In the

case of ificdælstencles, the prresent disclosure, irrcluding defirütions, rvill control.

tO362¡ While a nuxnber of embodlments of thls lnvention have been described, it ts

apparent that the provided basic examples may be altered to convey othe¡ embodi¡nents,

which utilÞe the cornpounds and methods of this invention. It will thus be apPrcciated that

the scope of thls inventiør has been represented lærein by way of example and is not
intended.to be limiled by the spec|c¡¡ eûìbodifnenÞ, rather is defined by the appended

claim6.

9 i omg-0"Re N.,,,.. N /RaT H2NRb RdRh   or a pharmaceutically acceptable salt thereof, wherein
stereochemical configurations depicted at asterisked positions indicate absolute stereochemistry.
9. The compound of claim 1, wherein the compound is selected from the group consisting of:
Chemical Name I- 6 tilS.2S.4R) -4-14-1 0 Si -2.3-dihydro - 1 I-Linden-I -yli me thynaminoi -7
EI-pyrco12,3- clipyrimidin -7 -y11-2- hydroxycyclopentyemethyl suifamate I- 11
01S,3S)-3-{44(1S)-2,3-dihydro-1H-inden-l-ylaminoi-7H-pyrrolor,3-cli-pyrimidin-7-y1{cyclopentyl)met
hyl sulfamate I- 12 01S,2S,4R)-4- {4-R4S)-3,4-dihydro-2H-chromen-4-ylaminoi-7H-pyrrolor,3-di
-pyrimidin-7-y11-2- hydroxycyclopentyl)methyl sulfamate I- 13
01S,2S,4R)-4-{4-R1R)-2,3-dihydro-1H-inden-1-ylaminoi-7H-pyrrolc42,3-di-pyrimidin-7-y11-2-
hydroxycyclopentyl)methyl sulfamate I- 14 
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CLAIMS 

 

1. A compound of formula (VII): 

 
or a pharmaceutically acceptable salt thereof, wherein: 
 

stereochemical configurations depicted at asterisked positions indicate relative stereochemistry; 
Q is =N- or =C(Rk)-; 
X is -CH2-, -CHF-, -CH2-, -NH-, or -O-; 
Y is -O-, -S-, or -C(Rm)(Rn)-, 
Ra is selected from the group consisting of hydrogen, fluoro, -OH, -OCH3 and - CH3; or Ra and Rc together form a 
bond;  
Rb is selected from the group consisting of hydrogen, fluoro, C1-4 aliphatic, and C1-4 fluoroaliphatic;  
Rc is selected from the group consisting of hydrogen, fluoro and -OR5; or Ra and Rc together form a bond; 
Rd is selected from the group consisting of hydrogen, fluoro, C1-4 aliphatic, and C1-4 fluoroaliphatic; 
Re is hydrogen, or C1-4 aliphatic; 
each Rf is independently hydrogen or C1-4 aliphatic 
each Rh independently is hydrogen, halo, -CN-, -OR5, -N(R4)2, -SR6, or an optionally substituted C1-4 aliphatic 
group; 
Rj is hydrogen, -OR5, -SR6, -N(R4)2, or an optionally substituted aliphatic, aryl, or heteroaryl group; 
Rk is hydrogen, halo, -OR5, -SR6, -N(R4)2, or an optionally substituted C1-4 aliphatic group; 
Rm is hydrogen, fluoro, -N(R4)2, or an optionally substituted C1-4 aliphatic group; 
Rn is hydrogen, fluoro, or an optionally substituted C1-4 aliphatic group; or  
Rm and Rn together form =O or =C(R5)2; 
each R4 independently is hydrogen or an optionally substituted aliphatic, aryl, heteroaryl, or heterocyclyl group; or 
two R4 on the same nitrogen atom, taken together with the nitrogen atom, form an optionally substituted 4- 
to 8-membered heterocyclyl ring having, in addition to the nitrogen atom, 0-2 ring heteroatoms independently 
selected from N, O, and S;  
each R5 independently is hydrogen or an optionally substituted aliphatic, aryl, heteroaryl, or heterocyclyl group; 
each R6 independently is an optionally substituted aliphatic, aryl, or heteroaryl group; and  
m is 1, 2, or 3;  
V2 is -N(R8)-, -O-, or -S-; 
R8 is hydrogen or C1-4 aliphatic; 
Ring D is an optionally substituted aryl, heteroaryl, heterocyclyl or cycloaliphatic ring, 
each substitutable saturated ring carbon atom in Ring D is unsubstituted or substituted with =O, =S, =C(R5)2, =N-
N(R4)2, =N-OR5, =N-NHC(O)R5, =N-NHCO2R

6, =N-NHSO2R
6, =N-R5 or -Rp;  

each substitutable unsaturated ring carbon atom in Ring D is unsubstituted or substituted with -Rp;  
each substitutable ring nitrogen atom in Ring D is unsubstituted or substituted with -R9p; 
each R9p independently is -C(O) R5, -C(O)N(R4)2, -CO2R

6, -SO2R
6, -SO2N(R4)2, or a C1-4 aliphatic optionally 

substituted with R7;  
each Rp independently is selected from the group consisting of halo, C1-6 aliphatic, C1-6 fluoroaliphatic, -R1P, - 
R2P, -T2-R1P, and -T2-R2P; or two Rp 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 spirocyclic cycloaliphatic ring;  
T2 is a C1-6 alkylene chain optionally substituted with R3a or R3b;  
each R1p independently is an optionally substituted aryl, heteroaryl, or heterocyclyl group;  

fl1S,2S,4R)-444-{
fl1S)-3,3-dimethy1-2,3-dihydro-1H-inden-l-yliamino1-7H-pyrrolor,3-dipyrimidin-7-y0-2-
hydroxycyclopentylimethyl sulfamate   I- 17 ((lS,2R,3S ,4R)-4-{4-[(1S)-2,3-dihydro-I
H-inden-1-ylamino]-7H-pyrrolo[2,3-c]-pyrimidin-7-y11-2,3- dihydroxycyclopentyl)methyl sulfamate I-
20 ((lR,4R)-4-[4-[(1S)-2,3-dihydro-1
H-inden-l-ylamino]-7H-pyrrolo[2,3-cfl-pyrimidin-7-yllcyclopent-2-en-1- yemethyl sulfamate I- 21
[(1S,2S,4R)-4-{4-[(1R)-3,3-dimethy1-2,3-dihydro-1H-inden-l-yflaminol-7H-pyrrolo[2,3-cflpyrimidin-7-
y1)-2- hydroxycyclopentyllmethyl sulfamate I- 27 [(1S,2S,4R)-4-(4-{
[(1S)-5-chloro-2,3-dihydro-1H-inden-l-yflaminol-7H-pyrrolo-[2,3-cflpyrimidin-7-y1)-2-
hydroxycyclopentyllmethyl sulfamate I- 30
((lS,2S,4R)-4-{4-[(1S)-2,3-dihydro-1H-inden-l-ylamino]-7H-pyrrolo[2,3-cfl-pyrimidin-7-y11-2-hydroxy
-2- methylcyclopentyl)methyl sulfamate I- 33 [(1S,2S,4R)-4-(4-{ [(1S)-5-bromo-2,3-dihydro-I
H-inden-l-yflaminol-7H-pyrrolo-[2,3-cflpyrimidin-7-y1)-2- hydroxycyclopentyllmethyl sulfamate I- 35
((lS,2S,4R)-4-{4-[(1S)-2,3-dihydro-1H-inden-1-ylamino]-7H-pyrrolo[2,3-c]-pyrimidin-7-y11-2-
hydroxycyclopentyl)methyl sulfamate I- 36 [(1S,2S,4R)-4-(4-{
[(1S)-5-fluoro-2,3-dihydro-1H-inden-l-yflaminol-7H-pyrrolo-[2,3-cflpyrimidin-7-y1)-2-
hydroxycyclopentyllmethyl sulfamate I- 37 
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each R2p independently is -NO2, -CN, -C(R5)=C(R5)2, -C≡C-R5, -OR5, -SR6, -S(O)R6, -SO2R
6, -SO2N(R4)2, 

-N(R4)2, -NR4C(O)R5, -NR4C(O)N(R4)2, -N(R4)C(=NR4)-N(R4)2, -N(R4)C(=NR4)-R6, -NR4CO2R
6, -N(R4) 

SO2R
6, -N(R4)SO2N(R4)2, -O-C(O)R5, -OCO2R

6, -OC(O)N(R4)2, -C(O)R5, -CO2R
5, -C(O)N(R4)2, -C(O)N 

(R4)-OR5, -C(O)N(R4)C(=NR4)-N(R4)2, -N(R4)C(=NR4)-N(R4)-C(O)R5, -C(=NR4)-N(R4)2, -C(=NR4)-OR5, -C 
(=NR4)-N(R4)-OR5, or -C(R6)=N-OR5;  
each R3a independently is selected from the group consisting of -F, -OH, -O(C1-4 alkyl), -CN, -N(R4)2, -C(O) 
(C1-4 alkyl), -CO2H, -CO2(C1-4 alkyl), -C(O)NH2, and -C(O)NH(C1-4 alkyl);  
each R3b independently is a C1-3 aliphatic optionally substituted with R3a or R7, or two substituents R3b on the same 
carbon atom, taken together with the carbon atom to which they are attached, form a 3- to 6-membered 
cycloaliphatic ring;  
each R7 independently is an optionally substituted aryl or heteroaryl ring; 
wherein: 

in each recitation of optionally substituted aryl, the aryl group, when substituted, contains on an 
unsaturated carbon atom one or more substituents independently selected from halo, -NO2, -CN, -R*, -
C(R*)=C(R*)2, -C≡C-R*, -OR*, -SR°, -S(O)R°, -SO2R°, -SO2N(R+)2, -N(R+)2, -NR+C(O)R*, -
NR+C(O)N(R+)2, -NR+CO2R°, -O-CO2R*, -OC(O)N(R+)2, -O-C(O)R*, -CO2R*, -C(O)-C(O)R*, -C(O)R*, 
-C(O)N(R+)2, -C(=NR+)-N(R+)2, -C(=NR+)-OR*, -N(R+)-N(R+)2, -N(R+)C(=NR+)-N(R+)2, -NR+SO2R°, -
NR+SO2N(R+)2, -P(O)(R*)2, -P(O)(OR*)2, -O-P(O)-OR*, and -P(O)(NR+)-N(R+)2; in each recitation of 
optionally substituted heteroaryl, the heteroaryl group, when substituted, contains one or more substituents 
independently selected, if on an unsaturated carbon atom, from halo, -NO2, -CN, -R*, -C(R*)=C(R*)2, -
C≡C-R*, -OR*, -SR°, -S(O)R°, -SO2R°, -SO2N(R+)2, -N(R+)2, -NR+C(O)R*, -NR+C(O)N(R+)2, -
NR+CO2R°, -O-CO2R*, -OC(O)N(R+)2, -O-C(O)R*, -CO2R*, -C(O)-C(O)R*, -C(O)R*, -C(O)N(R+)2, -
C(=NR+)-N(R+)2, -C(=NR+)-OR*, -N(R+)-N(R+)2, -N(R+)C(=NR+)-N(R+)2, -NR+SO2R°, -NR+SO2N(R+)2, -
P(O)(R*)2, -P(O)(OR*)2, -O-P(O)-OR*, and -P(O)(NR+)-N(R+)2, and, if on a substitutable nitrogen atom, 
from -R*, -N(R*)2, -C(O)R*, -CO2R*, -C(O)-C(O)R*, -C(O)CH2C(O)R*, -SO2R*, -SO2N(R*)2, -
C(=S)N(R*)2, -C(=NH)-N(R*)2, and -NR*SO2R*; in each recitation of optionally substituted heterocyclyl, 
the heterocyclyl group, when substituted, contains one or more substituents independently selected, if on a 
saturated carbon atom, from halo, -NO2, -CN, -R*, -C(R*)=C(R*)2, -C≡C-R*, -OR*, -SR°, -S(O)R°, -
SO2R°, -SO2N(R+)2, -N(R+)2, -NR+C(O)R*, -NR+C(O)N(R+)2, -NR+CO2R°, -O-CO2R*, -OC(O)N(R+)2, -O-
C(O)R*, -CO2R*, -C(O)-C(O)R*, -C(O)R*, -C(O)N(R+)2, -C(=NR+)-N(R+)2, -C(=NR+)-OR*, -N(R+)-
N(R+)2, -N(R+)C(=NR+)-N(R+)2, -NR+SO2R°, -NR+SO2N(R+)2, -P(O)(R*)2, -P(O)(OR*)2, -O-P(O)-OR*, 
and -P(O)(NR+)-N(R+)2, =O, =S, =C(R*)2, =N-N(R+)2, =N-OR*, =N-NHC(O)R*, =N-NHCO2R*, =N-
NHSO2R°, and =N-R*, and, if on a substitutable nitrogen atom, from -R*, -N(R*)2, -C(O)R*, -CO2R*, -
C(O)-C(O)R*, -C(O)CH2C(O)R*, -SO2R*, -SO2N(R*)2, -C(=S)N(R*)2, -C(=NH)-N(R*)2, and -
NR*SO2R*; in each reaction of optionally substituted aliphatic, the aliphatic group, when substituted, 
contains on a saturated carbon atom one or more substituents independently selected from halo, -NO2, -CN, 
-R*, -C(R*)=C(R*)2, -G≡C-R*, -OR*, -SR°, -S(O)R°, -SO2R°, -SO2N(R+)2, -N(R+)2, -NR+C(O)R*, -
NR+C(O)N(R+)2, -NR+CO2R°, -O-CO2R*, -OC(O)N(R+)2, -O-C(O)R*, -CO2R*, -C(O)-C(O)R*, -C(O)R*, 
-C(O)N(R+)2, -C(=NR+)-N(R+)2, -C(=NR+)-OR*, -N(R+)-N(R+)2, -N(R+)C(=NR+)-N(R+)2, -NR+SO2R°, -
NR+SO2N(R+)2, -P(O)(R*)2, -P(O)(OR*)2, -O-P(O)-OR*, and -P(O)(NR+)-N(R+)2, =O, =S, =C(R*)2, =N-
N(R+)2, =N-OR*, =N-NHC(O)R*, =N-NHCO2R°, =N-NHSO2R°, and =N-R*; each occurrence of R° is 
independently an aliphatic or aryl group; each occurrence of R+ is independently hydrogen or an aliphatic, 
aryl, heteroaryl, or heterocyclyl group, or two R+ on the same nitrogen atom, taken together with the 
nitrogen atom, form a five to eight membered aromatic or non-aromatic ring having, in addition to the 
nitrogen atom, zero to two ring heteroatoms selected from N, O, and S; and each occurrence of R* is 
independently hydrogen or an aliphatic, aryl, heteroaryl, or heterocyclyl group; and a "cycloaliphatic" 
includes a cycloaliphatic group fused to a 5- to 6- membered aromatic ring or a 3- to 8- membered non-
aromatic ring having 0-3 heteroatoms selected from the group consisting of O, N and S, an "aryl" includes 
an aryl group fused to a 5- to 6- membered aromatic ring or 4- to 8-membered non-aromatic ring having 0-
3 heteroatoms selected from the group consisting of O, N and S; a "heterocyclyl" includes a heterocyclic 
group fused to a 5- to 6- membered aromatic ring or 3- to 8- membered non-aromatic ring having 0-3 
heteroatoms selected from the group consisting of O, N and S; and a "heteroaryl" includes a heteroaryl 

((lS,2S,4R)-2-hydroxy-4-{4-[(1S)-1,2,3,4-tetrahydronaphthalen-l-ylamino]-7H-pyrrolo[2,3-d]pyrimidin
-7- yllcyclopentyl)methyl sulfamate I- 39
[(1S,2S,4R)-4-(4-amino-7H-pyrrolo[2,3-c]pyrimidin-7-y1)-2-hydroxycyclopentyl]methyl sulfamate I-
52 [(1S,2S,4R)-2-hydroxy-4-(4-{
[(1R,2S)-2-methoxy-2,3-dihydro-1H-inden-1-yl]-aminol-7H-pyrrolo[2,3-
c]pyrimidin-7-yecyclopentyllmethyl sulfamate I- 54 [(1S,2S,4R)-2-hydroxy-4-(4-{
[(1R,2S)-2-isopropoxy-2,3-dihydro-I H-inden-1-yl]-aminol-7H-pyrrolo[2,3-
c]pyrimidin-7-yecyclopentyllmethyl sulfamate I- 55
((2S,3S,5R)-5-{4-[(1S)-2,3-dihydro-1H-inden-1-ylamino]-7H-pyrrolo[2,3-c]-pyrimidin-7-y11-3-
hydroxytetrahydrofuran-2-yemethyl sulfamate I- 56 N-[((I S,2S ,4R)-4-{4-[(1S)-2,3-dihydro-I
H-inden-1-ylamino]-7H-pyrrolo[2,3-c]-pyrimidin-7-y11-2- hydroxycyclopentypmethyl]sulfamide I- 58
N-fl(25,35,5R)-5-{4-[(1S)-2,3-dihydro-1H-inden-1-ylamino]-7H-pyrrolo[2,3-c]-pyrimidin-7-y11-3-
hydroxytetrahydrofuran-2-yemethyl]sulfamide I- 59
2-((lS,25,4R)-4-{4-[(1S)-2,3-dihydro-1H-inden-1-ylamino]-7H-pyrrolo[2,3-c]-pyrimidin-7-y11-2-
hydroxycyclopentypethanesulfonamide I- 60
((lS,2S,4R)-4-{4-[(1S)-2,3-dihydro-1H-inden-l-ylamino]-7H-pyrrolo[2,3-d]-pyrimidin-7-y11-2-hydroxy
-1- methylcyclopentyl)methyl sulfamate 1-69 [(1S,2S,4R)-4-(5-fluoro-4-{
[(1R,2S)-2-methoxy-2,3-dihydro-1H-inden-1-yflaminol-7H-pyrrolo[2,3-
c]pyrimidin-7-y0-2-hydroxycyclopentyllmethyl sulfamate or a pharmaceutically acceptable salt
thereof.  
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group fused to a 5- to 6- membered aromatic ring or 4- to 8- membered non-aromatic ring having 0-3 
heteroatoms selected from the group consisting of O, N and S.  
 

2. The compound of claim 1, characterized by one or more of the following features:  
(a) X is -O-;  
(b) Y is -O- or -CH2-;  
(c) Ra is -OH;  
(d) Rb and Rd are each independently hydrogen, fluoro, or C1-4 aliphatic;  
(e) Rc is hydrogen, fluoro, or -OR5;  
(f) Re is hydrogen;  
(g) each Rf is hydrogen;  
(h) each Rh is hydrogen;  
(i) Rj is hydrogen or C1-4 aliphatic;  
(j) Rk is hydrogen, halo, or C1-4 aliphatic;  
(k) m is 1; and 
(l) stereochemical configurations depicted at asterisked positions indicate absolute stereochemistry.  

 
3. The compound of claim 1 or 2, wherein V2 is -N(R8)-.  

 
4. The compound of claim 1 or 2, wherein:  

 
X is -O-; Y is -O- or -CH2-; 
Ra is -OH;  
Rb and Rd are each hydrogen;  
Rc is hydrogen or -OH;  
Re is hydrogen;  
Rf is hydrogen;  
Rh is hydrogen; 
Rj is hydrogen or C1-4 aliphatic; and  
m is 1.  

 
5. The compound of claim 1 or 2, wherein Ring D is selected from the group consisting of furanyl, thienyl, pyrrolyl, 

oxazolyl, thiazolyl, imidazolyl, pyrazolyl, isoxazolyl, isothiazolyl, oxadiazolyl, triazolyl, thiadiazolyl, phenyl, naphthyl, 
pyranyl, pyridyl, pyridazinyl, pyrimidinyl, pyrazinyl, triazinyl, indolizinyl, indolyl, isoindolyl, indazolyl, benzimidazolyl, 
benzthiazolyl, benzothienyl, benzofuranyl, purinyl, quinolyl, isoquinolyl, cinnolinyl, phthalazinyl, quinazolinyl, qui- 
noxalinyl, naphthyridinyl, pteridinyl, tetrahydrofuranyl, tetrahydrothienyl, pyrrolidinyl, pyrrolidonyl, piperidinyl, pyrro- 
linyl, tetrahydroquinolinyl, tetrahydroisoquinolinyl, decahydroquinolinyl, oxazolidinyl, piperazinyl, dioxanyl, dioxola- 
nyl, diazepinyl, oxazepinyl, thiazepinyl, morpholinyl, quinuclidinyl, tetrahydroquinolinyl, tetrahydroisoquinolinyl, in- 
danyl, phenanthridinyl, tetrahydronaphthyl, indolinyl, benzodioxanyl, benzodioxolyl, chromanyl, cyclopropyl, cy- 
clobutyl, cyclopentyl, cyclopentenyl, cyclohexyl, cyclohexenyl, cycloheptyl, cycloheptenyl, cyclooctyl, cyclooctenyl, 
cyclooctadienyl, bicycloheptanyl and bicyclooctanyl.  
 
 

6. The compound of claim 1 or 2, wherein Ring D is an optionally substituted indanyl, tetrahydronaphthyl, or chromanyl.  
 

7. The compound of claim 1 or 2, wherein:  
 
V2 is -N(R8)-;  
Ring D is selected from the group consisting of:   
 

or a pharmaceutically acceptable salt thereof. 10. The compound of claim 1, wherein the
compound is: H214 or a pharmaceutically acceptable salt thereof.   HO  11. A compound of formula
(IX):  ci (IX)  wherein: depicted stereochemical configurations indicate absolute stereochemistry; Rb
is selected from the group consisting of fluoro, C14 aliphatic, and C14 fluoroaliphatic; Rd is
selected from the group consisting of hydrogen, fluoro, C14 aliphatic, and C14 fluoroaliphatic; Re is
hydrogen or C14 aliphatic; or Re, taken together with one Wand the intervening carbon atoms,
forms a 3- to 6-membered spirocyclic ring; each R1 independentlyis hydrogen, fluor, C14 aliphatic,
or C14 fluoroaliphatic; or two 121, taken together with the carbon atom to which they are attached,
form a 3- to 6-membered carbocyclic ring; or one R1 takentogether with Re and the intervening
carbon atoms, forms a 3- to 6-membered spirocyclic ring; lr and Rbb are each independently
hydrogen or a hydroxyl protecting group, or lr and Rform a 
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each Rp independently is selected from the group consisting of fluoro, -OR5x, -N(R4x)(R4y), -CO2R

5x, or -C(O) 
N(R4x)(R4y), or a C1-4 aliphatic or C1-4 fluoroahphatic optionally substituted with -OR5x, -N(R4x)(R4y), -CO2R

5x,  
or -C(O)N(R4x)(R4y);  
each R8p independently is selected from the group consisting of fluoro, -OR5x, -N(R4x)(R4y), -CO2R

5x,  
or -C(O)N(R4x)(R4y), or a C1-4 aliphatic or C1-4 fluoroaliphatic optionally substituted with -OR5x, -N(R4x)(R4y), -CO2R

5x, or -
C(O)N(R4x)(R4y), provided that R8p is other than -OR5x or -N(R4x)(R4y) when located at a position adjacent  
to a ring oxygen atom; s is 0,1 or 2; 
t is 0, 1, or 2;  
R4x is hydrogen, C1-4 alkyl, C1-4 fluoroalkyl, or C6-10 ar(C1-4)alkyl, the aryl portion of which may be optionally 
substituted;  
R4y is hydrogen, C1-4 alkyl, C1-4 fluoroalkyl, C6-10 ar(C1-4)alkyl, the aryl portion of which may be optionally  
substituted, or an optionally substituted 5- or 6-membered aryl, heteroaryl, or heterocyclyl ring; or  
R4x and R4y, taken together with the nitrogen atom to which they are attached, form an optionally substituted  
4- to 8-membered heterocyclyl ring having, in addition to the nitrogen atom, 0-2 ring heteroatoms independently  
selected from N, O, and S; and  
each R5x independently is hydrogen, C1-4 alkyl, C1-4 fluoroalkyl, or an optionally substituted C6-10 aryl or C6-10  
ar(C1-4)alkyl.  
 
 

8. The compound of claim 1, characterized by formula (VIII): 

 
or a pharmaceutically acceptable salt thereof, wherein stereochemical configurations depicted at asterisked positions 
indicate absolute stereochemistry.  
 
 

9. The compound of claim 1, wherein the compound is selected from the group consisting of: 
 

Chemical Name 

I- 6 
((1S,2S,4R)-4-{4-[(1S)-2,3-dihydro-1H-inden-1-yl(methyl)amino]-7H-pyrrolo-[2,3-d]pyrimidin-7-yl}-2-
hydroxycyclopentyl)methyl sulfamate 

I- 11 
((1S,3S)-3-{4-[(1S)-2,3-dihydro-1H-inden-1-ylamino]-7H-pyrrolo[2,3-d]-pyrimidin-7-yl{cyclopentyl)methyl 
sulfamate 

I- 12 
((1S,2S,4R)-4-{4-[(4S)-3,4-dihydro-2H-chromen-4-ylamino]-7H-pyrrolo[2,3-d]-pyrimidin-7-yl}-2-
hydroxycyclopentyl)methyl sulfamate 

I- 13 
((1S,2S,4R)-4-{4-[(1R)-2,3-dihydro-1H-inden-1-ylamino]-7H-pyrrolo[2,3-d]-pyrimidin-7-yl}-2-
hydroxycyclopentyl)methyl sulfamate 

I- 14 
[(1S,2S,4R)-4-(4-{[(1S)-3,3-dimethyl-2,3-dihydro-1H-inden-1-yl]amino}-7H-pyrrolo[2,3-d]pyrimidin-7-yl)-2-
hydroxycyclopentyl]methyl sulfamate 

cyclic diol protecting group. 12 The compound of claim 11, represented by the formula: 00",, HO
H3C OH 13. A compound of formula (X): wherein:  (X)  depicted stereochemical configurations
indicate absolute stereochemistry; Rb is hydrogen; Rd is hydrogen; Re is hydrogen or C14
aliphatic; or Re, taken together with one Wand the intervening carbon atoms, forms a 3- to
6-membered spirocyclic ring; each R1 independentlyis hydrogen, fluor, C14 aliphatic, or C14
fluoroaliphatic; or two 121, taken together with the carbon atom to which they are attached, form a
3- to 6-membered carbocyclic ring; or one R1 takentogether with Re and the intervening carbon
atoms, forms a 3- to 6-membered spirocyclic ring; Raa is hydrogen or a hydroxyl protecting group;
and X is hydrogen or a hydroxyl protecting group; or lr and Rform a cyclic diol protecting group. 14.
The compound of claim 13, characterized by formula (Xa):  
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I- 17 
((1S,2R,3S,4R)-4-{4-[(1S)-2,3-dihydro-1H-inden-1-ylamino]-7H-pyrrolo[2,3-d]-pyrimidin-7-yl}-2,3-
dihydroxycyclopentyl)methyl sulfamate 

I- 20 
((1R,4R)-4-[4-[(1S)-2,3-dihydro-1H-inden-1-ylamino]-7H-pyrrolo[2,3-d]-pyrimidin-7-yl}cyclopent-2-en-1-
yl)methyl sulfamate 

I- 21 
[(1S,2S,4R)-4-{4-[(1R)-3,3-dimethyl-2,3-dihydro-1H-inden-1-yl]amino}-7H-pyrrolo[2,3-d]pyrimidin-7-yl)-2-
hydroxycyclopentyl]methyl sulfamate 

I- 27 
[(1S,2S,4R)-4-(4-{[(1S)-5-chloro-2,3-dihydro-1H-inden-1-yl]amino}-7H-pyrrolo-[2,3-d]pyrimidin-7-yl)-2-
hydroxycyclopentyl]methyl sulfamate 

I- 30 
((1S,2S,4R)-4-{4-[(1S)-2,3-dihydro-1H-inden-1-ylamino]-7H-pyrrolo[2,3-d]-pyrimidin-7-yl}-2-hydroxy-2-
methylcyclopentyl)methyl sulfamate 

I- 33 
[(1S,2S,4R)-4-(4-{[(1S)-5-bromo-2,3-dihydro-1H-inden-1-yl]amino}-7H-pyrrolo-[2,3-d]pyrimidin-7-yl)-2-
hydroxycyclopentyl]methyl sulfamate 

I- 35 
((1S,2S,4R)-4-{4-[(1S)-2,3-dihydro-1H-inden-1-ylamino]-7H-pyrrolo[2,3-d]-pyrimidin-7-yl}-2-
hydroxycyclopentyl)methyl sulfamate 

I- 36 
[(1S,2S,4R)-4-(4-{[(1S)-5-fluoro-2,3-dihydro-1H-inden-1-yl]amino}-7H-pyrrolo-[2,3-d]pyrimidin-7-yl)-2-
hydroxycyclopentyl]methyl sulfamate 

I- 37 
((1S,2S,4R)-2-hydroxy-4-{4-[(1S)-1,2,3,4-tetrahydronaphthalen-1-ylamino]-7H-pyrrolo[2,3-d]pyrimidin-7-
yl}cyclopentyl)methyl sulfamate 

I- 39 [(1S,2S,4R)-4-(4-amino-7H-pyrrolo[2,3-d]pyrimidin-7-yl)-2-hydroxycyclopentyl]methyl sulfamate 

I- 52 
[(1S,2S,4R)-2-hydroxy-4-(4-{[(1R,2S)-2-methoxy-2,3-dihydro-1H-inden-1-yl]-amino}-7H-pyrrolo[2,3-
d]pyrimidin-7-yl)cyclopentyl]methyl sulfamate 

I- 54 
[(1S,2S,4R)-2-hydroxy-4-(4-{[(1R,2S)-2-isopropoxy-2,3-dihydro-1H-inden-1-yl]-amino}-7H-pyrrolo[2,3-
d]pyrimidin-7-yl)cyclopentyl]methyl sulfamate 

I- 55 
((2S,3S,5R)-5-{4-[(1S)-2,3-dihydro-1H-inden-1-ylamino]-7H-pyrrolo[2,3-d]-pyrimidin-7-yl}-3-
hydroxytetrahydrofuran-2-yl)methyl sulfamate 

I- 56 
N-[((1S,2S,4R)-4-{4-[(1S)-2,3-dihydro-1H-inden-1-ylamino]-7H-pyrrolo[2,3-d]-pyrimidin-7-yl}-2-
hydroxycyclopentyl)methyl]sulfamide 

I- 58 
N-[((25,35,5R)-5-{4-[(1S)-2,3-dihydro-1H-inden-1-ylamino]-7H-pyrrolo[2,3-d]-pyrimidin-7-yl}-3-
hydroxytetrahydrofuran-2-yl)methyl]sulfamide 

I- 59 
2-((1S,25,4R)-4-{4-[(1S)-2,3-dihydro-1H-inden-1-ylamino]-7H-pyrrolo[2,3-d]-pyrimidin-7-yl}-2-
hydroxycyclopentyl)ethanesulfonamide 

I- 60 
((1S,2S,4R)-4-{4-[(1S)-2,3-dihydro-1H-inden-1-ylamino]-7H-pyrrolo[2,3-d]-pyrimidin-7-yl}-2-hydroxy-1-
methylcyclopentyl)methyl sulfamate 

I- 69 

[(1S,2S,4R)-4-(5-fluoro-4-{[(1R,2S)-2-methoxy-2,3-dihydro-1H-inden-1-yl]amino}-7H-pyrrolo[2,3-
d]pyrimidin-7-yl)-2-hydroxycyclopentyl]methyl sulfamate or a pharmaceutically acceptable salt thereof. 

 
or a pharmaceutically acceptable salt thereof.  
 
 

10. The compound of claim 1, wherein the compound is: 
 

 
 
or a pharmaceutically acceptable salt thereof.  
 

Rf, Re y," 0 Ar.)--(7 Rb Rd  wherein Ar is an optionally substituted aryl group 15. The compound of
claim 14, selected from the group consisting of:    16. A compound of formula (XI) or formula (XII):
Rf Re ",0 Rb Rea R (XI) wherein:  depicted stereochemical configurations indicate absolute
stereochemistry; Ring A is selected from the group consisting of: 
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11. A compound of formula (IX): 

 
wherein: 
 
 depicted stereochemical configurations indicate absolute stereochemistry; 

Rb is selected from the group consisting of fluoro, C1-4 aliphatic, and C1-4 fluoroaliphatic; 
Rd is selected from the group consisting of hydrogen, fluoro, C1-4 aliphatic, and C1-4 fluoroaliphatic;  
Re is hydrogen or C1-4 aliphatic; or Re, taken together with one Rf and the intervening carbon atoms, forms a 
3- to 6-membered spirocyclic ring; 
each Rf independently is hydrogen, fluoro, C1-4 aliphatic, or C1-4 fluoroaliphatic; or two Rf, taken together with 
the carbon atom to which they are attached, form a 3- to 6-membered carbocyclic ring; or one Rf taken together 
with Re and the intervening carbon atoms, forms a 3- to 6-membered spirocyclic ring; 
Raa and Rbb are each independently hydrogen or a hydroxyl protecting group, or Raa and Rbb together form a 
cyclic diol protecting group.  

 
 

12. The compound of claim 11, represented by the formula: 

 
13. A compound of formula (X): 

 
wherein: 
 
 depicted stereochemical configurations indicate absolute stereochemistry; 

Rb is hydrogen; 
Rd is hydrogen; 
Re is hydrogen or C1-4 aliphatic; or Re, taken together with one Rf and the intervening carbon atoms, forms a 
3- to 6-membered spirocyclic ring; 
each Rf independently is hydrogen, fluoro, C1-4 aliphatic, or C1-4 fluoroaliphatic; or two Rf, taken together with 
the carbon atom to which they are attached, form a 3- to 6-membered carbocyclic ring; or one Rf taken together 
with Re and the intervening carbon atoms, forms a 3- to 6-membered spirocyclic ring; 
Raa is hydrogen or a hydroxyl protecting group; and 
Rbb is hydrogen or a hydroxyl protecting group; or 
Raa and Rbb together form a cyclic diol protecting group.  

 
 

14. The compound of claim 13, characterized by formula (Xa): 

wherein one ring nitrogen atom in Ring A optionally is oxidized; Rb is hydrogen; Rd is hydrogen;
Re is hydrogen or C14 aliphatic; or Re, taken together with one Rd and the intervening carbon
atoms, forms a 3- to 6-membered spirocyclic ring; each Rd independently is hydrogen, fluor, C14
aliphatic, or C14 fluoroaliphatic; or two Rd, taken together with the carbon atom to which they are
attached, form a 3- to 6-membered carbocyclic ring; or one Rd taken together with Re and the
intervening carbon atoms, forms a 3- to 6-membered spirocyclic ring; Rg is hydrogen, halo, -NO2,
-CN, -C(R5)=C(R5)2, -C=C-R5, -0R5, -SR6, -S(0)126, -S02126, -SO2N(R4)2, -N(124)2,
-NR4C(0)R5, _NR4c("(R4)25 _N(R4)c(=NR4)_N(R4)25 _N(R4)c(=NR4)-R65 _NR4co2R65
_N(R4)s02R65 _N(R4)  SO2N(R4)2, -0-C(0)126, -0C(0)N(R4)2, -C(0)126, -0O2126, -C(0)N(R4)2,
-C(0)N(R4)-0126, -C(0)N(R4)C (=NR4)-N(R4)2, -N(R4)C(=NR4)-N(R4)-C(0)126,
-C(=NR4)-N(R4)2, -C(=NR4)-0126, -N(R4)-N(R4)2, -N(R4)-0126, -C(=NR4)-N(R4)-0126,
-C(R6)=N-0126, or an optionally substituted aliphatic, aryl, heteroaryl, or heterocyclyl; each Rh
independently is hydrogen, halo, -CN, -OH, -0-(C1 4 aliphatic), -NH2, -NH-(C1 4 aliphatic), -N(Ci 4
aliphatic)2, -SH, -S-(C1 4 aliphatic), or an optionally substituted C14 aliphatic group; Ri is
hydrogen, -OW, -SR6, -N(R4)2, or an optionally substituted aliphatic, aryl, or heteroaryl group; Rk
is hydrogen, halo, -ORS, -SR -N(R4)2, or an optionally substituted C14 aliphatic group; 1266 is
hydrogen or a hydroxyl protecting group; and Rhh is hydrogen or a hydroxyl protecting group; 12"
is hydrogen or a hydroxyl protecting group; or 1266 and Rhh together form a cyclic diol protecting
group; or 1266 and 12`` together form a cyclic diol protecting group; each R4 independently is
hydrogen or an optionally substituted aliphatic, aryl, heteroaryl, or heterocyclyl group; or two R4 on
the same nitrogen atom, taken together with the nitrogen atom, form an optionally substituted 4- to
8-membered heterocyclyl ring having, in addition to the nitrogen atom, 0-2 ring heteroatoms
independently selected from N, 0, and S; each 126 independently is hydrogen or an optionally
substituted aliphatic, aryl, heteroaryl, or heterocyclyl group each R6 independently is an optionally
substituted aliphatic, aryl, or heteroaryl group. 
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wherein Ar is an optionally substituted aryl group 
 

15. The compound of claim 14, selected from the group consisting of: 
 

 
 
 

16. A compound of formula (XI) or formula (XII): 
 

 
wherein: 
 
 depicted stereochemical configurations indicate absolute stereochemistry; 

Ring A is selected from the group consisting of: 
 

 
 

 
 

wherein one ring nitrogen atom in Ring A optionally is oxidized;  
Rb is hydrogen;  
Rd is hydrogen; 
Re is hydrogen or C1-4 aliphatic; or Re, taken together with one Rf and the intervening carbon atoms, forms a 
3- to 6-membered spirocyclic ring; 
each Rf independently is hydrogen, fluoro, C1-4 aliphatic, or C1-4 fluoroaliphatic; or two Rf, taken together with 
the carbon atom to which they are attached, form a 3- to 6-membered carbocyclic ring; or one Rf taken together 
with Re and the intervening carbon atoms, forms a 3- to 6-membered spirocyclic ring; 
Rg is hydrogen, halo, -NO2, -CN, -C(R5)=C(R5)2, -C≡C-R5, -OR5, -SR6, -S(O)R6, -SO2R

6, -SO2N(R4)2, -N(R4)2, -NR4C(O)R5, 
-NR4C(O)N(R4)2, -N(R4)C(=NR4)-N(R4)2, -N(R4)C(=NR4)-R6, -NR4CO2R

6, -N(R4)SO2R
6, -N(R4) 

17 The compound of claim 16, characterized by formula (Xla) or (Ma):    wherein Ar is an optionally
substituted aryl group. 18. The compound of claim 16, selected from the group consisting of: (a)
wherein Ar is an optionally substituted aryl group; (b)    wherein Raa and 12 are each
independently a hydroxyl protecting group, or Raa and 12' together form a cyclic diol protecting
group; and  wherein lra and Rbb are each independently a hydroxyl protecting group. 19 A
pharmaceutical composition, comprising a compound or a pharmaceutically acceptable salt thereof
of any one of claims 1 to 10, and a pharmaceutically acceptable carrier, optionally formulated for
administration to a human patient. 20. The pharmaceutical composition of claim 19, further
comprising another therapeutic agent. 21 The composition of claim 20, wherein the other
therapeutic agent is selected from the group consisting of: an antimetabolite, a topoisomerase
inhibitor, a vinca alkaloid, a taxane, a platinum agent, an antibiotic, an alkylating agent, a protein
tyrosine kinase inhibitor, a proteasome inhibitor, and an antibody. 22. An in vitro method of
decreasing an El enzyme activity in a sample, comprising contacting the sample with a compound
or a pharmaceutically acceptable salt thereof of any one of claims 1 to 10. 23. A compound or a
pharmaceutically acceptable salt thereof of any one of claims 1 to 10 for use in treating cancer. 24.
The compound of claim 23, wherein the cancer is a solid tumor. 
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SO2N(R4)2, -O-C(O)R5, -OC(O)N(R4)2, -C(O)R5, -CO2R
5, -C(O)N(R4)2, -C(O)N(R4)-OR5, -C(O)N(R4)C 

(=NR4)-N(R4)2, -N(R4)C(=NR4)-N(R4)-C(O)R5, -C(=NR4)-N(R4)2, -C(=NR4)-OR5, -N(R4)-N(R4)2, -N(R4)-OR5,  
-C(=NR4)-N(R4)-OR5, -C(R6)=N-OR5, or an optionally substituted aliphatic, aryl, heteroaryl, or heterocyclyl;  
each Rh independently is hydrogen, halo, -CN, -OH, -O-(C1-4 aliphatic), -NH2, -NH-(C1-4 aliphatic), -N(C1-4 
aliphatic)2, -SH, -S-(C1-4 aliphatic), or an optionally substituted C1-4 aliphatic group; 
Rj is hydrogen, -OR5, -SR6, -N(R4)2, or an optionally substituted aliphatic, aryl, or heteroaryl group; 
Rk is hydrogen, halo, -OR5, -SR6, -N(R4)2, or an optionally substituted C1-4 aliphatic group; 
Raa is hydrogen or a hydroxyl protecting group; and 
Rbb is hydrogen or a hydroxyl protecting group; 
Rcc is hydrogen or a hydroxyl protecting group; or 
Raa and Rbb together form a cyclic diol protecting group; or 
Raa and Rcc together form a cyclic diol protecting group; 
each R4 independently is hydrogen or an optionally substituted aliphatic, aryl, heteroaryl, or heterocyclyl group; 
or two R4 on the same nitrogen atom, taken together with the nitrogen atom, form an optionally substituted 4- 
to 8-membered heterocyclyl ring having, in addition to the nitrogen atom, 0-2 ring heteroatoms independently 
selected from N, O, and S; 
each R5 independently is hydrogen or an optionally substituted aliphatic, aryl, heteroaryl, or heterocyclyl group 
 each R6 independently is an optionally substituted aliphatic, aryl, or heteroaryl group.  
 
 

17. The compound of claim 16, characterized by formula (XIa) or (XIIa): 

 
wherein Ar is an optionally substituted aryl group.  
 
 

18. The compound of claim 16, selected from the group consisting of:  
 

(a) 

 
 

wherein Ar is an optionally substituted aryl group; 
 
(b) 

 

  wherein Raa and Rcc are each independently a hydroxyl protecting group, or Raa and Rcc together form a cyclic 

diol protecting group; and 

25. The compound of claim 23, wherein the cancer is lung cancer, colorectal cancer, ovarian
cancer, or a hematological cancer. 26. The compound of claim 25, wherein the cancer is a
hematological cancer. 27. The compound of claim 26, wherein the cancer is acute myeloid
leukemia or myelodysplastic syndromes. 28. A compound or a pharmaceutically acceptable salt
thereof of any one of claims 1 to 10, for use in treating an immune response disorder or vascular
cell proliferation disorder. 29. Use of a compound or a pharmaceutically acceptable salt thereof of
any one of claims 1 to 10 in the manufacture of a medicament for treating cancer, an immune
response disorder or vascular cell proliferation disorder. 
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(c) 

 

wherein Raa and Rbb are each independently a hydroxyl protecting group.  
 

19. A pharmaceutical composition, comprising a compound or a pharmaceutically acceptable salt thereof of any one 
of claims 1 to 10, and a pharmaceutically acceptable carrier, optionally formulated for administration to a human 
patient.  
 

20. The pharmaceutical composition of claim 19, further comprising another therapeutic agent. 
 

21. The composition of claim 20, wherein the other therapeutic agent is selected from the group consisting of: an antimetabolite, 
a topoisomerase inhibitor, a vinca alkaloid, a taxane, a platinum agent, an antibiotic, an alkylating agent, a protein tyrosine 
kinase inhibitor, a proteasome inhibitor, and an antibody.  
 

22. An in vitro method of decreasing an E1 enzyme activity in a sample, comprising contacting the sample with a compound or a 
pharmaceutically acceptable salt thereof of any one of claims 1 to 10.  
 

23. A compound or a pharmaceutically acceptable salt thereof of any one of claims 1 to 10 for use in treating cancer. 
 

24. The compound of claim 23, wherein the cancer is a solid tumor.  
 

25. The compound of claim 23, wherein the cancer is lung cancer, colorectal cancer, ovarian cancer, or a hematological cancer.  
 

26. The compound of claim 25, wherein the cancer is a hematological cancer. 
 

27. The compound of claim 26, wherein the cancer is acute myeloid leukemia or myelodysplastic syndromes.  
 

28. A compound or a pharmaceutically acceptable salt thereof of any one of claims 1 to 10, for use in treating an immune 
response disorder or vascular cell proliferation disorder.  
 

29. Use of a compound or a pharmaceutically acceptable salt thereof of any one of claims 1 to 10 in the manufacture of a 
medicament for treating cancer, an immune response disorder or vascular cell proliferation disorder.  
 




