INHIBITORS OF EI ACTIVATING ENZYMES Field of the Invention 10011 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
[002]The post-translational modification of proteins by ubiquitin-like 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. Ubls 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
ubiquitin-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 EI enzyme which catalyzes the formation of an

acyl-adenylate intermediate With gﬁr \%%qi {I;lgﬂm Qﬁ%ed ubl molecule Is then
ue within e

transferred to the catalytic cysteine resi nzyme t rough formation of a thioester bond
intermediate. l_:l'hlel E% gblﬁgn‘;\grgoedlate and an E2 associate, resulting in a thioester exchange wherein
the uhf is tra site cysteine of the E2. The ubl is then conjugated to the target
protein, elthemijﬁ:ctly or inRRRiHReaon YR @B tt 3digpsendsl cuaipdenpreptitd heskoity foatan with the
e Jrou ekaiec e AR s BoBLAlc . 00d UE&H'&L%‘E@&&%E&H&H@&LHJ}E

epen

modification S on the target in question uitin is t est characterized of the ybls
consequence®Fr RS HTRRRBSB AT L RATHS RS Mgy enioR BIOERFLETRAEHAEI Y 8%&%‘ y the
260 proteasothe adibityitifiHE ypajagitadapateyargst proteins through an enzymatic cascade involving
its specific El activating enzyme, Ubal (ubiquitin activating enzyme, UAE), a conjugating enzyme from
the family of B Ll it T b from either the RING or H: ECT classes of E3s. See, Huang
el-Oncagene. 23 1958-71 (2004) Target specificity is controlled articular ion of E2
and E3 proteif?fith >40 EMBYW]E%%M%SW%%%%% éﬁmﬁ%ﬁ‘&%&% nl%c There are
at least 10 ubﬁthsmmlpnpwm regulnive)iomodets mm@bmmme@mmgme and
processed thigugy. Wﬂm&@@n hp aHANAY Seroiies wbjs-iee Wibeh El
activating enzymes ee ntlfled clude Ne APP d URELL) and the
SUMO family /f(%ﬁ"—%ﬁl?agf%'ﬁ) The' uE %I}(rzlé |sc§8§ vatedv g theLg Egt@% mgé%%\lledclS actlvatlng
enzyme (APPEFPeRiSa inkrgeryiting (steammal alpcdpertihgy ﬂes&m%%@ﬁl Wit Rl
ligation to cultiReptietidarneriuan 6f g aimetipydatinnpie! e affivaieh pfapeitieh asechtdwgprtiteligases

involved in th pitina gg% and henes ovsis ahd celsignaling proteins,
including p27ﬁa !%Ié Se Pa%npet al. Tgr%%eé% e&g%aé%ggg%l? E(i%i()04) The gﬁ%UMO is activated by

the heterodirgepsumo actmﬂiiqglﬁﬂaymoﬁﬁﬁﬁbume)a&%&myh@&mﬁsfmrm wihigle E2 (Ubc9),
followed by CQM@E% it Dltinle-E 3 dige Eu%&%&aa@mmm%am g AEstREOteins.

Sumo modificatioh can affect th ceIIuIar lo%%‘? %tar érote }% otelns Todlfl_egxpy
SUMO family ¥ty pted VB Rg T HE SdRr T SRR ST t'egp it Hu%ﬁ% ANd the Stress response.
See Seeler ath B grymidhregihformationiof. M@Q@Ew@@wmtﬁﬁﬁ%ﬁwmdes
activation of gglisignal mﬁm&gmmmﬁ@mﬁmm abmsleﬁﬁnﬂehmﬂneme

signaling) involycd I aResp PRl IoN, 5 e @agfggwaxénmy {RSRRrakaE

integrity (e.g replic atlon _response to DNA ecombination and re alg)lEBSee Muller etal,
R E]i P

Oncogene. 28TIEFETIVHRIERYE 2 ieare 6%%?%%%6@“%‘@?% B hich the
biological fungtious cfre lgtthe siderdmindt dbe darg@@@6dtaiparticular pathway of importance which is

regulated via El activating enzyme activities is the ubI itin- p aso athway (U As discussed
above, the ed99Mes UAE 38 %mﬂe@&ﬂlﬂ%‘?&%‘é‘?{‘fﬁﬁ l‘f’{‘e?eﬁ’fls e%s |Qn5 X&qug fh&tion

cascade. UA estivaidSudidtintis thethesfirbaseieridfah of che cddeandil comgkEusnsceiivadifraiotedds, is

responsible f%tnaaﬁﬂa@ea efﬁm&gummeflmmmmmmeﬁe Isgieensqitheafimkiransfer

of ubiquitin tod:te.rtal ar et ro&lﬁn ctl a o{__éPl B_u_thWﬁ¥|“|l %%%ngﬁamd&e letenance
ula ve

The UPP plays aqce (&l ToIB 1 urnovgreoPmany key re% tory’proteins invo ranscription,
cell cycle progpesifie Ehrritvpiim soryan. Sfrohiabigatin peivatinmeacene it iha sravéig&umor

cells. See, e.gnding iebal thS tietide df Tes HGEPa165Guili8dGEh e edtherthe GRNCCIdECR ekgs0s
6316-6325 (2002); 284 S £LA aua%m 3RA%A 08 50, fﬁa Breieraiimesysmse
particularly sensitive to ‘inhjhition of the LIPP. See Drexl Nat %?sgd LI A 94: 8t55 -860
(1977). The rBEITHREIPY 'ﬂﬁ'ﬁ'ﬁﬁ&éﬁ o) (?go'é?fgée énhwg%feddpoﬁ%e |nves BR O profeasome
inhibition as a@prseemti&h addiierctsr whigaitiy, ﬁwemﬂe%%ulm%aﬁ%mﬁmmlﬂﬁ]’%mnmn
of the 265 pniersaraeddyhGhkalbaliresmnidhasprayend proceated Hooliyh kealardnitidictntain

cancers and is approved for the treatment of relagsed 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"PI 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
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-xI3,
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 TIPP 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. triple) 5 RealAIPORES IR KARRIAIR RIMeSHISRICHiN He Lo fhnBikAniaigioRekidney
disorders; and cachexia. See, e.g., Elliott and ossﬁéén%g Qj@gﬁshs/. %6%@@@%{20 1); Elliott et al., |
Mol Med. 812%5‘%@65@?%@‘@3%6’%#%) rasci. es.af?f:l B ),rMori etal.,
Neuropath. A@shsNBtr8)ia, 31: 53-61 (2005); Manning, Curt Pain Headache Rep. 8: 192-8 (2004);
Dawson and Dawson, Science 302: 819-822 (2003); Kulcan, J Physiol Pharmaco|. 55: 3-15 (2004);
Woijcik and DYREZHoli, Stro@%%% BYsEe 9(?6‘6(‘33&@;%5% C%?f?%?n}{ej ﬁ'i%?éﬁ%% F#1 (1999).
[0071TargetiigRRBR ARy RHE) pud proaiséerted nauringbpB (sl 1WErRR TRFFEE oty of
biochemical palhays ke Fbides Mantaiinehtbersdagriyonfieehedivisaticand edllisigaating. El
activating enzymes function at the f en R MblSopivaat] h : Talal]aliT El
activating enz%/grlnqemv?/ﬂlﬂﬁesg? |cgftl’]§rﬁ13(3%ﬁg‘f§l %%%ﬁéﬁ%%rﬁﬁ%%é%% igﬁﬁggﬁ‘%ﬁ bl
modification. %Y sigsRlingmspisins Anskling ERARRG BRBySred ant theegrametiBdh GPo4
downstream efecis 6f Bae ajtiyatiatbyahedsontsdineethomb attivelite ienpgyritk (AesiidepZ)(OAER I
dvision, cell sigra/nghae S ARSI Al op IRl BiplaciabiEtnVaRGE A o igisease
mechanisms. Thus, El er%_ar_nes' such as DAB, AB,tand SAE, as reglulgggg %fnd'veﬁﬁ:&ﬁlle‘;'ar
functions, ardErEHIRFTHABBRIN S HRREaN O AR B RS g OF Rovel approaches to
treatment of dEbdselvealaticofdrsserasotiite st preteinemadifief bFPMO frailichepibirees
compounds thaavesiiasidMenhibipenotighaciitaing-e yrtth-artauenoMa Scbifectarapdunds are

useful or inhiying, Bl Ackvip (i3 and dauy 9aae] A, sSRlMRbIE AEALIERL G digrders of cell

proliferation, paﬁ"ﬁc larly cancers, an er disorders associated with El activity. Compaunds of the

invention areastirrsige AErall pigmaling Prtharavoie g pRaRtRe IR s grehdpate and #5EP8f, whereat
stereochernidadeaniigsigtiding)depitted it astadcisicpegitibtien dicatd] sl ptitevaisr ochesdibyy; Ring
Als selected JIom it SERURMEIARISHADOF., A replication, response to DNA damage,

recombination and repair). See Muller et al, Oncogene. 23:1958-2006, (2004). There are other

ubls (e.g., 18G135, FAT10, Apgl2p) for which the biological functions are still under

investigation.

{006l A particular pathway of importance which is regulated via E1 activating
enzyme activities is the ublquitin-proteasome pathway (UFF). As discussed above, the
enzymes UAE and NAE regulate the UPP at two different steps in the ubiguitination
cascade. UJAE activates ubiquitin in the first step of the cascade, while NAE, via activation
of Nedds, is responsible for the activation of the cullin based ligages, which in turn are
required for the final transfer of ubiquitin to certain target proteins A functional UFP
pathway is required for normat cell maintenance. The UPP plays a centyal 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, including tumor cells. See,eg.,
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 UFP. See, Drexler, Proc. Natl. Acad. Sci., LISA 94: 855-860 (1977).
The role of the UPP pathway in oncogenesis has led to the investigation of proteasome
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wherein one ring nitrogen atom in Ring A optionally is oxidized; [err] Ra is selected from the group
consisting of hydrogen, fluor, -CN, -Ny -OR5, -N(R4)z, -NleCO2R6, -NR4C(0)125, -C(0)N(R)" -C(0)R5,
-0C(0)MR4)2, -CC(0)125, -0002116, 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)/%1(t)(R4Y); or Ra and Rb together form =0; or le and 11 together form a bond; it is selected
from the group consisting of hydrogen, fluor, C" aliphatic, and g4 fluoroaliphatic; or Rb and Ra
together form =0; or le, 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 C" aliphatic; or e, taken together with le 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, -OR5,

44(R4)2, -NRACO21e, -NRAC(Q)RS. -C(0 - CHNR 5 BRI QG REP-HEBFRS, or a C”
aliphatic or GPHITSHSS fﬁﬁa%%t%gb%é rﬁgﬁ;‘faéll%\gtﬁéu e

ted with ong or two sybstituents i ently
selected frombytielghitmnedibistitportearmepAFHRAS! M“Sﬁ&‘ﬁ?ﬁ?ﬁeﬂﬂ?}{;}%?%egnd le
together form g hond, QLRE:a & Aasetasdermm e Berovecéntérhuamtieapbispestiithg of

hydrogen, fluoro, Cia, aliphatic, and C" liuoroaliphatic. or.le angd Reie ~aver Rd, taken
together With’%aﬁmﬁﬁaﬁﬁﬁsﬁﬂ%%ma ARG i BEARCES AL

carbon atoms, forms a fu cl 06,060 124NiE0 ifie

optionally sulesiifntbesedtiomeia: W%ﬁ?ﬁ?ﬂéﬁ?@ﬂﬂﬂﬁ%ﬁﬁgi\g@gg&%m%ug?or C, aliphatic; or
le, taken t0gethaE ik i 3R5 e Aty SUNG oALI OTERE) InB, BeaBarlfisb etpbyBrop BBt -#h§ tuhich is
optionally substituted with one or M&%u%sgye%?iegﬁa%ﬂ ihselastehiny fvamtonGiRe is
hydrogen, or ¥45r Bt GPIPkARH BN ther With one Te and the in ryening carbon, aioms, founs a
3-to 6-membetestaitiooydlie2TineApRri oA aSH IR REOBETRRE PN ohe oFtwo substituents
independentlxséﬁ,lg E&ﬁ%ﬁf:&m lﬁi&&fe@ﬁ‘tg with the degradation of IxB should prevent the nuclear

localization of NF-kB, transcription of various NF-xB-dependenit genes associated with the

malignant phenotype, and resistance to standard cytotoxic therapies. Additionally, NE-xB

plays a key role in the expression of a nurber of pro-inflammatory mediators, implicating a

role for such inkibitors in inflammatory diseases. Furthermore, inhibition of UPP has been

implicated as a nseful target for additional fherapeutics, such as inflamunatory disorders,

including, e.g., rheumatoid arthritis, asthma, multiple sclerosis, psoriasis anc reperfusion

injury; neurodegenerative disorders, including e.g., Parkinson's disease, Alzheimer’s

disease, triplet repeat disorders; neuropathic pai; ischemic disorders, 2.g., stroke, infarctiorn,

kidney disorders; and cachexia. See, &.g-, Elliott and Ross, Am ] Clin Pathol. 116:637-46 (2001);

Elliott ef al., ] Mol Med. 81:235-45 (2003); Tarlac and Storey, ] Neurosci. Res. 74: 406-416 (2003);

Mori et al., Neuropath. Appl. Neurobiol,, 31: 53-61 (2005); Manning, Curr Pain Headache Rep. 8:

192-8 (2004); Dawson and Dawson, Science 302: 819-822 (2003); Kukan, J Physiol Pharmacel.

55: 3-15 (2004); Wojcik and DiNapoli, Siroke. 35:1506-18 (2004); Lazarus ef al., Am J Physiol.

27:E332-41 (1999).

(007} Targeting E1 activating enzymes 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 first step of ubl
conjugation pathways; thus, inhibition of an E1 activating enzyme will speclificall)f modulate
the downstream biological consequences of the ubl modification. As such, inhibition of
these activating enzymes, and the resultant inhibition of downstrearn effects of
ubl-conjugation, represents a method of interfering with the integrity of cell dnms;.nn, cell
signaling, and several aspects of cellular physiology which are important for dlse.ase
mechanisms. Thus, E1 enzymes such as UAE, NAE, and SAE, as regulators of diverse



aliphatic; or it taken together with le and the intervening carbon atoms, forms a fused cycloproparte
ring, which is optionally substituted with one or two substituents independently selected from fluoro or
C,n, 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 C aliphatic Re is hydrogen or C 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 Cl, aliphatic; or Re, taken together with le and
the intervening carbon atoms, forms a fused cyclopro pane 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 CI, 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 rhocyclic Qeihainthoe ¢nahae
intervening cArblsAS fIRRioRs A ROl a6ﬁ rﬁ/re{?él Spirec Qy%%cl%fr%%ﬁtch is optionally substituted
with one or twmmmenmqmeﬁﬂém%mmoro or C,n., aliphatic or one Rf, taken
together with an adjacent R" and the intervening carbon atoms, forms a cyclopropyl ring, which is
optionally sullsésutagivrithf dmelnyaatipaubstituents independently selected Irian fluoro or C14 aliphatic;

or one le and. one R" together form g double. Bonﬁ% cach It isindsherdanily iavdreaeroE luoro; or one

RA, taken tod@ﬂﬁlr with an%fdé‘eﬁﬁ?naﬂfﬂﬁeef'n ervening carbon ato orm clonropyl.ring,
which is optlmmeMMM@ﬁWﬁummmﬁdﬁ y;selgg?%ﬁ%%qf%%go rc,

aliphatic; or o;;ppﬁ,;,g,qgﬂqeﬂmaﬂageéhe@fﬁrmram&mafﬁaﬁa’ﬂmefeg'éﬁf@tfeéﬂfﬂﬂhtlc and ClI,
fluoroaliphatic; REF is ﬂﬁg' ro en”% i £elGePated (R g1 Glatvit Rl eC oA, o5BRL25,
-SO2N(R4)" - ZEORS NR4C(O)N(R§|5) -N(124)C(=NR4)-N(R4)2, 6 -/%1(24)C(--,NR4)-R6,
-NR4CO2R6 ﬂ'NﬂRH?B@ﬂEf ﬂl\?( :0-C(0)R5, -000213.6, -0C(0)N(R4)2,
-C(0)R5,--C(0)N(R4)a, -C(0)N(R4)- OR5 C(O)N(R)C( NR4)-N¢H45,, -N(R4)C(.-NR4)-Nry-C(0)R5,
-C(=NR5-N(R4)2, -C(=NR4)-0R5, -N(R4)- N(R4 2.AN(B4)-0RG AG(=NR4)-N(R4)-0R5, -C(R6)=N-0RS5,
or art optionally substituted allphatlc awl, hete e%% pe .ﬁgyl each R" independently is

hydrogen halo, -CN-, -OR5, -N(R4)," -SR6, or@n bF? uted Cm aliphatic group;

HoN “Re RO | @

or a pharmacentically acceptable salt thereof, wherein:

stereochemical configurations depicted at asterisked positions indicate relative
stereochernistry;

Ring A is selected from the group consisting of:

. K K A R ) me
i =] o 7 Y
R @ o N= R? .'{N ‘2 N
I} Neg/ 1 N N X =
= g N-:(N g N=(: Rh
Ag A" At A" Ariii " A-lv A-vi :
Hk
Al - 0
N7
N
A
Hh
and A ;

wherein one ring nitrogen atom in Ring A, optionally is oxidized;
X is =C(R",, NE®"-, or -O-;

Y i -0, -5, or -CR™R")-



Ri is hydrogen, -OR5, -SR6, -N(e)2, or an optionally substituted aliphatic, awl, or heteroaryl group; R1
is hydrogen, halo, -OR5, -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 heterocyclyl
ring having, in addition to the nitrogen atom, 0-2 rin terpatoms,independently sglec om N, 0,
and S; le is hydrégéhsesisifre s AR SRS EN g?fn?éerﬁljzjlw ,th%%al'ry?}ﬁo-%%ﬁ (%ETC may be

optionally substitutedirRéis,RSdroRteROR APINTRD) ) GO HOCHNIR O, YOI DR e-§IGABrtfon of
which may be optlonagi/ substituted, or ark optionally substit teg1L1 égu%m%rﬁlbgﬁggﬁwb hatPrnarvl, nr

hatemCVC11/1 ring 2G5 HRBAtGRT fen BRI aRR PR tHE Aitrogen atom to which they are
attached, form an ommﬁmgmgm@&mmmmmwmmaﬁmﬁﬁ&W%% the

nitrogen atom, 0-2 ring hegeroatoms indgpegdently selected from N, 0. and Scand.each e
independently is hydfelgdh o?%fﬁ%ﬁa%%%%‘lﬁ%@b‘&ﬁptﬁg |c,E§%|/°frﬁe_at§'r85%I, oF heteréocyc]:rlyl group;

each Rsx independegthnistelpgen, C14 alkyl, Clr4fluoroalkyl, or an optionally substituted C6.10 aryl
or cru, ax(C)alkyl; each R6 independently is an optionally substituted aliphatic, aryl, or heteroaryl

group; and mis ORY jsetacB:dinoudie granpscongisting) ofipeioner 81y RNaE S divtents, the
invention relates to %ﬁg%gﬁ%&f@i{n% @)W@ﬂg@@ﬂgﬂr}m@;{h@ém: with B 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; or R, taken together with R” 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;

R° is selected from the proup consisting of hydrogen, fluoro, -CN, Ny, -OR’, -N(R),,
NR'COR’, -NR'C(O)R, ~CON(RY),, -COR, -OCON(RY,, -OCOR’, -OCO,R’, or
a C,, aliphatic or C,, fluoroaliphatic optionally substituted with one or two
substituents independently selected from the group consisting of -OR™, HN(R"’)(R"),
-CO,R™, or ~CONEHR™); or R® and R together form a bond; or R’ and R” together
form =0;

R ig selected from the group consisting of hydrogen, fluoro, C,, aliphatic, and (.,
fluoroaliphatic; or R and R® together form =O; or R, taken together with R and the
intervening carbon atoms, forms a fused cyclopropane ring, which is optionally
substituted with one or two substituents independently selected from fluoro or
CP; aliphatic; or R®, taken together with R* and the intervening carbon atoms, forms
a fused cyclopropane ring, which is optiopally substitited with one or two
substituents independently selected from fluoro or G, , aliphatic;

R’ is hydrogen, or C,, aliphatic; or R, taken together with one R’ and the intervening

carbon atoms, forms a 3- to 6-membered spirocydlic ring, which is optionally
substituted with one or two substituents independently selected from fluoxo or



0 ar: RI...OFy O=y-X Ra Ac I-12NRb Rd (I-A) 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: R9 N.N ph A.iiiRAsh 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,

C,,, aliphatic; or R, taken together with R™ 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; or R, taken
together with R’ and the intervening carbon atoms, forms a fused cyclopropane ring,
which is optionally substituted with one or two substituents independently selected
fromm Auoro or C,, aliphatic;

R is hydsogen or C, aliphatic; or R°, taken together with R™ 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; or R", taken
together with R” 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;

each R is independently hydrogen, fluoro, C,, aliphatic, or G, fluoroaliphatic, provided
that if X is -O- or -NEL-, then R' is niot fluoro; or two R taken together form =0; or two
R, taken together with the carbon atom to which they are attached, form a 3- to
&-membeted carboeyclic ring; or one R, taken together with R® 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 £luoro or

C,, aliphatic; or one R/, taken together with an adjacent R" and the intervening

carbon atoms, forms a cyclopropyl ring, which is optionally substituted with one or
. . f

two substituents independently selected from fluoro or €, aliphatic; or one R and

one R” together form a double bond;

cach R" is independently hydrogen or fluoro; or one R”, 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 fluoto or

C,, aliphatic; ox one R and one R together form a double bond;
R* is hydrogen, C, , aliphatic, and C, , fluoroaliphatic;

RE is hydrogen, halo, -NOy, ~CN, -C(R)=C(RY,, -C=C-R’, -OR’, SRY, -S(O)R, -50,R",
SON(RY,, -N(R)y -NR'COR’, NRCO)NR),, -NERHCENR)-NRY,
6



-NR4C02126, -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"), -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, -NR4C02126, -NleC(0)R5, -C(0)N(R4)2,
-C(0O)Rs, -0C(0)N(R4)2, -0C(0)1e, -0002R6, 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(O)N(1)(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 quoroaIiphatic provided that if X is -0- or -NH-,

then le is not fluoro; or two le taken & I3 d@i@p th ﬂﬁe@m‘gqﬁ atom to
which they are attacﬂ?'gﬂ:l T R o gﬁ kg?rétf%f car WO EcsTrlng 04{%%2 F\.’ij_ggg)n together with le
and the intervening caxtyaatRh)s-Gamrs, a3, R GG@)NI)E Rg is hydrogen, halo,
-NO2, -CM, -C(Rs)a--C(Rs)2,-CC- R%{ﬁéﬁ ﬂ(%%% ﬁdf)% _JP&Fj@,{ 45\IR4C(0)RS
-NleC(0)N(R4)2, N(ﬁé}%{aﬁ !N NR C02R6 -N(R4)502R6,
-N(R4)S02N(R4)2, -0z ﬁm@m mﬂgmmm@nc@ﬁm (FREOR, -C(R)=N-OR’, or an

-C(0)N(R4)2,.-C(O)N 6, %, 4)-C(0)R5,
-C(=NR4)-N(R4)2, é’é’hr%’??ﬁ)y g&%%lf%%%’%ﬁ&gﬁ%ﬂ?ﬁq NR4)- NaR‘R) Ole, -C(R6)=N-0RS5, or
an optionally subgfifytge. a4 gp&{a‘eﬁ ke mlm&@gm&lm‘bp BRindepaptiondliys
hydrogen, halo, -CN-,-N(R4)2, -SR6, or an optlonally substituted CI, aliphatic group; Ri is hydrogen.

-OR", -SR6, -N(R4)' wm%al@gbbgﬁﬁft@tl’ahphatlc aryl, or heteroaryl group; R" is hydrogen,

halo, -OR5, -SR', -N(R4)y or an gptionally sub tltutedCaI Egﬁmc r I @r@g ,dworo, -N(R4)"
or an optionally sﬁb‘gt’lﬁ'%ﬁe‘i‘ aﬂp c‘ﬁ{{gr% U] ﬁ‘lsphy ro l%qj{c:)%tegr a#M ptlonﬁﬁy substituted C,"

aliphatic group; or 1}nshigliggeifer form =0 or =C(R5)1;
R' is hydxogen, halo, -OR’, -SR", -N(R‘)z, or an optionally substituted C,, aliphatic group;

R" is hydrogen, fluoro, —N(R‘)z, or an optionally substituted C,, aliphatic group; or rR”
and R" together form =0 or —C(R),; or R™ and R, taken together with the
intervening carbon atoms, form a fused cydopropane xing, which is optionally
substitited with one or two substituents independently selected from Auoro or
C,, aliphatic; or R™ and R, 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 C,, aliphatic;

R"is hydrogen, fluoro, or an optionally substituted C, ; aliphatic group; or R" and R"
together form =0 or =(R),;

each R* independently is hydtogen ot an optionally substituted aliphatic, aryl,
heteroaryl, or heteracyclyl group; or two R’ on the same nitrogen atom, taken
together with the nitrogen atom, form an optionally substituted 4- to §-membered
heteracyclyl ring having, in addition to the nitrogen atom, 0-2 ring heteroatoms
independently selected from N, O, and 5;

R¥ is hydrogen, C, , alkyl, C,, fluoroalkyl, or C, ar(C, Jalkyl, the aryl portion of which
may be optionally substituted;
RY is hydrogen, C, , alkyl, C, , fluoroalkyl, Cq,, ar(C, )alkyl, the aryl portion of which

may be optionally substituted, or an optionally substituted 5- or 6-membered aryl,

hatarnarvl, nr heterocvelvl ring; or
7



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, C. alkyl, C14
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,")allcyl, 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 heterocyclyl group; each it independently is hydrogen, Ci,
alkyl, Cor an optionally Sybstituted C6 10 aryl or Cs 10 ar(Cl4)alkyl; Jpgepan lyjs an
optionally substitlﬁ%d‘%ﬂi %f?&f%g%%‘éréﬂ%aﬁ‘ﬁ I&%?ﬁ)enfrt] mtclgswllf,%‘,\ or ,EI[%%O.JCO% %?J%{diﬂof the
invention include thwptﬁamﬁhabbgmedaﬂwaﬁmmék@ﬁmﬁéﬂﬂémiHﬂé‘ﬁlﬁfga‘ﬁs‘?fﬁ'@
detailed description %@gﬁ%@@g.@@ﬁ&g&ﬁd@@f@ﬁﬂb@%ﬂEddiﬂm.éhzytdé;'and"El
activating enzyme" refers'to any one of a family of related ATP-dependent activating enzymes
involved in activatisg @ m@&p@ﬂﬂ@ﬂbiﬁm&ﬂmmmﬁmﬂiﬁaﬁmmdwl@%ﬁﬁu%ﬁon to target
molecules. El activatjing enzymes, functi [ .an adenylation/ thioester intermediate formation to
ey SRR iaap;

transfer the appropriate u the respettive £2 conjugating enzyme through a transthiolation
reaction. The resylfipgagiivairelablag 3nipaeies, dlilaatelon)) yatiodiof thearbiptiansdiget protein- A
variety of cellular proteins that play a role in cellsignaling, cell cycle, and protein turnover are
substrates for ubl coRfR§HHISRY iR TEL Ve 8H ’El activating enzymes (e.g., NAB, UAE,
SAE). Unless otherwise indicated by context, the term 'EL enzyme' | t ;
activating enzym&?ﬁlb}%iﬁfq ,Xﬁﬁﬂ%&?ﬁrﬁ%ﬁfoﬁb&&lggxmtﬁ%%e iﬁn%ggﬁz%ﬁwﬁb
(APPEP1/Uba3)), ubigditin activating enzyme (UAE ((bel)), sumo activating enzyme (SAE (Aosl
TUba2)), or ISG15 activating enzyme (Ubell), preferqSI ‘l;uman NAE, SAE or UAE, and more

preferably NAB. [@15Phb Teand:Eravissshiwior ¥nfibh 'I?Ylé‘?kaen‘is used to signify a compound

having a structure as defined herein, whigh is capable of interacti Ith anGLApERRA0E ())ibiting
its enzymatic &89kt Inhibigi'hﬁogleeeﬁ’}véﬂ%ﬁ‘@%cti%ffyur‘r‘{gglr%%eﬁﬁﬁ%e ability g}%n El enz%e to
activate ubiquithmiditerigel| by dmiogdidndd a substrate peptide or protein (e.g., ubiquitination,
neddylation, surnoylation). In various embodiments, such redugctign of El enzyme activity is at least
about 50%, at least about 75%, at least about 900/hfat %ast 95%, or at least about 99%. In

various embodiments, the concentration of El e e ghigifogrreéquired to reduce an El enzymatic
activity is less than about 1 uM, less than abogt 5 mrg o tHdm about 100 nbn, less than about 50
nM, or less than about 10 DM. (0131In son@mﬁodg‘g —SuRA inhibition is selective, i.e., the El

ora pha.‘r.‘::naJCEutically acceptable salt thereof, wherein:

stereochemical configurations depicted at asterisked positions indicate relative
stereochemisiry;

Ring A is selected from the group consisting of:

I B Al
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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). [014IThe 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%. 10153The term "aliphatic”, as used herejn, means &,%B IR, Qsaghed or cyclic C1-C12
hydrocarbons Whlchvg?ﬁrﬁgh%ﬁfglﬁggfﬂﬁfféﬁt Orhh ﬁ’ﬂ% I%‘1 one or more units of unsaturation, but

which are not ar at m %gplgla@hatlc groups include substituted or unsubstituted
linear, branched or'¢ cycli aIkyI aIIceﬁyI alkynyl groups and hybrids thereof, such as c3rcloallcyl,

(cycloallcyl)alkyl l(qgc@_al@m@m@p)(’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. 10161 The

terms "allcyl”, "algenyl.aneh falkymd’ ﬁl@ﬂﬂﬁy ﬂ&pafbgémfhxgu DIt réP 1R Naight and
branched chain aliphatic, group havjn frogn one t er es_@{:g\ present
invention, the term "a‘f@l%ﬁbé\ﬂ% eﬁq@%] §t§ %@ﬁ& i (agts?cﬁgroup t’gtthe rest
of the molecule is a ggttﬁﬁggga@@ﬁmwlﬂwc; @shaﬂqmygmb@mmﬂlmtbd@m’a’fmatlon at other

carbon atoms. Thus, a“’kyl groups include, without limitation, methyl, eth 0 dyl. gy,
butyl, pentyl, and heﬁWsFHé"’EE?ﬁﬁ‘ mnpé'fé??fbeg Ba yf-";r a'é}/)ca %fﬁéoc%&a%oses o: ?rfey

present invention, thg+g| Tﬂ*‘"éltk@iﬂ)mmﬁﬁed 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@@Md%wyhmﬂmwmhmmﬂﬂemﬁmﬁlmhﬁ%é§6 e present
invention, the term' z?i II be used when the carbon atom attaching the aliphatic group to the
rest of the molecule a carbon-carbon triple bond. Alkynyl groups include, Wlthout

limitation, ethynyh%g&g&g&lféﬁqw - BSREY AN m&hgwmh@nmengr@mm phanc--
used alone or as part of a larger moie fers to a saturated 9 3&6&5 X:?&El hatic
ring system having fr@iﬁ@%sbdﬁﬁﬁéﬁgm&é@% seih fRE‘arﬁ‘% 31?’ ZyStehi s bpliona

substituted. In some %Bg&gm aﬁ@q,g&c@aﬁgﬁgg&g&mﬁmﬁy&mmbm&h&m 3- 8 or 3-6

ring carbon atoms. Nofflimiting examples incllide cyclopropyl, cyclobutyl cyclc‘)?? %ﬁg@ ignyl,
d yclooctadi

cyclohexyl, cyclohexwﬂ@ﬁﬁhww&ﬁ%m [ In
some embodiments, _tée, Igpl@ ',ged or fused blcycllc hydrocarbon having 6-12, 6-10, or

6-8 ring carbon atoms, Wherein any |nd ividual ring in the
R is selected from the group consisﬁng of hydrogen, fluoro, C,, aliphatic, and G,

fluoroaliphatic;

R is hydrogen, or C, , aliphatic; or K|, taken together with one R’ and the intervening
carbon atoms, forms a 3- to 6-membered spirocydic ring;

R” is hydrogen or C,  aliphatic;

each K is independently hydrogen, fluoro, C, , aliphatic, or C, , fluorcaliphatic, provided
that if X is <O- or -NH-, then R!is not flioro; or two K taken together form =(; or two
R, taken together with the carbon atom to which they are attached, form a 3- to
é-membered, carbocyclic ring; or one R, taken together with R’ and the intervening
carbon atoms, forms a 3- to 6-membered spirocyclic Ting;

RS is hydrogen, halo, NO,, -CN, -CR)=C(RY,, -C=C-R’, _OR®, SRS, -S(O)R’, -SO,R’,
SON®Y, -NEY, NRCOR, NRCONRY), NE)C(=NR)-NRY,
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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-tetrahycirOquinOxalinyl1 decahydronaphthyl, or tetrahydrortaphthyl, where the radical
or point of attachment is on the aliphatic ring. [021]The terms "haloallphalic”, "haloallcyl", "haloalkenyl"
and "haloalkoxy" refer to an aliphatic, allcyl, allcenyl 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

"aryloxyallcy!", refer to a,0, to Cy arpmatic _hydrocar emprisi tHeadings.caeRef which
is optionally substitu@@‘%%ﬁ *t%ﬁ#étu’&lg%gﬁgi grOL%]T&,&{%I grﬁ%clu‘de%@ithout
Ilmllta_tlon,tpEen){l, nagm[h h\i,f\@ﬁ‘]gizam@@ ! m:"e_x@d)z_]ﬁ,sam!)t N(l?bpdﬁ(@ﬂtﬁlifw_ @dj:ﬁ;ﬁi{u sugsftltuedntss ct)n an
aryl ring, taken together with the intefvening ring atoms. for. |y, sibati fused 5- to
6-membered aromatfelSMFIET B F%ﬁ{a%%ﬁg il ﬁﬁ?\gﬁg%aS $ing hietee%a’torps selected
from the group consjgfinge$ &Y, mﬂ‘*ﬁm{h‘yﬁ,m%m’;'atykmﬂﬁéﬂ)@ﬁirﬁﬁﬁc)@dé@grwﬁﬁ in

which an aromatic ring is fused to one or more. heteroaxyl, cycloaliphatig eterocydyl rings, where
the radical or point & é‘ﬁﬂﬁéﬂlf’?gt@ﬁ'e%%ﬁé%&mcaﬁ?’ }fngge.#?@n{ayl—irniliiw exﬁa#nigiles of such fused ring
systems include indobd..isoixtdolvl, Repzothigny, Hado heneotesah indibg nerfusanybpridaatiy|,
benzimidazolyl, benzthiazo %/)I, quinolyl, isoquirtolyl, cinnolinyl, phthalazinyl, quinazolinyl, quinoxalinyl,
carbazolyl, acridiny|spbeitated @, prliplothteZPB; phenoxazinyl, tetrahydroquinolinyl,
tetrahydroisoquinalinyl, fluorenyl, indanyl, pbenanthridirtyl, tetraltydrona indalinyl phenoxazinyl,
benzodioxanyl, aRdsteidzearexdiR AfFary uﬁ?ﬁ%@%%g}}hfﬂtﬁtﬁ;%} é\?/%f/éﬁ?’/ pc}eferably

mono-, bi-, or tricycligeteseyPE@tRIgbly 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 anitceyiongecnaly, aGRCNER 10N Mg W%\Tﬂ@ﬁ&?%ﬂfﬁq&e%ﬁ%ﬁﬁgp ’
optionally substituted. Preferably, the arallgyl group is c640 aryl(C)alkyl..inclyding, without limitation,
benzyl, phenethﬁ“@&y@pﬁﬁyﬁh@ﬂ%ﬂé&ﬂfé‘@ﬁ%"%@? 3?%\’%%%&%%%?-&%“ e’éué%;)ne or as
part of a larger moiety, e.g., heteroaralkyl, or "heteroarallcoxy", refer.1ao groups having 5 to 14 ring
atoms, preferablyF5isasirasen HRAGF 2 ERTE: Wﬁ@l]g,sfasm"éflrc Ighorlc%r%c al#gijo#l a cyclic array;
and having, in addition to carbon a oms,_§om_ ﬁs}O_ four heteroatorns. The term "heteroatom” refers
to nitrogen, oxyggn,"’&ds%li’i?ﬁ% tia soé:rTy xidized form of nitrogen or sulfur, and any
guatemized ftailt of a basic nitrogen, Thus,.when used j fgg‘ﬁ[ﬁﬂ__ﬁﬁ, ' Otadeteroaryl, the
term "nitrogen” iR ES BAER ahﬁl' r%‘&%fﬂo as N apiy‘/ﬁgﬁle N-oxidé&%tgﬁg}?ﬁﬁ?ogﬁ atoms of
5-membered heteroaipkginnpsonisaareiyistiniabie twe Rirtretha sARENHEIBHR 185 groups
include, without Iimitgtio%‘épi‘%ﬂﬂtﬁg%ﬁp Rg{mlfdwoﬁmm&ﬁmyhdeWﬁMazo|y|’ .
isoxazolyl, oxadiazol;ﬂ,g? lazolyl, isothiazolyl, tkdadiazolyl gxlridg/l, )éridazgylﬁg Ejtgg&ggygn&yrazinyl,
indolizinyl, purinyl, nﬁﬁﬁﬂ?ﬂﬂﬂﬁ'&rﬁb’ﬁidﬁﬁﬂﬁﬂ%]ﬁt@omg eﬁ?go ments, w\¥o adjacent
substituertts on a heliadepeyidingytstlectad gutrdN,idaadeSintervening ring atoms, form an optionally
substituted fused 5- to 6-membered aromatic or 4- to 8-membered, non- atic rin ViR Rs3ing
heteroatoms seleBic mg%uﬁlbdngﬂf}f&ww%%gaﬁg a%ﬂ%ﬂg%ﬁ%;ﬁﬂn and
"heteroar-", as used e igealpssbgiaipd;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 tlge hich
heteromomatic rifly, N byiintiiery Sxaabplh SindluerealiadnTsis SFdeiBL i ANER T Benzoturartyl,
dibenzofuranyl, indazg bgﬁg@gygmﬁmﬁQQMamlyb@ﬂm}y@mmmm,ociﬁmmﬁnbi:rghmlazinyl,
quinazolinyl, quinoxalirtyl, 4 -quir%glzmélqdc E_baz_%llyl, acridinyt phenazinyl, phenothiazinyl,
phenoxazinyl, tetrahmf")’aﬁ‘i'%ﬂiﬁﬁ/, ficiig yﬁrollrsl%'quinolinyl, and pyrido[2,3-b]71,4-0xazin-3(41.1)-One.
A heteroaryl grou&aa%gxl %’M}@éﬂ;gh&qu{ywﬁ%eamwwmmejab;ﬂttaiﬂysdidpmaet

r bicyclic. The term "hetero

preferably mono- o r ryl" ma used interch itA dheter
"heteroaryl ring", or "HE?@FE‘&WF@}P&HE‘%B?%%W%?H}% ﬁﬁ%ci H’I’EI s nlgaatar 'é)w %i%ﬁally _ Sthe
substituted_ The tehﬁ%gﬁamﬂM‘%%@%ﬁP@lﬁWﬁ?ﬁ%&ﬂﬂﬂéﬁ&@ﬁ?ﬁ‘ﬁ T AR R ein the

alkyl and heteroaryl portions independently are optionally substituted.. 1
! gac?t R mdependre)nﬂy is h}¥dragenp01 an o%:/.ﬁmzal y Substituted aliphatic, aryl,

heteroary), or heteracyclyl group;
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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 ring 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”,
"heterocyclyl"”, "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-pyrroly1l), NH (as in pyrrolidinyl), or *NM (as in N-substituted

pyrrolidinyl). A heterggycllc ring can pe attached_fo t ankare. t%%@ﬁpm or carbon
atom that resultgﬂﬁ‘é{stﬁw m&% r| g atdms can be optionally substituted..

Examples of such sapsataddrp; mﬁllwmgmgd]hﬂterocychc radicals include, without limitation,
tetrahydrofuranyl, tetrahydrothlenyl pyrrolidinyl, pyrrolidonyl, piperidinyl, pyrrolinyl,

tetrahydroqwnog%gé&ﬂéydmwmmnmudw@hwmlﬁ%&ﬂ%ﬁ%&ﬂ&lﬂ?h‘fﬁfﬁ@%ﬁr‘? &loxanyl,
clioxolanyl, rliazepinyl, oxazepinyl, thiazepinyl, morpholinyl, and quinuclidinyl. (0281In some
embodiments, two ﬁ’ajﬂacent substituents on a heterocyclic ring, taken together with the intervening ring
atoms, form an ggtgq_ngllyrgjbstituted fused 3- to 6-membered aromatic or 3- to 8 membered

non-aromatic ring having 0-3 ring heteroatoms selected from the group c walé‘ aaad S.
Thus, the terferTheterocy Slemperandah/ by inveRierdestide :?HSE %e%%oc':gy ic roup "heterocyclic
moiety”, and hateiaey cigirad izl atetimed hiytére Hatded siysHapsin 2RJ FHeHH b‘é in which a

heterocyclyl ring is fused to one or more aryl, heteroaryl or cyclogli RISy gng,ﬁ., " refers

indolinyl,chrdfahy!, pheneﬂﬂhﬁﬁﬁﬂ?’%&?&ﬁ%‘r Eﬁny érég&aeéhfaélcal or#omt of gttachment
is on the hetgpoaychid Bt Aﬂﬁiejemﬁm}aty&gx’ﬁﬁpimayd@@*m@?ﬁh% e era?) k& mono-,
bi-, or trlcycllc more pr % @@y@ﬂ& asmmmywemm@o;y@mh tefersﬁtbﬂaﬂ&‘&l!&ﬁgroup

substituted by aF heter clyl, Wh erein the nd h Iy} RariioRs M@mﬁ%miamnally
substituted. fE29TALHRE GTHITBHT C}Gﬁ?‘aw l?h%{ tu)FlgzteJéI refers to ai gﬁ mgiety that includes
ura

at least one dmhlhﬂhﬁqumpndbbehhééﬁ‘?ﬁﬂj%ﬂ%E%W et“zf’f’:nunsat ted" is intended to
encompass r@%m%mgﬁgrs|tﬁ@&mm@mﬂmﬂumbEMnmﬁé@mﬁﬁﬁﬁ@%%? REBFoaryl
moieties, as herem defined OBOld‘H a%e Iﬂ}éﬁ tﬁgm@@m& ancdigimelingied)] that
connects two': F&%’ﬁa’égg pound. Lin A typically, rise an.afom.si I%(qgg%gggmgﬁﬁm{m a unit
such as -NH-gy@a 223 pxotelp rueqeyRFere HiPg eﬁ’i%ﬁ f‘mg)méugﬂcﬁ as an alkylérte chai

molecular mwﬁ&@%@m@lyﬂlmmf Hpless Eﬂ‘mhﬁ‘@f’é‘?g\&yﬁ?ﬁe rANGE oF 14 to

96 with a length §@mwwm£m@&mﬁnﬂpbmmmﬁe chain

which is optlonglly S stltuted 10311The term R PEBiaiRs 1 Qigleak aHadWlkylerte
chain" is a pmmﬁwﬁﬁvagngmﬂ\? ¢e|n n%gjggg)?ve#q XP % % one to
six, from one (UAGUEJErah)). erentoatin e IEERESHE ﬁ%\%&“&?’f{% ree. A substituted alkylene

chain is a polypgthyieneeresp Wmﬁmﬂno@ﬁﬂhﬂm&ﬂ%@@%ym is replaced with a
substituent Suitable substltuents include those described b f I a bt ANNAHGOERHRRAN
allcylene chaifto may b&beknnEY SIS FHTEE | p?)rsmons with’ an liphatic group qr.a
substituted allplg@,g@(gmapm[ﬂag]ﬁlmautwem deimedivseinfaubinsrakis b WEF&P@H’@ R A onal
group. An aIk)%Iene c ﬁf‘ﬂﬁqw WIWWDMWWUM Is
replaced with rmtggg t?rl::p aIElﬁmgles Oftglé ggbé% ‘@,‘ﬁwﬁ&fﬁﬁ‘}'&ﬂﬂ{lﬁmﬂﬁ% a
ubiquitination, neddylation, sumoylation). In various

substrate peptide or protem (e.g.,
errbodiznents, such reducton of El enzyme activity is at least about 50%, at least about 75%,
It various embodiments, the

at least about 90%, at least about 95%, or at least about 99%.
ctivity is less than

concentration of E1 enzyme inhibitor required to reduce an El enzymatic a

about 1 pM, less than about 500 nM, less than about 100 nbVi, less than abeut 50 oM, or less

than about 10 nivL

In some embodiments, such inhibition is selective, ie., the El enzyme

[oa3l
or SAE) to promote

inhihitor reduces the ability of one or more El enzymes (e.g-, NAE, UAE,
11



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)-, -002-, -0C(0)-, -0C(0)0-, -OC(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 heterocyclyl
group. [033]Examples of Cchains that have been "interrupted” with -0- include -CH20OCH.,-,
-C1-1.20(CH2),-, -CH10(C1-1.2)5-, -C1-120(CH2)4-,-(C112)20C1-12-1 -(CE-12)20(03),-,
40-12)20(032)3-, 4:1-12)30(C112)-, -(C112)30(CH7)2- , and -(CH)40(0-17.)-. Other examples of
alkylene chains that are "interrupted" with functional groups include -CH1G(C1-12)c, -0-12G(C1-1)3-1
-0-126(cH2)4-,-(cHgﬁZng-sllgt}sﬁil(ec%%goé}g}gﬁm@{;h'&s%&ﬂhﬂ(ﬁiﬂ]am@@mt@ and

-(C.H2)4G (CH NIRRT &1 one of the "interrupting” functional itechakeme: i 3dikar
purposes of ctedepteitipnafiaht %Hﬁgrdﬂﬁmgﬂ%%rée?%,%%%uﬁ%?gfoe% %?%Egglk lene ghain ligkers
described abgu@madiheamatiakiesn, f1@ T snifyreirhintor Fearses, ﬁa%"}gée?xé% ront left to right,
with a corresponding, left-to-right teading ehibadosnelannitctineirhibitiorintis abie dBpears.
(03510ne of%rdlnary Sﬁill in the &% w}llar(%&oegn&gﬂ%%g_n&@&@g@mg&ﬂﬂmﬁ&ﬂ@ anziyerruption

is attached t&esM SR ERBRRPYFATEY C&tain ComBInE_itl‘OﬂS are not syfficiently s {or phagmagceutical
use. Only stabletarorhim icairde HuelsRzpBaintHHE S S Wﬂmﬁ% SCope oF %%gé%r e%s;ent invention- A

stable or chepicalindaaainip.aaBRr pdiiswane involvehithentrsinica™Ob &8t substantially
altered when képt at a temperature from about -80C to about +40 Cb%reggé

) -20 C to
about +40 C [t14he absendetermoiAbretoionier BRSNS M FERERE Con |t%?r%%%%£{'a week, or
a compound whighynaiRtainsalsimiagdiy tong ‘Bhoulfliedsd mﬁﬂi%ﬁﬁﬁﬂﬁgﬁt?&“ﬁf&&?ﬁﬁgﬁc
administratiop to %g%t&%gﬁféﬂgﬁh}ﬁﬁhﬁﬂ%%ﬂaﬁﬁwmﬁibmahsm@m@g%h radical
of the design&t&d moiety is repiac with the rlgdical g&%ﬂgﬁg‘ﬁypgm‘ghmmﬁm
substitution reetfiestih %ﬁﬁ%&ﬁma&%aﬁ)‘l’g&compound. Theterm "substitutable”, when used
in reference thefodesienated wdbrmpmeaskathes At#éehed to the atom is a hydrogen radical, which can

be replaced with the radical of a sui;ggl%sub,stitue% %@%Wimwﬂﬁﬂbﬂt&ueym&, as
B als from one t

AentdIhat equ o the_maxir' num_number,of

used herein, F&#8ls to a nuiiifeFBTs ] . | number;
substituents p@lsq?igaaﬁﬁﬁaemtmmepumimm@bﬁﬁ@m@néwmwasaﬁﬁaﬂﬂe gbove
conditions of stability and chemicgl fe siblivaisimeioMnlaspieberaitedipicalegrempoptiimsy
. DUt ‘W - g o .
il;bstltuted grﬂ%ﬁ&-ﬂgg@ igi Sl;atg% %et;itlmgb e R%?'é'}%} g_j‘ﬁg& diRMR 2EyhA srigidusats may
hybrids thereof, such as cycloalkyl, (cycloalkylyatkyl, {eycloalkenylalicyl or
(cycloalkylalkenyl. In various embodiments, the aliphatic group has one to ten, one to

eight, one to six, one to four, or one, two, or three carbomns.

fo16] The terms “alkyl”, “alkenyl”, and “alkynyl”, used alone or as part of a larger
moiety, refer to a straight and branched chain aliphatic group having from one ko twelve
carbon atoms. For purposes of the present invention, the term “alky!” will be used when the
carbon atom attaching the aliphatic group te 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, allyl, propargyl, butyl,
pentyl, and hexyl. The term "alkoxy"” refers to an -C-alkyl radical,

[017] For purposes of the present invention, the term “alkeryl” 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. Alkenyl groups include, without limitation, vinyl, 1-propenyl,
1-butenyl, 1-pentenyl, and 1-hexenyl

[018] For puxposes 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 2
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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+),, -NrC0O21r,-0C(0)N(Rt)2, -0-C(0)R*, -CO2R",
-C(0)-C(0)11", -C(0)R*, -C(O)N(R.4)2, -C(=N1n-N(R.)2, -C(=NR0137, -N(R..)4)2,
-NREC(=N10-INT(R")2, -NR 750,11, -NR*502N(R4)2, -P(0)(R*)7, -P(0)(OR12, -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 unsaturafe m@]iy]; BG.RrRuingratemensetgtad, rgnepiyaxdroup
consisting of‘ﬁﬂi?na [%5%"_’[33 né(“ hatic giigj%%%&al%\% gfmatlc heterocyclic ring may be
substituted Mth‘dﬁé%rwmmbsﬁﬂ mples of suitable substituents on the saturated carbon

of an allphatlf ?ﬁ?é)up or of a.ngn-are 5%1 {:@G @@Jﬂﬂ&@@l@ At QU Hgait adidetyt refws|istad
above for the turated carbon of naryl o [o rou t !C}‘P(:IHQS rabdatRa)"
=N-N(14, NWWM@'@EY*“%WT‘&% 1-:136119%}{\?% BZTP g(l).lrﬂ—%v};?l here each R* and R is
as defined ahauges: thlﬁemﬂmeeapiiaﬂamygﬂ?é’tmﬁﬁ W&H@&‘ﬁ?ﬁﬂ’ﬁﬁ‘c IFb‘”f‘érs to an aliphatic
group having at leagt.one gﬁ&g@ﬁﬁj}ﬂ@éﬁ&ﬁ}ﬁﬁﬁ&@b&mﬂs&m Bréginaerane

nitrogen atom of & heter ar I or heterq & I Qyclofeikf30)R*
-C(0)C1- 12C&55Wf’ '%% g’fp Pk 9231{ wherein each
R*and R is a@d@!ﬁ@ﬂ,w@@embﬁé@%ﬁ' 85’3 uretg1 d%'plcted hérein are meant to

include compgyunsis-idnishytliffaramly dmtdipressnthe qf@?é%h#ﬁéi‘é?éﬁfﬁﬁﬁf]aﬂy e RE A foms. For
example, com und Q% L, ﬁr%m@gﬁmmmdmwrm%m by a
deuterium or um ort

e rep acement of a carbon atom by a 13C- or 14C-eraiched carbon are within
the scope of IEYFHERRBAYHETTHAS T éﬂ%’ti(ﬂrgbe apparent to one skilled in the art that certain

compounds ofo%f In some embodiments, two adjacent substituenis ona cycloaliphatic ring,
taken together with the intervening ring atoms, form an optionally substituted Fused 5- to
6-membered aromatic or 3- to &membered non-arormatic ring having 0-3 ring heteroatoms
selected from the group consisting of O, N, and 5. Thaus, the term “cycloaliphatic” includes
aliphatic rings that are fused to one or moxe aryl, heteroaryl, or heterocyclyl rings.
Nonlimiting examples indude indanyl, 5,6,7 ,8-tetrahydroguinoxalinyl, decahydronaphthtyl,
 or tetrahydronaphthyl, where the radical or point of attachment is on the aliphatic ring.

[021] The terms “haloaliphatic”, “haloalkyl”, “haloalkenyl” and “haloalkoxy” refer
to an aliphatic, alkyl, alkenyl or alkoxy group, as the case ay be, which is substituted with
one or more halogen atoms. As used herein, the term “halogen” or *halp” means F, Cl, Br,
or 1. The term “fluoroaliphatic” refers to a haloaliphatic wherein the halogen is fluoro.

022} The terms “aryl” and “ar-*, used alone or as part of a larger moiety, e.g-,

“aralleyl”, “aralkoxy”, or “aryloxyalkyl”, refer to a C, to C,, aromatic hydrocarbon,
comprising one to three rings, each of which is optionally substituted. Preferably, the aryl
group is a C, ,, aryl group. Axyl groups include, without limitation, pheny), naphthyl, and
anthracenyl. Insome embodiments, two adjacent substituents on an aryl ting, taken
together with the intervening ring atoms, form an optionally substituted fused 5 to
é-mermnbered aromatic or 4- to &-membered non-arormatic ting having 0-3 ring heteroatoms
selected from the group consisting of O, N, and 5. Thus, the term “aryl”, as used herein,
includes groups in which an aromatic ring i8 fused to ome or more heteroaryl, cycloaliphatic,
or heterocyclyl rings, where the radical or point of attackunent is on the aromatic rivig,
Nanlimitine examples of such fused ring systems include indolyl, isoindolyl, berzothienyl,
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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 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 stereoctl:1 ‘#.1’ e}g Whl|e IS agpgggﬂﬁ,_{ggz&@,{,)ar&ﬁmdfaha}muibate absolute
stereochemiSfy? e compou ds of form uIa( terepchernl griasiansdapicted at
asterisked passtisireibicanolagipb bz, éﬁ‘r’s’ﬁ/ TR expresé;]%stated 0 indicate Iat:}zlolute

stereochemisinmieia) phbhdteadingtepbenossiain: iPehs BHIOTY 18 BT mo
preferably at Aeafé%q% ﬂwmgwl%&ﬂg&ﬁ%wmﬁbm 99%. As used

herein, the term. stereomeric purit S % fLAmRAURd, haymggmﬁcylﬂmpted
relative stercPEHARSRP AN LELA R A Tl Ie‘ieéﬂt%‘%mth% tofal amount.of 2[g resent.

1045]In som@mﬁemmymng-aélmébéh@fﬂiﬁﬂ%ﬁ e R SR asteris ed posmons indicate
absolute as well,asiglativessigrans hamisisteRreftrgb igrahp e femlistAEE pERAy 8Pt 8ompound is at

least 80%, more preferably at least 90%, still more preferabl east 95 0d mestRERferably at
least 99%. A§0a8kd herein A&l Yeprl AL For 18 %e?ragt% e gnér%ntgof a corg%f)und having

the depicted g@ma§m{a@%ﬁmﬁmﬂmmbﬂamd%m%§ BPHREILTEHENR G the depicted
compound and i s e 4 NG &liasiecaiaeie mttaimnberagtic purity
a Blglél@ grl] Mgrlc ptity cé%m?

are well- kn0\]/\,rf? Fr etermined by any analytical method capable
of quantltatlvwmmgm@ﬁuw@bﬁw@wﬂlﬁlcompound and its diastereomers. Examples of suitable
analytical methods include WIt’]OU'[ Ilrpl e1‘,%t|on Pu gwucmm%ﬁmp&m&ﬁawwm gas

chromatograﬂﬂ%ﬂGC) and erformanc uid chrom §E ét‘ﬁ’ %@&ggonnerlc
purity can beﬂeietmmdtb&em?ya%dlﬁc&eﬁﬁ?ﬁﬁa‘fﬁba ofq an atlve |st|ngwsh|ng between a

compound ang, i SRANEIGABEE: Exrmpiacm; duldhitie Atalytibhitelerons ?héfﬁﬂé“ﬁ/ﬁﬁﬁ’tfﬁmatlon GC

or I-11C, using a chiral colu ack| %@ln;ﬂgﬂ{lgﬂmmmammmmble by ?MAR if
first dedvatlzead"gvﬂ'f’i g?ﬁb’rhca yg enrlche(r!%Ji

derivatizin 1 4% ]hl{\ QQ&MFJAR Hae
compounds oﬂﬁsbmmaﬁ(r)" yefiers. ’@(‘@E"gﬁ’(éﬁ"y%m*gﬁia%:'ﬁ'le IS Indepen ntIy hydrogen, or fluoro; or
one Re', takepsiegath &quﬁ#&mtﬁmﬁéhwe&ﬂ?&ﬁ‘mmﬂg 54 cyéﬂ)propyl ring;

or one Rfl and % Rf ;%gam%;ggm@ quéak%ﬂsmdh@mhydm@anwm@ oxidized|nEFEERPhatic.
In some embo iments, X is -CHZ-, -CHF-, -CE2- Nl QL o9 5 HeeRs mgmaedm@tﬁ;ﬁémeﬂaﬂe’z
-NH-, or -0-. Irﬁaééﬁ‘tﬁh‘}"ﬂéf?ﬁ u"l‘é’f‘g?‘}lbo m entstr?gls 10481Inthec 0 &) Y is -0-,
-S-, or - C(RmMswmmMeméée%sw B LBRTAY emge(rr}]ents 11m is h drogen
fluoro, -NH,, l}gm}ig@Iﬁ&ﬁ?ﬁﬁﬂ%ﬂﬁﬂﬁlpﬁu@l&%iﬂ%lwg%ﬁé?ﬁ % =0. In
some embodlmer‘g11 A 'i thla%lquguﬂnmlyl thiadiazolyl, pyridyl, pyridazinyl, pyriridinyl,

pyrazinyl, indolizinyl, purinyl, naphthyridinyl, and pteridinyl.

[025] Tn some embodiments, two adjacent substituents on a hetercaryl ring, faken
together with the intervening ring atoms, form an optionally substituted fused 5- to
¢-membered aromatic or 4- to B-membered non-aromatic xing having 0-3 ring hetercatoms
N, and S. Thus, the terms “heteroaryl” and

selected from the group consigting of O,
omatic ring is fused to

#heteroar-", as used herein, also include groups in which a heteroar
one or more aryl, cycloaliphatic, or heterocyclyl rings, where the radical or point of

stachment is on the heteroaromatic ring. Nonlimiting examples include indolyl, izoindolyl,

benzotluenyl, benzofurany), dibenzofuranyl, indazolyl, benzimidazolyl, benzthiazolyl,

quinolyl, isoquinolyl, cirmolinyl, phthalazinyl, quinazolinyl, quinoxalinyl, 4H-quinolizinyl,
carbazolyl, acridinyl, phenazinyl, phenothiazinyl, phenoxazinyl, tetrahydroquinolinyl,
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10493In the compounds of formula (1), mis O, 1, 2, or 3, provided that Y is C(117)(4- when mis O. In
some embodiments, mis 1, 2, or 3. In certain particular embodiments, m is 1. [M]In the compounds of
formula (1), Rl is selected from the group consisting of hydrogen, fluor, -CM, -N3, -01e, -N(124)"
-NleCO2R6, -NR4C(0)115, -C(0)N(42, -C(0)R5, -OC(0)N(42, -0C(0)R5, -00:321e, or a C,or ClI,
fluoroaliphatic optionally substituted with one or two substituents independently selected from the
group consisting of -of , -N(Rx)(R4Y), -00211sx, or -C(C)N(t)(t); or Rl and it together form =0; or le
and Re together form a bond. In some embodiments le is selected from the group consisting of
hydrogen, fluoro, -CN, N3, C aliphatic, C1.4 fluoroaliphatic, -Oe, -NI-1(4, -N(H)CO2R5 , -N(H)C(0)Rs,
-C(0)NI-3114, -C(0)115, -OC(0)NBR41 -0C(0)Rs, and -0C(0)OR5. In some embodiments, Rl is
selected from the group consisting of hydrogen, -OH, -ocay r nnen-nnlinhatic. and fluoro. In certain
embodiments, le is selected from the 20 group consisting of hydrogen, -OH, -0C1-13, -C1-13, and

fluoro- In certain particular embodiments, Ra is =@t 1050110 fierepsnpo wRanbioyitau mieyis
selected frorFFfFf’é‘%‘?B?}BO@SHé?sBﬁWg‘ %?Eimcgg%’ﬁﬁal}}g—’ -C ,,-?\}a -.OI%%—I}{_@Q)&%W@. or
_NRAC(0)125¢- G0 {r412i-- By He RRRED MR o Hes = OB K6, or a Cm aliphatic pr Cm
fluoroaliphatig;Qritenaliy sukstiistecouryi oney br wedsabenshrngera epENHE T Le| ERTT M the
group consist%lr_ll pgpzh%;leggg@%d,gp’ZQ?meg(@MBmaiﬁe eingatchRircogdivresibrm a bond; or le
and Rd togethér from =0. In sonie embodiments, RE j stieiNe FRdatphatic, Cm
fluoroaliphati%ffbﬁi@?ltﬁﬁﬂ(’ﬁlﬁfﬁmﬁﬁﬁ??&rﬂﬂﬂfﬁf (6)%?-%:%%5%%@&5&%%9&%@
-0C(0)R5, anatha@iDybRakin aedthitesrno dieniens IntererdmBy are oBre 6% or fluoro. In certain

particular embodiments, le is hydrogen o.-QH. 1 e RRungeRbiar Emgafies isselésted
from the grodﬂzﬂ)nsisting @Pfﬂ%?{o%ggerﬁﬂf&%%%ﬂsaa%%%c, am c,flu%(%%liil%?qu& d Ra

together formamOptrmbystlstitatestHamRI iR AR BREMSRNG tarbdn atoms, forms a fused
cyclopropang, fig,aikich is@Blieagl, suhstitutedavithrombaredio sapdirasdts HuEHBRHERT selected

from fluoro or Cm aliphatic, or Tk, taken, ;gqg;%g&mﬁ@&&ﬂgmmmg beteporr gigravpPforms a
fused cycloproaﬁgﬁ@tr{')lcng, SvHich is optionally Substituted with one or two substitaents independently

selected fromghygro or Cgliahatine{ais3ihe toensoipersmidash At £ RS SEIBIEY from the
group consisting. of hydrogen, fluor. & 1apd ConfuemaliabaiicapryRedradetiogethis Jotm =0; or
7-membered monocydlic, or to a fused 7- 1o 10-membered or bridged 6- to 10-membered, -
bicyclic heterocyclic moiety that is either saturated or partially unsaturated, and h:e'wi.ng, in
addition to carbon atoms, one or more, preferably one to four, heteroatoms, as defined
sbove. When used in reference to a ring atom of a heterocycle, the term “nitrogen” includes
a substituted nitrogen. As an example, ina heteracycly] ring having 1-3 heteroatoms
selected from oxygen, sulfur or nitrogen, the nitrogen may be N (asin
3,4-dihydro-2H-pyrrolyl), NEH (as in pyzrolidinyl), or "NK (as in Nosubstituted pyrrolidinyl).
A heterocydlic ring can be attached 1o its pendant group at any heteroatom or carblun atom
that results in a stable structure, and any of the ring atoms can be optionally substituted.
Examples of such saturated or partiaily unsaturated heterocyclic radicals inch.fde, jw?thout
limnitation, tetrahydrofuranyl, tetrahydrothienyl, pyrrolidinyl, pyrrolidonyl, piperidinyl,
pytrolinyl, tetrahydroquinelinyl, tetrahydroisoquinolinyl, decahyqulﬁno];inyl‘,
oxazolidinyl, piperaziny}, dioxanyl, dioxolanyl, diazepinyl, oxazepinyl, thiazepiny},
maorpholinyl, and quinudidiny}.
[02€] Tn some embodiments, two adjacent substituents on a heterocydlic ring, taken
together with the intervening ring atoms, form an optionally substituted fused 5 to
é-membered aromatic or 3- to §-membered non-aromatic ring having 0-3 ring heteroatoms
selected from the group consisting of O, N, and 5. Thus, the terms “heterocyde”,
“heterocyclyl”, “heterocyclyl ring”, ~heterocyclic group”, “heterocydlic moiety”, and
“heterocyclic radical”, are used interchangeably herein, and include groups inwhich a
heterocyclyl ring is fused to one or MOTe aryl, heteroaryl, or cycloaliphatic rings, such as
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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 le, taken together with le 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. RISCIn 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 (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 BY, le, and Rd is hydrogen. In another embodiment, le is -011,r is fluor or -OCI-I"
and BY and Rd are each hydrogen. In another embodiment, Re is -OH, BY is -CH9, R." is hydrogen or
-OH, and Rd is hydrogen. In another embodiment, le and le together form a band, and BY and Rd are
each hydrogen. [056]In the c nds off h &H@ae(stgaﬂﬁ uwchthenhlently
hydrogen, flfBos 3§ ﬁbﬁ F‘argal a%?%o ﬁh%lt ‘I‘It “9_3 !‘ﬁ? ge|s not
fluoro; or twaadmkbwwettﬁéﬁfﬁ‘mmﬂ‘w fRéHE Ifﬁ'f?éﬁcf%' h tﬁe on atom to WhICh they are
attached, formcgigi g@aim@mpgmg@m@mhblmm@w@e ‘Pﬂ!ﬁ’:@é%@%?f’f“e? ¥ 8N th
intervening op atgms, fﬁ{ .39‘& mgmrherad mfpak@hgfm mmm&dfqumwf%ﬂuted
e en nt

with one ort stltuent5| ele ted from.flugr QF eagkf;&'@,;m ubBgHaedaken
together Wlth"é?ﬁfft!ﬂ'a%@rﬂlﬁ'ﬁ ﬁ'lng%l ERrbonatoms fc))’%rhs a cyclopfcfpyl ring, which is
optionally sugétl#ned Wlth t*é@ﬂ)ts QW&%W@WG@WWGW&%%C or
oneleando ogether orm a do ble bo N m ments, @ﬂgbe[-ﬂl[ldﬁﬂﬁﬁﬂ?ntly is
hydrogen or Excludgrdestanesaeh i 85%% SR rrauceg’rr\rtlé%r %a Q#%e |n epend Iy i3 IYAEROE: X Kot
certain embodiﬁmﬂtstedﬁeslmismvgmeﬁwﬁ%ﬁﬁﬁ y&e ogen n certain particular

embod|ment%%%ﬁgmmg%mrMﬁMmommmgﬁéﬁ%ﬁé (/), ris hydrogen, or C.,"

aliphatic; or Re, taken together with one if and the intervenin carbon atoms, f ScdRnects
6-membered fgibceyclic rifrestriot Erbet SR UHSMRE ohe oF two sﬂ%s ituents independently
selected fro%?%%m@rﬁﬁkw@pmgmmm Rlﬂrﬂtaﬁtﬁﬂ‘ﬂé HHERVERMY Earbor atoms,
forms a fused cydopropane rin &t}ﬁyﬁs kAR Cowillea8 & aiH woan Hilitene ngin.
mdependentl;‘;"é’él@t‘ﬂléaﬁfr@%ﬁlﬂu %&@al afic; or‘i&gétaken tW ther |th2%db/ neqemglmmgnlng
carbon atomsrlemsearilsetacy optnbeants mrgca)f}m% Sjeitiaig @;’ SUbdai0E V\? th one or two
substituents 'Q%emﬂngéﬂﬂﬁtﬁ@&méw ﬂrdBcaitphaﬂom Sorsrms AERIGERTLSthe BT en or

C1 aliphatic. In some such embodiments, i maCRS In certain embodiments, le is
hydrogen. [O%ﬁmtﬂélﬂﬁ?ﬁﬁgﬁﬁ'dglg anﬁ F?e is hydrogen or Ci, aliphatic; or Re, taken
[0311 The term “alkylene” refers to a bivalent alkyl group- An “alkylene chain” is a

-(CH,),~, whereinn is a positive mteget, preferably from one to
or from two to three. A substituted
thylene hydrogen atoms is

polymethylene group, ie.,
six, from one to four, from one to three, from one o WO,
alkylene chain is a polymethylene group in which one or more me
replaced with a substituent. Suitable substituents include those described below fora

substituted aliphatic group. An alkylene 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(RM=C(R")-, -CeC-, -0, 5=, 5(0)- -5(0),~, ~SO)N(R )~ -N(R")~ -NERHCO-,
“NR)YCONR)- NRNCO,~ SC(OIN(R)-, -C(O)- -C(O)-C(O)-, -COy -0C(O)-, -OC(O)O-,

-OC(ON(R")-, -CNR")=N, -C(OR*)=N-, NERH)NRY-, or -NERDS(O),~. Fach R,
independently, is hydrogen or an optionally substituted aliphatic, aryl, heteroaryl, or

TL
heterocyclyl group, or two B* on the samne nitrogen atorn, taken together with the nitroge.

atom, form a five to eight membered aromatic or non-aromatic ring having, in addition to

the nitraren atom, 2ero 1o two ring heteroatoms selected from N, O, and 5. Each R*
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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:
Rg A-ihA-11Rh where Rs, Rh, R! and le are as defined above and as further defined below. [061:]In
the compounds of formula (1), 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 C.I.4 aliphatic group. In certain embodiments,? is hydrogen or
chloro. In certain particular emhodiments, RQ.i 89@&%’:{9@5— ] icanpaiasafiormula (1), each
|?! independglﬂff?é‘ﬂ%t}gé%ﬁ?qfﬂ%?qlﬁfﬁﬂﬁqsn%&ror an optionally subc?tci}t%ted aliphatic, aryl, or
heteroaryl greetprdrysiyine#pbodiments, each R! independently is hydrogen, -OH, -0-(C.2_, aliphatic),

group. In corierbod AR Ohger gL L e ReD oo aroular embodiments, . s
hydrogen.  jnciude -CHLOCH,, ~CH,O(CH,) -, -CHLOCEL)r, <CHLOCH,) -, ~(CH), O,
(CHL),O(CHL) 7, CH),O(CHL -, {CHL) XL, ~(CHL) Oy and -(CH)O(CHL)-
. Other examples of alkylene chains that are “interrupted” with functional groups include
LCHLGCH,, -CH,G(CH),, ~CH,G(CHL), -CHLG(CH,) -, (TR, GCHr, -(CH,), G
«(CEH,),G(CH,),-, -(CH),G(CEL)~ -(CHL),G(CH,),- , and -(CH,),G(CH,)~, wlherein G is one of
the “interrupting” functional groups listed above.
[034] For purposes of darity, all bivalent groups described herein, including, e-g.,
the alkylene chain linkers described above and the variables v, V3T, T4 T, and T, 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.

(0351 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 compoufl.ds are
within the scope of the present invention. A gtable 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 sbout ~20 °C to about +40 °C, in the absen-:':e of
moisture or other chemically reactive conditions, for at least a week, or a compound which
maintaing its integrity long enough to be useful for therapeutic or prophylactic
adrninistration to a patient.

[036] The term “substittited”, as used herein, means that a hydrogen radical of the
designated moiety is replaced with the radical of a specified substituent, providecll that ﬂ.f
cubstitution restlis in a stable or chemically feasible compound. The term “stibstitutable”,
when used in reference to a designated atom, means that attached to the atom is a hydrogen
sadical, which can be replaced with the radical of a suitable substituent.

1037} The phrage “one or more substituents”, as used herein, refers toa number of
substituents that equals from one to the maximuzmn number of substituents possible based on
the number of available bonding sites, provided that the above conditions of stability and
chemical feasihi]itjr are met. Unless otherwise indicated, an optionally substituted group

wnmer v & crihatitant at each substitutable position of the group, and, the substituents may
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f062)In the compounds of formula (1), Ith is hydrogen, halo, -OR5, -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, -51-1, -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; (c) R., is
-OH; (d) Rh and R4 are each independently hydrogen or C14 aliphatic (e) I( is hydrogen, fluoro, or -04
(ORe 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) 0) e iy selocied” me
4NR4C(O)1(W &)tLhe:N ;ﬁ@e_ﬁgg étll) thsr&‘(nNR@ independently selecte ans

0312 005385
_N(R4)502N@4@meea@@gmﬂ@@gtp@uege@ ﬂgﬁﬁ%ﬂsg éﬁ%@s‘ in
a single compound.
{038] An aryl (including the aryl mojety in aralkyl, aralkoxy, aryloxyalkyl and the

like) or heteroary! (including the heteroaryl moiety in heteroaralkyl and heteroaralkoxy and
the like) 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(RY)=C(R),, -C=C-R*, -OR*, -S&°, S(O)R?, -SO,R", SONR"),, “NR, -NR'COR*,
NE'CONR,, NR'CO,R’, -O-COR’, ~OC(OYN(R),, -O-C(O)R?, -COR™, -C{O»-C(ORY,
_C(OVRE, -C(OIN(R),, -CENR)-N(R'),, -C(=NR)-OR”, N{R)-NRD,,
NERICENR)-N(R),, -NE SO, “NR'SONR"),, PO)R?), -PONORY,, -O-P(O)-OR,
and -P(Q)(NR)-N(R"),, 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 Gmembered unsaturated or partially unsaturated ring
having 0-3 ring atoms selected from the group consisting of N, O, and 5.

[039] An aliphatic group or a non-aromatc 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 heterocyelic ring indude, without limitation, those
listed above for the unsaturated carbon of an aryl or heteroaryl group and the following: =,
=5, =C(RY),, =N-N(R"),, =N-OR*, “N-NHC(O)R*, =N-NHCO,R®, =N-NHSO R, or =N-R*,
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 Jeast one non-aliphatic substituent.

[040] Suitable substituents on a substitutable nitrogen atom of a heteroaryl or
heterocyclic ring include -R¥, -N(R*),, -C(ORY, -COR®, -C(OF-C(O)R* -C{OYCHLC{O)RY,
-50,R®, -SONER),, -C(=5NE"),. C(=NH)-NR),, and -NR*SO,R®; wherein each R* and R®
is as defined above.

[041] Unless otherwise stated, structures depicted herein are meant 1o include
compounds which differ only in the presence of one or more isotopically enziched atoms.
For example, compounds having the present stracture except for the replacemnent of a
hydrogen atom by a deuterium or tritium, or the replacement of 2 carbon atom bya PC-or

U onriched carbon are within the scope of the invention.
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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. [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)z-, -50,MR5-, -N(R4)-, -N(R4)C(0)-, -NR4C(0)N(R4)-,
-N(R4)C(tNR4)-1\1(R4)-, -NR)-C(=NR4)-, -N(R4)CO2-, -N(R4)S02-, -N(R.4)SO2N(R4)-, -0C(0)-,
-0C(0)N(R4)-, -C(0)-, -CO, -C(0)N(R)-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 C alkylene chain optionally substituted with one or two groups

independently selected from fluorg ar a cm aI hatlc 0 gg&@@ﬂwt&g&ﬁ{y&uﬁﬁﬁu&&%one or
eeéﬁé lindependBRiRP LR AP St

two substitu PRom e group consisting F: Sﬂ)& LB&Q

-C(0)/%1(t) (Reteriiuy mayersashin abisanermferms, adl sush pigmeic ‘-"affﬁ‘so“pnon BUbstituted Wlth one

or two groups,{RdaRapdapb. osdeefa@ﬁamm fumms @:ahpﬂmcahcb@gfﬁegﬂ’leaéw nprEbpeefirsthy is

selected from the group co ing.of ), 1N R RGNl ki E @S 2l
ﬁ?ﬁ\?ﬁk&"‘% '%'?o?'gl 1(c 2"y M f

-002(Cia alk§iF*s _[0703Fach,it independentiis a-coptionally
substituted witils R a1 eRRfiEUFLIFRTIATSITA same %rk?gln atom, taken together with the

carbon atom edivhied, ﬁﬁ@m&ﬁmﬁe@@mﬂw@hﬂémﬁm EMRY 07 11Each R7
independently is an oprianAlesuRskkiRR:Y 06 haleoatykesg: of the invention. By way of

. & - . ﬁ
exarnple, the compounds of formula (I) wherein R 15 hydroxy can have Ror § configuration

at the carbon atom bearing B°. Both the R and the S stereochemical isomers, 25 well as all
mixtures thereof, are included within the scope of the invention.

{0431 Where stereochemical configuration at a given asymmetric center is defined
by structure, unless stated otherwise, the depicted configuration indicates ste:eocl'lemietry‘
relative to other asymmetric centers in the molecule. Where stereochemical confipuration is
defined by chemical name, the designations (rel), {R*), and (5*) indicate relative
stereochemistry, while the designations (R), (S), (+), (), and (abs) indicate absolute
stereochemistry.

[044] n the compotinds of formula (D), stereochemical configurations depicted at
asterisked positions indicate relative stereochemistry, unless expressly stated to indicate
absolute stereochemistry. 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 ofa
compound having the depicted relative stereachemistry, expressed as a percentage of the
total amount of all diastereomers present.

[045] In some embodiments, stereochemical configurations depicted at asteriskecf.
positions indicate absolute as well as relative stereoche:msu'y' 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%. Asused herein, the term “enantiomeric purity”
refers to the amount of a compound having the depicted absolute stereachemistry,
expressed as a percentage of the total amount of the depicted compound and its ehantiomer.

[04s6] Methods for determining diastereomeric and enantiomeric purlty 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.
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(0721Vlis -C(R7=C(R7-,-CaC-, -0-, -5-, -5(0)-, -5(0)2-, -SO,N(Ra)-, -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)-, -003-4 -C(0)N(R4)-, C(O)N(R4)-0-, -C(0O)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(R6)=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. 10731Each 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, -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)302R86,
-N(R4)507N(R4)2, -0-C(0)R5, -0002.126, -0C(0)N(R52, -C(0)R5, -002R5, -C(0)N(Ra)z,

-C(0)N(R4) %Cam § COWS) QW&@%MMRW@WR@%@WW(RM
-C(=NR4)-0 I\?€R4 Nat4)" NPEWS C NRA%%S?@, rQiEﬁ:e(@iﬁaThe
invention als'@%?@%ﬁ?ﬂfﬁg gcompoun uTA (/ characterl gd by formula (/1)
or a pharmacastieatyzemeptHEES aSmidpsht, coasHoMin gAY é( }(/aé’a Ra, Re, It1,

and in have mw‘gﬁ%@%@@m%quwaﬁwm@@wmpomdm #vention
also relates {0 a subgenys of the compounds of farLaKBs HRTReIE ARSdaY iamman( LX) R|

HPLC, using a chiral column packing material. Enantiomers may also be distinguishable by
NMR if first derivatized with an optically enriched derivatizing agent, &.g., Mosher’s add.
[0a7] In the compounds of formula (N, X1is —C(R")z, NE®R?-, or -O-. Each RMis
independently hydrogen or fluore; or one R", taken together with an adjacent R’ and the
intervening carbon atoms forms a cyclopropy! ring; or one R" and one R’ together form a
doublebond. R~ is hydrogen, C, , aliphatic,or C, fluoroaliphatic. In some embadiments, X
is -CH,-, -CEHIF-, «CF,-, -NH-, or -C-. Trt certain embodiments, X is -CH,-, -NH-, or -O-. In
certain particular embodiments, X ig -

. (048} In the compounds of formula (), Y is -O-, -5~ or -CE™)(R")-, where R and R
are a3 deseribed above. In some embodiments, R” is hydrogen, flucro, -NEL,
-INH(C, , atiphatic), -N(C, , aliphatic),, or C,, aliphatic, or K™ and R" together form =O. In
game embodiments, Y is -O- or -CH,-
[049] In the compounds of formuila (N,mis0,1,2, 053, provided that Y is
_C(E™)([R")- when m is 0. In some embodiments, 7 is 1, 2, or 3. In certain particular
embudimer;ts, misl,
{050} In the compounds of formula (I), R is selected from the group consisting of
hydrogen, fluoro, -CN, -Nj, -OR’, N(R'),/ NR'COR’, NR'COWR, -CONRY, C(OR,
~OCOIN(RY,, -OC(O)R’, -OCO,R’, or a C,, aliphatic or C, , fluoroaliphatic optionally
substituted with one or two substituents independently gelected from the group consisting
of -OR™, -N(R¥RY), -CO,R*, or -CIOINR")R"?); or R and R® together form =0; or R and
R together form a bond. In some embodiments R" is selected from the group consisting of
hydrogen, flucro, -CN, Ny, C, , aliphatic, C, , flucroaliphatic, _OR™, NH(RY, NE)COK’,
NEDCOR, -C(O)NHR', -CO)R, -OC(O)NHE, -OC(O)K’, and -OC(O)OR’. Insome
embodiments, R is selected from. the group consisting of hydrogen, -OH, -OCHL,

~  Aidambie - fuarealinhatic. and fluero. In certain embodiments, R’ is selected from the
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Fe At Re ,r--IL) TNRg | org-X RRd Niztr. ,N /a Rb RdAt I-12N or a pharmaceutically
acceptable salt thereof, wherein Q is =N- or --,C(Rk)-, and the variables X, Y, it', Rb,12.™ Rd,
le, RE, e, it, RI, le, and m have the values and preferred values described above for formula
(). [0773Various particular embodiments of the invention relate to subgenera of the
compounds of formula (Xn), represented by formulae (Ill-A),(11E-C), and (1114):
pharmaceutically acceptable salt thereof, wherein the variables

ables Q,it,, Rh and RI have the values and preferred values described herein for formula (I).
[on]One embodiment of the invention relates to a compound of formula (I), 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: R RyaRfRIl e , -
( grc?:;p consisting of hydrogen, -OH, -OCH,, -CH,, and fluoro. In certain particular

embodiments, R is -OFL

ora

[051] In the compounds of formula (1), R® is selected from the group ccmsisﬁngsof
hydrogen, fluoro, -CN, -Nj, -OK’, N, -NR'COR, -NR'COR, _CIOMN(RY,, “COR,
-OC(ON(RY,, ~OC(O)F, -DC'DZRG, ora C, , aliphaticor C,, fluorcatiphatic Opﬁonally- '
substituted with one or two substituents independently selected from the group consmhn%
of -OR™, NR™)RY), -COK”, o _CON(R*(R); ox K and R’ together form 2 bond; or K
and R together from =0). Tn some embodiments, E' is hydrogen, fluoro, —CI;J, M, “
¢, aliphatic, C,, fluoroaliphatic, _OR™, -NH(RY), -NE)CO,K’, -NE)COR, -t;J(D)NI-IR ,
C(O)R?, -OC(O)NHR', -OCIO)E’, and -OC(OYOK’. In certain embodiments, R is hydrogen,
-OH, -OCH,, ar fluoro. In certain particular embodiments, R® is hydrogen or -OH.

[052] In the compounds of formula (), R is selected from the group consisting of
hydrogen, fluoro, C,, aliphabc, and C, , fluoroaliphatic; or R’ and R" together form =0; or
R, taken together with £ 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; or T, 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 C,, aliphatic.

[os3] - In the compounds of formula (), R® is selected from the group consisting of
hydrogen, fluoro, C,,, aliphatic, and C,, fluorealiphatic; or R? and R together form =0O; or
R, taken together with R’ and the intervening carbon atoms, forms a fused cyclopropane |
ring, which is optionally substituted with one or two sub:ﬁtuenis indepem:‘uentl}f selected
from fluoro or C,, aliphatic; or R?, taken together with R and the interverung carbon atotns,
forms a fused cydopropane ring, which is optionally substituted with one or two
substituents independently gelected from fluoro or C,, aliphatic.

[054] 1n some embodiments, each of ®® and R® independently is selected from the
group consisting of hydrogen, fluoro, C,, aliphatic, and C, , fluoroaliphatic. In some
embodiments, one of ®® and R is C, , aliphatic and the other is hydrogen. In some

erribodiments, R and R” are each hydrogen.
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N N thVYY o0 0=g-x Rh I-12NFp Rd 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,
pyridazirtyl, 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. W801Substitutable ring carbon atoms in Ring B preferably are

substituted with 0-3 substituents independepl nHie goup-ceneisiegahhalo,
-NO2, C(REBEIC(R5)2, Joone & ‘“Sgﬂﬁfgsg%é‘%(%%%%om(mg, N

2 (}I‘%{L)Z, -NR4C(0F%55,
Nﬁgj%g;%@g%%&%&%ﬁﬁ%%@ﬁh?ﬁm iQH?n R m%@mgiga dr 'Gin
, -0° , - 3 |, - - y = Ofen.
C(0)N(R4)-eRsher : é&h%ﬂ%&%‘%&% ?&?R%)-C(O)RS, -Q_(:Néﬁg-ﬁARﬂlL,
-C(r-NR4)-QR 3120 (N BB R-QRG1; B ROIEH, BB tordavzen verial, SoB it BYAfERatC

or an optionally substituted aryl, heterogydyl, or etero%%cgrmagﬁw@aﬂ@g@a{hydmgen.
substituentsartaﬁ@n%@ﬁ@%ﬁtﬁ’é‘ﬂ%e%?%%ummg: tgr‘f'r"?gj‘l atoms. form an optionally substituted

fused 4- to 8-membered aromatic or non-ar G409, Basing Qi pagibeleatamseadiatizd
from the grdﬂﬁﬁéonsistind‘bmﬁﬁ?ﬁ?&%& e vy i

*18811In some embodiments, Ring B is substityted, ...
with 0-2 subgjisugpts, NaeReCrpaibhetio cet frBrraighats BEMSISTRGBS Hald, @mﬁﬁéz
NRac() RBR' is not fluoro; or two R’ taken together form =O; or two E. taken together with the fn:..'au'l:uu:-n
atom to which they are attached, form a 3- to &-membered carbocyclic ring; or one K, taken
together with R and the intervening carbon atoms, forms a 3- to é-meinbered spirocyclic
ring, which is optionally gubstituted with one or two substituents indepindenﬂy selected
from fluoro or C,, aliphatic; or one R’ taken together with an adjacent R and the |
intervening carbon atoms forms a cyclopropyl ring, which is optionally subsﬁmt:ed with nx:nrmc;-l
or two substituents independently selected from fluoro or C,, aliphatic; or one R and one K
together form a double bond. In some embodiments, each R’ independently is hydrogen or
C,, aliphatic. Insome such embodiments, each R independently is hydrogen or -CH,. In
certain embodiments, one R’ is hydrogen or -CH, and the other R’ is hydrogen. In certain
particular embodiments, each R’ is hydrogen.

[0571 In the compounds of formula (1), R° is hydrogen, or C, , aliphatic; ox R, tﬂkEI:L
together with one & and the intervening carbon atoms, forms a 3- 1o f-mnembered spirocyclic
ring, which is optionally substituted with one or two substituents independently selected
from fluoro or G, , aliphatic; or R, taken together with ™ and the intervening carbon atoms,
forms a fused cyclopropane ring, which is optionally substituted with one or two .
subst‘;tu.mts independently selected from fluoro or C, , aliphatic; or K, taken together with
R® and the intervening carbon atoms, forms a fused cyclopropane ting, which i optionally
substituted with one or two substituents independently selected from fluoro or C, , aliphatic.
I some embodiments, R® is hydrogen or C, , aliphatic. In some such embodiments, R is

hydrogen or -CH,. In certain embodiments, R’ is hydrogen.
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, -NR-C(0)N(R4)2, -NR4C02125, -C(0)14(R4)2, -CO2R5, -Olt or a C.,.4 aliphatic or CF4
fluoroaliphatic optionally substituted with -OR5x, -14(R4r)(C)1 -00z.R5x, or -C(0)N(R4)(Rn_
The variables R4, R5, le, it', R4Y, and le have the values described above for formula (1).
[082]Another embodiment of the invention relates to a compound of formula (1), wherein Rg is
-1.71-T1-Rig, -V1-e, -T1-le, or -TI-V1-121s. e is an optionally substituted mono-or bicyclic aryl,
heteroaryl, heterocyclyl, or cycloaliphatic group. In same embodiments, C14 alkylerte chain
optionally substituted with one or two groups independently selected from fluoro or a Cl,
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)074). In certain embodiments, T1 is a C1 alicylene chain optionally substituteTg with
one or two groups independently selected f ; va;g)ll;@' iorandr dyaliphliphaticRintaken
some embog!ﬂﬁ?gnts, V1 i&éﬁ%ﬂ@@%ﬁ%&%&%@(&)-, -N(R4)502-,d-1!§(R4 502Nr(§§f)%ﬁrd1
-N(R4)COf. I, sastainauch embarimrentesnidg sakipR 3B} W@(%@fﬁﬁ’f&i‘&f}‘-‘? n Gther
embodiments, V1 is '%R%:&S@Q)wiﬁa&é PrSsubiuNR Y miegedaimyselrarndidimdnese or
V1 is 108311 WHTEBHBodiments, the invention relates to a subgenus of the comnannds Afsed
formula (/), eharatdetedbi forkemdqasihenwoith & RAab eI LET AR Tha HZNRIﬁFg'dRh ora
pharmaceutica )&g%ﬁﬁﬁ%ﬁ@iﬁéh%%%ﬂﬁﬂbﬁﬂd&%%pm@{i@fﬂ@?%’?ﬁ/drogen or
ylen

Ceisa C.,7‘Z?a e chain optignally substituted_yvi eIRLHNR ShbhEdReRpRTdeRidrogen
selected Fro?ﬂ@ﬂ?@@ﬁ“é‘tsﬁeﬁfﬁ%%ﬂg‘&“&&’, ?fLLI&O’I’b%.li{IIB a%% cl)%gigo%%”y substituted

or C,, aliphatic. In certain particular embodiments, R is hydrogen.
[059] In the compounds of formula (1), Ring A is selected from the group consisting
of:
A q A RO N v r 7 P H{N 7,
- s D G O T i -
A" Rh A" mn R
R A-iv Ay A-vi

-, r

and A :
where B5, ", B and R* are as defined above and as further defined below.

[060] In the compounds of formula (I), each R" independently is hydrogen, halo,
CN-, -OF°, NE",, SR®, or an optionally substituted C, , aliphatic group. In some
embodiments, each R independently is hydrogen, halo, -CN, -OH, -0-(C,., aliphatic), -NH,,
-NHAC,, aliphatic), -N(C, aliphatic),, -5, -5-(C., aliphatic), or an optionally subsﬁh.l.ted
¢, aliphatic group. In certain embodiments, R is hydrogen or chloro. In certain particular
embodiments, R is hydrogen.

[o61] Tn the compounds of formula {I), each R independently is hydrogen, -OR’,
NED, -SR®, or an optionally substituted aliphatic, aryl, or heteroaryl group. Insome
embodiments, each B! independently is hydrogen, -OFL, -0-(Cy aliphatic), -NE,,

-NH~(C, , aliphatic), -N(C,, aliphatic),, -5H, -5-(C, , aliphatic), or an optionally substituted
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with one or -two sub stituents independently selected from the group consisting of -OR51,
-N(R.45)(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, Rd, le, R..", Rd, LB!, Rh, u!, and m have the values and preferred values described
above for formula a). [84] In some such embodiments, T1 is a Cm alkylene chain optionally substituted
with one or two groups independently selected from fillOW, Cand C14 fluoroaliphatic. [85] In some
embodiments, Ring C is substituted with 0-22? and 0-2 Rao, where: each R independently is halo,
-NO2, -CM, -C(R5)=C(R5)2,-0R5,-S(0)R6, -502R6, -$02N(R4)2, -N(R4)2, -NRdC(0)R5,
-NR4C(0)N(R4)2, -N(Rd)C(=NR4)-N(4, -N(R5C(=NI24)-R5, -NR,CO2RG, -N(124)502R6,
-N(le)S02N(R4)2, -0-C(0)R5, -0002R6, 40C(0)1\1(B.4)2, -C(0)R5, -0022.5, -C(0)N(R4),,
-C(0)N(R.4)-0R5, -C(0)N(R5C(=NR.4)-N(R.4)2 -N(R.4)C(=NR4)-N(Rd)-C(0)R5, -C(=NR4)-N(124)2,
-C(=NR4)-0R5, -Ce- NR5 R4)-0R5,::GURA RS Rbrsaty dptisnaty subkahaéd BRSEHHE or an

optionally sEbs terocydyl or heteroaryl group; or two R on the same saturated ring
carbon ator@ﬂfakamiegmhénmmkﬁtﬁei@m%m form an optionally substituted 3- to 8-membered

spirocyclic cycloaliphatic or heterocyclyl rin £e [akentageiber, VN{Rﬁ;e-ﬁm%menmg
ring atoms, f082) an optlommﬁﬂf&ﬁ? Bﬂraﬁ?cﬁg merﬁB’le%fié aromatic or ng

having 0-3 ring hetergatoms selected fiaphifie emmmm@wﬂéh&aghgaéﬁ%??ﬁﬁ Srén‘éently is
selected froff (e grouBr conS|st|ng 0 Cm aI| hatic, ﬁ"% tICal Qhic tNtﬁ]tl@R@{}myl
aliphatic or ﬁtjhfdﬁbg#@tl@hpt@%ﬂ%ﬁb@ﬂﬂ?@& it Oﬁ%% O2R55, or and the yariahles Rd%
RdY, and R5 é%an"y i ép‘? Iye {bﬂg,ammﬂfﬁnmﬂi@mﬂc @Wn%&ﬁ@%ﬁb&’x Ddiments,

C

RingCisa t|c hen |, pyrrolyl .
’ R is hydrogen, halo, u:E)r C, 4{1 11?: hcy certain particular embodmenm,R is hydrogen.

0631 In some embodiments, the compound of formula (I) is characterized by at

least one of the following features:
(a) Kis-0O-;
(b) Y is -O- or CHL~
© R'is -QH;
(d) R® and R° are each independently hydrogen or C,, aliphatic;
(€) R is hydrogen, fluoro, or -OF%;
3] R and E* are each hydmgen;
() each R’ is hydrogen;
)  each R is hydrogen;
@ K is hydrogen or G, aliphatic;
® R' is hydrogen, halo, or C,, aliphatic;

) mis1;and
4)) stereochemical configurations depicted at asterisked positions indicate
absolute stereochemistry.

(o064} In the compounds of formula (D, RE is hydrogen, halo, -NO,, -CN,

CE=C(RD),, -C=C-R, OR®, -SE, -S(O)RS, SO, SO,N(RY,, NER),, -NE yal(e))
JNRCONRY,, NER)CENR) NRY, N(RYC(=NR")-F’, -NR co R, -N(RHYSOR,
NEHSO,N(ERY,, “O-COR, OCOR’, “OCOMNR),, _C(OR, -COK, -COMNRY,,
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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 -OR5', -N(t)(0), -002R5', 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): 0.7R
5--XN 9Pm * * Wit Y N;:--L%To, T /al H2NRb RdRh or a pharmaceutically acceptable salt thereof,
wherein: T1is a Cl4ar)a 4eﬂrzg j ﬁ%ﬁmﬁgﬂ}u@ﬂmﬁﬂnﬁmﬁﬂ@}&%@%ﬁeﬂ%Pltfly
selected frofrfIBESPEC 14 f%ﬁ% or C1 flugrozaliph tic optionally Eg Withpne or two
substituent&mdmépmmwmwlﬁe%uﬁ(ﬁﬁéﬁﬁg P%f’?ﬁ%s‘(: @gﬁfooz.le, and Ring C
is a 3- to 8-membered heterqeuc iphalisivg cohetdrooydymembered awl or heteroaryl ring,
any of whicﬁ?ﬁ\%@g gl%%%ﬁ%%%%kﬁ%%%%ﬁdﬁ O-Zaﬁ?gnd.the variables %.?X Y, Ra, Rb.Re, Rd, le,
Itr, Rh, RI, Ietz)é?j;, R", R4Y, RoncangHpiharat RS whyes et Fofehelris s%’é‘g(?l’%% Aove Tor

V).
R, -

formulae (1Y) [989)n 3 partcyler erbeeimentthe v R iR REE N b Timuia

have the values described below.

[o66] T is a C,  alkylene chain substituted with 0-2 independently selected R or
R®, wherein the alkylene chain optionally is interrupted by -CR)=CE®)-,-C=C-, -O- 5~
S(O)-, -S(O)- -SONER)-, NEY-, -NR)CO)~ NRCONED-, NERICENR)NEY-
NRY-CENR)-, NEICO,,-NR)SO,-, NE)SON®R)-, -OCO)- COCONR)-, -C(O)-
€O, -CONERY)-, CENRY NRY)-, CORYN=NE®)-, _C(=NRY-O-, or -C(R)=N-O-, and
wherein T' ox a portion thereof optionally forms part of a 3-7 membered ring.

[067) In some embodiments, T is a C, , alkylene chain optionally substituted with
one or two groups independently celected from fluoro or a C, , aliphatic or

C,, fluoroaliphatic optionally cubsttuted with ane or two substituents indepenienﬂz
selected feom the group consisting of -OR™, NERPEY), -COR™, and -CONRHR")-

[o68] In certain embodiments, T' is a C, , alkylene chain optionally substituted with
one or two groups independently selected from fluoro, C,, aliphatic, and

C,, fluoroaliphatic.

[069] Bach B independently 1= selected from the group consisting of =F, -OH,
-O(C,, alkyh), -CN, -N(R),, -CONC,y Ayl ~COH, ~COL(C,, alkyl), -C(O)NEL, and
-C(ONH(C, , alkyd).

(070} Each B independently isa C,, aliphatic optionally substituted withR™ or &,
or two substituents R® on the same carbon atom, taken together with the carbon atom to
which they are attached, foxma 3-to &-membered cycloaliphatic ring-

i . i 1 rines
[071} Each K independently is an optionally substituted aryl or heteroaryl ring
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(V1) 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 Cl,
fluoroaliphatic optionally substituted with one Or two substitu.ents independently selected from the
group consisting of -1\1(r)(t), -002R5x, 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 (VII);-n, R1 R 0 :tan Y Ftc NtN H21%.1Fib RdRh or a pharmaceutically
acceptable salt thereof, wherein: V2 is -/4.1(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, RI., R", RI, and in have the values and preferred values described above for formula (/).
[0911In some enthodiments, V2 is -N(Rd)-.. In certain embodiments, Vz is -NH-. [0921In some

embodiments, Ring 1D is gimopnesflic, R ticydie [, Sy5'ei0)-SP, -S0N) -NR Y-
“N(RYC(O)- - "é(D)N(R“)-, NER)CENRY-NER)-, NERICENR)-, -N&)CO
NEROSO,-, -“NERYSONE)-, -OC(O)-, -OCOMNR Y-, -CO)-, -COx CONRY-,
CIONRY-O-, -CONRHCENR-NR'Y-, NRYCENRA)NERY)-CO), -CENR)-NER Y-
LCQNRY=N(RY-, -CENRY)-O-, or -CR)=N-O-. In some embodiments, V' is NEYCO)-,
NR)COMNER)- -NRISO;~ NERHSONER)- or N(RYCO, In certain such 1
ernbodiments, V' is NEHC(O)- or NERYCO)NRY-. In other embodiments, V' is
-C®)=CRD), -C=C-, -O-, -5~ or NERY-

[0731 Bach R independently is an optionally substituted aryl, heteroaryl,
heterocyelyl, or cycloaliphatic ring. )

[074] Each R independently is NOQ,, -CN, —C(K)) =C(RY), C=C-R’, -OK, -SR:,
S(O)R’, SO,E’, SONE®Y,, N, -NR'COR, NR'CO)N(RY,, NEIC(=NR)-NR),
NEYCENRY-RY, NR'COR, NRISOR’, NERISONERY), -O-COK’, -OCOR’,
COC(ON(RY,, -CIO)R’, -COR, -CON(R), CONERH-OR’, -C(D)N(R‘)C(=NR‘)-N(R‘):,
NEHCENR-NRY-COIR’, -C(=ENRY-NR), C(=NRY)-OR’, NE®RH-NRY,, -NE)-OR’,

-C(=NEY-N(RY)-OR’, or -C(R%H=N-OR’.

[075] The invention also relates to a subgenus of the compounds of formula (I),
characterized by formula (1)

! e
HfH R Y*
1L LLLL €3 digy ye'
2 ‘L,,\“",l:
e N
HoN R> R am

. . XY,
or a pharmaceutically acceptable salt thereof, wherein Ring A a.nd the variables
R RS R R, RY, R and m have the values and preferred values described above for

formula (I).
[076] The invention also relates to a subgenus of the compounds of fornmuila (I),
characterized by formula (I):
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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, iriazinyl, indolyl, isoindolyl, inclazolyl, benzimidazolyl, berathiazolyl,
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 embodimegrfs, Ring D is an optionally substituted indanyl,
tetrahydronaphthyl, or chromartyl. 1093]R|n D y be unpiistituted or may be substituted on either

or both of its component rings, and the st tﬂ 1 & or different, In particttlar, each
substitutable saturated ring carbon aton Is iS) nsu d or substituted with =0, =S,
=C(R5)2, =N-N(R4)z, =N-OR5, =N-NO b’-)R% =N-NI-1502R6, =N-R5 or -RP. Each
substitutable unsaturated ring carbcp.& tom in mng B"unsubsﬁtuted or substituted with gRfy. Each

substitutable ring nitrogen atom in Ring D is unsubstituted or substituted withThe variables RP and
R7P have the values described beIo 094§§ﬁggaﬁi@m§p%@mﬁm&lﬂo M(RbNand the
-C(R5)=C(R5)2, Sﬁ’éagﬁtﬁ?ﬁ 4c(c)e -NR4 op R4)2 N(R) R& r} N(R)G(a5-R6,
-NR4cozRamwﬁeé)ﬁamaR‘1\mmfs323&(R‘4¥ r@d{ (stﬁ zﬁ% %(o 1C
-002R5, -C( 4 0 C(0)N(R.4)C(= NR4) N(R4) N(R 4)C(=NR.4)-N(R4)-C(0)R51
-C(=NR4)- N%ﬂ%ggﬁbﬁé{ %1(0%%“%(%5(( R4) N(R.4)-OR5, -C(126)--rN-Ole, or an o tlona
substituted ajjghgtic, or awm@mmmmmmmwwnﬁémé?ﬁ” ﬁg T two RP on

the same saturated ¢ RdOReRRIAE mmmmmmmnﬂh%ﬁ&@aﬁ{gcﬁbd
forrn an opti¢HAE St stc%uqt“(:éI to?%ﬁemembered spirocydic cycloaliphatic ring. (0951Each R"

independentind TEFFIR5, -C(0)N(R4)2, -002R6, -S02R6, -SO2N(R4)2, or a Coptionally substituted
with R3 or R7. [096]In sorne @l[(r}t’)odimeants each RP independently is select m group

consisting of halo, C allphatlc N oaliphatic,-R71', jr-RIP, and 213-R74- on the same
saturated carbon atgmg ¥ with the carbon atom to wht hdhel afe attaﬁﬁqd form an
optionally substitﬁgﬂﬂ"t meera'd splrocycllc cycloallphat“: ing, f®ile v iables't e, le, aqghf gyve
the values descrit¥d befdw. (-A)
R! Ae
o g
g o = f""/ —ch
05 A -

Lo e
s N f
\ "
SR o e
0‘% . ‘S:.n N
R (L)
' - Rﬂ Rc R.B Rh
or a pharmaceutically acceptable salt thereof, wherein the variables Q. K, K, X
and R have the values and preferred values described herein for fpnmﬂa (1.

[078] One embodiment of the invention relates to a compound of formula (n,

wherein R is an optionally substituted aryl, heteroaryl, or heterocyclyl group. Insome such
errbodiments, the invention relates to a subgenus of the compounds of formula (D),

characterized by formuula (IV):
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109712 is a Cchain optionally substituted with le or le. LO981Each 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, -0002R6, 0C(0)N(R.4)" -C(0)1e, -CO2RS5, -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), -002R5t or -C(0)N(R(t); each REP independently is selected from the group consisting of
fiuoro, -of, -N(C)(e), -0021e, or -C(0)N(It)(t), or a Cor Cm fluaroaliphatic optionally substituted with
-Ole, -N(lex)(R43), -Oat, or -C(0)N(tth)(R41), provided that ReP igOtRer than -of or -N(R4x)(124Y)
provided that when two R5P
the group consisting of fluor,

-0021e, and Cis, aliphatic or C! rogipht| L substituted with -of, -N(R4,(1e),
-0021t, or --C(0)14.1(t)(114); or two le€} oRH&: 5y R together form =0 or =C(R5x)2; or
two RaP on the same carbon atom @&3aken togf fth the c@bon atom to which they are attached
to form a 3- to 6-membered spirocy&l}{ ring; s pP1LRM 3, or4; {awy

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
fromn oxygen and sulfur; and

the variables Q, X, Y, &, B R ’Y R R R R/, and m have the values and preferred
values described above for formula (I)-

[079] In some embodiments, R? is an optionally substituted furanyl, thienyl,
pyrrolyl, oxazolyl, thiazolyl, imidazolyl, pyrazolyl, isoxazolyl, isotlﬁachlyl, oxad%az?lyl,
triazolyl, thiadiazolyl, phenyl, pyridyl, pyridazinyl, pyrimidiny], pyrazinyl, or triazinyl,
wherein one ring nitrogen atom in R optionally is oxidized. In certain particular
embodiments, R? is an optionally substituted phenyl, irnidazolyl, or triazolyl.

[o80] Substitutable ring carbon atoms in Ring B preferably are substituted with 0-3
substituents independently selected from the group consisting of halo, -INO,, -CIN..5
CRI=CE®),, -C=C-F’, -OK’, -SK’, -S(O)R’, SOR", SONE), NE®), —NR"C(D)R;
-NE'C(ON®Y,, NERYCENRD-NERY,, NR)CENRIR, NR'COR:, NERISOR,
NERYSO,NEY,, -O-COE, -OCOR", -OC(ON(RY),, “COE, -COF, COMN(RY,,
_C(ON(RY-OR, -CONR)C(=NR )N, NEHCENE)NERY-COIR, -CENR)NER),,
-C(=NRY)-OR®, -C(=NEN({K)-OK’, C(R)=N-OR’, or an optionally substituted aliphatic, or
an optionally substituted aryl, heterocyclyl, or heteroaryl group; or two a(.ijacent .
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 O, N, and 5.

[os1] In some embodiments, Ring B is substituted with 0-2 substituents
4 5
independently selected from the group consisting of halo, -CN, -N(R‘”)z, NRCOE,
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tis 0, 1, or 2; and the variables B, x, 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(C)(e), or a C. aliphatic or Coptionally substituted with -0lex,
-N(C)(Rn), -CO2R5x, or or two leP 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), where're. le
is -N(le)(R9); R6 is hydrogen or C1_4 aliphatic R9 is hydrogen, C.2_, aliphatic, -'e-R9 or-T4-R;

isaCfr6 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; R9a is -C(R5)=C(R5)2,
-0C-R5,-S(0)R6, -SO2R6, -S02-N(R4)2, -C(R5):=N-ORS5, -CO,R5, -C(0)-C(0)R5, -C(0)R5, -C(0)N(le)2,

-C(=Nle)-N(R4)2, or -C(=-zN 80N i3.ha QORTHN. R =i hl(R52,
N(12.4)C(ORR :ﬁ@ﬂ@%%%N(él 5%%@%%’ 3.R5, -og@(m&égonc
-1\1(R4)-N(Ré) 2t chRpBeidgicamally gahsu ratr OB 103 sbhe-stitrermBodiments, R9 is
hydrogen or a_Clor QJ,)%%];; _nﬂll%/\rgub luted withsoge prTwRsEbIEkeHs vallRparaetiyl sbissted from

the group coriSHREPBRsZ, “NERARAY), -0021t5" -C(O)N(Rt)(e).
for formula (I).
[082] Another embodiment of the invention relates to a comp ound of formula (7),

wherein B is -V-TLRY, VR, -TR¥, or -T-V-R'®. K'*is an optionally substituted mono-
or bicyclic aryl, heteroaryl, heterocydlyl, or cycloaliphatic group- In some embodiments,

C,, alkylene chain optionally substituted with one or two groups independently selected
from fluoro or a C,, aliphatic or C,, fluoroaliphatic optionally substituted with one or two
substituents independently selected from the group consisting of -OR™, -N(R")(R‘”), -COIRE",
and ~C(O)N{R™}RY). In certain embodiments, T is a C,, alkylene chain optionally
substituted with one or two groups independently selected from fluoro, C, , aliphatic, and
C, , fluoroaliphatic. In some embodiments, V' i -NERHCTO)-, -NEICONR)-, -NRISO,
NERHSONRY- or N(E)CO,-. In certain such embodiments, V' is -NERHC(O)- or
“NRYHYCON(RY)-. In other embodiments, V* is -C(RH=CERD), -C=C-, -O-, -5, or NERY-. In
certain such embodiments, V' is -N(R)-,

[083] | In some embodiments, the invention relates to a subgenus of the compounds

of formula (), characterized by foroaula (V)
Ri
Rf ge >=Q
=1 R Y. 1
N Ve,
O '\m e & “3 T
._,,% * b B hd
HoN R® R R W)

or a pharmaceutically acceptable salt thereof, wherein:
V' is -N(R?)-, -O-, or -5
R’ is hydrogen or C_, aliphatic;
T" is a C,, alkylene chain optionally substituted with one or two groups independently

selected from Auore or a C,, aliphaticor G, fiioroaliphatic optionally substituted
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[0104]In a particular embodiment, the invention relates to a subgenus of the compounds of formula
(1), characterized by formula (WI): or a pharmaceutically acceptable salt thereof, wherein:
stereochernical configurations depicted at asterisked positions indicate absolute stereochernistry; and
the variables Q, re, Rb, R’, Rd, R,e, and R' have the values and preferred values described above for
formulae (1)-(V11).. EO1o5In some embodiments, the invention relates to a subgenus of the
compounds of formula (Viii), characterized by formula (VIM): 118 /-=.0r 0 /"t 1 0=/g-0 0 Re N.c....,..N
Ra l-12NFp nd  or a pharmaceutically acceptable salt thereof, wherein: le is -Oft

with one or two substituents independently selected from the group consisting of
OR®, -NR™ERY), -COR™, and -CONRIR?Y

Ring C is an optionally substituted 3- to B-membered heterocydyl or cycloaliphatic ring,
or an opticnally substituted 5- or 6-membered aryl or heteroaryl ring; and

the variables O, X, ¥, I, R, R, ®' »", B, and m have the values and preferred

values described above for formula (I)-

[084] In some such embodiments, T is a C, , alkylene chain optionally substituted
with one or two groups independently selected from fluoro, C, , aliphatic, and

C,, fluorcaliphatc.

o B0 .
1085] I some embodiments, Ring C is substituted with 0-2 R” and 0-2 R, where:

each R° independently is halo, -NO,, -CN, C(R)=C(RS),, -C=C-F’, -OK’, -SK’, -SOK’,
SO,R’, -SON(RY),, -NE), NR'COK, INR'COIN(RY,, NEHCE=NEFNER ),
NERYC(=NRY)-R’, -NR'CO,K, NRISOR, NRISONR),, O-COR,
LOCO,RS, -OCO)N(RY),, CIOR, -COF, -COMNERY,, _COMW(RDH-OR,
-COMNRYHC(=NR)-N(R), NEYCENRYNERCOIR’, -CENR)-NE),,
C(=NR')-OF’, LC(=NEYNERY-OR’, -CR)=N-OR’, or an optionally substituted
aliphatic, or an optionally substituted aryl, heterocydyl, or heteroaryl group; 0T
two R° on the sarmne saturated ring caxbon atom, taken together with the carbon
atom, form an optionally substituted 3- to 8-membered spirocydic cycloaliphatic
or heterocydlyl ring; or two adjacent R°, taken together with the intervening ring
atoms, form an optionally substituted fused 4- to 8-membered aromatic 0T Non-
aromatic ring having (-3 ring heteroatoms selected from the group consisting of
O,N, and 5;

each R independently is selected from the group consisting of C,., aliphatic,
¢, , fluoroaliphatic, halo, -OR™, NERHEY), or a C,, aliphatic or
C, , fluoroaliphatic optionally substituted with -OR™, N(R™)®"), -COR™, ot
-COMNR(R™); and

the variables R, R, and R have the valies described above for formula (1).
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if and Rd are each independently hydrogen, fluor, or C R, is hydrogen, fluor, or -Ole; Rs is hydrogen or
Cl, aliphatic; each RP independently is selected from the group consisting of fluor, -OR5x, -N(le)(R41,
-032R5x, or -C(0)1\1(t)(R4), or a Cor C fluoroaliphatic optionally substituted with -ORsx, -N(Rn(R43"),
-0021e, 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 ClI, fluoroaliphatic optionally
substituted with -Ole, -N(lex)(R43"), -CO,Rsx, or -C(0)N(124)(1e), provided that R8P is other than
-OR5x 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, -0021e, -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 Sl;)b'ﬁ?imed R411Isl %e%glgg E&gogimlmg@%&g@dwmmhwhmf'@?%mh may

be optionall stituted, or an optionally substituted emgﬁg tq@g@g\éj},}@r heterocyclyi
ring; or Rsx anuﬂmzeymftb@eﬂﬁé?%}hl?ﬁ@ﬁﬂlrﬂg’é 3'* ic %ey are attzilqheg orm.an

optionally sufsfiitigshy; ﬂ&m@h@pﬂuﬁe@ra@y&#ﬂﬁhﬂﬂﬁﬁ“ﬁﬂdﬂl% NS e jen-atorn, 0-2

ring heteroatoms ing ,ﬁyeggﬁdem@epm@mw &en, C14
Sﬁ’ﬁr&optlonaﬂy sugstltute Cor

alkyl, C14 ﬂLP&F(?Zﬁ’ 3 FOhAd @RS O, 1,
or 2. 101061@%&9@%%@ M«F&‘?% %h%@%‘é&ﬁ@& lir

[087] In certain embodiments, T isa C,., alkylene chain opticnally substituted with
one or two groups independently selected from fAuoro or a C, ; aliphatic or

C. . Auoroaliphatic optionally substituted with one or two substituents independently
14

selected from the group consisting of -OR™, NE®®Y), -COR™, and -CONERH(RY), and
Ring C is a C,, cycloaliphatic, phenyl, oxazolyl, or isoxazolyl ring, any of which is
substituted with 0-2 R* and optionally is fused to an opﬁonz.l]ly substituted benzene,
dioxolane, or dioxane Ting.

[088] Another embodiment of the invention relates to a subgenus of the

compounds of formula (I), characterized by formula (VI):
Hi

o ﬁ“ H .
O= ,5-3"1 R

R> R VD

or a pharmaceutically acceptable salt thereof, whereir:

T is a C, , alkylene chain optionally substituted with one or two groups independently

1=
selected from fluoro or a C, , aliphaticor C, fluoroaliphatic optionally subst tuted
isting of

with one or two substituents independently selected from the group cOnsis
SOR™, NER*(EY), COR™, and ~-C(ONER™);

Ring Cis a 3- to -membered heterocyclyl or cycoaliphatic ting, or a 5- or 6-membered

aryl or heteroary! ring, any of which rings is substituted with 0-2 R” and 0-2 R™; and
the vaziables O, X, Y, B, K, R, R, R, R, R, R, &, R*, E* R”, R, and m have the

values and preferred values described above for formulae (I)-(V)-
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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-S-0'8 Han CIH* N N H10 9/ B.N Hel-a a Ho

foag] In a particular embodiment, the invention relates to a compound, of formula
(VI) or a pharmaceutically acceptable salt thereof, wherein:

' is a C,, alkylene chain optionally substituied with one or two groups independently
selected from Auoro or a C, , aliphatic or C,, fluorcaliphatic opticnally substituted
with one or two substituents independently selected from the group consisting of
_OR™, -NER¥)(R®), -COE”, and -C(OINERYR"); and

Ring C is phenyl, which is substituted with 0-2 R® and optionally is fused to an
optonally substituted benzene, dioxolane, or dioxane ring.

(090} Another embodiment of the invention relates to a subgenus of the
compounds of formula (1), characterized by formula (VI

Ri

Rt Re )=Q

R Y. 2
s O
[ ] m e N . N
D"—}.’E‘»"x Re dH ¥
HoN R® R R _ (vII)

or a pharmaceutically acceptable salt thereof, wherein:

V2 is -N(RY-, -O-, or «&

R’ is hydrogen or C,_, aliphalic;

Ring D is an optionally substituted aryl, heteroaryl, heterocyclyl, or cydoaliphatic ring;
and

the variables Q, X, Y, R, K RS, R, K, R, R, K, and m have the values and preferred
values described above for formula (2).

[091] in some embodiments, V* is ~N(R)-. In certain embodiments, V* is -NH-,

[092] In some embodiments, Ring D is a mono-, bi-, or ticyclic ring system. In some
embodiments, Ring D is a mono- or bicyclic ring system. In some such embediments, Ring
D selected from the group consisting of furanyl, thienyl, pyrrolyl, oxazolyl, thiazolyl,
imidazolyl, pyrazolyl, isoxazolyl, isothiazolyl, oxadiazolyl, triazolyl, thiadiazulj{l,_phenyl,
naphthyl, pyranyl, pyridyl, pyridazinyl, pyrimidinyl, pyrazinyl, triazinyl, indolizinyl,
indolyl, isoindolyl, indazolyl, benzimidazolyl, benzthiazolyl, benzothienyl, benzofuranyt,
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purinyl, quinolyl, isoquinotyl, cinnolinyl, phthalazinyl, quinazolinyl, quinoxalinyl,
naphthyridiny}, pteridinyl, tetrahydrofuranyl, tetrahydrothienyl, pyrrolidinyl. pyrrolidonyl,
piperidinyl, pyrrolinyl, tetrahydroquinolinyl, tetrahydroisoquinolinyl, decahydrogquinolinyl,
oxazolidinyl, piperazinyl, dioxanyl, dioxolanyl, diazepinyl, oxazepinyl, thiazepinyl,
morpholinyl, quinuclidinyl, tetrahydrogquinolinyl, tetrahydroisoquinoliny), indanyl,
phenanthridinyl, tetrahydronaphthyl, indolinyl, benzodioxanyl, benzodioxalyl, chromanyl,
cyclopropyl, cyclobutyl, cyclopentyl, cyclopentenyl, cyclohexyl, cyclohexenyl, cycloheptyl,
cycloheptenyl, cyclooctyl, cyclooctenyl, cyclooctadienyl, bicycloheptanyl and bicydooctanyl
In certain embodiments, Ring D is an optionally substituted indany), tetrahydronaphthyl, or
chromanyl.

[093] Ring D may be unsubstituted or may be substituted on either or both of its
component rings, and the substitients may be the same or different. In particular, each
substitutable saturated ring carbon atom in RingDis unsubstituted or substituted with =0,
=8, =C(R%),, =N-NR),, =N-OF’, _NNHC(OR, =N-NHCOK’, =N-NHSOR’, =N-R’ or -K.
Each substitutable unsaturated ring carbon atom in Ring D is unsubstituted or substituted
with -R?. Each substitutable ring nitrogen atom in Ring D is unsubstituted or substituted

with -RF. The variables R and RF have the values described below.

{0941 Bach EF independently is halo, -NO,, -CN, CRH=CRY,, -C=C-R’, -OR®, -5,
SR, -SOR’, -SONRY,, -N®),, NE'COR®, -NR'CONR®R'),, IN(RHCENRY-NRY,,
NERYCENR) RS, -NR'COR’, -NRISOR’, NERYSON(RY), -O-C(OR’, -OCOK,
_OC(O)N(RY,, -CONR’, COR, -CON(RY), CONEY-OF’, -CONR)CENRY-NE D,
NERYCENRY-NER)-COR, C(=NRY-N(RY,, “C(=NRY-OR, C(=NRY)-NER")-OR’,
-C(RH=N-OF’, or an optionally substituted aliphatic, or an optionally substituted aryl,
heterocyclyl, or heteroaryl group; or two RP on the same saturated. carbon atom, talen
together with the carbon atorn to which they are attached, form an optionally substituted 3~
to 6-mexnbered spirocyclic cycloaliphatic ring.

[095] Bach R independently is -C(O)’, <C(OIN(R),, COR’, -SOR’, -SON(RY,, or
a C,, aliphatic optionally substituted with R or ®.

[096] Tn some embodiments, each R° independently is selected from the group
consisting of halo, C, , aliphatic, C,, fluorcaliphatic, R RT, TR, and -T-K7; or two R
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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,
The variables R'F, RZ, and T have the values described below.

10971 T* is a C, , alkylene chain optionally substituted with R* or R”,

[098} Each R” independently is an optionally substituted aryl, heteroaryl, or
heterocyclyl group.

[029] Each R” independently is -NO,, -CI, —CEHY=C(R), -C=C-F’, -OF’, Sk,

S(O)R’, BO,R, SO,N(RY),, N(RY,, -NR'COR, NRCOMNR), N(RHCE=NR)-NER),
NR)CENR)-RS, NR'COR', NERISOR, NEHSONEY,, -O-COIR’, -OCOK’,
—OC(O)N(RY,, -CO)R’, -COR’, -CONR'),, _COPN(RY)-OR®, ~CIOMN(RHC=NR )N ),
NEHCENR)-NERY-COR, CENRA-N(RY,, -C(=NR)-OR’, LCENRY-NERY-OR’, or

-CR)=-N-CR’.
[0100] In some embodiments, Ring I is selected from the group consisting of:
(AP {F?x
(R
[ O
(RB9) , (B, , (A%F); ;

each B independently is selected from the group consisting of fluoro, -OR™, -NER"®R"™,
-COR™, or -C(ONR™ (R, or a C,, aliphatic or C, fluoroaliphatic optionally
substituted with -OR™, NEIRY), -COR, or -CONERMERYY;

each R* mdependenﬂgi is selected from the group consisting of fluoro, OR™,
NR®HR), -CO,R™, or -C(ONR™) ®Y), or a C, , aliphatic or C, , fluoroaliphatic
optionally substituted with _OR™, -N(R™(R™Y), -CO,R™, or -CIOINR)(R"), provided
that R is other than -OR™ or -NR¥)RY) when located at a position adjacent to a
ring oxygen atom, and further provided that when two R are attached to the same
carbon atom, one must be selected from the group consisting of fluoro, -COR™,
—C(D)N(R“)(‘R"), and C, , aliphatic or €, fluoroaliphatic optionally substituted with
-OR”, -NR™(R?), -COR™, or —C(ONR™)R™); or two R on the same carbon atom
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together form =0 or =C(R5')z,: or two B on the same carbon atom are taken together
with the carbon atorn to which they are attached to form a 3- to 6-membered
spirocyclic oing;

5150,1,2,3, 0r 4;

tis0,1, or2; and

the variables B, BY, R™ have the values described above for formuta (I).

[o1011 In some embodiments, each R independently is selected from the group
consisting of fluore, -OR™, -NE )(R), COR™, or COMNEHER™), or a C aliphatic or
C,, Auoroaliphatic optionally substituted with -OR™, NE™(R™), -COR™, or
-C(C))I_\T(R”)(R"’); or two R 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
R is other than -OR™ or -N(R”)(R™) when located at a position adjacent to a ring oxygen

atomy; and

5is0, 1, or 2.
[D102] Another embodiment of the invention relates to a compound of formula (1),
whereir:

R is NER);

R®is hydrogen or C, , aliphatic;

R’ is hydrogen, C,, aliphatic, -T-R” or -T*-R";
T is a €, alkylene chain substituted with 0-2 independently selected R” or R™;
T* is a C,  alkylene chain substituted with 0-2 independently selected R or R™;

R”™ is -CRH=CERY),, ~-C=C-&,-S(O)R’, -SOK, -SON(RY,, -CRH=N-OR’, -CO.R’,
_C{OYCLONRS, -CIOYR, “COMN(RY),, -CENR)-NRY, or -C(=NR9-OR’; and

R i halo, -NO,, -CN, -OF’, -SR’, -N(R'),, NRIC(OK’, NERHYCONR),,
NEICOR, -O-CO, R, -OCOIN(RY),, -OCONR’, -NR)-N®E), NEHS(O0),E,
or -NERHS0,NER),.
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[0102] In some such embodiments, R’ is hydrogen or a C, , aliphatic or
C, . fluorcaliphatic optionally substituted with one or two substituents independently
selected from the group consisting of ~OR™, -N®™)(R"™), -CO,R, -C(O)NER"HR™).

[0104] In a parbicular embodiment, the invention relates to a subpenus of the
compounds of formula (7), characterized by formula (VILD):

/
HoN Rt RY RN (VIID)
or a pharmaceutically acceptable salt thereof, wherein:

stereochemical configurations depicted at asterisked positions indicate absolute
stereochemistry; and

the variables Q R%, R', R, R®, R5, R", and R’ have the values and preferred values
described above for formulae (I)-(VID).

101058 In some embodiments, the invention relates to a subgenus of the compounds
of formnula (VIII), characterized by formiala (VIlla):

p
N N
9 /IIII @ %‘r \. I
0=F-0 e NN
d R8P
HoN R® R (R™)s (VIIIa)

or a pharmaceutically acceptable salt thereof, wherein:
R is ~OH; |
R” and R" are each independently hydrogen, fluoro, or C,, aliphatic;
R is hydrogen, fluoro, or —OR™;

R’ is hydrogen or C,, aliphatic;
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each R? independently is selected from the group consisting of fluoro, -OR™, NER™E™),
-COR™, or -CONR™ER™), or a C,,, aliphatic or C,, fluoroaliphatic optionally
subskituted with -OR™, N®™RY), -COR™, or -CONER")R™);

each R independently is selected from the group consisting of fluoro, -OR™,
NER™R?), -COR”, or -CONRKRY), or a C, , aliphatic or C, , fluorcaliphatic
optionally substituted with -OR™, NE&")E"), -CO,R™, or -CONR"YR"), provided
that B is other than -OR™ or -N(R™}R") when located at a position adjacent to a
ring oxygen atom, and further provided that when two R are attached to the same
carbon atom, one must be selected from the group consisting of fluaro, <COR™,
C(O)NER™R™), and C, , aliphatic or C,, fluoroaliphatic optionally substituted with
-OR™, -N(R™)(RY), -COR™, or -C(ONR™)(R®); or two R on the same carbon atom
together form =0 or =CR™,;

R* is hydrogen, C,, alkyl, C, , flucroalkyl, or Cq,, ax(C, Jalkyl, the aryl portion of which
may be optionally substituted;

RY i5 hydrogen, C, , alkyl, C, , fluoroalkyl, C,, ar(C, Jalkyl, the aryl portion of which
may be optionally substituted, or an optionally substituted 5- or 6-membered aryl,
heteroaryl, or heterocycly! ring; or

E* and R”, 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 5;

each R™ independently is hydrogen, C, , alkyl, C, , fluorcalkyl, or an optionally
substituted C_ . aryl or C_,, ar(C, palkyl;

§is0,1,2,3, or 4; and

tis 0,1, or 2-

[0106] Subgenus definitions for Ring A and variables X, Y, R', R R R R, and R
deseribed for formula (I) also apply to formulae (ID~(VILD). Compounds embodying any

combination of the preferred values for the variables described herein are within the scope

of the prezent invention.
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f0107] Representative examples of compounds of formula (T} are shown in Table 1.
Table 1: E1 Achivating Enzyme Inhibitors
E
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[0108] The compounds in Table 1 above may also be identified by the following
chemical names:
B Chemical Name

I-1 (15,25 AR)-4-{4-{(2-chlorobenzyl)amino]-7H-pyrrolo[2 3-d]pyrimidin-7-yl}-2-
hydroxycycopentyl)methyl sulfamate

1-2 [(15,25AR)-4-(4-{ [2-(diflucromethoxy)benzyljamino}-7H-pyrcolo[2,3-41-
pyrimidin-7-y1}-2-hydroxycyclopentyllmethyl sulfamate

I-3 [(15,25,4R)-2-hydroxy-4-(4-[methyl[(15)-1-phenyle Hyl)amino}-7H-pyrrolo-
[2,3-d]pyrimidin-7-yl)cyclopentylimethy? sulfamate

1-4 [(15.25 4ARY-2-hydroxy-4-(4-{[(2 5)-1-phenylethyljamino}-7H-pyrrolo]2,3-d]-
pyrimidin-7-ylcyclopentyllmethyl sulfamate

I-5 ((1S,25,4R)~4-{4—[(4—ch10robenzyl)amino]-?H~pyﬂulo[2,3—d]pyﬁmidin—7~yl}-2-

| hydroxy-2-methylcyclopentyl)methyl sulfamate

I-6 (15,28 AR)}-4-{4-[(15)-2,3-dihydro-1H-inden-1-yl(methyl)amino}-7H-pyrrolo-
[2,3-d]pyrimidin-7-y})-2-hydroxycyclopentylymethyl sulfamate

1-7 f(1s ,:ZSAR)-Z-hydmxy-&-(&-[[(1R)-1-ph£ny1ethy1]ammol-',"H—pyrrolo[Z,B—d}
pyrimidin-7-yDcyclopentyllmethyl sulfamate

| B} [(15,25 AR)-2-hydroxy-4-(4-1 [4-(trifluoromethylbenzyljamino}-7H-pyrrolo-
12, 3-d]pyrimidin-7-yl)cyclopentyllmethyl sulfamate

19 | {(15,25.4R)-4 [4{acetylamino)-7H-pyrrolof2 3-dlpyrimidin-7-y1}-2-
hydroxycyclopentyljmethyl sulfamate

110 | (18,25 AR)-4-{4-[benzyimethyl)amino]-7H-pyrrolo[2 3-dlpyrimidin-7-y1}-2-
hydroxycyclopentylymethyl sulfamate

11 | ((1538)-3-14-1(15)-2,3-dihydro-1H-inden-1-ylamino]-7 H-pyrrolo{2,3-d]- T
pyximidin-7-yllcyclopentyl)methyl sulfamate

12 ({1 5,2S,4R}-4—{44[(45)-3,4-dﬂ1ydrn—2H—d1romen—4—ylamino]—?H—pyrrolo[Z,B-d]-
pyrimidin-7-yl}-2-hydroxycyclopentylymethyl sulfamate

1113 | ((15.25 AR)4-14-[(1R)-2 3-dihydro-1H-inder-1-ylamino}-7H-pyrrolo[2 3-d]-
pyrimidin-7-yl}-2-hydroxycyclopentyljmethyl sulfamate

I-14 [(15,25,4R)-4-(4-{ [(15)-3,3-dimehyl-2,3-dihydro-1H-inden-1-yllamino)-7H-
pyrrolo(2,3-dlpyrimidin-7-y)-2-hydroxycyclopentyllmethyl sulfamate

I-15 | ((15.25AR)-4-{4-[(2,6-difluorcbenzyl)amino]-7H- -pyrmlo[Z,S-d]pyrinﬂdin—!?Hyl}e
2-hydroxycyclopentylmethyl sulfamate

I-16 | ((1525AR)-4{4-4(3 5-dichlorobenzyl) arcino]-7 H-pyrrolof2,3-dlpyrimidin-7-y1}-
2-hydroxycyclopentyl)methyl sulfamate

1-17 ((15,2R,35,¢R)—4—[4r-[(15)—2,3~dihydm—1H~inden—1-ylanﬁno}?H—pyrrolo[z,ﬂ-d]-
pyrimidin-7-yl}-2,3-dihydroxycyclopentylmethyl sulfamate

118 | [(15.284R)}4-(4-amino-7H-pyrrolo[2,3-dlpyrimidin-7-y1}-2-
hydroxycyclopentyllmethyl sulfamate
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1-19

((15,25,AR)-4-[4-[(2 A-dichlorobenzylamino}-7H-pyrrolo[2,3-d]pyrimidin-7-yi}-
2-hydroxycyclopentyl)methyl sulfamate

1-20

((1R 4R)-4-{4-[(15)-2,3-dihydro-1H-inden-1-ylamino]-7H-pyrrolo[2,3-4])-
pyrimidin-7-yl}cydopent-2-en-1-ylimethyl su]famaﬁ

I-21

[(15,25 AR)-4-(4-{{(1 R)-3,3-dimethyl-2,3-dihydro-1H-inden-1-yl]lamino}-7H-
pyrrolo[2 3-d]pyrimidin-7-y1)-2-hydroxycyclopentyljmethyl sulfamate

I-22

((15.2R,35 AR)-4-[4-[(4-chlorobenzyl)amino]-7H-pyrrolof2 3-dlpyrimidin-7-yl}-
2,3-dihydroxycyclopentyl)rethyl sulfamate

1-23

{(15,25 4R)-4-{6-[(4-chlorobenzylaming -9H-purin-9-y1}-2-
hydroxycyclopentyl)methyl sulfamate

(15,25 4R)-4-{4-{(3 A-dichlorcbenzylamino]-7H-pyzrolo[2,3-dlpyrimidin-7-yl}-
2-hydroxyeyclopentyl)methyl sulfamate

I-25

((15,25 AR)-4-|4-{ (cyclopropylmethyl)aminol-7H-pyrrolof2, 3-dlpyrimidin-7-yl}-
2-hydroxycyclopentyDmethyl sulfamate

I-26

((15,25,4R)-4-[4-1(1,3-benzodioxol-5-ylmethyl) aminol-7H-pyrrolo[2,3-d1-
pyrimidin-7-yl}-2-hydroxycycdopentyl)methyl sulfamate

27

[(15,25 AR)-4-(4~{[(15)-5-chloro-2,3-dihydro-1H-inden-1-yl]Jamino}-7H-pyrrolo-
[2.3-Alpyrimidin-7-y1)-2-hydroxycyclopentyllmethyl sulfamate

28

(15,25 AR)-2-hydroxy-4-[4-(2-phenylethyl}-7H-pyrrolo{2 3-dlpyrimidin-7-yl]-
cyclopentyljmethyl sulfamate

I-29

(15,25 4AR)-4-}4-[{cyclohexybmethyl)amino}7H-pyrrole[2 3-d]pyrimidin-7-yi}-2-
hydroxycydopentyl)methyl sulfamate

1-30

(15,25 AR)-4-{4-[(15)-2, 3-dihydro-1H-inden-1-ylamino]-?H-pyrrolo[2,3-d]-
pyrimidin-7-yl}-2-hydroxy-2-methylcycopentyhmethyl sulfamate

I-31

(15,25 AR)-4-[4-(benzylamino)-5-fluoro-7H-pyrroiof2,3-dpyrimidin-7-y1}-2-
hydroxycyclopentylimethyl sulfamate

1-32

[(15,25 AR)-4-[4~(benzylsulfanyl)-7H-pyrrolo[2,3-d)pyrimidin-7-yl1-2-
hydroxycyclopentyljmethyl sulfamate

I-353

[(18,25,4R)4-(4-]{(15)-5-bromo-2,3-dihydro-1H-inden-1-ylJamino}-7H-pyrrolo-
[23d]pyrimidin-7-yl)-2-hydroxycyclopentylJmethyl sulfamate

I-34

({18,25,4R)-4-14-[{4-chlorobenzyl)oxy}-7H-pyrrolo[2,3-d]pyrimidin-7-y1}-2-
hydroxycyclopentyl)methyl sulfamate

1-35

((15,25,4R)-4-{4-{(15)-2,3-dihydro-1H-inden-1-ylamino}-7H-pyrrolof2,3-d]-
pyrimidin-7-y1]-2-hydroxycyclopentylhmethyl sulfamate

I-36

[(15.25,4R)-44{4-{[(15)-5-fluoro-2,3-dihydro-1H-inden-1-ylJamine}-7H-pyrrolo-
[2.3-dlpysirmidin-7-yl)-2-hydroxycyclopentyl jmethyl sulfamate

=37

((15,25,4R)-2-hydroxy-4-14-[(15)-1,2,3,4-tetxahydronaphthalen-1-ylamino]-7F- T
pyrrolef2 3-dlpyrimidin-7-yljcyclopentyl)methyl sulfamate

1-38

(15,25 AR)-2-hydroxy-4-{4-[(1-naphthylmethylamino]-7H-pyrrolo[2,3-4]-
pyrimidin-7-yllcyclopentylymethyl sulfamate
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I-39

[(15,25 AR)-4-(4-anilino-7H-pyrrolo[2,3-dlpyrimidin-7-yl)-2-
hydroxycyclopentyl methyl sulfamate

140

{(15,25,4R)-2-hydroxy-4-[4-(methylamino)-7H- pyrrolo[z,a-d]pynmdm_y.yl]-
cyclopentylimethyl sulfamate

1-41

(15,25 AR)-2-hydroxy-4-{4-{[(5-methylisoxazol-3-yl)methyl Jaminoj-7 H-pyrrolo-
[2.3-d]pyrimicin-7-yl)cyclopentyl]methyl sulfamate

I-42

[(1525 AR)-4-(4-{[4-chloro-2-(frifluoromethybenzyl jaminol-7H-pyrrelol[2 3-4}-
pyrimidin-7-yl}-2-hydroxycyclopentylJmethyl sulfamate

I-43

(15,25 AR)-2-hydroxy-4-[4-[(2-methoxybenzyl)amino]-7H-pyrrolo]2,3-d]-
pyrimidin-7-yljeyclopentyDmethyl sulfamate

44

[(15,25 AR)-4-(5-ethynyl-4-methyl-7H-pyrrolof2,2-d|pyrimidin-7-y1)-2-
hydroxycydopentyljmethyl sulfamate

145

((15,25 4R)-4-{4-{(4-chlorobenzyl)amino}-7F-pyrrolof2,3-d]pyrimidin-7-yl}-2-
hydroxycyclopentyl)methyl sulfamate

46

[(15,25 AR)-2-hydroxy-4-(4-methy}-7H-pyrrola|2,3-dlpyrimidin-7-
yDeyclopentyllmethyl sulfamate

1-47

[(15,25 4R)-2-hydroxy-4-{4-([2-(kifluoromethyl)benzyl]amino)-7H-pyrrolo-
[2.3-d]pyrimidin-7-y})cyclopentylimethyl sulfamate

148

(15,25 AR)-4-[4-{(4-chloro-2-methylben=yDamino}-7H-pyrrolof2,3-dlpyrimidin-
7-yi]-2-hydroxycydopentyl)methyl sulfamate

I-49

{(15,25 4R)-4-[4-(benzylamino)-7H-pyrrolo| 2, 3-d|pyrimidin-7-yl)-2-
hydroxyeyclopentyllmethyl sulfamate

1-50

{(15,25,4R)-2-hydroxy-4-[4-(2-methyl-2-phenylpropyl)-7H-pyrrolo]2,3-d]-
pyramidin-7-yllcyclopentyljmethyl sulfamate

I-51

((15,25 AR)-4-[4-[(3-chlorobenzyDarino]-7H-pyrrolof2 2-djpyrimidin-7-yl}-2-
hydroxycyclopentyDmethyl sulfamate

I-52

[(15,25,4R)-2-hydroxy-4-(4-([(1R,25)-2-methoxy-2,3-dihydro-1 H-inden-1-yi]-
ammino}-7H-pyrrolo|2 3-dlpyrimidin-7-ylcyclopentyljmethyl sulfamate

I-53

[(15,2R,35 AR)-2, 3-dihydroxy-4-[4-(phenylsulfanyl)-7H-pyrrolo[2,3-4d]-
pyrimidin-7-yllcyclopentylimethyl sulfamate

I-54

{(15,25 4R)-2-hydroxy-4-(4-|[(1R,25)-2-isopropoxy-2,3-dihydro-1H-inden-1-y1]-
amino}-7H-pyrrolo[2,3-dlpyrimidin-7-yl)cyclopentylinethyl sulfamate

I-&55

((25,35 5R)-5-{4-[(15)-2 3-dihydro-1H-inden-1-ylamino]-7H-pyrrolof2, 3-d]-
pyrimidin-7-y1)-3-hydroxytetrahydrofuran-2-ylymethyl sulfamate

1-56

N-[((15,25,4R)-4-{4-[(18)-2 3-dihydro-18-ind er-1-ylamino}-7H-pyrrolo{ 2, 3-d]-
pyrimidin-7-yl}-2-hydroxycyclopentyl)methyljsulfamide

X-57

((25,35,5R)-5-[6-(benzylamine)-9H-purin-9-y1)}-3-hydroxyretrahydrofuran-2-yl}-
methyl sulfamate

1-58

N-J((28,35,5R)-5-{4-[(15)-2,3-dihydro-1H-inden-1-ylamino]-7H-pyrrolo[2,3-4]-
pyrimidin-7-yl}-3-hydroxytettahydrofuran-2-ylmethyllsulfarnide
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159 | 2-((15,25,4R)-4-{4-[(15)-2,3-dihydro-1H-inden-1-ylamino}-7H-pyrrolof2,3-d}-
pyrimidin-7-yl}-2-hydroxycyclopentyl)ethanesulfonamide

-60 (1 5,25,.4.R)—4—l4-[(1S)-E,S—dihyd.m—1H-inden-1—y1an-ﬁm]—?H—pynoluIE,.?:—d]—
pyrimidin-7-y}-2-hydroxy-1-methyleyclopentylymethyl sulfamate

I-61 | [(15,254R)-4-(4-{[(15)-4-fluoro-2,3-dihydro-1 H-inden-1-yljamino|-7H-
pyrrolo[2,3-dlpyrimidin-7-y])-2-hydroxycyclopentyllmethyl sulfamaie

J-62 [(15,25 AR)-4-(4-1[(15)-4,7-difluoro-2 3-dihydro-1 H-inden-1-yilaminot-7H-
pyrrolof2,3-djpyrimidin-7-yl)-2-hydroxycyclopentylJmethyl sulfamate

1-63 | [(15,254R)-4-{4-{[(1R)-4<hloro-2,3-dihydro-1H-inden-1-yllamino}-7H-
pytrolof2,3-dlpyrimidin-7-yl)}-2-hydroxycyclopentyljmethyl sulfamate

I-64 | [(15,254R)-4-(4-([(15)-4~chloro-2 3-dihydro-1H-inden-1-ylJamino)-7H-
pyrrolo[2,3-dlpyrimidin-7-yl)-2-hydroxycyclopentyllmethyl sulfamate

(T65 | [(16 25 AR)-4(4{[(15)4-Dbromo-2,3-dihydro-1H-inden-1-yllamino} 7H-
pyrrolo[2,3-dlpyrimidin-7-yl)-2-hydroxycyclopentyl]methyl sulfamate

I-66 [(18,25 AR)-4-(4-{[(15)-7-fluore-2,3-dihydro-1H-inden-1-yljamino}-7H-
pyrrolof2,3-d)pyrimidin-7-yl)-2-hydroxycyclopentylmethyl sulfamate

1-67 | [(15,25ARy4-(4-{{(18)-5-chloro-3,3-dimethyl-2,3-dihydro-1H-inden-1~
yl]anﬁno]-7H—pynolnﬁMpyﬂﬂdh—?—yl)—Z-hydmxycyclopentyllmeﬂxyl
sulfarate

1-68 | ({18,25 AR)-4{4-{(15)-2 3-dihydro-1H-inden-1-ylamino}-5-fluoro-7H-
pyrrolof2,3-dlpyrimidin-7-yi)-2-hydroxycyclopentyl)methyl sulfamate

I-69 [(15,25 4R)-4(5-fluoro-4-{[(1R,25)-2-methoxy-2,3dihydro-1H-inden-1-
yl]amino}-7H-pyrrolo[2,3-d]pyrimidin-7-yl)-2-hydroxycyclopentyljmethyl
sulfamate

I-70 [(15,25,413)-4—(4-{[(lR,?.S)-Z-Ett\uxy‘-Eﬁ-dihydro-lH-mden—'l~yl]amino}-7H~
pyrralof2,3-dJpyrimidin-7-yl)-2-hydroxycyclopentyllmethyl sulfamate

I-71 | [(15,254R)-2-hydroxy-4-{4-[[(1R,25)-2-hydroxy-2,3-dihydro-1H-mden-1-
yYlamino}-7H-pyrrolof2,3-dlpyrimidin-7-yl)cycopentyl jmethyl sulfamate

172 | [(15,254R)-2-hydroxy-4-(4-{[(1R,2R)-2-methoxy-2 3-dihydro-1H-inden-1-
yljamino)-ZH-pyrrolo]2.3-djpyrimidin-7-yD cyclopentyllmethyl sulfamate

73 | (E}-2-({(1525 AR)-4{4[(15)-2,3-dihydro-1H-inden-1-ylamino]-7H-pyrrolo[2,3-
dipyrimidin-7-y1}-2-hydroxycyclopentyl)ethylenesulfonamide

1-7¢ | N-{[(15.25,4R)-2-hydroxy-4-(4-{[(1R,25)-2-methoxy-2,3-dihydro-1 H-inden-1-
yllamino}-7H-pyrrolof2, 3-dlpyrimidin-7-ylycyclopentyljmethyljsulfarde

175 | N-{((15,25,4R)4-[4-[(15)-2,3-dihydro~1H-inden-1-ylamino}-7H-pyxrolo{2 3-
dlpyxrimidin-7-yl}-2-hydroxycydopentylymethyl]-N-rnethylsulfamide

176 | 2-((15,25.4R)-4-14-[(15)-2,3-dihydro-1H-inden-1-ylamino]-7H-pytrolof2,3-
d]pyrimidin-7-y1]-2-hydroxycyclopentyl)ethyl sulfamate

177 | (15,2R,4R)-4-(4-[(18)-2,3-dihydro-1H-inden-1-ylamino}-7H-pyrrolof2,3-
dlpyrimidin-7-yl}-2-hydroxycyclopentyl sulfamate

53



NH NI 0414 I-12NH Ha 1-65 F * KW /'NN .-HO 1-66 CI OA # H2N-1,43 n .H3'CY alll. CH 3 HCF
1-67

176 | (1R.25,45)-4-(4-{(15)-2.3-dihydro-1H-inden-1-ylamino]-7H-pyrrolof2,3-
dlpytimidin-7-ylJ-2-hydroxycyclopentyl sulfarnate

—
1-79 [(15,25,4R)-2-hydr0xy-4-(4~{[(lR..ZR)~2~(methoxymethyl)-Z,B—d.ihyd:o—lH-inden—
l-yl]anﬁnu}-’.7H—pyrmlo[LS-d}pyﬁnﬁdinr%yl)cyclcpentyl]methyl sulfamate
1-80 [(15,25,4R)-2~hydmxy—4—(4—{[(15,25)-2-(methoxymet11y1)—2,3ad1‘hydm~1H—inden-
1-yljamino}-7H-pyrolof2,3-d]pyrimidin-7-yl)cyclopentylimethyl sulfamate
I-81 | {(15.25.4R)-2-hydroxy-4-(4-{[(1R,2R)-2-methyl-2,3-dihydro-1H-inden-1-
yllamino}-7H-pyrrolo[2,3-d] pyrimidin-7-yl)cyclopentylimethyl sulfamate
I-82 | [(15.25.4R)-2-hydroxy-4-(4-{[(15.25)-2-methy}-2,3-dihydro-1H-inden-1-
yllamino}-7H-pyrrolof2 3-djpyrimidin-7-ylcyclopentyllmethyl sulfarnate
1-83 | [(18.254R)-4-(4-{[(1R,2R)-2-ethyl-2 3-dihydro-1H-inden-1-ylJamino}-7H-
pyrrolof2,3-d]pyrimidin7-yl)-2-hydroxycyclopentyllmethyl sulfarate
-84 | [(15,254R)-4-(4-[[(15,25)-2-ethy}-2,3-dihydro-1H-inden-1-ylJamino}-7H-
pymxolof2,3-d]pyrimidin-7-y1)-2-hydroxycyclopentyl]methyl sulfamate
185 | [(15,25,4R)-2-hydroxy-4(4-[[(1R,25)-2-methoxy-1,2,3 4-tetrahydronaphthalen-
1-yl]amino}-7H-pyzrolo[2,3-d]pyrimidin-7-yljcyclopentylmethyl sulfamate
I-86 ((15,2SAR)-&-[!&—[(?;5)42,3-dihyd1:o-1H—J'.ndenrlﬂylamino]-?'H-pyrmlo[2,3-
dlpyrimidin-7-yl}-2-methoxycydopentylymethyl sulfamate

General Synthetic Methodology

[0109] The compounds of the present invention can be prepared by methods known
to one of ordinary skill 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.
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Scheme1l:  General route for the synthesis of 4-substituted (15,25 4R)-2-hydroxy-4-
{7H-pyrrolol2,3-dlpyrimidin-7-yljcyclopentylmethyl sulfamates
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[0110] Scheme 1 above shows a general route for preparing compounds of formula
(I), wherein Ring A has foxmula A-ti. Those of ordinary skill in the art will recognize that
compounds of formula (I) wherein Ring A. is other than A-if can be prepared by the same
general route, beginning with appropriate starting materials analogous to i

(o111} Methods for the synthesis of chioro-substituted pyrrotopyrimidines such as
formula i are known (P. Reigan ef al., Bioorg. Med. Chem. Lett., 2004, 14, 5247-5250; .
Hetevocyclic Chern., 1988, 25, 1633-1639). As shown in Schewme 1, conversion of compounds of
formula 1 to substituted pyrrolopyrimidines is accomplished by coupling with the
appropriately substituted amines or mercaptans (see Pathak, AX.; Pathak, V.; Seitz, LE.;
Suling, W.J.; Reynolds, R.C., J. Med. Chem. 2004, 47, 273-276) at elevated temperahire in
protic solvents, such as butanol or isopropanol, using an appropriate base, such as DIPEA or
Et,N (Method A). Altemmatively, pyrrolopyrimidines i can be coupled with an appropriately
substituted alcohol in ILO in the presence of a base, suich az KOH, at refluxing temperatutes
(Method B). Compounds of formula i can also be treated with Grignard reagents in the
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presence of ferric acetylacetonate in THF (Method C) to provide carbon-substituted
pyrrolopyrimidines. Compounds iv are prepared fromii by the opening of epoxide iii with
a suitable base, such as NaH, LiIHMDS, or cesiurn carbonate, at elevated temperatures in
DMEF (Method D).

(01121 For preparation of compounds of formula (I), wherein R" and R are each
hydrogen, deoxygenation can be effected at this stage. Thus, alkylation of compounds of
formula iv to provide xanthates v is effected by freatment with
chiorophenylthionocarbonate and a suitable base, such as DMAYP, in DCM (Method E).
Deoxygenation of compounds of formula v is achieved by treatment with a radical source,
such as BuSnH, and a radical initiator, such as AIBN, in refluxing toluene Method F).
Subsequent deprotection with an aqueous acid, such as AcOH (Method G), provides
compounds of forrnula vii.

[o113] The 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 alcchols of formula viii (Method H). Selective deprotection
of the primary alcohol vsing a flucride reagent, such as pyridine hydrofluoride, in a basic
solvent, sixch as pyridine, provides compounds of formula ix (Method I). Further treatment
with freshly prepared chlorosulfonamide x affords the penultimate sulfamates xi (Method J}.
Acetate removal by treatment with a base, such as ammonia, in MeOH according to Method
K yields compounds of formula xii.
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Scheme2:  Alternate route for the synthegis of 4-N-substituted ((15,25,4K)-2-hydroxy-4-
{7H-pyrolo[2,3-d]pyrimidin-7-yljcyclopentyl)methyl sulfamates
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[o114] Compounds of formula (I), wherein R® is -N(R"), 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 Scherne 2, treatment
of compounds of formula i with benzylmercaptan under conditions described in Method B
provides benzylsulfanyl pyxrolopyrimidines of formula xifi. Subsequent treatment with the
conditions outlined in Methods D-F 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 sulfones of formula xv (Method L).

[0115] Compounds of formula xvi are then synthesized by treatment of xv with an
appropriately substituted amine using a base, such as DIPEA, in a high-boiling protic
solvent, such as EtOH, at elevated temperatures (Method M) similar to literature procedures
(Lin, X.; Robins, M.J., Organic Letf. 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 formmuta xvii. Methods for the synthesis of tert-butyl
chlorosulfonylcarbamate xviii are known (Hirayama ef al., Biorg. Med, Chem., 2002, 10, 1509
1523), and this reagent is reacted selectively with the primary alcohol using a hindered baze,
such as 2,6-di-tert-butyl-4-methylpyridine, in a solvent, such as AcCN, to afford Boc
sulfamates of forrmula xix (Method W). TFA-deprotection according to Method O yields the
compounds of formula xx. The conversion of compoumnds xv to xvi has the pobtential

advantage of being amenable to solution phage library synthesis.
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Scheme 3: Synthesis of substituted epoxides
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(0116} Methods for the synthesis of the intermediate alkene diol xxi are known
(Nucleosides, Nucleotides & Nucleic Acids, 2002, 21, 65-72). Upon teatment with m-CPBA, dial
xxi is converted to epoxy diol xxvii. Subsequent protection of the diol using p-anisaldeliyde
dimethyl acetal provides epoxide iii. Alternatively, TBDPS-protection of the primary
aleohol of xxi followed by PDC oxidation gives the o, f-unsaturated ketone xxii. Addition
of Meli to the ketone in Et, O gives tertiary alcohol xxiii, and treattnent with TBAF in TEF
provides diol xxiv. Epoxidation and diol protection affords the protected substituted

epoxide xovi.

Scheme4:  General route for the synthesis of substituted aminoindans
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(0117} The aminoindans used for the preparation of 4-aminoindanyl compounds of
formula xxx are either commercially available, or they are prepared through the literature
methods highlighted in Scheme 4. Appropriately substituted indanones of formula xcviii
are treated with (R)-2-amino-2-phenylethanol to provide the desired intermediate imine.
Subsequent reaction with an appropriate zeducing agent, such as sodium borohydride in the
presence of AcOH, gives amino alcohols of formula xxix (Method F). Treatment with lead
tetraacetate, followed by refluxing in HC], gives aminoindans of formula xe OMethod ).
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One skilled in the art will recognize that the use of (5)-2-amino-2-phenylethanol in Method ¥
can be used to afford the opposite enantiomer of indan xooc.

Schemse S5: Genetral route for the synthesis of 4-substituted ((15.25,4R)-2,3-dihydroxy-4-
{7E-pyrrolo[2,3-dlpyximidin-7-yl)cyclopentyD)methyl sulfamates
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[0118] Compounds of formula (I}, wherein R is -OR’ can be prepared as outlined in

Scheme 5. Thus, compounds of formula iv, as prepared in Scheme 1, are directly converted
to triols of formuda xxxi (Method G). Protection of the two secondary alcohols with
2,2-dimethoxypropane and an acid catalyst, such as p-TSA monohydrate, in acetone affords
isopropylidenes xxxii (Method R). Further reacthion with chlorosulforamide x by Method J,
as described in Scheme 1, affords sulfamates of formula socdii. Removal of the
isopropylidene using an acid, such as TR, in the presence of water yields compounds of
formula xxxiv (II-C), according to Method 5. Alternatively, triol xxxi can be selectively
sulfamoylated at the primary hydroxyl and deprotected as described in Scheme 2, Methods

N-O to give compounds of formula xooiv.
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Scheme 6: General route for the synthesis of 4&-amino and 4-acylamino substituted
((15,25,4R)-2-hydroxy-4-{7H-pyrrolol2,3-dlpyrimidin-7-y1)-
cyclopentylymethyl sulfammates
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[0119] Compounds of formula xxxv are prepared by the methods described in

Scheme 1. Treatment of benzylamines oot with an aqueous acid, such as AcOF, affords
amines xoocvi (Method G). Selective protection of the primary alcohol using TBDMSCI and
an appropriate base, such as imidazole, in DMF gives compounds of formula xxxvii
(Method T). Bis-acylation is effected by treatment with appropriately substituted acylating
reagent of formula xoowviii (X = Cl, OH, -OC(O)K) and an appropriate base, such as
pyridine, to afford compounds of formula xxxix (Method U). Subjecting compounds xxxix
to the conditions described in Methods I-K affords both the fully deprotected analogs x1 as

well as amides xJi.
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Scheme?:  General route for the synthesis of 4-substituted ((15,25 AR)-4-{7H-pyrrolo~
[2,3-dlpyrimidin-7-yl}cyclopentyl)methyl sulfamates
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[0120] Compounds of formuda (1) wherein R® and R’ together form a bond, and

compounds of formula () wherein each of R“R'is hydrogen, can be prepared as outlined in
Scheme 7. Triols of formula x}ii are prepared following the procedure in Scherme 5. The
primary alcohol is selectively protected fo give the diols of formaula xliii (Method T), which
are then alkylated by 1,1-thiocarbonyldiimidazole in a suitable solvent, such as DMF, to
yield dioxole-thiones xliv (Method U). Treatment with 1,3-dimethyl-2-pheny)-1,3,2-
diazaphogpholidine in an appropriate solvent, such as THF, affords alkenes of formula xdv
(Method V), which are exposed to the conditicns outlined in Methods 1] to afford
sulfamates xlvi. Hydrogenation under an atmosphere of hydrogen in the presence of a

catalyst, such as palladium on carbon, in EtOAc gives saturated sulfamates of formula x1vii
(Method W).

Scheme 8: Synthesis of 5-fluoro pyrrolol2,3-dlpyrimidines
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[o1z21] Compounds of formula (I} wherein R is other than hydrogen are prepared as
outlined in Schemes 8-9. Conversion of i to fluore chloro pyrrolopyrimidine xlvii is effected

61



NHg 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]alTlino)-7H-pyrro10(2,3-alpyrimidin-7-y1)-2-hydroxycyc
lopentylbnethyl sulfarnate 1-3
E1S,25,4R)-2-hydroxy-4-(4-tmethy1R1S)-1-phenylethyllarninOE7H-pyrrol0(2.3-c]pyrimidin-7-yl)cyclop
entylltnethyl sultanate 1(15,25.,4R)-2-hydroxy-444-11(18)-1-phertylethyllaminol-711-pyrrolo12,34-
pyrirrddin-7-y1)cyclopentyllmethyl sulfamate 1-5
((15,25,4R)-4-144(4-chlorobenzypaminol-711-pyrroloi2,3-dipyrimidin-7-71)-2-
hydroxy-2-methylcyclopentypntethyl sulfamate 1-6
015,25,412)4 14l rdiriiastiniviptendhomémgiaasin ok iiskqyabolgth RO plcntiin-7-y 1)-2-
hydroxycyclape A DANSHYLSHIBAIE Acdr in AcC. Compound xtviii is then substituted with the
appropriate substituents according to Methods A-C and carried on to compounds of

formula (I) according to Scheme 1.

Scheme 9: Alternate route to of 4,5-disubstituted ((15,25,4R)-2-hydroxy-4-{7H-pyrrolo~
[2,3-dlpyrimidin-7-yl)cyclopenty)methy] sulfamates
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[0122] Compounds of formula xlix are prepared as shown in Scheme 1, and are

converted to iodide 1 by treatment with NIS (Method X). Todide 1 can be converted to
compounds of formula 1i using a variety of palladium-catalyzed conpling conditions, such
as Sonagashira coupling (Cul, PACL (PPh,),, DIPEA, RIC=CH, Method Y). Following the
methods shown in Scheme 1, compounds of formula ¥j are converted to final corapounds of
formula (I). ‘

Scheme10:  Synthesis of ((25,35,4R,5R)-5-(4-(alkylamino)-7H-pyrrolo[2,3-dlpyrimidin-7-
y1)-3,4-dihydroxy-tetrahydrofuran-2-yl)methyl sulfamates
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[(15,2SAR)-2-hydroxy-4-(4-(R1R)-1-phenylethyllarnino)-71-1-pyrrolo[2,3-11-
pyrimidin-7-yl)cyclopentylknethyl sulfarnate 1-8
[(15,25AR)-2-hydroxy-4-(4-1[4-(trifluororriethyl)benzyllarninol-7H-pyrrOI0[2,3Apyrimidin-7-y1)cyclopent
yl]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 ((1S,38)-3-144(15)-2,3-dihydro-Iti-ixiden-I-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-hydr
oxycydOpentyl)rnethyl sultanate 1-13
(0$25,4R)-1-444(1R)-2,3-dihydro-1H-inden-1-ylamino]-7H-pyrrolo[2,3Apyrimiclirt-7-y11-2-hydroxycycl
opentyl)metpyibsulfamata-brkdornds of formula (I) wherein Y is -O- can be prepared from compounds
[(1S,2SAR)-4-(4- 1% 3-climethyl-2. 3-dit -11-1-] "'¥”§ﬁ" - Egpé)((;g #@dpyrimidin-7-
y1)-2-hydro>1<§1(§31/'(::lllo¥;‘)ees %ﬁ%tﬁ?ﬁj é‘\{u‘)é%%lgtgey%%&#‘lﬁg% Bdhd gilﬁﬂp
((1S,2S,4R)- BG4 e tinactdu&Rpdmiteriter Wyirdorsea i Srnign: fppeneren, S Brion,

2-hydroxycystapentyin etieyt. seiten ate 475064760 fard is outlined in Scheme 10. Methods for the

((15’25'4R)'441’1$i@i§ﬁ%ﬁ|%5 %%)&@MM(MQJQ,@; RER=] Dtlbeo, K.; Yoshida, H;

2-hydroxycy%cfopen_}ypmethy sulfarnate . . ]
Ogata, T., Carbokiydr. Hydr, Res., 1973, 30, 127-132). Hydroboration-oxidation using borane-
THE comnplex affords liii, which is globally deprotected using sulfuric acid. Tetraol liv is
protected using 2,2-dimethoxypropane and subsequent protection of the primary alcohol
using TBDMS-C] gives alcohol Ivi. Selective chlorination using CClL, and HMFT in tolzene
affords the single enantiomer lvii. Glycosylation using compounds of formula i gaves
intermediates of formula Iviii, which can be further elaborated as described in Schemes 1, 2,

and 6 above.

Scheme 11:  Synthesis of 2-((15,25,4R)-4-4-{(15)-2,3-dihydro-1H-inden-1-ylamino}-7H-
pyrrolof2,3-dlpyrimidin-7-yl-2-hydroxycyclopentyl) ethanesulfonamide
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[0124) Compounds of formula (1) wherein X is CIH, can be prepazed from

compounds vii. As shown in Scherne 11, diol vii is protected as a bis-TBDMS ether lix using
TRTMS-CL. suitable base, such as triethylamine, and 4-DMAYP (Method Z). Selective
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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-dihydroxycyclopentyprnethyl 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-en-1-
yl)methyl sultanate 1-21
[(18,25,4R)-4-(4-11(1R)-3,3-dimethyl-2,3-dihydru-IH-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-clihydroxycyelopentyprn
ethyl sulfamate 1-23 ((15,25,4R)-4- [64(4 chlurobenzypaminoi-9H-purin-9-y11-2-
hydroxycyclapgridiaatiaysutiaapamn@4roup to 1x is effected using aqueous acetic acid at elevated

S hconye %lé%)e n:%é}g I@? ﬁ‘o‘ffg‘%gte éggg)de 1')1!1 %VBB%%%(:?B? \RXHIRGINSS 2YeFol Ix vsing TPAP

2-hydroxyey

((15,25AR)- wﬂﬁ@;@wﬁm@w@mm@ﬁwemﬂﬁﬁwﬁmlﬂ 7de L with

2-hydroxycygiearatyprasiihdrst)adienesulfonic acid ethyl ester and #-BuLi (Method AC) gives
alkene Ixii, which is in turn reduced to sulfonyl ester Ixiii using a suitable reducing agent,
suich as sodinm borohydride in ethancl (Method AD). Hydrolysis of the former ester using
THBAY under microwave conditions (Method AE) gives sulfonic acid v, which is
transformed into protected sulfonamide Ixv vig intermediate sulfonyl chloride (using thioryl
chloride and then ammonia in dioxane, Method AF). TBDMS deprotection using a suitable
reagent, such as TBAF in THF (Method AG) affords sulfonamtide lxvi.

Scheme 12:  Synthesis of (E}-2-((15,254R)-4-{4- [(15)-2,3-dihydro-1H-inden-1-ylamino}-
7H-pyrrolol2,3-d]pyrimidin-7-yl}-2-
hydroxycyclopentyl)ethylenesulfonamide
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[0125] Compounds of formula (I) whetein X is -CH= can be prepared from
compounds Id. As shown in Scheme 12, fert-
buiyl{[(diphenylphosphoryl)methyllsulfonyllcarbamate is treated with n-Bul.i and the
formed reagent is mixed with aldehyde Ixi (Method AH) to give protected vinyl
sulfonamide bevi. The Boe group is deprotected using a suitable Lewis acid, such as ZnBr,
{Method AT) to afford Ixvii. The final deprotection of a TBDMS group is carried out using a
suitable reagent, such as TBAF in THF (Method AJ) to give Dvidi.
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1-26 ((15,2S,4R)-4-14-f(1,3-benzodioxo1-5-ylrnethyOamino]-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-IH-inden-1-yliaminol-7H-pyrrolo[2,3-d]pyrimidin-7-y1)-2-hy
droxycydopentylimethyl 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)JammTh]-711-pyrrolo12,3Apyrimidin-7-y1)-2-
hydroxycyclopentyl)methyl sultanate 1-30
01S,28,4R)-4-(4-[(15)-2,3-dihydro-1H-inden-I-ylamino]-7H-pyrrolo[2. 3- -r/lpyrirnidin-7-y1}-2-hydroxy-2-rn
ethyleyclopentyl)rnethyl sulfamate 1-31
1(15,25,410-444-(benzylamino)-5-fluore-711-pyrroio[2,341pyrimiclin-7-y11-2-
hydroxycyelopentyllmethyl sulfamate 1-32

1(15,2-5,4R)-GhertischTzy ISt ramreydd roaie ipymtmm@ﬂmﬂmmmmwmwomrmhw
sultanate 1-33 pyrimidin-7-yljcyclopentylimethyl sulfamides
[(15,25,4K)-4-(4-W1S)-5-brurng;2,3-dihydro-11-/-inden-I-yliamino.1- ZH-pyrrolo[2,3-d]pyrimtdin-7-y1)-2-
hyciroxycyelopentylimethyl stjltg hagk 1-34
((1S,2S,4R)-4-{4-[(4-chiorobenzyl)@xyj-7H-pyrrolof2,3-d]pyrirnidin-7-yl)-23ktydroxycyelopentyl)methyl
s-ulfarnate 1-35
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[0126] Compounds of formula (I) wherein X is NH can be prepared from

compounds Ix. As shown in Scheme 13, alcohol Ix i3 treated with N-Boc-sulfonamide under
Mitsunobu conditions, such as triphenylphosphine and DEAD in ethyl acetate under
elevated texnperature to afford protected sulfamide Ixix (Method AK). The TBDMS group is
deprotected using a suitable adid, such as aqueous HCl (Method AL) to afford Ixx. The final
deprotection of a Boc group is carried out using a suitable reagent, such, as TFA in
methylene chloride (Method AM) to give bxxd.

Scheme 14:  General route to 4&-substituted (15,25 4AR)-2-hydroxy-4-{7H-pyrrolo[2,3-d]-
pyrmidin-7-yllcyclopentylimethyl N-methyl sulfamides

?B HG
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[0127] Compounds of formula (1) wherein X is ~IN(CFEL)- can be prepared from

compounds bix. Ag shown in Scheme 14, sulfamide Ixix is reduced with a suitable agent,
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1-36
1(15,28,4R)-4-(4-{[(13)-5-fluoro-2,3-dihydro-ili-inden-1-yllamine)-7H-pyrrolo(2,3-alpyxixnidin-7-y1)-2-hy
droxycyclopentyllmethyl 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)rneth
yl sultanate 1-39 [(15,25,1R)-1-(1-antlino-711-pyrrelo[2,3-d]pyrimidin-7-y1)-2-
11ydroxycyclopentyllmethyl 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-Acyclo
pentylimethy| sidiaRatenii] #n THF under elevated termperatuxe to afford protected N-methyl sulfamide

1(15,25 4R)- - 4 | . -
1(15.25.48) 1 fretloind (ORI el pmiaakT ol R S, st as queons

((13,25,4R)-2Hyheirefsed (otgastersddméhzy ) amin0]-7H-pyrrolo[2,3-4-
pyrimidin-7-yl)eyclopeutyl)methyl sulfamate 1-14

1(15,25,1R)- 15¢bemtiayiy |- 4Syrissiq pf (15.3HARBZR5sHTH #-?12 Deiblioyrytébiaffdethy !

sulfamate dihydro-1H-inden-1-ylamino}-7H-pyrrolof ﬁﬂpynm:dm-?—
yllcyclopentyDmethyl methanesulonate

Lo S S
o i J Methpd AG (.-‘Il‘*jd Method AP (I!-}N Mathod AQ
Hc{lng \‘:"‘"‘Of - d Ixxix l\l:?s/ d .

O'TBDMS TEDMS TBDMS
& “tH €§"NH CSD-.NH
- Mathod AS
N éfj Mothod AR étll\).,}N Mamu; J b,
Cf N~ p Ham..gp ' NN
0:( Ho~"" \ el o~ g i
qTBDM‘?‘ CETBDMS qTBDME
=N
— qb
Ho
{0128] Compounds of fornula (I) wherein X is O and m = 2 can be prepared from

compounds be As shown in Scheme 15, alcohol Ix is transformed to a suitable leaving group,
such as mesylate Ixxix, using methanesulfonyl chloride and an appropriate base, such as
triethylamine in DCM (Method AQ), The formed mesylate is displaced with a nitrile group
using a suitable nucleophile, such as sodium cyanide in. DMSO under elevated temperature
(Method AP) to afford nitrile ook, which is reduced to aldehyde bexxd using a suitable
reducing agent, such as DIBAL in DCM (Method AQ). Further reduction of Ixxxi using a
suitable reagent, such as sodium tetrahydroborate in methanol affords alcohol Ixodi
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1-45 ((15,25,1R)-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
R1S,25,4R)-2-hydroxy-4-(4-([2-(tdfluoromethyl)benzyllamno)-7H-pyrrolo[Z3-d]pyrirnidin-7-yl)eyclopent
ylmethyl sultanate 1-48
((15,254R)-4-(4-[(1.-chloro-2-niethylbenzyl)a.mine)-7H-pyrrolu(2,3-c/Ipyrimidin7-y11-2-hydroxycyclope
ntylrnethyl sultanate 1-49 ((15,25,4R)-441-(benzylamino)-711-pyrrolo[2,3-dipyrimiclin-7-y1]-2-
hydroxycyclopexttylimethyl sultanate 1-50
1(15,25,41R)-2-hydroxy-441-(2-methyl-2-phenylpropyl)-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-
hydroxyeyelopesatydbirethylsutiasmais tobdi with a sulfamating reagent, such as chloresulfonarnide in

(15,25.4R) 2 gyl (1B, 250 G S WM A M b heilpL2.3- 01y

idin-7-y1 t te 1
TETS ISR 3yS )Z(F:FSf;E;&K‘F?HH @%%ﬁﬁ%ﬁ%"ﬂ%?ﬁ%@%ﬂ@%mm? clopentyllmethyl

sulfarnate 1-HF.pyridine, in pyridine/THF according to Method AS yields compounds of formula
f(15,28,1R)-Zhyglroxy-4-(4-1[(11Z,25)-2-isopropoxy-2,3-ciihydro-111-inden-1-yllamino)-7H-pyrrolo[2,3
4pyrimidin-7-yl)c-yclopentyllmethyl sultarnate

Scheme 16;:  Synthesis of Diastereoisomeric mixture of (15,2R AR -4-{4-1(15)-2 3-dihydro-
1H-inden-1-ylamino}- 7H-pyrrolol2,3-dlpyrimidin-7-y1}-2-
hydroxycyclopentyl sulfamate and (1R,25,48)-4-{4-{(15)-2,3-dihydro-1H-
inden-1-ylamino]-7H-pyrrolol2,3dlpyrimidin-7-yl}-2-hydroxycyclopentyl
sulfamate

Mecihod AU
Method AT 3

@mn Mot A - Q'ojs . _
a— Looevi ° H%“‘-@
Q‘\’ 6‘) Mehod AY i, O‘ Q\fh 5} Mot AW

Imsxevili Troexci
I e e L
H’-r‘r Cr Nz Q.v.z:( 3 N"“'-’k
) HaN "o el
[0129] Compounds of formula (I) wherein X is O and m = 0 can be prepared from

3-cyclopentene-1-ol (Ixoexv). As shown in Scheme 16, alcchol ooy is activated by
transformation to a suitable leaving group, such as mesylate boxvi using methanesulfonyl
chloride and an appropriate base, such as pyridine and DMAT in DCM (Method AT).
Treatment of mesylate boorvi with base bxxcvii in the presence of cesium carbonate in DMF
under elevated temperature (Method AU) affords boecviii. Treatment of alkene boxviil with
an appropriate chiral dihydroxylation agent, such as AD-mix-c (Sigma-Aldrich) in fert-butyl
alechol (Method AV) gives diol bocxix, which upon sulfamation with chlorosulfonamide as
described in Method T affords a diastereoisomeric mixture of sulfamates xe and xei (Method

AW),
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1-55 :
((2$,ISAR)-5-14-[(15)-2,3-dihydro-113-indert-1-ylarnino]-7H-pyrrolo[2,3-d]pyrirnidn-7-y1)-3-hydroxytetr
ahydrofuran-2-y1l)methyl sultanate 1-56
N-g(15,25,4R)-1-11-[(15)-2,3-dihydro-lii-inden-1-ylamino]-711-pyrrolo[2,3-dipyrirnidin-7-y1)-2-hydroxyc
yclopentypraethylisulfamide 1-57
((23,35,5R)-516-(benzylamino)-9H-purin-9-y11-3-hydroxytetrallydroturan-2-ylimethyl 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-((1S,25,4R)-4-141(15)-2,3-dihydro-1H-inden-I-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-ylatuirgg-7H-pyrm1012,3,11-
pyrimidin-7-y1)-2-hydroxy4-inethyleyclopentyl)methyl sulfamate 1-61

1015,25A) {4154 hory dcliplien HodeRd RSk delaasses sl or e
pyrrolo[2,3-d]pyrimidin-7-y1)-2-hydroxycyclopentyllmethyl sulfarnate 1-62_ . . .
{(15,25,4R)-BAEPRELSP.£F RERRPIRSN ) HEmE K 5 R R by P T AR -y 1)-2-
hydroxycyelepgigiyiiibst fhstiniEe 1-63 )
f(15,25,4R)-4-(4-{[(1R)-4-thloro-2,3-dihydr0-111-inden-1-y1]alninOIl-7H-

H'.' Hi Re
e
Haa__‘
© O““ Hd
| RO
R (%)

wherein:

depicted stereochemical configurations indicate absolute stereochemistry;
R’ is fluoro, C, , aliphatic, or C,, flucroaliphatic;

™ and ™ are each independently hydrogen or a hydroxy) protecting group, or R
and R together form a cydic diol protecting group; and

the variables R®, R®, and R’ have the values and preferred values described above for

formula (I).

[0131] - Asused herein, the term “hydroxyl protecting group” refers to a chemical
group that i) reacts with a hydroxyl functional group of a substrate to form a protecied
substrate; if) is stable to reaction conditions to which the protected substrate will be
subjected; and ifi) 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 1,3-diols may be individually protected or may be jointly
protected with a cyclic diol protecting group. Exarnples of suitable hydroxyl protecting
groups and dio] protecting groups may be found in T.W. Greene and P.GM. Wuts,
"Protective Groups in Organic Synthesis”, 3rd Ed., John Wiley & Sons Inc., NY (1995).

0132} In a particular embodiment, the compound of formula (VIZI) is represented
by the formuta:
Ho™
HalC*g
OH



pyrrolo[2,3-ripyrirnidirt-7-y1)-2-hydroxycyclopentyllmethyl sulfarnate 1-64
1(15,25,4R)-4-(4-([(15)-4-chloro-2,3-clihydro-1H-inden-1-yliarn1n0]-711-
pyrrolo[2,3Apyrimidin-7-y1)-2-hydroxycyclopentylimethyl sulfamate 1-65
[(1,5,2SAR)-444-[(15)-4-brorno-2,3-dihydro-1H-Mden-I-ylJaminol-7H-
pyrrolo[2,3-alpyrirnidin-7-y1)-2-hydroxycyclopentylimethyl sullarnate 1-66
[(15,25,4R)-4-(4-1[(15)-7-fluoro-2,3-dihydro-111-inden-1-y1)arninol-7Hpyrrolo[2,3-4]pyrimidin-7-y1)-2
-hydroxycyclopentyllmethyl 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-d 1pyrirnidin-7-y1)-2-hy
droxycyclopentyl)methyl sulfarnate 1-69
r(15,25AR)-Z4pfiafilioro-41 AR EnRdn avopas PiBscitymipovid of ingemla (X):
yliamino)-71-1-pyrrolo[2,3-d]priminlin-7-y1)-2-hydroxycyclopentylimethyl sulfamate 1-70
[(15,25,4R)-4-(4-11(1R,15)-2-ethoxy-2,3-dihydrgt r1w|i=t‘t'*blen-l-yl]amino)-?l/-
pyrrolo[2,3-dipyrimidin-7-0)-2-Iaydroxycyclogen lim wifaxnate
[(15,25,4R)-2-hydroxy-4-(44[(1R,25)-2-hyd?5'x~y- ,3-dih #D1-inden-1-
yIiaminoI-?H-pyrnalo(Z,3-d3pyrimidin-?-yl)cyclopeﬁlill v sulfaxnate 1-71

R™ )
wherein:

depicted stereochemical configurations indicate absolute stereochermistry;
R™ is hydrogen or a hydroxyl protecting group; and

R" is hydrogen or a hydroxyl protecting group; or

R™ and R™ together form a cyclic diol protecting group; and

the vatiables R®, B B, and R’ have the values and preferred values described above

for formula ().
(0134} In one embodiment, the compound of formula (X) is characterized by
forrmula (Xaq):
n';" Re
LA
Al @ ge R® (%)

wherein Ar is an optionally substituted aryl group. In some embodiments, Ar is an
optionally substituted phenyl group. In certain embodiments, At is para-methoxy-phenyl.

[0135] In certain particular embodiments, the compound of forrnula (Xa) is selected
from the proup consisting of:
'™ " e . ver Falsl e,
Q.?o ¢ Q-’o Ho' Q::‘n HO Q.-o
o Ar)_ O tH, , o™ . and HO™ B, P

wherein Ar is as described above for formnla (Xa).

[0136] The invention also provides a compound of formula (XT) or forrmula (XTI):
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1-72 [(15,25,4R)-2-hydroxy-444-4(1R,210-2-methoxy-2,3-dihyciro-11/-inden-I-
yliaminol-7H-pyrrolo[2,3-4pyrimidind'-y1)cyc10penlylknethyl sulfamate 1-73
(E)-2-((15,25,4.R)-4-(44(15)-2,3-dihyclro-1H-inden-I-ylamino]-7Ef-pynolo[2,3-
d]pyxiraklin-7-ylf-2-hydroxycyclopentyl)ethylenesulfOnamide 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
Ipyrimiclin-7-yl)cyelopentyljmethyl)sulfatMde
N-W15,25,4R)-4-14((15)-2,3-dihydro-1H-inden-1-ylamino]41/-pyrrolo[2,3-
dippin-Liclin-7-y1J-2-hydrox-ycyclopentyl)methy1W-methylsulfamide 1-75 1-76
24(1.5,2SAR)-4-14-1(15)-2,3-51hydro-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-ilf-inden-1-ylatninoi-71-1-pyrrolo[2,3-
d]pyrimiclin-7-y1)-2- hydroxycyclo | sulfamate 1-78
(1R,7-5,45)-4-14-n19)-&B- ﬁmyd Q 1-inden-l-ylamthol7H-pyrrolo[2, &
alpyrirnidin-7-A-2-h apeiityl sulfarnate 1-79
[(15,25,4R)-2-hyrbbyy ﬂ 4 1 ,7_R)-2-(rnethoxyrnethyl)-2,3- cﬁ]yd‘?

J,,"

(XIn)

wherein:

depicted stereochemical configuratiors indicate absolute stereochemistry;

R™ is hydrogen or a hydroxyl protecting group; and

R™ is hydrogen or a hydroxyl protecting group;

R™ is hydrogen or a hydroxyl protecting group; ot

R™ and R together form a cydlic diol protecting group; or

R™ and R* together form a cydlic diol protecting group; and

Ring A and the variables R", R’, K, and R have the values and preferred values
described above for formula (I).

(01371 Tn some embodiments, the compound is characterized by formula (XIa) or
(XIIa)

‘(X.Ta) {XT1a).

[0138] In certain embodiments, the invention relates to a compound selected from

the group consisting of:
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1-yliaminol-7H-pyrrolo[2,3-dIpyrimidin-7-yl)cyclOpentyljmetlyl sulfamate 1-81)
[0.5,2SAR)-2-hydroxy-4-(4-(R1S,25)-2-(methoxyrnethyl)-2,3-dihydro-11-1-inden-
1-y1llamino)-71/-pyrrolo[2,3-dippimidin-7-ypcydoPentylimethyl sulfamate 1-81
R1S,25,4R)-2-hydroxy-4-(4-1[(1R,2/2)-2-rnethy1-Z3-dihydro-11-1-indendyllatuino)-7H-pyrrolo[2,3-dipyr
irnidin-7-371)cyclopentyl3methyl sulfarnate 1-82
[(1S,25,4R)-2-hydroxy-4-(441(1S,2S)-2-rnethyl-2,3-dihydro-Iki-inden-1-
yllarnino)--7H-pyrrolo[2,3-tflpyrimidin-7-y1)cyclopentylimethyl sulfaxnate 1-$3
1(18,25,4R)-4-(4-WIR,2R)-2-ethy1-2,3-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-114-inden-1-yllaminoi-7Hpyrrolo[2,3-41pyriznidin-7-y1)-
24ydroxycyclOpentylimethyl sulfarnate 1-86

[(1.5,25,4R)-2-hydroxy~4<0-4(1R,2S)-2-

1-yliamino}-71-1-pyrr ,3- dipyriraidi
((15, 25 4R) -4- (JR 2,3- d|hy

HD’M'CgL) HD/'"&E) < £
‘ Slon W'Y,
HO™ . CH , and

[0139] In certain other embodiments, the invention relates to a compound selected
from the group corsisting of:
o "'&9 Ho" "
?“ '? GHE I
=12 Fee ua ;

wherein R™ and ®™ are each independently a hydroxyl protecting group, or R™ and
R” together form a cyclic diol protecting group.

[0140] In certain other embodiments, the invention relates to a compound selected
from the group consisting of:

- ,—-.,ﬁ H@"Q/"Efl) H f A \“&D
™o N CHa
HO .

\“
¢ oh,
Rea and A

wherein R™ and R™ are each independently a hydroxyl protecting group. Insome
embodiments, R™ and R™ are selected 50 as to allow selective protection and deprotection.
In certain embodiments, R* is an acyl protecting group, and R™ i a silyl protecting group.
In a particular embodiment, R™ is acetyl or substituted acetyl, and E“ is tert-butyl-
dimethylsilyl or tert-butyldiphenylsilyl.
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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 [0110]Scheme
1 above shows a general route for preparing compounds of formula (1), wherein Ring A has
formulaThose of ordinary skill in the art will recognize that compounds of formula (I) wherein Ring A is
other thancan 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 al., Bioorg. Med. Chem. Lett., 2004, 14,5247-5250;1. Heterocyclic
Chem., 1988, 25, 1633-1639). As shown in Scheme 1, conversion of compounds of formula | to
substituted pysmlﬁﬁyﬂqmmbﬂe@‘iﬁmmﬁshed by coupling with the appropriately substituted amines
or mercaptans (see Pathak, AK; Pathak, V.; Seitz, L.E.; Suling, W.J.; Reyn s, R-C., J. Merl. Chem.

20(14, 47, 2¥B6) at ele éﬂ"t@’ﬁt‘b‘é‘tﬁﬁfr‘%"ﬁt%&ﬂt}%ﬁfsh’% RALBEAFI, using
an appropndteﬁwﬁa;budmmﬁtﬁﬁﬂdem&tﬂi&@@hd@%ﬂ@maﬁw ﬂ%ﬁlépﬁm&ﬁﬁs i can be

coupled withﬁ@a&sﬁma@tﬁﬁm&w&ﬂ@t@t\m@ Whid Jedthe meseasp@ifeese osuth as KOH, at

refluzing tem eratures‘(Method Bi)_l n}ou ds ffor uIa Frhll_lalsob tre dﬂwn Cég
reagents in the “presence SPIEC & acety St ate In ﬁ\ﬁ Srovide CArbon? su stltuted

pyrrolopyri rmﬂtﬁéglae%ﬁéﬁﬁ%mﬁaﬁélbﬂébﬁmwwtﬁ%ﬂ% ﬁf@‘bﬁéﬁﬁ% o FErdeLuitable
base, such gadienlyki-iivid &l oeail roapikhaiaide. af :'eth&ﬂﬁed wmpﬁrademmmaﬂﬁaﬂtw D).
[0112]For prﬁ?@ﬁﬂ%l%i%%}o%@gﬁtﬁmﬁ@?ﬁe@oﬂ(@ 3. 2R hR& 4as

deoxygertatlon can be effected at this stage Thus, a WfP/?atlon 01) compounds of formula iv tg provide

xanthates v TEYSRECREBY RIS tﬂ‘%’ﬁﬁ)‘? &R B RAYETG 78 AR A 8 R4 S5 "L uch as
DMA?, in D@MME?dE@@MMIMMWMH@@ﬁME{ deteih bareve pperaedment with

a)ragicbal soméﬁuﬁWummnmamweimasgdw%a@ AR iousihengioiuens (Vethod
F), Subsequent de rote on with a e ch.as AcOl ounds
of formula vff. éJE)F?}marﬁ]aco tﬁg lgﬁ ?S‘t}r? 1iléue%ect%eglae) pﬁ%%%:gt!:%&qéwwnh a
bulky sily1 h@?ﬁv&w@ﬁ%ﬁ %#mdsmEW%éﬁméﬁmwa%m PR IR EBr s the

protected aloohotsmﬁ:ﬁﬁmufﬁmlc(ﬁmmﬂdb]n&) (e etthitvetceprotelticniepehdeptinguisiicaiml using a
fluoride reagepi, SUERR aﬂﬂﬂ@@m S0 ULRNRe il Phaseal tt&ugtamwﬂﬁeeﬁpgm pides

oo e %@g%atﬁé?%a&?ﬁmem ?Vélﬁr‘hé%f‘?é AT SREUoStR as
ammonia, Asubsiegikshabterdimpioliviaitbentt yiaitircamhpotmdrbilfcnion & Xiistabilization of p27,
stabilization of IxB); detection of inhibition of UPP activity; detection of downstream effects
of protein E1 inhibition and substrate stabilization (e.g., reporter assays, e.g., NFkB reporter
assays, p27 reporter assays). Assays for assessing activities are described below in the
Experimental section and/or are known in the art.

[0142] One embodiment of this invention relates to a composition comprising a
compound of this invention or a pharmaceuticaily 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 vino. Examples of such prodrugs
include the physiologically acceptable and metabolically labile ester derivatives, such as
methoxymethyl esters, methylthiormethyl esters, or pivaloyloxymethyl esters derived from a
hydroxyl group of the compound or a carbamoyl moiety derived from an amino group of
the compound. Additionally, any physiologlcally acceptable equivalents of the present
compeoumds, 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

inventon.
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Scheme 2:Alienate mute for the synthesis of 4-N-substituted (IS,25,4R)-2-hydroxy-4-
{7ff-pyrtolo(2,3-dThyrimidirt-7-ylicyclopentyl)xnethyl sultanates (01141Compounds of formula (1),
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 sulfones 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

(Methodllvl) @ﬁm@r to IIter%gi@ﬂﬁ@@&%ﬂmleé&lg&bﬁgaﬁ%fwm@mmmm@ﬁa@naoﬁaay 3;]499)
Removal of t tecting group is,acco IS in nner_analogpus t C Scheme 1,
Selie: R R I P B e B

using the proce eSered. St ormula xvii. s for t ynthe3|s of

tert-butyl chRsAgiswfshipeesblraeyiews aﬁwﬁb&mﬂmﬁayeﬁaaw em&ﬂgl’ma FhéH1-Bbo2, 10,
1509- 1523)¢130%) thila Iageighis. qaeisdericaivehavits tieprinary, il Lsing aeindsred base,

such as 2’6-gj-tﬁ{'g‘§’ﬁ!)wﬁ]%@wme 66061 solvent, such as AcCN, to afford Boc sulfarnates of

formula xix eprotection according to Method 0 yields the compounds of formula xx.
The converdionig¥ compomﬂﬁﬁ&iﬁﬁg ¥uifjaes bespitidné abidchditayesaiteilgdedeniiisrtmgolution

phase library, UnstittedeRouiSs:s 6, M@Pﬁ@&&&e,
fans)Methods%Qr%}\e syn eS|s the w%ﬁghﬁﬁa%egiﬁkene diol xxi arﬁlknown

Nucleotides BRIRFE AT G E’fﬁﬁ?f‘ﬁ%ﬁ?ﬁmﬂ e C%Aéggﬁc?{m S converted to
epoxy diol r@hﬂﬂ%ﬁ@fﬁ@@é@@%ﬁﬁ@ﬂﬂ%ﬁ%ﬂ%@%yﬁ@@%ﬁ%@%ﬁowd%
epoxide iii. MigEbive 1y dRERRSiREIRGLHS m@Hﬁ,MﬁM@mm%WﬁﬁMMMMMDn gives
the a,B-unsaturat Fm%;%rﬁaéq]hf@ qmg &g ﬂ;&g@q&%&eg&y‘gﬁgrﬂm EQEQME and

in XXIV.

treatment WI row esdie OX|dat|on and diol protection affords the protected
substituted éﬁﬁﬂ@?ﬁP@?ﬁéﬁ@E%@ﬁé’éﬂrﬁt@Yé}We@?mﬂ% B Si REE Fhinoindang

thiocyanate, tosylate and undecanoate,

[0145] Suitable base addition salis include, without limitation, ammonium salis,
alkali metal salts, such as soditun and potassium salts, alkaline earth metal salts, such as
caleium and magnesium salts, salts with organic bases, such as dicyclohexylamine salts,
N-methyl-D-glucamine, and salts with amino acids such as arginine, lysine, and so forth.

[0146] In sorne embodiments, the invention relates to an acid addition saltof a
compound of formula I 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 I.

[0147] In some other embodiments, the invention relates to a base addition saltof 2
compound of formula I formed by deprotonation of the sulfamate (X = O) moiety, the
sulfamide (X = NH) moiety, or the sulfonamide (X = CH,) moiety, as applicable. In some
such embodiments, the invention relates to a sodium or potassium salkt of a compound of
formula I.

[0148] Also, basic nitrogen-containing groups may be quaternized with such agents
as lower alkyl hatides, 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.
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neat H2N tsiev), MthOtl P [01171The aminoindans used for the preparation of 4-aminoindanyi
compounds of formula :0zx 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 refluxing
th NC, gives aminoinclans of formula xxx (Method ()). One skilled in the art will recognize that the use
of (S)-2-amino-2-phenylethanol in Method P can be used to afford the opposite ertantiomer of indart
?0af. Scheme 5:General route for the synthesis of 4-substituted 0(15,25,4R)-2,3-dLihydroxy-4-
1711-pyrrolo(2,3-d]pyriraidin-7-yncyclopentyl)methyl sulfamates N

[0149] The term “pharmaceutically acceptable carrier” is used herein to refer toa
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

actve agent.

[0150] 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 powtders, 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.

[ons11 Pharmaceutically acceptable carriers that may be used in these compositions
include, but are not limited to, ion exchangers, alumina, alumitim stearate, lecithan, serum
proteins, such as human serum albumin, buffer substances such. as phosphates or
carbonates, glycine, sorbic acid, potassium sorbate, partial glyceride muxtures of saturated
vegetable fatty acids, water, salts or electrolytes, such as protamine sulfate, disodium
hydrogen phosphate, potassium hydrogen phosphate, sodium chloride, zine salts, colloidal
silica, magnesium trisilicate, polyvinyl pyrrolidone, cellulose-based substances,
polyethylene glycol, sodium carbogrmethylcellulose, polyacrylates, waxes,
polyethylene-polyoxypropyleneblock polymers, polyetiylene glycol and wool fat.

[0152] According 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,
parenterally, by inthalation spray, topically, rectally, nasally, buccally, vaginally or via an
implanted reservoir. The term “parenteral” as used herein indludes subcutaneous,
intravencous, intraperitoneal, 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
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H2N-g-e"-(1 8!-L Fiti 'OH xXxlv Method J 17N-ICI 0 x RO [01161Compounds of formula (1), 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 G). 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 moth?. Scheme
6:General route for the synthesis of 4-amino and 4-acylamino substituted
(c15,25,4R)-2-hydroxy-4-17H-pyrrolor2,3-1flpyrimjdin-7-ylicyclopentyl)methyl sulfatnates 9,
0ii2Nto'Cir  long-acting. Still further, compounds can be administered in a local rather than systewnic

means, such as administration (e.g., by injection) ata humor site.

(01531 Pharmaceutical formulations may be prepared as liquid suspensions or
solutions using a Liquid, such ag, but not limited to, an oil, water, an aleohol, and
combinations of these. Solubilizing agents such as cyclodextrins may be included.
Pharmaceutically suitable surfactants, suspending agents, or emulsifying agents, may be
added for oral or parenteral administration. Suspensions may include oils, such as but not
limited to, peanut oil, sesame cil, coionseed oil, corn oil and olive oil. Suspension
preparation may also contain esters of fatty acids such as ethyl oleate, isopropyl myristate,
fatty acid glycerides and acetylated fatty acid glycerides. Suspension formulations may.
include alcohols, such as, but not limited to, ethanol, isopropyl alechel, hexadeeyl alechol,
glycerol and propylene glycol. Ethers, such as but not limited to, poly(ethyleneglycol) ,
petroleurmn hydrocarbons such as mineral cil and petrolatum; and water may alse be nsed in
suspension formulabons.

(0154] Sterile injectable forms of the compogitions of this invention may be agueous
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 suspensionin a
non-toxic parenterally acceptable diluent or solvent, for example as a solution in
1,3-butarediol. Among the acceptable vehicles and solvents that may be employed are
water, Ringers solution and isotonic soditom chloride solution. In addition, sterile, fixed oils
are conventonally employed as a solvent or suspending medium. For this purpose, any
bland fixed oil may be employed induding synthetic mono- or di-glycerides. Fatty acids,
such as oleic acid and its glyceride derivatives are useful in the preparation of injectables, as
are natural pharmaceutically-acceptable oils, such as olive cil or castor oil, especially in their
polyoxyethylated versions. These oil solutions or suspersions may also contain a long-chain
alcohol diluent or dispersant, such as carboxymethyl cellulose or similar dispersing agents
which are commonty used in the formulation of pharmaceutically acceptable dosage forms
including emulsions and suspensions. Other commonly used surfactants, such az 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.
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H2N-g-cr'iry 8u Ht5 Haxi (01193Compounds of formula %XXV are prepared by the methods
described in Scheme 1. Treatment of ben2ylamines XXXV with an aqueous acid, such as AcOH,
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 acylating reagent of formula xocuviii
(X =ClI, 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 xi as well as amides xli. Scheme 7:General route for the synthesis of
4-substituted ((15,2S,4R)-4471/-pyrrolo- 12,3-dlpyriuddin-7-3.1)cyclopentylimethyl sulfamates
101203Compounds of formula (/) wherein le and le 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 prenaissg foIIowin'th phieaecutici Solpesigdns Shthjsrinantaicotay e esliytively protected
to give the digls of fo e é Qc%aéé’lﬁk?ﬁ I J?&%ﬁﬂ@ﬂﬁiﬁg ¥ tlndd HRRRER, {illidazole in
as to yield

a suitable solvent suc xole t ignes xliv (Method Ti). 'Treatment Wi for.ora
1,3-ditnethyl-2BREng U SHRERASIRES SR SRRIHE WA E APPSO AT S AER AL TR ARl
elk-eyes of fmmum@mmm@e@mh@mmﬂw@mmﬂwmmw&%&% to
afford sulfarnages g\ ﬁﬁﬁ”ﬂg&ﬁ@%ﬁp&ﬁ&dﬁ%ﬁ&dﬂﬂbﬁcﬁﬁes&ﬂmﬂfﬂﬁﬂtalyst

such as palladium on ébon | éﬁ‘%“ Sg&ﬁ"%&%ﬁﬂ%}%ﬁ%@% BV AMEINGd W

Scheme 8: Symtﬁ Hasro pyrro pyrimidines 121-1Compounds of formula (I) wherein

Rk Is Other tﬁaﬁqﬁméﬂraﬁé%afe&%rﬁmwﬁ%‘%ﬁ ?&é@‘%ﬁ*@%ﬁ%&‘%ﬁ%f—r‘&f hloro
pyrrolopyrlmldgmpsl,\aum eﬁ&cﬁgdedwrtreﬁméuamtﬁaﬁemtﬂupmded Coatings may be used for a

(1-chloromethy - 44luom:1d:siazonia %@%Zt’looma&ed@% E@wﬁﬁu@mﬁ@mwpﬁa%ﬂmmcm
Compound xlviii is'then substituted with the agpro substi1 ents acco %f% o Me s A-C and
?&%@EB dier

carried on to BEPHISLARAS 3£%5Mn G183 Hye5 855 RS TERY Hate rc%&teo 10 of
4,5-disubstituied ¢@psale,410-2-hydroxy-4-17H-pyrrolo-

. {o0156] Alternatively, 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 excipient 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 ateas 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.

{01581 ‘Topical application for the lower intestinal tract may be effecied in a rectal
suppository formulation (see above) or in a suitable enerna formulation.
Topically-transdermal patches may also be used. For topical applications, the
pharmaceutical compositions may be formulated in a suitable cintment containing the active
component suspended or dissolved in one ot more carriers. Carriers for topical
administration of the compounds of this invention include, but are not limited to, mineral
oil, liquid petrolatium, white petrolatury, propylene glycel, polyoxyethylene,
polyoxypropylene compound, emulsifying wax and water. Alternatively, the
pharmaceutical compositions may be formulated in a suitable lotion or creamn containing the
active components suspended or dissolved in one or more pharmaceutically acceptable
carriers. Suitable carriers indlude, but are not limited to, mineral oil, sorbitan monostearate,
polysorhate 60, cetyl esters wax, cetearyl alcohol, 2-octyldodecanol, benzyl alcohol and

waber,
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12,3-dlIpyrintiditt-7-ylicyclopentyllniethyl sulfamate_s [Din]Compounds of formula xlix are prepared as
shown in Scheme 1, and are converted to iodide 1 by treatment with NIS (Method X). lodide | can be
converted to compounds of formula li using a variety of palladium-catalyzed coupling conditions, such
as Sanagashira coupling (Cul, PdC12(PP14),, D1PEA, RIC-*01, Method 1"). Following the methods
shown in Scheme |, compounds of formula li are converted to final compounds of formula (1). Scheme
10: Synthesis of ((25,36,4R5R)-5-(4-falkylarninol-ni-pyrrolo12,3-Apyrirnidin-7-
y1)-3,4-dihydroxy-tetrahydrofttran-2-ylhnethyl sulf-aroates 110 B143.TRF WON, Hz0 0 HO 0.1 N
112504 Ha KOH. Phati.H lig 0 O ----- Ip.- 2.2-Shnethoxypropanc™tyOH p-TSA_5cHe

[0159] For ophthalmic use, the pharmaceutical compositions may be formulated as
micronized suspensions in isotonic, pH adjusted sterile saline, or, preferably, as solutions in
isotondc, 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 ointrnent such as petrolatum.

[o160] The 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 salutions in saline,
employing benzyl alcohol or other suitable 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.g., cancers, inflarnmatory, neurodegenerative disorders). Preferably, the
composition is formilated 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 adminisirationn. 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 emnbodiments, the pharmacentical composition of the invention may further
comprise another therapeuntic agent- Preferably, such other therapeutic agent is one
normally administered to patients with the disorder, disease ox condition being treated.

[0162] 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 Bl enzyme activity and/or the severity of the disorder or disease state being
treated. “Therapeutically effective amount” is also intended to indude 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
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illlv TIMMS-CI imidazole RO [0123)Compounds of formula (/) wherein Y is -0- can be prepared from
compounds lviii. The synthesis of compounds of formula Mil is reported in the literature (Igarkar, B.G.;
Castel/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-climethoxyproparte and subsequent
protection of the primary alcohol using TBDMS-CI gives alcohol lvi. Selective chlorination using CC14
and HMFT in toluene affords the single ertantiorner Ivii. Glycosylation using compounds of formula i
gives intermediates of formula frit 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-'1 8% Fiseesiesr B slwwidalee ke ensisevtaar shaka caenifindames pubarasmpbiasmast formula

(1) wherein XlaﬁlprHnaﬂnbﬁmmmﬂrHEpmnmowndﬁéﬂt SEEEIN RniEhGHRE e divaiolofiftis
protected as &, b%:ﬁ@ e 1A AR UM Sﬁg‘hﬁndh%.'tegéﬁﬁal%ﬂh@%&'%@'%mﬁﬂ%nd

4-DIVIAP (Met od Z). Selective 6 deprotectlon of roup to IX Is effected using

aqueous acet®hGH a’E‘E‘r&?&f‘é’d"f@Pﬁ‘Bﬁ‘?&fﬂ#&W m&saem %&m@%%%sa%&?&%n of
alcohol Ix usirigerPagrhndidesyimd rosddanity sf thegsitivtOn disthecbaiBy, Teatatin éntotaiteipedts Xi

wEh ﬁdiethoxyﬁhmwyn@mﬁmalaﬁuﬁm?&seaqﬁMﬁﬁ%&@:@%ﬂﬂg&h@%%&%@lkene Iii,
which Is In turp (S} Sulto ester. Ixii u a suitahle re SO m
B R BRple P b

borohydride in ethanol (Met y VS t‘héq%rmer ester microwave
conditions (MEMET HE) HraL &Rﬂ"'ﬁ(f\'ﬁ"&ﬁf‘ﬁ'&ﬁ ire grimanistRTRd i oo BrORSEIBeNSArBRESHIEe Ixv via
intermediate ghibtytrebmniie:using theorty) clativicegentd Hreferabiyntdiei axibdioxdaddivetiabd AY).

TBDMS depr%g&waﬁt%m%m%mw BdReodds 6z IMSIRRAARI ALY Sresent

sulfonamide Ixvi, Scheme 12:

(D) 08 2. S A I oP A HS E AeS e b I eEap e BRI 8E5 S B i 7-0.2-
hydroxycyclogerdyjlethylenegidioheraisieent QA inlRentMa et B 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 marmmal, or extracts thereof; and body fluid (e.g., blood, serum, saliva, urine, feces,
semer), tears) or extracts thereof, Inhibition of E1 enzyme activity in a sample may be

carried out in pitre or in vivo, in cellulp, or in sify.

[0164]) In another embodiment, the invention provides a rnethod for treating a
patient having a disorder, a symptom of a disorder, at xisk of developing or experiencing a
recurrence of a digorder, comprises administering to the patient a2 compound or
pharmaceutical composition according to the invention, Tl.'eaﬁr;g 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 atherwise reduce capacity of a cell or tissue {eg., an
aberrant cell, a diseased tissue) to mediate a disorder, e.g., a disorder as descvibed herein
{e.g., a proliferative disorder, £.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 metastasaes
and does not necessarily indicate a total elimination of growth.
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TBDMSe fri  [01251Compounds of formula, () wherein Xis -ClI-1= can be prepared from compounds
bd. As shown in Scheme 12, tert- butylladiphertylphosphoryl)raethylisvif onylicarbalna is treated with
n-BuLi and the formed reagent is mixed with aldehyde Ixi (Method ATI) to give protected vinyl
sulfonamide Ixvi. The 13oc group is deprotected using a suitable Lewis acid, such as Zrd3r, (Method
Al) to afford Ixvii. The final deprotection of a TBDMS group is carried out using a suitable reagent,
such as TBAP in THE (Method A)) to give Ixviii. Scheme 13: General route to 4-substituted
((13,2S,4R)-2-hydroxy-447H-pyrrolo[2,3-4)- pyrimidin-7-ylicyclopentyl)methyl sulfantides  NH
tdethod AM N H2N- [0126)Compounds of formula (I) wherein X is NH can be prepared from

[0165] Disease applications include those disorders in which inhibition of E1
enzyrne activity is detrimental to survival and/or expansion of diseased cells or tissue (e.g.,
cells are sensitive to El inhibition; inhibition of E1 activity distupts disease mechanisms;
reduction of E] acivity stabilizes protein which are inhibitors of disease mechanisms;
reduction of El aclivity 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 ubiguitination activity, which activity can
be regulated by diminishing E1 enzyme activity (eg., 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 ubiguitin
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.,
NFExB activation, p27kip activation, p21w‘w ™ activation, P53 activation) which are regulated
by E1 activity(e.g., NAE activity, UAE achvity, SAE activity). Relevant disorders include
proliferative disorders, most notably cancers and inflammatory disorders (e.g., rtheumatoid .
arthrifis, inflarnmatory bowel disease, asthma, chronic obstructive pulmonary disease
(COPD), osteoarthritis, dermatosis (e.g., atopic dermatitis, psoriasis), vascular proliferative
disoxders (e.g., atherosclerosis, restenosis) autolmmune diseases (e.g., truiltiple sclerosis,
tissute and organ rejection)); as well as inflammation associated with infection {e.g., immune
responges), neurodegenerative disorders (e.g., Alzheimer’s disease, Parkinson’s diseasg,
motor neurone disease, neuropathic pain, triplet repeat disorders, astrocytoma, and
neurodegeneration as result of alcoholic liver disease), ischemic injury (e.g., stroke), and
cachexia (e.g., accelerated muscle protein breakdown that accompanies various physiclogical
and pathological states, (e.5., nerve injuty, fasting, fever, acldosis, HIV infecton, cancer
afflicion, and certain endocrinopathies)).

[0167] The compeounds 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 suxrounding tissue, and /or ability to
establish new growth at ectopic sites. The term “cancer” includes, but is not limited to, solid
tumors and bloodborne fumors. The termn “cancer” encompasses diseases of skin, Hssues,
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compounds Ix. As shown in Scheme 13, alcohol Ix is treated with N-13oc-sulfonamide under
Mitsunobu conditions, such as triphenylphosphine and DEAD in ethyl acetate under elevated
temperature to afford protected sulfamide Ixix (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-pyrrolor2,341- pyrimichr.
1.-7-yucyclopentylimethyl N-methyl sulfaxnides 14H fl V Nre"-rf hoc 9 TBDMS Mix
10127ICompounds of formula (1) 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 agueous Ha (Method AL) to afford bait Scheme 15:
Synthesis of (15125 bpRe- cattilatn BgRi st ipessla T prmy FApFe). Sugtier encompasses primaty
dihydro-IH-indgndwtatatiRalantgyrrolo[2,5-dipyrirnidind- yncyclopentylknethyl methanesulonate

"NH'NH Qty method AON Method AP Ni . s
[0168] In some embodiments, the cancer is a solid tumor. Non-limitmg examples of

solid fumors that can be treated by the methods of the inverntion include pancreatic cancer;
bladder eancer; colorectal eancer; breast cancer, including metastatic breast cancer; prostate
cancer, including androgen-dependent and androgen-independent prostate cancer; renal
cancer, including, e.g., metastatic renal cell carcinoma; hepatocellular cancer; lung cancer,
including, e.g., non-small cell lung cancer (NSCLC), bronchioloalveolar carcinoma (BAC),
and adenocarcinoma of the lung; ovarian cancer, including, e.3., progressive epithelial or
primary peritoneal cancer; cervical cancer; gastric cancer; esophageal cancer; head and neck
cancer, including, 2.g., squamous cell carcinoma of the head and neck; mmelanoma;
neuroendocrine cancer, including metastatic neuroendoczine fumors; brain hurnors,
including, e.g., glioma, anaplastic oligodendroglioma, adult glioblastama multiforme, and

adult anaplastic astrocytoma; bone cancer; and soft tissue sarcoma.

{0169] In some other embodiments, the cancer is a hematologic malignancy.
Non-limiting examples of hematologic malignancy include acute myeloid leukemia (AML);
chronic myelogenous leukemia (CML), including accelerated CML and CML blast phase
(CML-BP); acute lymphoblastic leukemia (ALL); chronic lymphocytic leukemia (CLL);
Hodgkin's disease (HID); non-Hodgkin's lymphoma (NEIL), including follicular lymphoma
and mantle cell lymphoma; B-cell lymphoma; T-cell lymphoma; multiple myeloma (MM);
Waldenstrom’s macroglobulinemia; myelodysplastic syndromes (MIS), including refractory
anemia (RA), refractory anemia with ringed siderblasts (RARS), (refractory anemia with
excess blasts (RAEB), and RAEB in transformation (RAEB-T); and myeloproliferative
syndromes.

[0170] In some embadiments, the compound or composition of the invention is used
to treat a patient having or at risk of developing or experiencing a recxrence in a cancer
selected from the group consisting of colorectal cancer, ovarian cancet, 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 hernatologic cancer.

[o171] Depending on the particular disorder or condition to be treated, in some
embodiments, the E1 enzyme inhibitor of the invention is administered in conjunctHon with
additional therapeutic agent or agents. In some embodiments, the additional therapeutic
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cref teO ect I"a TBDMS TBEIMS 1TBDMSCf NH Method AS Method J ,Nse "Cf boaill TBDMS
[0128]Compounds of formula (1) wherein Xis 0 and in 2 can be prepared from compounds Ix. As
shown in Scheme 15, alcohol Ix 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 nitrile 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). TI3DMS removal by treatment with an add, such as
HEpyridine, iragapnitiinie 4 Erat sondimypity Mbtiotuass fe riienin potinte siserstrs sdioskeizie 16:
Synthesis of iasiereRISREPE BE AU WMABbnal therapeutic agents that are normally administered to
(15,212,412)-4-14-IIIS]I)-Z -dihydro311-inden-1-ylanjin l’é -p é;l i ymidin- =2-
hydroxycyclop&aty) &3 Fanaﬁlé%%oé iﬁo’éﬂ%‘}'%‘y@%g) %cﬁg%% Il%hgl By Belak I
inden-1-ylamissidriep beBereatioyrbnidin-7-y1)-2-hydroxycyclopentyl sultanate Leah

[0172] The E1 inhibitor of the invention may be administered with the other

therapeutic agent in a single dosage form or as a separate dosage form. When administerad

as a separate dosage form, the other therapeutic agent may be administered prior to, at the

same time as, or following administration of the E1 inhibitor of the invention.

[0173] In some émbodiments, the E1 enzyme inhibitor of the invention is
administered in conjunction with a therapeutic agent selected from the group consisting of
cytotoxic agents, radiotherapy, and immunotherapy appropriate for treatment of
proliferative disorders and cancer. Non-limiting examples of cytotoxic agents suitable for
use in combination with the E1 enzyme inhibitors of the invention include: antimetabolites,
including, e.g., capecitibine, gemcitabine, 5-fluorouracil or 5-fluorouracil/ leucovorin,
fludarabine, cytarabine, mercaptopurine, thioguanine, pentostatin, and methotrexate;
topoisomerase inhibitors, including, e.g., etoposide, teniposide, camptothecin, topotecan,
irinatecan, doxorubicin, and daunorubicin; vinca alkaloids, including, e.g., vincristine and
vinblastin; taxanes, including, e.g-, padlitaxel and docetaxel; platinum agents, including, e.g.,
cisplatin, carboplatin, and oxaliplatir; antibiotics, including; e.g., actinomycin D, bleomycin,
mitomycin C, adriamycin, daunorubicin, idarubicin, doxorubidn and pegylated liposomal
doxorubicin; alkylating agents such as melphalan, chlorambucil, busulfan, thiotepa,
ifosfamide, carmustine, lomustine, semustine, streptozocin, decarbazine, and
cyclophosphamide; including, .., 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., trastuzumab,
rituximab, cetuximab, and bevacizumab; mitoxantrone; dexamethasone; prednisone; and

termozolomide.

[0174] Other examples of agerits the inhibitors of the invention may be combined
with inc:lud;a anti-inflammatory agents such as corticosteroids, TN blockers, -1 RA,
azathioprine, cyclophosphamide, and sulfasalazine; imnmunomodulatory and
immunosuppressive agents such as cyclosporine, tacrolimus, rapamycin, mycophenolate
mofetil, interferons, corticostercids, cyclophosphamide, azathioprine, methotrexate, and
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(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 Ixxxv is activated by transformation to a suitable leaving
group, such as mesylate Ixxxvi using methanesulfonyl chloride and an appropriate base, such as
pyridine and DMAP in DCNI (Method AT). Treatment of mesylate Ixcxvi with base bc;ccvii in the
presence of cesium carbonate in DMF under elevated temperature (Method AT)) affords boccuviii.
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 Ixrdx, which upon sulfamatbn with
chlorosulfonamide as described in Method | affords a diastereocisomeric mixture of sulfarnate_s xc and
xci (Method AW). L01301The invention further provides synthetic intermediates useful for the
preparation of the compounds of formula (/). In one embodiment, the invention provides a compound
of formula (1X); wherein; depicted stereocherrdcal configurations indicate absolute stereochernistry; le
is fluoro, C.14 euialaeiog; entibaiershipH sadiviral apenin) Ridngerate fishilrlepoedetrdgtpdtsgdn or a
hydroxyl proteatidigngsui, gilbnardiRbhtogaibas otieLygiaiiol protecting group; and the
variables Rd. R.’, and R1 have the values and preferred values described above for formula (1).

[0131]As usedPER@in, the tdnardeydhekihisistestian ompte &disundsehmdiche frbowitmt ) reacts
with a hydroxypfepaticiel-getptpirsamhpleatartadoroma. mﬁﬁ%ﬁwasmtwim}%bﬁteﬂeaction
conditions to Wﬁlﬂ&sh}%;%ﬂide%é ﬁglg%g% gv&lps%ué)&cl “T%Hnﬁms ; IS renf‘lg_\l/able from a protected

substrate to liberate the hydroxy functlon al group under con \atare compatrb 2 With Other
functionality pré&&nt 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. Wults,
"Protective Groups in Organic Synthesis", 3rd Ed., John Wiley ex Sons Inc., NY (1999). 101.321In a
particular embodiment, the compound of formula (Viii) is represented by the formula: Hoe" HaC a 01-1
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[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 an 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): (Ka) 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:

EXAMPLES
Abbreviatons
AA ammonium acetate
AcOH acetic acid
AcCN acetonitrile
AIBN 2,2'-azobisizobutyronitrile
Boc tert-butoxcycarbonyl
DCM dichloromethane
DEAD diethyl azodicarboxylate
DIBAL diisobutylaluminum hydride
DIFEA N,N-diisopropylethylamine
DMAP N, N-dimethyl-4-aminopyridine
DMF dimethylformamide
EtOAc ethyl acetate
EtOH ethanol
FA . forrmic aeid
h hours
KQO-+Bu potassium tert-butoxide
LC/MS liquid chromatography mass spectrum,
LiHMDS5 lithium bis(trimethylsilyl)amide
m-CFPBA meta-chloroperbenzoic acid
MeOH methanol
MgsO, magnesium sulfate
min minutes
MS mass spectrum
MWI microwave irradiation
NIS N-ipdosuccimmide
NMO N-methylmorpholine-N-oxide
rt room temperature
TBAF tetra-n-butylammonium fluoride
TBAI tetra-n-butylamnmonium iodide
TBEDMS teré-butyldimethylsilyl
TFA trifluoroacetic acid
THF tetrahydrofuran
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wherein Ar is as described above for formula (Xa). 101361The invention also provides a compound of
fornuala (XI) or formula (Xal): wherein: depicted stereochemical configurations indicate absolute
stereochemistry; R 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 Ran and e together form a cyclic
diol protecting group; or C and le together form a cyclic diol protecting group; and Ring A and the
variables le, 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

TPAR tetrapropylamanotiut perruthenate
Analytical LC-MS Methods
{0176} Spectra were run on a Phenominex Lima Sum C18 50 x 4.6 mm column on a

Hewlett-Packard HP1100 at 2.5 mL/min for a 3 minute run using the following gradients:

Formic Acid Standard (FA Standard): Acetonitrile containing zero to 100 percent 0.1

% formic acid inwater.

Ammonium Acetate Standard (AA Standard): Acetonifrile confaining zero to 100
percent 10 mM AA in water.

Examplel:  ((15,254R)-4-{4-[(15)-2,3-Dihydro-1H-inden-1-ylamino}-7H-pyrrolo[2,3-d]-
pyTimidin-7-yl}-2-hydroxycyclopentyl)methyl sulfamate (Compound I-35)

Step a: (1R.2R 35,55)-3-(Hvdroxymethy)-6-oxabicyclof3.1.0thexan-2-0l
[0177] (18,55)-5-(HMydroxymethyl)cyclopent-2-en-1-oi (3.19 g, 27 9 mimol) was

dissolved in DCM (143 mL) and the solubon was cooled to 0°C. 3-Chloroperbenzoic acid
(7.52 g, 33.5 mmol) was added and the mixture was stirred at rt for 4 h. 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 0t0 100% EtQAc
in DCM to afford the tile compound (2.75g, 76%). LC/MS5: K, = 0.37 min, ES™ 131 (AA

standard).

Step b (1a5,1bR 5a5 6a5)-3-(4-Methoxyphenvhhexahydrooxirenol4,5cyclopentall 2-d]-
[1 3{dioxine

[0178] (1R,2R,35,55)-3-(Hydroxymethyl)-6-oxabicyclo[3.1.0Thexan-2-ol (3.65 g, 21.0

mol) was dissolved in DCM (121 mL) and the solution was cooled 0 0 *C. 1-
(Dimethoxymethyl)-4-methoxybenzene (10.7 mL, 63.1 mmol) was added followed by
pyridinium p-toluenesulfonate (530. mg, 2.11 mmol). The mixture was stizred at rt
overnight. TLC indicated complete conversion. The reaction mixhure was concenirated in
vacuo and the residue was purified via silica gel chromatography eluting with a gradient of
0 to 50% EtOAc in hexanes to afford the title compound (4.10 g, 78%). LC/MS: R, =1.68 min,
ES" 249 (AA standard).
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the group consisting of: [01391In certain other embodiments, the invention relates to a compound
selected from the group consisting of: wherein RnA and le” are each independently a hydroxyl
protecting group, or ra 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, let 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 1?" 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 romotln effects of EI enzymes in ubI conjugatlon to
target proteins{e-y HoRET- gt RatioN, Hecrey . :

Sl%nballng n}e%ﬁ\@% by U%l &Qﬂtttt%lmb | 61@@99911% m%maﬁaﬁ%h{e 9. N

inhibition of cullin- n [ 1on an eolysis quitin-prot e pathway

Thus. the coTBBHLGE F18 LA, %‘épai%%wwﬁﬁe% gﬂrn??’% e yme in viro

or in vivo, or fnlheﬂsc:bb)afﬁh{ahhemmgrﬂlﬁg ol idtAookplioitie chintfureteas et koresfiugr

methods knoyg 0 Eecatbd B&mm&@uﬂd%mau‘%ﬁsaeasaﬁaa@a@ac&pﬂuystmmﬁm&te El

enzyme aCt'V'tX:ﬂlr%f:ﬂté éﬁlternalt iye a&tt@meg%té:}th\\ntg “ﬁgﬁ ttlzlunl%_s ay ofatﬂ asegﬂgt Hglbagi'rect
ac n

cellular assays or assays 6f ownstreartene tivation to assess in ibition of downstream
effects of El itsraiieishthe §te nptbiiomd(277is-508)e AdeM S Romilidanor F70 Fibtadissdad)-example,
activity may be assessed by detectlon of ubl- conjugated substrates (e g ubI conjugated Vs,
neddylated cBttipsl:ubiqdiirRets -6l S IoRihteths nelters ‘e <5
substrate stabilization (& - hsitiy - i '

activity; dete fdown éL n Eli and tﬁ) e stahi tlon

reporter assa?é@a .0., NRc f@gg% g’ays epo@ ﬁass oR s%fip o7 asas’gs%ng act{\an?%s are
described betowif m@wﬁumpeeetmmém w@éﬁnﬁnﬁme&altermma@e%mw of
this inventioryel Ads(faeutg MResiaolcataiRiag ﬂtﬂ&l’msﬂ&t@fdﬁl ieénu&ﬂtiﬁmana@mﬁmeutically

acceptable sa?tt%n%rgg{eﬁggl@@}la &%Zﬁ% ’%%%ﬁ%?%ﬁn - S,MLI__\ S&{@B% t the

compounds 0 ctlona rups rov prodrug erlvatlves

s invention may b
which are caf¥&b T@ﬂf@%étﬁ&#ypb%&ﬂ%&ﬁ%ﬁaém BRSNS dBrugs
include the pﬂ;&olugmaﬂbmcamalﬁmmﬂmetabsﬁnaﬂyalallwtésteﬂdermaﬂmpeuci‘uaeme was

methoxymethyl e eiSwH GHBAINAMAN £515Fsd QRN RSN GS llR T MR 9B A BMEEOXY !
group of the compound or‘a carbamoyl m0|eté derlved from an amino group of the compound.

Additionally, Wi Y6 IG5 SR dxisi Fltegdirnd reanresrhpBdsduBti MRS the
metabollcalIM@@M@M@;MWW%}MW@WW&Mﬁmmm
described heé%t in VI L are %ta}t%r&% SGEPES of th'm&’f&‘gl?g,sg%) LC/MS: R, = 186 min, ES* 500.

(LI I N HD 'gl "4(‘. ﬁl\'rtl!_l.:

(AA standard).

Stepe: __ O-](4a5.6R,75.7aR)-6-{4-[(15)-2 3-Dihydro-1H-inden-1-ylaminol 7H-pyrrolo-
2 imidin-7-vl]-2-(4-meth: henyDhexahydrocyclopeniald]1,3]dioxin-7-
yll O-phenyl thiocarbonate

[0151] (4a5,6R,75,7aR)-6-14-[(15)-2,3-Dihydro-1H-inden-I-ylamino[-7H-pyrrolo-

[2,3-d]pyrimidin-7-yl}-2-(4-methoxyphenyl)hexahydrocyclopentald][1,3]dioxin-7-al (4.00 g,
8.02 mmol) was dissolved in DCM (169 mL) under an atrmosphere of argon and 4~
(di:nethylanﬁnu}-pyridh:m (2.94 g, 24.1 mmol) was added followed by phenyl
chlorothionocarbonate (2.22 mL, 16.0 xrunol), The mixture was stirred at rt for 1 hour. The
solvent was concentrated in vacuo and purified via silica gel chromatography eluting with a
gradient of 20 to 100% EtOAc in hexanes on a column pre-treated with 1% TEA in hexanes
to afford the title compound (5.00 g, 99%). LC/MS: R, =2.34 min, ES" 636 (AA standard).
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[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, arr i 1 el I%W%ﬁ%anh
metal salts, such as carRfafrant Sl diodnoNnt: O Dases sucn as —
dicgclof;e-xg'émm salts, Wméj@rg,lmt%h{ua[(M@WHMHM&H@W@?MDWSine, |
and so forth. [Q1481In_.some iments, the inveqtion.relates to an ition compoun
of formula for Vi |c1)1r"(":)1tonégi'r‘oH %%ép’g‘%gx %fﬁ%ﬁ%‘g%ﬁggﬂf%ﬁncgﬁﬁg jsi%lg e_r?w_t%ic?él:?lr_nentsl,3 the
invention relapsemy Ahigrenbensa 2 098 DP8 EarmbovRR P ErRYATia tPliera At shhumsieram
embodimentsatifesifie s i hitalgtesatal arbadaradiitibpdsale ¢ 2doaih 15t obonm selddd hvidainteyd

deprotonation, of the, SUlfaIRale (X RMWPEY Do SHIAMIAE The MM nelbesiRpaadn (X =

Cl-12) moiety,“as applicable. In Some such embodiments, the invention relg es {'o a F&glger%é)r

potassium sal¥ SEATHERH 5t I8Pk SIoF b R R A AL ARG SO s iy Be
quatemized witss sucHied okt silical gelshadioptoaitichy chadheisithatgyrdieny PfSIMACRRERAAA Bhioride,
bromides a”%ié?&i%%%’ﬂﬂ%ﬂ SlRIE SoshRiuAS flmfé%ﬂ.etw@m ang sliang- agfaies, long

chain halides such as decyl, lauryl, myristyl and stearyl chlorides, bromides and iodides, aralkyl
halides, such%ﬁé‘fﬁyl and phenethyl bromides and others. Water or oil-soluble or dispersible
products are thereby obtained. (0149)The ter "pharanag:euticaIIy acceptable carrier" isused herein to
refer to a mate€RIE jSladmEalEidnl s e R R Os B A S A O e T rrrore preferably a
human, and is suitable ¥ dEFRHATS 1&5@3&?@!‘ ﬁﬁﬁﬁ@?ﬁﬁ without terminating the activity of
the agent. Theyfgigcity or aghRisseilesis dtQ-ReRaciaad i slum capiorpieiaraRipREay])-
commensurate with a reasona%l%& nefit égtjrf_g%[ the intiftg% use o .th_g_activee %gsnt.s\/g&SO)The
pharmaceuticP eI BESTTREBRSE 1 gﬁ’ffﬁh L4 e AR TR e o e i the art
such as conventiobayagrdisardtied TR §Licrambyivgtes it hp solatmngt ASTHIFAS b AhErEshhg
processes, ameRthati STROMRASH ONS MaseRagHatide drimaticplsefonarganiftdicigraheles,
precipitates, qrpanioulates, ROVRL Jnelvin asae.disd e A drisd Praw ALt Ee K
amorphous powders, tﬁ%fgts, capsu gésnones, injections, emulsigns, elixirs,

es, syrup, s C
suspensions ngfﬂﬂ@hﬁﬁm%@ﬁg‘rﬁyﬁ?ﬁfﬁ%p RradfitaM<einin B s ?s'f‘tiﬁrfactants,

solubilizing agemissleigauatalibipnadifas:anc capbingES 968 (Adsaatdbbd3Pharmaceutically
acceptable carriers that may be used in these compositions include, but are not limited to, ion

exchangers, algipa, ajyais Wi Steaf o eaiBim- B R IS8 RS«SOias- Tus) B sBRyE-amIn,
buﬁer SUbStanCGS SUChiad=pNR R iaueas]-FHeo DRI LE -2 l‘- Tt fCi B HeOtEE :;g:,[fl_]hl;—‘. partlal
glyceride mixtures of saturated vegetable fatté adds, water, salts or electrolytes, such as protamine
sulfate, disod[ﬂ}ﬁ%ydrogerﬂﬁ%ﬁﬁhﬂe{,‘aﬂ&% T Y e egEipreR g %Félﬁ%ﬁ%‘ﬁﬂlﬂ& 7Hc salts,
colloidal silicgymagiesiuyl 2ighichiegnodvwidyplapeticond (el glds2s hasel), Jibdrideede (b tiylene
9'y|00" SOd'“?ﬁﬁ%&j@iﬁH‘%&ﬁMﬁﬂﬁﬁﬂ%ﬁgﬂﬁ%@@%M@M@D%&@W@Mﬂbﬁlock
mer n nd w
POYMETS, po é%FD 3141%) %gd%ggna}m%usggerg Eof argon and the solution was cooled to 0°C. fert-
Butyldimethylsilyl chloride (124 g, 8.23 mmol) 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 mL), extracted with EtQOAc (3 x 50 ml), dried with
MgS0,, filtered, and concentrated in vacuo. The rernaining DMF was removed under high
vacuum. Crude (15,25,4R)-2-({[tert-butyl(dimethyDsilylloxy]methyl)-4-{4-[(15)-2 3-dihydro-
1H-inden-1-ylamino]-7H-pyrrolo[2 3-dlpyrimidin-7-yljcydopentanol {3.94 g, .23 mumel) and

[al
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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 solutions using a liquid, such as, but not limited to, an oil, water, an alcohol,
and combinatibieiBEHELERaYRTFisiNg S99rass &0l WSTR A RNv iR B TIHRSEA0 mL) and
Pharmaceuticatistisuithiglirgler(hctoumls, 424 pendinggeilis]. omnuistf;mgragﬂnmdlmy treadght] for
oral or pazentgyal M‘ﬁ&@@@&b&%lm%ém W‘:@ﬁb&&d\%&@ RadaggRut oil,
sesame oil, c%}onseed oil, corn o and ofﬂe orI aéu_%g%nsro aratlon als D(ﬁ %t1 ars of
fatty adds suc asresfﬁmledf'egtg isopropyl'm ‘i‘irg‘t‘a \PEE t&%’{y%st’ﬂﬁs“% 2 'fgf at't?
glycerides. SuE@ﬁsmﬁ\mmmleﬁermﬁ}e ik olengiooiab(S, 66U 86%) - bLICAMSiR|te 8.50 meth 50521
isopropy! alcopoh bexa | 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 sugpensi | of;this invention
may be aqueous OF OIEagHg ] a%i accgrdlng to

techniques known in the art usmg smtable dlspersmg or Wettng agents and suspending agents. The
sterile injectad@ e paratiofi FdtEse-dleat FiutkdrpetiabelyHmgomehslsp Kb ornoxic

parenteﬁlly aimr qddlulemtarmwﬂh blmw%gﬁﬁsﬁmeﬁ&ﬁﬁﬂw@é@@ gsgmang the
acceptable vehicles and solvents t ed are s solution and isotonic
sodium chloride solution. 1n afd |onzm??:)( %f'%g%%y e%::on %{loﬁ%{w ?/jed as a solvent or
suspending n‘l@dﬂﬁf’ﬂ%ﬂﬁ@%&?ﬁb@@ Wﬁf‘aﬁ&#ﬂéﬂe&m&)ﬁbgﬁfﬁmﬁé@ﬁﬁ%&ﬂﬂﬁ@ @tHdic mono-
or di-glyceridess.draitiyohdels; sdidiriakraiewsaaist frdriisrgiycesid@ifedatiyfer arrouscTHdReiidting
preparation oL{aiggiablGs - Aa4 B pMIAL PRATRARRIGH RRSRA BRI Al suCh AR AN oIk QRS Lor

oil, especially in their polyoxyeta%/ ed versions. These oll solutions or suspensions may also contain

a long.-chain & VP &SPt SQurR edried athyMesilt 8nardsanst rsrakapdising

agtlenés which T&aaaomﬁeeahﬁus%mmammwmg %Mﬁ@%&ﬁjﬂ@lﬁlﬁ%ﬁ@@@r fasege Strtm.ins .
including emulsi monly used surfactants, such as Tweens, Sp an
other emuIsﬁyerl{%@rgé%ul’%pﬁgsg f%’yge% 'Sécﬁh?ﬁ i 1%#!@&%%&6&%%@55 re of
pharmaceutically @k sistadidecolid, liquid, or other dosage forms may also be used for the purposes of
formulation. Compounds may be formulated for parenteral admlnlstratlon by |nJect|on such as by bolus
injection or cdttny) 1he31y; A ohigagd g iy :

containers. [0155]The Yiarranatahd Orait: yaimentic\acatate g ||y admlnlstered in
any orally ac %g le dosa \%ezfgdrigilnclugln%f% nOtul{:QHEg.}Q caRsl#ﬁs tabll'eets aquequs

suspensions or solutions- When aguieous sus!oensmns are requrre or oral bs errhe active |ngred|ent

is combined v?rﬁt@ﬁ%ﬁyﬁ’ré’&ﬁd‘g SRHYESH U’é?r@&”é&fﬁrﬁ%%@%tgﬁ% ISPSYRPRIG or
coloring agen(sinmbﬁ;ﬁdqladd@mqr st ratianiia amaaﬂlerégt&mg&%étﬂrmluents include

lactose and dn%d cor %}u%c R0 %Pbktaggra Icus[%ecarr'ers th uaﬂrce com %h}/ use

include lactose an corn g ar agents, such as magne5| Searatelvareas ﬁyplcally
added. Coatirtisifsayerieseeiror el vinesppPperpebat B g., to mask taste, to affect the site of

dissolution or rption, 9 ata

granulated pa[rqi)qg for use{1 %(O;ag Sggtgir&%%%ﬁﬂet'na?v ﬁzyirmace tlcalf' %or%@‘%%' -‘%}ns of this
invention mafmmﬁr%mm)%w}%%r@%ﬁaﬁﬁﬁmsit’r)a‘tféﬁdﬁﬁésedm‘ay be
prepared by mixng (e adorindTEA GBRIE, 2ew-Huial giiedt Wechistelidatdade toroperature

but liquid at r@.ﬁt@tﬁfﬂﬁ&e@m&u@t@ tﬂegarﬁowutmdm&%ﬁsme RISIREHGS tgpéé‘&h

materials include cocoa butter, beeswax and polyethylene glycols. [OIS?]The phar aceutlca
compositions BAHEYRSSHE6H- rrFaX‘/' MRS WaRTITERE AT OF IR s HEEI AN Fotst PR sopg etsipm-
treatment inclddiianehs ¢t Mrchlnsoredidina avde Bs & \podwisal Gs mdtidA.Snutrlintrdivddeds of the
eye, the skin sdthe laweidies nakidat rbrfablmiapicatiprmuta iorsiamcseatdymppapared 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 gsuitable 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 admlnlstratlon of the compounds of this invention include, but are not
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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 riskrosmdisve| Ihinepistuss peretieng et uith MREE P PR FRATFIAIEM &My treated. The
term "patient jeagovsaenneiin, Meaksiateanisphriiieioralifica pd et atvgrenne o wiltmman.
Preferred pharmgcetégfgl CQMPOSIHANS ¢ of.ihg invention f?x@eé&é%?&nig%diﬁéﬂsf@ﬁ%}a IpEFANRIRUS, Or
subcutaneou§EdMRThiStratodn. Flowever, any of the above dosage tOrms containing a therapeutically
effective amosntasfaiaoRIp asschaf shadavdntion are well within the bounds of routine experimentation
and therefore, well within the scope of the instant invention. In certain embodiments, the

pharmaceuticgl.pampositienohie '

Preferably, such othert] NN - islangaatopeiiyyidnethidienkfgneteAtiompopan I
disease or condition being treated. 10162]By "therapeutically effecti t" is meant an amount of
compound or@&88bosition SHIREER:H @?@Mﬁb’i@ﬁ@i%ﬁ}?ﬁ%ﬁl qé%%:%%&tectab@
decrease in Ei-ghzyimel-aEtipiyraloflor dipysevdiity o leldipentd pertalie Cadb s ki BENRY iNdted.

"Therapeuticallye{{rative. e untoisiisiniendadlsinaoie @osangdatstfieipmhie weadtared| bt
prolong or prevent a vanq&rgerit of the disorder L d‘irsel%er é%?g%g%@mg.&e RifveAt additional
A .

tumor growth™f% C&tBEr, e SRRt BaRicital Thiammatory response), ameliorate, alleviate, relieve, or
improve a su b@%m@éﬁhé@%iﬁ%ﬂﬁ@ﬁ@fﬁﬂ%%ﬁ facisRERf e Aich
treatment. TheaAgunRiEhsARsraHehiieprqspHrerdt demeead b Merp ariyaher, 400MdELNS):of the

composition given, the type of disorder being treated, tbe royt inistrati I of
time requiredgq&‘ir@a}}m AfEOrddFup Eﬂoﬁﬁgé%éﬁe%%iﬁ%%%% %%ﬁg%b%%%%%%ﬁ%%mem
regimen for aqm.[IaDictSer4xtient V) dSpéad ardh 26/HH S v e
specific compound-KraRRYes (hatye bodys\aighingesembh ealityacandule oHIR fatisht, time

of administration, rate of excretion, drug combinatjon jud t of the treating physician, and the
severity of thé‘ﬁa@ﬁ@tﬂﬁf‘lﬂi%&@ésb&ﬁgﬂ%ﬂ@& 4@% mg}'tm%{nr%\ﬁhere the inhibitor is administered in

a{m aspecfas
combination with another agent, the amount of additional therapeutic agent present in a composition of

------

this invention Stapdalt RS8R ol 4 SHEHRADIhadrard Hrinden-loxlaming | LA yErong fi2 Z-dlpyzimc
11 Ha % DRRET - " T- ;w-'i
compaosition comprisin N A Oy AR R f""\im.'mmjv- agerit Preferably, the amount of

additional thefapehtic ageny yglhsange L[ PP ulsRYate-RaouadAa%ahine)aTHpRtslolBRlY- present

Sete-
in a composition comprising that agent as the only ther ticall ive nt|g 6  eikpdiment
of the inventidyTEMEe {5 'ﬁf@%ﬁ%’ﬁﬁhﬁﬁ{%{%}fl‘%&ﬁpﬁng %I g%gziﬁﬁe'actlwt%ﬂlg]%%‘g}r%ge

comprising canidsiPl (A Gevkiadvith-002 drebitienof prEmRdF B ds B as PERPHRY a

compound of theiMeBatiaaddde: seangleramiiene heseitriatlivdedonithThe Enliteniowasesmsieed in

comprising puiied gL paialx PULIGH Fl.S Bl Satl g calinl eritasis mbarlcisonnigsicd
eaitr

cells or fluid obtaint om a mammal, or extracts thereof; and body fluid (e. ,r?I oé erg@}ﬁaliva,
urine, feces, @Wﬁeﬁ@ﬂ%ﬁ%@?tﬁ@?%ﬁﬁtﬁﬂ%ﬂ@g@éyéﬁ | éjzs r‘jﬁ_[e hay be
carried out in Vii0mss pdY P= M €810, Q1Y) 51502064 nra) atbioe.esoodieAR 2 iddnkedttoh0ftovides
a method for treat] ient hayi isorder, Lis0sdarat i [o1e]] r
experiencing g&é%u I’eih{(?:%&g?ﬂa{ H?gg;gg}?qé%mﬁgﬁéil %ﬁ%@rﬁeﬁ% to th('(aég g{%ﬁ?ﬁ%%gn%?uﬁ%ﬁﬂ
pharmaceutic2b8ehif ¢sitibH)az S8t 8D, AErtidh (my & mpea b ¥rehie, etrin&iatd? relieve,
alter, remedy, ameligratespalliate, 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 growjlg. [0165]Disease applications include those
disorders in which inhibition of EI 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;
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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,
brortchroloalvﬁzﬂmmamrnomﬁm-htﬁ[ﬁd@ﬁ&mmaﬂﬁmwlmaﬁmwhﬁe?ﬁm e.g.,
progressive epithelial or prwwﬁyﬂoﬂéarwawrﬂaﬁsﬂ%e%e%ﬁ%%%ﬁ%%r
cancer; headand necktg Slﬁpmdlq squ ell.carcinoma of the head and neck;
melanoma; n€ ' ne Hoen occine tumors; brain tumors,
including, e.giggopme, ana;ﬂmﬂgﬁd@ﬂﬁk@ghmlmdrﬁﬁgbablaﬁmmmﬁmmmpﬁmdm anaplas
lic astrocytoma,ang. (ANGRE @87 S0l BSSHE5A AP IR sOmERe SRS mElh, I cancer
ignancy. imiting ex s of

is a hematologic A amp ematologic malignancy include acute myeloid
leukemia (AMRETZERRIRTE RRRAIBERS ﬁ&%ﬁﬂ&“{@ﬂﬂ)‘si’ﬁcﬂﬂné gtgﬂ%h@ﬁ_rﬁ?ﬁﬁ‘@vm blast
phase (CML-Bﬂénaemdyﬁm&aeﬂuﬁemﬁéﬁﬁamﬂhtmomphympﬁwwmum&E(ﬁub}: Hodgkin's
disease (1113);004k H%Mmeﬂa%(%ﬂwmmmwwL@Jctytrnmqmawu@waﬂamu

lymphoma,; B-cell | h -cell lym homa ultiple myeloma (MM). Waldenstram
macroglobtdlnemla(%gynﬁog yS tlcc:’¥ 2o r‘d’%sestfﬁfé) mé:l‘j? in x( fM gﬂ%ry%%emt@ (I-:\’ﬁﬂs rtla]fd ractory
anemia with Wﬁ%%@%@%ﬂfﬂﬁh@[@%ﬁ%ﬁ&% Eé’é‘s‘%‘fﬁs'@ il Be BReABRRS in
transformatiog (RAE S (@@9'W&jer@@ymyn‘déqr@esnﬂﬁﬁm@mg@mﬁgmﬁ%ﬁb@

compound or_composition of the invention is used to treat a patient havi k of deveJépplng or
experlencrng%lpé%%rfe%e FRREa N ear iR e R HERB Y GrdTedrtidhfy 0 %’t’aﬁ:ugnc I, ovarian
cancer, lung @&h@&6; breast cancer, gastric cancer, prostate cancer and pancreatlc cancer. In certain
preferred embodiments, the cancer is selected from the group consrstlng of Iung cancer, colorectal
cancer, ovarigtegdu Anfl & (B g1l d 3 d

condition to be treated LEC

in conjunctio addrtrol ther e o ents Insome e | difional
therapeutic Eg\eeﬁn S) is on§ tﬁéﬂ?%o&%&ﬁé % “?s?erga to pa elzir?trsg withe éngglsor F% %cor&g‘%on
being treatedbarzysudfmybir parrl el rdripeudingd et e 20t merlan R0 treat a

particular disesiewea egnditmna salisaon of dihapphepiniatioldisididemcTIOF (e, DEDY treated.”
[0172]The E'M&EMM@MM&W&%@M@%&@M@ 1BeRihex ﬁrﬂmey%a@)@w.m asingle

dosage form or as’a separate dosa gdre form- When administered as a separate d osaﬁ“l %rm the other

therapeutic a 8%8?%%’%’5%‘& Mélé"édt?ﬁ%ﬁémd% FEh of the
El inhibitor ofﬁmm«aﬂrmﬁf@ﬁtﬂ]ﬂﬂ%b}mmwmmwmaéﬂedm&ﬁmwm@m@WDn is
administe rgdliib@@ﬁj Wit f-Hogranailia-agent &h}h%ﬁtﬁﬁrf!%ﬂ Hﬁx&[&ﬂ&ﬁﬁ&ﬁﬁ%@h@ywtmdc
agents, radiothera inupynothera ronyjate for treatment of proliferath

cancer. Non ﬁnf n%gezgnl @Hﬁrﬁito%c%ogcecr?ts SGitaie Tor i e in cd%n h|1r‘;"§t!it|or\fﬁ with the Efenzyme
inhibitors of tindJnvBwticrmibisied erganteleyatolvers wwehﬁﬂngﬂe‘gat%ﬂ@edﬁﬂm‘@)g@lﬁélm,sm

5- ﬂlim(:utrac'|ﬂ%§eﬁ%%€§ﬁ@@9m0&ﬁwdﬁ%ﬁ%ﬁ%@% E@mgf
pentostatin, and methotrexate rase in s,.inclu osid.
carnptothecrngr?gp%’t‘&?a ‘?338”2 g%’i& ecl)"r‘?iﬁfc'fﬁ o‘gﬁﬁﬁﬁorddog‘” |r‘1'1cr%15)a AN w?ﬁfg zing e.g.
vincristine anthgiBB6sIECEMErTys: 2 udingE® . 490 AR sxed ank). docetaxel platinum agents, including,
e.g., cisplatin, carboplatin, and oxallplatln antlbrotlcs |ncIud|ng e.g., actlnomycrn 1), bleornycrn
mitomycirt C saghiarnycin.j fagRerrbrAr) 6L (Bi G : . ok rHi
allcylating agents such metirsntiaiaphivNebhadhomlopesta ey ld o sdivre
lomustine, semustine, streptozocin dec and hosph |de CC 5013 and
CC-4047; prd?&ﬁﬂyrosrne Eﬁ‘lﬁ?@ﬁ’ﬂ%? %ﬁ?d?f?ﬁ‘ Igtge% rﬁ:‘p proteasome
inhibitors, ingiydingdeny’; mt&cmmwﬁmmemmmwaﬂml (ﬁ%ﬂijQZ &yg.,
trastuzurnab ofiiaty Rebcoatesinah) ane hevasizynabipiexanirppadse@useiosonenpiasnisone;
and temozolomide. [0174]Other examples of agents the inhibitors of the invention may be combined
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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. EXAMPLES Abbreviations AAammonium
acetate Acal-lacetic acid AcCNacetonitrile AIBN2,2'-azobisisobutyronitrile Boctert-butoxycarbonyl
DCMclichlorornethane DEADdiethyl azodicarboxylate DB3ALdiisobutylalurninum hydride
DIPEANN-dlisopropylethylamine DMAPN,N-dimethy1-4-arninopyridine DIVIFdimettyIformarni e
ROAcethyl aEbeRp chlorothionocarbonate (0.565 mL, 4.04 mol) under an atmosphere of rutfogen and the

yellow reaction was stimed atrt. After 12 h, the dark yellow solution was purified via silica

gel chromatography eluting with 10% EtOAc in hexanes, and then 10% MeOH 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, = 2.47 min, ES" 626 (FA standard).

lgulfanyl)-7-[(4a5 6R, 7a5)-2-(4-methoxyphenylhexahydrocyclopentald]-

1 31dioxi 1}-7H-pyzrolo[2 imidine

[0193] To a solution of 0-{(4a8,6R,75,7aR)-6-[4-(benzylsulfanyl)-7H-pyrrolo[2,3-d]-
pyrimidin-7-yl]-2-(4-methoxyphenyl)hexahydrocyclopentald [1,3]diexin-7-yl] O-phenyl
thiocarbonate (1.77 g, 1,98 mmol) in toluene (91.0 mL} was added 2,2-azo-bis-
{sobutyronitrile (67.7 mg, 0.404 mmol) and tri-n-butyltin hydride (1,11 mL, 4.00 mmeol) under
an atmosphere of nitrogen. The yellow solution was heated to reflux at 140 °C. After 2 h, the
reaction mixture was cooled, silica gel waz added, and the solvent was removed in vacuo.

Silica gel chromatography eluting with a gradient of 0 to 100% EtOAc in hexanes afforded
the title compeound as a semi-solid (800 mg, 85%). LC/M5: R, =258 min, ES" 475 (FA

standard).

Step_e: 4-{BenzvlaulfonvD)-7-{(4a5,6R.7a5)-2-(d-methoxyphenybhhexahr clopen -
1 3]dioxin-6-v1|-7H- olo irmnidine

[0194] " Toaround bottomed fask with a stir bar was added 4-(benzylsulfanyl)-7—

[(4aS,6R,7a5)-2-{4-methoxyphenyl)hexahydrocyclopentald][1 Aldioxin-6-yl]-7H-pyrrolo-
[2,3-dlpyrimidine (693 mg, 1.32 mmol) and DI"M (32,5 m1). Sodium bicarbonate (400 myg,
4.76 mmal) 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 MgSQ,, filtered and concentrated in vacuo. Silica gel chromatography
eluting with a gradient of 0 to 100% EtOAc in hexanes afforded the product as & white solid

(219 mg , 32%). LC/MS: R, = 1.94 min, ES" 506 (FA standard).

Ste
he T sitaldI[1.31dioxin-6-y1]-7H= lol2.3-dlpyrimidi amine

[0195] In a 0.5-2 mL microwave vial, 4-(benzylsulfonyl)-7-{(4aS5,6R,7a5)-2-(4-
methoxyphenyDhexahydrocydopentald][1,3]1dioxin-6-y1]-7H-pyrrolo[2,3-d]pyrimidine (100
mg, 0.198 mmol), (R)-(-)-1-aminoindan (0.127 m1, 0.989 munol), and DIPEA (0.172 mlL, 0.989
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EtOHethanol FAformic add hours KO-t-Bupotassium tert-butoxide LC/MSIliquid chromatography mass
spedrum Lints/IDSlithium 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 TBAltetra-n-butylaramonium iodide
TBDMStert-butyldlinethylsilyl TEAtrifluoroacetic acid THFtetrahydrofuran

mol) were dissolved in ethanol (1.22 mL}. The vial was sealed and heated t0 110 °C
overnight. The solution was then concenirated in vacuo and the resulting material was
purified via silica gel chromatography eluting with a gradient of 20 to 50% EtOAcin
hexanes to afford the product as an orange oil (70.0 mg, 73%). LC/MS: R, = 1.42 min, ES"
483 (FA standard).

5

imidin-7-vi}-2~(hydroxymethyl opentanol

0196} N-[(1R)-2,3-Dihydro-1H-inden-1-yll-7-[(4a5,6R.7, aS)-2-(4-methoxyphenyl)-
hexahydrocyclopentald][1,3)dioxin-6-y1]-7H-pyrrolof2 3-d]pyrimidin-d-amine (70.0 mg, 0.145
mmol) was added to a solution of AcOH (0.742 mL, 13.0 mmol), THF (0235 ml) and water
(0261 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% MeOH in DCM afforded the

title compound (27.6 mg, 52%). LC/MS: R, = 0.94 min, ES” 365 (FA standard).

Step b tert-Butyl (chlorosulfonylcarbamate

[0197] To a stirred solution of chlorosulfonyl isocyanate (3.20 mL, 36.0 mmol) in
benzene (15.0 mL) in a water bath at it was added tert-butyl alcohol (3.50 mL, 36,2 mmol)
dropwise via syringe under an atmosphere of nitrogen. After2 h, the maxture was diluted
with hexanes (30.0 mL) and the resulting white precipitate was filtered and washed with
hexanes (3 x 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 (5.08 g, 65%). The product
was stored under nitrogen in a freezer. 'H NMR (300 MHz, CDC), 5): 8.44 (br s, 1H), 1.57 s,

9H) ppm. LC/MS: R, = 0.939 min, ES" 215 (AA standard). Reference: F. Hirayama etal.,
Biorg. Med. Chem., 2002, 10, 1509-1523,

Step it tert-Butyl {[({15 25 ARY-4-{4- !1R!-2&Dihyj;n—1H—inden-1—xlanﬁno |-7H-pyrrolo-
2 imidin-7-y1}-2-hydro clopentyDmethoxylsulfonvlcartbamate

[0198) (15,25 ,4R)-4-14-[(1R)-2 3-Dihydro-1H-inden-1-ylamino}-7H-pyrrolo(2,3-d]-
pyrhnidin—?—yl]-Z{hydroxynlethyl)cydOpentmol (27.6 mg, 0,117 mmol) and 2,6-di-fert-
butyl-4-methylpyridine (48.5 mg, 0.236 mmol) were suspended in AcCIN (1.57 mL) and
cooled to 0 °C. fert-Butyl (chlorosulfonylcarbamate was added and the mixture was
allowed to warm to rt overnight. The reaction was quenched via addition of MeOFH (1.00
mL) and concentrated in vacuo. Silica gel chromatography eluting with a gradient of 0 to

g



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: 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-1-01 (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 wastovieGhbiratEW M sfifpndsd thaditeapadfied (18 3iliga FetshidiiMSgRap 2@ iofinEdith a
gradient of O tg:ﬂiqu{o EBQ&%S‘ DCM to afford the title compound (2.75g, 76%). LC/MS: 1.1,. 0.37 min,
ES1 131 (AA standard). Step'b

llaS,IblOaS,635)-3:14- .

[01781(1R,212Z,35,55)-31 0 XaRIGYHG

dissolved in Dal (121 ral) and the solutlon Was coolec

(Dirnethoxyra&dhg#-4- methmﬂélwmmmmmmmmmmium

p- tolulenesulquﬁa%ﬁégh :&k&mﬂ@lh&%m@%}e@&ﬁﬁ@@xﬁﬁ%ﬁﬁfﬂﬂ%ﬁhﬁtﬁ@@ﬁf ;

complete con n reaction ur acuo urified via
B AR A o CPS TS0 ELase 4 8 e

silica gel chromatograph g With & gra c it he ca canes to affnrd

compound (4.788° 8%‘) agded;yfge poludapgyRRFiped sy W%MWB being concentrated in
[0179]4-Chloreatibp Yo iefRdsam tnkichnep (@ M:=QH. G.00mil)) Jtreatdisdtl vettdsddibttanol (60.0 mL)
and NJ'!- diisqpropyiRLay 18 FIRGA Sl stikePRor1 H2A)) magﬂsﬂégﬁﬁwgg%@# ibapixtoindan

(2.93inL, 15.0 tr./mot), T e ture was heated to FLm_éreflu for 60 lie ¢cooled down to d the solvent
was evaporatSPHExXHE Lefdflfe wfie éfogd Wﬁrﬂg?o‘&fﬁﬁﬁﬁ’a fh a
gradient of O {B8%0% mmmmmxmmm mma AescUpBand. (R2mBBNBHLT/MS. 5Hz1m3min,
BS+251 (AA g ?dlg dy 8 H), §49:5.42 (m, 1F7) 4,51-448 (m, 1ED) 438 (dd, ] =75,9.8 Fiz, 1H), 421
cb(4a5,6R,7S,7 aé TiA(15)03 Dihy A hdend ylgﬁ"nn é)éf”o N e

73,98 1}b 3.10-3.03 (m, 15), 2.97-2.:38 (m, 1H),2 2.76 (m, 1E), 2.68-2.60 (m,

1H), 2.37-2.21 (m, 3H), 2.08-1.97 (m, 2H) ppm. LC/MS: R, = 1.16 min, ES” 444 (FA standard).

Example3:  [(15,2R.35,4R)-2,3-Dihydroxy-4-[4-(phenylsulfanyl)-7H-pyrrolo[2,3-4]-
pyrimidin-7-ylleyclopentylimethyl sulfaxnate (Compound I-53)

Stepa:  d-(Phenylsulfanyl)-7H- 1o[2,3- imidine

fozool To a solution of 4-chloro-1H-pyzrolo[2,3-dlpyrimidine (1.69 g, 11.0 mmol) and
TEA (4.60mL, 33.0 n'i.‘mul) in l-butanal (25.0 mL) was added benzenethiol (3.39 mL, 33.0
mumwol), and the mixture was refluxed at 140 °C overnight. The reaction was then cooled to =t
and concentrated in vacuo. The off-white solid was purified by silica gel chromatography
eluting with a gradient of 0 o 35% EtOAc in DCM to afford the product (2.29 g, 92%).
LC/MS: R, = 1.55 min, ES" 228 (FA standard).

Stepb:  (4a8.6R,75.7aR)y-2-(4-Methoxyphenyl)-6-[4-(phenylsulfanyl)-1H-pyrrolof3,2-c]-
idin-1-yIlhe drocyglopenta]d][1.3]dioxin7-ol

o201} A mixture of 4-(phenylsulfanyl)-7H-pyrrolo[2,3-lpyrimidine (895 mg, 3.94
ramol) and NaH (148 mg, 3.69 mmol) in dry DMF (12.0 mL) was stixred at 60 °C for 10 min,
Then (1a8,1bR,5285,6a5)-3-(4-methoxyphenylhexahydrooxireno[4,5]cycopental1,2-d][1,3]-
dioxdne (611 mg, 2.46 mmol) was added and the mixture was heated to 110 °C for 5h. The
reaction mixture was then copled to rt, guenched with saturated agueous sodinm chloride
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pvrimidin-7-v11-244-methoxyphenvOhexahydrocydopentard111,31dioxin-7-ol
[0180]N4(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[l1,2-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 EtOAc (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% EtOAc in hexanes to afford the title compound (3.90 g, 69%). LC/MS: Et =. 1.86

min, ES + 500, (AA standard)..ste . . 3 o s were

o 04(aa 61 TEIG8  BHTER wop oxtsactod e with BtOAG, The combined organica w

e e o i g et B
ab, r i i i g I to o cin

2.3- 01y e IR BN AONGO IR, TSl R4 5 02

mmol) was dissolved in D ‘ﬁ?l&? %5‘%@) un rén%ﬁhéspﬁére of argoh and 4-

(dimethylainiargerdhine (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 \BteRitica géLEARIEHN0(Flydechavienetivith. S4rtpliemplalfayd) Fibpy bl drdhexartes on a
column pre-treated witrRSissdinTyHeyclopentanedh2dirl title compound (5.00g. 99%). LC/MS: Ft, =

2.34 N, ESufdn (A Sadal i acort 1.04 ., 18 mol), THE (0330 mL), and water
f:N-f(151-2.3-Dihydro-14-i-inden-I- 11-74%?5 6R,7aS)-2-(4-methoxyphenyn-
exahycrocy MRS AEES RABSHARS SR 757 3% e S RFR A gy sulfanyl)-11-
[0182]0-[(4a SRV T 2B Pedia(1- B )e-aiyfyainoloprinaldiLL AIJiarirnd RV (65 megi® 203 mmal).
Eﬁ;S-d] %yri mi@ﬂg%%lkﬁaé%gmbﬁ?mdwﬂf&wm@m(ﬁ@ﬂ %%50 jitaRadio¥ oY TR: RBEM: o
iocarbonate (5, reynol) was dissolved, in tpluene n n re o
nitrogen and ‘ff%‘?u%ﬁ%y‘ﬁf}l%ﬁy%ir{l egfxv%orﬁf%%’dhﬁ f%%vg ad%éaan%ﬁ%%v‘é{? [E)?/o B ERORLS
2,2'-az0-bis-ibebutysdn iafondIBe itlg cdrbBomundcB2 Dinezs ¢ddblo LOUAHd ted-88 reluEFOBID(Fin, the

mixture was cpaled 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% EtOAc in hexanes to afford the title
compound (3400,6, 79%p) LM RL2, 2503 AR A SHARHAIN- SR roloip 3alpyrimiain
9:(18,265.4R1-4- eIV T o AT -
pyrimidth-7-y11-2-(hydroxyrnethyncyclopentanol
[0183]N-[(1. 5p293HDihydrofLRRB% BRIBHERA RS HRAS)-R- (¢l ap B pyrrolo[2,3-4)-
hexahydrocyﬁ#ﬁﬁ@.glm[dﬂ%lﬂﬁ%&%l- iiﬁfmﬁ&q{%&x@mrﬁm@ﬁ;é;ﬂmﬁ@tﬁ%%&pﬁmm ) was
m

dissolved in water (11.6 ral) and Ac 34.9 rri, 6 mol added. The mixture
was stirred af't Un#g%%“é%%%ﬁ&t“%}é&%?%g W%%éfﬁtﬁrﬁbwg;g%b)%%g%% qﬂ‘ﬁrglé&'r reduced
pressure andlifgoreeddnactong (HHtaliandiedrerd ahroprermighip Arenihe genatira yridustdrd to 10%
Me01-1 in DeiMieatfonddhoditecamnemac: Col@ien 2 aphCAGEIRY EdAGy gilydrBwasd (AA

standard). Step 111528 4R4-20¢ leslmxprkimetbxDsiivkoxvimetoalls bald {2 Ribsachy-

inden-1-vliaminol-7H-pyrrolof2,3-4lpyrimdin-7-yllcyclopenlyl acetate ]
(3x). Combined organics were dried over sodiun sulfate, iltered, and concentrated in

vacuo to afford the Gtle compound as a whike foam (35.5 mg, 99%), which was used without
further purification, LC/MS: R, = 1.72 tnin, ES' 389 (FA standard).

Step e: {(3aR AR,6R, 6a5)-2,2-Dimethyl-6-{4 (phenylsulfanyl)-7H-pyrrolo[2 3-dlpyrimidin-
=yl O entald][1,3]dioxol-4-yllmethyl sulf

[0204] A solution of {(3aR 45,6R,6a5)-2,2-dimmethyl-6-[4-(phenylsulfanyl)-7H-pyrrolo-
[2,3-dlpyrimidin-7-ylltetrahydro-3aH-cyclopentafd]i1.3]dioxol-4-ylimethanol (35.5 mg,
0.0893 mmol) and pyridine (0.0325 mL, 0.402 rmunol) 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 to rt and
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[0184](13,25,410-4-14-[(15)-2,3-Dihydro-Ifi-inden-1-yla_mMoi-7H-pyrrolo[2,3-dI-
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 OC. tartButyldimethylsilyl 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 ralL), extracted with EtOAc
(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-pyrrol
0[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 mmo | WAs
added. The mm%fﬁra%%n%aetftﬁ/%ﬁ&ﬂ?%ﬁh|9éﬂﬁt§?‘é% B A ETERS ing pyridine
was removedMIMgpRig T aabins pﬂﬂmms@uedmaé pw#mdmmsﬂiéet@éﬂmdm@mw&aﬂﬁg with

a gradient of 10,0, 664 FlQAHD &ﬁ%@e e H&Eﬁﬂﬂ%ﬁﬁﬁy@@ﬂh@%\h%ﬁdﬁdﬁ =2.51
min, ES* 521 (AA stand Ste i:as. -ro o
3-Dihyaro-urSha iR agf#’ 8%%‘%9%% f% - pyrlmldm-:%yﬂgz Ryd %’)"(Eyrn]e g/‘gcycl Beéndtl
acetate (0183.L{AS23YR)-21 (iftertFEUATT dRActiaysiiglloxylmethyl)-4- 444(15) -2,3-dihydro-
1H-inden-l-ylaminol-7H- pyrrolo[2 3- d]pyrlmldlrt -7- Acydopentyl acetate (3 66 g, 7.03 mmol) was
dissolved in Erl R), ZR)els { X2 AN U ropntsin it
was cooled to 0 C. Pyn' i 30 ded dropW|se and the mixture

elidymh y1G -J (e iyl 3
was stirred at rt for 1 hour. The result qutlon was at ed clro ; solutlfﬁ# turated
aqueous sodtﬂﬂ%marbonaﬁé"&%?ﬁé‘g& fied Wi 04, filtered,

and concentmﬂﬁﬁd@&ﬂ&ﬁ%@ﬁ&dﬂﬂdﬁﬁ#@&ﬂh@ﬂ@&%ﬂﬂﬁ%@@%ﬂ%@ﬁw&

gradient of Oﬁqﬂ&ww&&&m@m iRradtershd hertitle GeenRliidsgr BR% h AtV Bhd golwert 64 min,
ES. 407 (AA stan ard

:(1525,4R1- FRAMITOS0 ny’é‘oxyﬁﬁteﬁylﬁf—ﬁ'&ﬁ%f‘ &Was u)?dj;rlgd]ﬁlsrltld(:eangfl I'alndlrtte%-Slig%JA
2.00 M soluﬂéWBFEMé%éMﬁFﬁi%‘éﬁWﬁ%@%m&ﬁﬁﬁﬂ% bt SEIRCBE & Al tol) was

added dropwis ;swt;).stﬂmm(@mwm SORY 81A5tE, (mg mmlﬁpmeu)mﬂeﬂnmgm at 0C.
After the add|t|on was complete and %2151 e
resulting solutithedsiae ﬁ%ﬁ&% %}&Yg %?I é"(i: ’t og%g (‘%vernrl’Tg}tI%I%i‘Iﬁ%ﬁ_glg'(;ediljI
[0187](15,25 gl }-4- (i, (153)- 23880 don ﬂ%ﬂld&@&iwamﬂmm%?&bm[%ﬁ -ppin. LC/MS: R, =
pyritniclin-7- y -2- y ntyl acetate (2.30 g, 5.38 mol) was dissolved in AcCN (108
raL) and TEA (%?Z%Xa%gx%{g&%moﬁéﬁg?added The solution was cooled to 0 QC and a 2.00 M
solution of cldorosulfonamide in ACCN 538 mL 10. 8 rnmol, as pr ared above% was added. The

mixture was SePlad: fomgf T é%ﬂc olo[2,3-d]-
chlorosulfonarnide in Accﬁ%dﬁmt @r '?_P e e o ant t‘ﬁ‘é mlxture was stirred at rt

for 15 min. Ajghagjtime, TL@l@gg@éggilg@malqt% |@dsu¢1ahﬁgnhayﬁewaﬁxqmmﬂmﬂmth MeOH
E:sh rcz)omrzl;lt)og1 rg%%%éﬁ?{%ﬁ%&gﬁg%%%% %‘% :1] ?E]\t‘Nd?AS(l: oraI or@?ﬁiﬁ% com poun)d (2.45
g, 94%). LC/BISE @, H). 313868 2H06 A AA726 (mafd}), 7.21-7.16 (m, 2H), 6.71 (d, ] = 3.5 Hz, 1H),

5.46-5.38 (m, 2F1), 4.50-4.46 (1, 1H), 438-4.34 (dd, ] = 7.5, 9.8 Hz, 111), 421417 (44, ] =7.3,

9,8 Hz, 1H), 2.84-2.74 (m, 1H), 2.35-2.15 (m, 313), 2.06-1.98 (m, 1H), 1.5% (d, ] = 6.8 Hz, 3H)

ppm. LC/MS: R, =1.16 min, ES’ 432 (FA. standaxd).

Example 5:  [(15,254R)-2-Hydroxy-4-(4-[methyl[(15)-1-phenylethyllamino}-7H-pyrrolo-
[2,3-dlpyrimidin-7-yl}cycdlopentyllmethyl sulfamate (Compound I-3)

{0207] The title compound was prepared following the procedure described in
Example la-k using (S)-(-)-N,o-dimethylbenzylamine in step c. "H NMR (CD,0D, 300 MHz,

5): 8.16 (s, 1H), 7.34-7.20 (m, 6H), 6.64 (d, ] = 3.6 Elz, 1H), 6.41-6.34 (m, 1H), 5.54-5.43 (m, 1H),
A51-4.48 (m, TH), 424 (dd, ] = 9.6, 9.6 Hz, 111), 407 (dd, ] = 6.9, 9.6 Hz, 1), 3.02 (s, 3H), 2.80-
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Step k:((15,28AR1-4-14-1(151-2,3-Thh_ydro-1H-inden-I-ylamino1-713-pyrrolof2,3-dl-
pyrirnidin-7-v11-2-hydroxycyclopentylkxtethyl sulfamate (Compound 1-351 .
[0188](1S,25,4R)-2-([(Aminosulfonyl)oxy]lmethy1)-4-f4-E(1S)-2,3-dihydro-1H-indert-
1-ylarninoj-7H-pyrrolo[2"3-dJpyrilflidirt-7-yl)cyclOpentyl acetate (2.45 g, 4.54 mmol) was dissolved in a
7.00 M solution of ammonia in MeOH (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 O -to 10% Me01-1 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, 1 =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 (in, 114), 2.96-2.87 (in, 114), 2.85-2.75 (m, 114), 2.67-2.59
(in, 114), 2.37-2.20 (m, 314; 2.07-1.97 (m, 2H) Epm LC/MS: R, .= 1,54 min ES' 44 éAA standard)
Step 1: 2.70 (i, 1H), 2.37-2.14 (m, 3H), 2.02-1.88 (m, 1H), 1.64 (d, J = 7.2 {2, 3H) ppm. L
((15,2_,S,4R)-44{Af4] re- a8 -{AlRyeEadkdyinden-1-vlaminol-714-ovrrolof2,3-dlovrimidin7-711-2.4ydroxy
cyclopenlylimethyl sulfamate, Potassium salt
(01891((15,2 tph)ﬁ 4( atiamy I8

pyrirnidin-7 y?L ﬁ%i%x ]t'as%ﬁ MXQ%%‘MM%E@%MM“%@%%%? giy?én i’%ﬂeOl 1
(43.0 mL) and a 1.002 M solutlon of potassium hydroxide in water (5.64 mL, 5.65 rnmol) was added at
rt and the mixture was stirred f hour. The solvent was removed in vacuo and the solid residue was
dried under high vacuum to aff titte compound (2.87 g, 100%). 11-1NMR (CDs0D, 300 MHz, 6):
8.16 (s, 114), 7.26-7.12 (m, 54i); 662 (d, J= 3.9 Hz, 1H), 5.85 (dd, J = 7.8, 7.8 Hz, 114), 5.50-5.40 (in,
114), 4.51-4.48 (m, 1 4 {,J=8.6,10.0 Hz, 114), 4.05 (dr1,1 = 6.6, 10.0 Hz, 111), 310-3.00
(m, 114), 2.96-2.85 (in, 11 |\&1-2.71 (in, 114), 2.68-2.58 (m, 114), 2.37-2.13 (m, 3H), 2.07-1.94 (m,
214) ppm. LO#wm<s-RT™ 4 nun', ES. 444 (AA standard). Example 21
((15,25,4R)-4-1.44(1R) -Dihydro-1/1-inden-1-ylamin0J-7H-pyrrolo[2,3-riF
pyrimidin-7-y ydroxy clopentyl meth I sulfamate oun 1-13
a:4-03enwis % W):711- p\%of' TRy n‘?’avé“’[ﬁifﬁ %P%E'ro C%'F%é’crlo SSIPER Dstir bar was
added 4- chIWW@M{%WE@%QWWM@K@&%&TIBW@Q 5mL,

4.5 mmo). 3gf) baea ”Fﬂbeéﬁ%efﬂbok@%ﬂt&é%r?m@?sﬂﬁ%@%@ﬂé‘ B3RS Bl

reaction mixture was héated to reflux at.85 C under an atm the e of njtrogen. A er 48 h the reaction

mixture was SolEq-drfSidm WY feiffdd mAiAdRii ot d® ml. )
and the solu@mmamﬁermdm:c@ﬁemhemsmamgwm)@pﬁhmhmmwauwaslmﬂmmmethyl
ether and Me%ln dried under vacutun to afford the product as a white solid (6.29 g.. 79% yield).
LC/MS: 171 |n" E5(FA standard). Reference: Pathak A. IC., Pathak, V., Seitz, L. E., Suling,
W. J., Reynaolds, R

b: 14a’5 6R.7: : } -1 4 #}ﬁ%Af Y 27 276 i]-?H mglf%g?ymdm.y.

mettloxyphenyllhexahyd rocyclo entaldlil,31dioXin-7- oI
[0209] The tifle compound was prepared following the procedure described in

Example 1a-k using (2,6-difluorophenylimethanamine in step ¢. "H NMR (CD,0D, 300
MHz, 5): 8.17 (s, 1H), 7.39-7.29 (m, 1H), 7.16 (d, ] = 3.6 Hz, 1H), 7.00-6.94 {m, 2F), 6,60 (d, ] =
3.6 Hz, 1H), 5.48-5.37 (m, 1H), 4.80 (s, 2H), 4.50-4.46 (m, 1H), 4.36 (dd, ] =7.6, 9.6 ¥z, 1H),
419 (dd, J = 7.2, 9.6 Hz, 1H), 2.85-2.72 (in, 1H), 2.36-2.00 (m, 4F]) ppm. LC/MS5: R =142
min, ES" 454 (AA standard).

Example8:  {(15,254R)-4-[4(Benzylamino)-7H-pyrrolo[2 3-d)pyrimidin-7-yl]-2-
hydroxycyclopentylmethyl sulfamate (Compound 1-49)

[0210] The title compound was prepared following the procedure deseribed in
Example 1a-k using benzylamine in step ¢. "H NMR (CD,0D, 400 MLz, §): 8.12 (s, 1H), 7.36-
7.90 (m, 6H), 6.62 (d, ] = 3.6 Hz, 1H), 5.49-5.40 (m, 151), 276 (s, 2H), 4.50-4.48 (m, 1H), 4.37
(dd, = 7.6, 10.0 Hz, 1H), 4.20 (dd, J = 7.5, 10.0 H=, 1H), 2.85-2.76 (m, 1H), 2.36-2.19 (m, 311),
2.08-2.00 (m, 1H) ppm. LC/MS: R, =1.20 min, ES" 415 (FA standard).
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(0191.1A round-bottomed Bask under an atmosphere of argon was charged with 4-
(benzylsulfanyl1)-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 I'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 EtOAc (2 x 50 ralL). The combined organic layers were
washed with water (2 x 100 mL), dried over 1VIgSO4, filtered and concentrated in vacuo. Purification
via silica gel chromatography eluting with a gradient of 0 to 100% EtOAc in hexane-9 afforded the title
compound as a white solid (197 mg, 93%). LC/MS: Ri = 2.07 minéggl* 490 (I;;A stand:ilrfl ﬁl}\/lS?Rme
J_aRnolo 2"nedififle b:-2- {2 SR HledadxyotiHiclatd -thesof legnipiry Grpyrrolo -
(429,6R,75,7aR)-6.14-(bepzyisuimyiybrrciepaoipimethy] sulfamate (Compound I-4)
pyrimidiat-7-y11-2-(4-met henylhexahydroc rE 1 6&4@@ iSi=7= eif2 mmol) in
Davi (57.0 niIE?%ys added 4- cﬁmeefﬁ'hgﬁ%%‘yﬁ/%% § (37@4%5%5“3071 rrirﬁcz)?ggf?d%ﬁfelﬁ I )
chlexothionoaepkitad® 665 (L5)4-04-metidhersy TR BSHRR fo #ﬁ@@%é%me@éﬁ)&v%action
was stirred atgr. AftRE1L2 Iy $he, dark yollow splulionivasyysibed, viasitica @elXiy@matdyfaphy eluting

ith 10% EtO0 hexanes, and then 10% Me011 | ¢ -treatethyi TEAI
hexanes to aFr b CARBb R AS AN )P h s ey i danla T
standard). Stapl 2HBRYE (s NFNREF-24E a8, 6E)7297-294 (el Bbh Ald it ks A Ry R FEar dl- 1

di:1 01 ffi.. %Iﬁllwslﬁas__a@% @ e (gg{m;d)_
0-1(4a5,6R,75,7aR)-644-(beraylsulfanyl)-7H-pyrroloP,341-

pyrimidin-7-y11-2-(4-rpeth dr WHL3id Hiafg)dlﬂp?m@ﬂn&tﬁmamonate
(1.77 g, 1.98 i Wiudbis: b5E a%) ! B fo pije (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 tqoafix at 140r6e Afkec@ripdiwmdreastivepaisdfrllorane o iR ddBed, and the

solvent was removed jn vacuo, .Silic ggggmm £leinenwithuamonadic mvas0-is, B)8AE£0AC in
hexanes aﬁo%aal}ﬁlge% con ggljmn(f?ﬁfﬂa sémi-solid 80% mg, 85% &Sﬁ\?? Fi = %ﬁﬁ mM.S4- 475
(FA standard)sStRy 7.44-7.25 (m, SH), 7.31-7.23 (m, 3H), 6.64 (br &, 1K), 5:49-5.57 Gy 1FD), 5.04 (5 2K,

e:4-(Benzylsujfenubn (-1,(#a5, 683 (a8)j2- HlonsetiduyyiHeapii@dahy 8036 Bl HBr ¢35 (s, 3F), 2.77-

1131dioxin-6-v11-7H-pyrrolof2.3-dlpvrirnidine QA laskowithastr bar was
added 4-(benZs1&FPah ):gyﬂ"lgﬁgfﬂﬂwm PP RarPunehRoERmes flast B

1(4aS,6R,7a5)-2-(4-methoxyphenyl)hexahydrocyclopentafcM1,31dioxin-Q-yll-7H- 12,34 Lpyrimi
A Rk sl

dine (693 mg Exmeriedl) 40 ) : i B@Rﬁ@%ﬂﬁﬁf top was added
followed by 3-chloroperbenBiEBF (R 336’ mol) and the feAclion mixture was stirred for 12 h.

The reaction mixgie was thep feateshpiinaaiumiecbandenliswidihe picasdoratesolbedbin extracted

B DM AN e et SN Y2y lamine in step £. *HUNMR (400 Mz, DMSO~6, §): 8.10 (s,

1H), 8.03-7.94 (m, 1H), 7.48-7.42 (m, 1H), 7.38 (5, 1H), 7.36.7.24 (m, 4F1), 6.65 (d, ] = 32 Hz,
1H), 5.36 (dt, ] = 8.9, 14.2 Hz, 1H), 4.89 (d, ] = 3.9 Hz, 1H), 476 (d, ] = 5.9 Hz, 2F), 4.36-4.30
(m, 1H), 424 (dd, ] = 7.0, 9.7 Hz, TH), 4.05 (ad, ] = 8.1, 9.5 Hz, 1H), 2.77-2.66 (m, 1H), 2.24-

2.02 (m, 3H), 1.99-1.89 (m, 1H) ppm. LC/M5:R =1 51 min, BS” 452 (AA standard).

E le12: {(15,254R)-2-H droxyrél-[-&—(methylam;i:no)—7H—pynolo[23-d]Pyﬁmidin-7—yl]-
e Lgrclopentyllme{hyl sulfamate and ((15,25,4R)-4—{4—[(}S)—2,3-dxhydm-1}-!~
i.nden-l-yl(methyl)anﬁno]-?H-pyrmlo[Z,B—d]pyrimidm—?—yl]-z-
hydroxycyclopentylmethyl sulfamate (Compounds 1-40 and 1-6)

Step a;  fert-Butyl (16)-2 3-dihydro-1#-inden-1-ylearbammate

[0214] To a solution of (§)-(+)-1-aminoindan (1.24 g, 9.22 mmol) in THF (20.0 mL)
was added TEA. (1.42 mL, 10.1 mmol) followed by di-tert-butyldicarbonate (2.07 g, 9.22
mmol) and the mixture was stitred under an atmosphere of nitrogen for 24 h. The mixture
was concentrated in vacuo and purified via silica gel chromatography eluting with a
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were dried over MgSO4, filtered and concentrated in vacuo. Silica gel chromatography eluting with a
gradient of 0 to 100% EtOAc in hexartes afforded the product as a white solid (219 mg , 32%). LC/MS:
R =134 min, ES. 506 (FA standard). Step
1:N-[(1R)-2,3-Dihydro-114-inderi-1-y11-7-1(4aS,6R,7a5)-2-(4-methoxvphertyl)-
heXahvdrocyclopentairllfl,31dioxin-6_-y11-711-pyrrolo[2,3-d1 rimpy_ictamine [0195]In a 05-2 mL
microwave vial, 4-(benzylsulforty1)-7-[(4a5,6E,7a5)-2-(4-
methoxyphenyl)hexahydrocyclopenta[d111.31clioxin-6-y11-7H-pyrrolo[2,341pyrirnidine (100 mg, 0198
ramol), (R)-(-)-1-aminoindan (0.127 n0, 0.989 aurtal), and DIPEA (0.172 mL, 0.989 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/M Sgﬁdleﬂt 4@%&0&%@88%%%@@1@50&!&]3& title compound as a white solid (2.02 g,

g: (15a5AR) }F. 'ﬁd%ﬂ% %@%gl@&gyﬁpl -71-/-pyrrolof2,3-dl-
pyrimidin- 77y ydroxy et ylcyc opentano
001961N4(1R) 2 3- D|h dro 1H- mglen -y, S, 6F e 03c phenyl)-

hexahydrocy&sBehtateit i &70.0 mg, 0_145 mind)

was added logagejution Ofﬂ@bﬁ%Zﬂ%m&t-ﬁthmmoi)a-ﬁh%}ﬁ{&?ﬁ%{a&d Buvlel(Q B gL The
solution was stirred at conce ate in vac [ I y
eluting with a ? H?Eh‘f E)’fgfﬁgg/o%ﬂ&fé)ﬁ in ’[S‘%?/‘f“‘?r"é’ % & fle Ec?m%éﬁndggﬂ?%%as?%%ﬂ
LC/MS: R = dwsdmﬁmu@gns@s ot PEFmactdp %ﬁl}ﬁf&tﬂﬁﬁmm%mﬁ%%ﬁfbmﬁeﬂ(@fémo a

stirred solutiomafsthlioxuieny iidoayanate (880 MLl 285 Bmielh othsadded end fiuthrirg was water
bath at it wasg ﬁ%ﬁ%%ﬁ%ﬂm ﬂ'&%@&é&éé%%&%ﬁ@&@@ l}iqraﬂwa%% Y SNERRA HRERERRN

atmosphere of nitrogen. Atter 2 h, the mixture was dilute L?(%WIth ttex s (30 0 an nd the resulting

white precipitSiPHAt steteg dhd Wéﬂﬁé‘& WhA 9EKENEY M?HE) e coff]mte(? solid was dried in a
vacuum de&q&arwmmdéﬂvmeﬁteumﬂ i) POGTRCY GRordxnedithe aanspefye e aamtedstd

(5.089. 65%) % gi BOHaE: UDOREUY Qi etz dilll MR (3980 Hkefe@C13, 8):
8.44 (bra, 1H) 1 57 (s 1-1) ppm. LC/MS: 121= 0.939 min, ES + 21 AAstandard;l Ra‘;(-:'renofe‘.J

Hirayarna et SPPESTRG 9 VeHR ARDBYSSied b :siféra 89 SPERB taap Y e wWith
(aSaSAR)-4- 1421)(4Emsmmmadewlaﬂmwmmme#mmrmatdhﬁbﬁé:ﬁ:f@&io Billion

1rbamate y- /MS: R, =2.21 min, ES" 248 (AA standard).

Step & S)-N-Methylindan-1-amine, hydrochloride salt

[021&} To a sotution of tert-butyl (15)-2,3-dihydro-1H-inden-1-yl(methyl)carbamate
(1.84 g, 7.44 munol) in MeOH (50.0 m1) under an atmosphere of nitrogen was added
hydrochloric acid (6.00 mL, 72.4 mmol) and the mixiure was stirred overnight. The reaction
was concentrated in vacuo to afford the title compound as a white solid without further

puxification (135 g, 99%). LC/MS: R, = 0.85 min, ES" 148 (AA standard).

Step d: fert-Butyl {[((18,254R)-4-{4 {(15)- 2 2-dihydro-1H-inden-1-vl(methylarnino]-7H-
rolo]2,3- imidin-7-vil-2-hydro clopentylime sulfonyllcarbarna
[0217] The title compound was prepared following the procedure deseribed in

Example 22-1 using (15)-N-methylindan-1-amine, hydrochloride salt in step £, LC/MS:R, =

1.55 min, ES” 558 (AA standard).

cyclopentylimethyl suifamate and (( 15_2_412)—4"{ 4-1(15)-2 3-dihydro-1H-inden-1-

l{methylaminol-7H- lo]2.5-d imidin-7-yl|-2-hydro clopentylimethyl
sulfamate (Compounds §-40 and 1-6)
102181 To a solution of feré-butyl el S,ZSAR)~4~{4—[(1S)~2,3rdi.hydm-lH—inden-1—

yl(methyl)anﬁno]-?H-pyrmloD,Sd]pyrinﬁdin—?—yl}uznhydroxycy\:lopentyl)methoxy}-
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[0198](15..2.5,4R)-4-14-R1R)-2,3-Dihydxo-1H-inden-1-ylamino]-7H-pytrolo[2,3-clJ-
pyrimidin-7-yl)-2-(hydroxymethyl)cydOpentanol (27.6 mg, 0.117 rranol) and
2,6-di-terbbuty1-4-methylpyridine (48.5 mg, 0.236 xximol) were suspended in AcChl (1_57 mL) and
cooled to O 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-Icilarnincil-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-

pyrrolo[2,3-d]pyrirnidin-7-y1)-2-hydroxycyclopentyDroethoxylsulfonylicarbamat Ziﬂ_féSl .0 mg 0.0570
rmmol) was distévelitarhenm©( @03 M QR T sa R QP M 0BIsT 224 gB%’é% dded. The
solution was gikgkatiak idkd Hibeiaretaidg (mmmii,rmajmmwaca&/m& afieidfevimintiretadip in

Me01-1 (5.00,£aL LEaled Al Sold sadiumiCAORALS G0l Al (akiordd puiackdvation and
silica gel chrom ogramhy uting with a radlent of 0 to 100/ MeQ [MD }r@{?%dtthﬁ |tlgb
compound (7@@%@1%&@%@ Wﬁlﬁghéﬁrﬁﬁfnéf g 1071% %¥I 51-1), ﬂé 64
(d, J = 3.5 Hzprtid)cd@6 s l5rhezs 088 (E7A9:54 200 ari-B0.6 B, 1% (rﬁsrff@)elmsém&ﬂ 75,98
Hz, 11-1), 4233@%1-]{ 923,483y drbady). a3 4-Grd 03 1irlc) D S Drt ol B3l prtid)idir8B-A17 6 (M, 1H),

ctandard) ‘&E#lg@gwéf?mm@(m e ompani 0% T RO B BT

pyrimidin-7-y Pegaiagentd Metimg) stita ik« o Hpolkil 3.585HBtep 1H), 4.51-4.47 (m, 1EHD), 437 (dd

a:4-(Fhertylsylfany1d ’ Hpyiip|pid. gsdlplimid mgeﬁﬂ,?@ﬂﬂﬂ@,@;mwm 94 (br s, 3H), 2.90-2.75 (m,
4-chloro-1H-pyrrold[2,34)p rirnicline i 69 11 0 annul and TEA (4.60 IrtL, E%Sé)%%mol in tanol

(25.0 int) waslEBeedheie Hbl?(ézsb% PR A e GRS Tenee s E(S
overnight. Tha ragatian ‘yg@ﬂsmmgngﬁ@I@quqmnﬂaﬁhjrmdfmmamﬁhmﬂﬁwmgbﬁﬂwas

purified by silica eI chro atogrgﬁ1 % é%]ur%?%%gy a adlent (S)fn %ut%) J&E%WMQMJQ g)ffq[g the

product (2.29 Step
b:(4a5,6R 75M@dxﬂw-mmlwpbeﬂy3)2@(§, n-npn@ny&mtawmwrwﬁymzmm 7.02(d. ]

pvridirt-1-yllhe 3 - - i tu s, THD),
4- (phenylsulfa?i%ﬁ%ﬁ%:g%aé ;:‘I%hi;g%%a ?ég " ¥ I?? %’l%%éi(f&(é EI%III;I(ZM{}D' 54%;%&5)?00 in
thy MEE (12.8-p4 5 &l

(1a5,1bR, 5256334y, Bt 0 phetphhexeh s drenelb5loy capsta gibshd[iC AYSIRbEB11 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 , GuienERetFH AR aqueous sodium chloride

Example 13: {(1525 AR)-4-[4-(Benzylarnino)-5-fluoro-7H-pyrrolo[2,3-d]pyrimidin-7-y1]-2-
hydroxyeydopentyljmethyl sulfamate (Compound I-31)

Step a: 4-Chloro-g-flucro-7H- ol - Trnidi

[0219] To a stitred solution of 4-chloro-1H-pyrrolof2,3-d]pyrimidine (3.00 g, 19.5
munol) in AcCN (148 mL) was added Selectfluor™ (1-chloromethyl-4-fluore-1,4-
diazoniabicydo]2.2.2]octane bis(tetrafluoroborate)), 104 g, 29.4 mmol) and AcOH (29.6 mL,
524 mmol), and then the mixture was allowed to stir for 26 hus at 70 °C under an atmosphere
of nitrogen. After cooling to rt , the mixture was concenirated in vacuo and the mixhirve was
co-evaporated with dry toluenie (2 x 30 ml). The residue was dissolved in a solution of 50%
DCM in EtOAc 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% EtOAc in DCM to afford the title compound as a light

brown solid (1.22 g, 36%). LC/MS: R, = 1.51 min, ES® 243 (AA standard).
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solution and the solution was extracted twice with EtOAc. 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% EtOAc in DC1VI to afford the title compound (96.5
mg, 8.24%). LC/MS: RI = 1,95 min, EC 476 (FA standard). tedroeth 5-4- .hen Isulfanoh 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)413-
pyrrolca,2-dpyridin-I-Ahexahydrocyclopenta[d][1,3]dioxin-7-ol (96.7 mg, 0203 rnmol). 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% EtOAc in hexanes to afford the title compound

(aRAS 6R, 6a8RE e ;

tarahydro-3aH- cyclope P PO T IR OX ) |

[02031(15, 2FT0?2§0'§R) -3- (Hﬂm iﬁ.—&’éq;(p M WaTERY prolaiBudddescribed in
pyrirnidin-7-ylkyclopentarie-1,2-diol (320 mg, O m trlet ane 0.446

mmol), and pq’éﬁﬂ'ﬂﬂﬁgﬁT ?ﬁ@ﬁm Sf‘e‘l( DEE%BD(S%_ %\% d%ggolvdegcriﬁliz‘r?la% etone

(2.2(YM.L) anrd ’smmmmmrgm,mmmam mmmmwmgaﬁrme%oam 19

bicarbonate 0 I I gtmT TES U] idue
was diluted \/3|0 lPI?er ang\oqrtrgc?e%g Willﬁ?)a[)gc'%ﬁg ﬂigfh%ﬁe%gcﬁ‘;?p - %iﬁgd?geg}gaﬁ?m

sulfate, filterdd™ B8 Re ittt i ialad & &ft 1itiEY c%mrtt oam 135.5 Mg,
99%), which wae MeeTkYy thest s e 2pry) fioaiond UG MG 91140132, 1), ECB@& B A bhafaiéind). Step
e:1(3aRAR,6R,6a5 2 2-Dimethyl-644-(ohenvisulfanyll&H-pyrrolor2,3-dlpvrimidin-

7- vIItetrahydrg%ﬁ %hlltaldroxol 4-ylimethyl sulfarnate [02043A solution of

(3aR,45,6R,6a5)-2,2-dimethyl-644-(p Isulfanyl) -7H-pyrrolo-
@, 3Apyr|rn|d|ﬁx?n}ﬂét1&hyéﬂ§4§-§ﬁﬂ&§k !ﬁ@?‘i“ e?ﬁﬁ‘ﬁb‘r[@ HorE%E3 mmol)
and pyridine (0.0325 ml,. OYHO%IPHHFST‘)VH‘E}F‘F r;h was an HOUNA S lce bath. To this

solution was ggldefl a 2.00-Mchigr Saliead fofehaNg %L FonlduRaREdimdlias prepared
in Example 1)) and the reaction was allowed to warm tort arrd st,l t luted
with DCM, wasrREplsiidaansmdhaapserinlross/ T e go%%r%é%e dr\sédg c?éer

sodium sulfatg, ilttgredyaaq ecm@mt,rmgddﬂwal;ua: Ib&msm@wmwamuﬁmea Hideiicang dH),
chromatogra ;I{ig gﬂt 4){9'3&153 17-97/ @%&Iﬁﬁ?%}g alfgrd taquitleaepeund as

a wnite soli i min S en
e T ; aﬁaa?arw&aoaaﬁﬁ%@wrﬁfﬁﬁf & oo e 1A, 3 B

Isulfart 7H-102cs
(m, 61), 1.36-1.15 (m, 36, 1.06-0.91 (m, 2H), LC/MS: R, = 1.60 min, ES 424 (AA standard).

Example 15; ((15,2R,SS,4R)-4-l-tl-[(1S)—Q,}Dlhydro-1H-mden—1-y13mmn]—?H—pynoln[2,3—d]-
pyrimidin-7-yl]-2,3-dihydroxycyclopentylymethyl sulfamate (Compound I
17)

imidin-7-y1}-5-(hydrox thyDcyclopentane-1,2-diol

[0222] To a solution of (4a5  6R 7R, 7aR)-6-14-1(15)-2,3-dihydro-1H-inden-1-ylamino]-
H-pyrrolof2,3-dlpyrimidin-7-yl)-2-(4-methoxyphenyl)-7-methylhexahydrocyclopentald]-
f1,3]dioxin-7-ol (312 mg, 0.594 mmol, as prepared following the procedure in Exarmple 1a-d,
using (5)-(+)-1-aminocindan in step c) in THF (1.17 mL) and water (1.17 ml) was added
AcOH (3.51 mL, 61.7 mmol) under an atmoesphere of nitrogen. The mixture was stirred at ot
overnight. The solvent was removed in vacuo and the residue was puritied by silica gel

chromatography eluting with a gradient of 0 to 10% MeOFH in DCM to afford the title
compound as a white solid (182 mg, 76%). LC/MS: R, = 0.85 min, ES' 381 (FA standard).
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(0205){(3aR,41',6R,6a5)-2,2-Dirnethy1-6-14-(phenylsulfany1)-711-prrolo[2,3-dI-
pyrimidin-7-ylltetrahydro-3al3-cyclopenta[dill,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% EtOAc in hexanes to afford the title compound (7.50 mg, 57%). "H NMR (400 halt CD3013, 5):
8.45 (s, 113), 7.66-7.36 (in, 21-1), 7.51-7.41 (m, 413), 5.92 (d, J r. 3.8 Hz, 1H), 5.13-5.06 (m, 111),
4.58-4.55 (dd, J= 3.8, 9.0 Hz, 111), 4.42-437 (dd, J = 8.0,9.8 Hz, 111), 418-4.14 (m, 2H), 2.92-2.82
(m, 1H), 2.24-2.08 (m, 21") ppm. LC/MS: R, 1.38 min, ES™ 437 (FA standard). Example 4:
[(1S,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 rocedure descrlbed |n Examle la-k usm R H-a- meth Ibensylamlne in step ¢. 'HNIVIR

L d\‘._ . . Ll ,_ ) e 7 _- ] —"”I [) oy 5
‘(J4O%I\éll:lzz ?-13) S 46- *‘."ﬂz!' = -“ﬁ&ﬁ;@ﬁﬁr_ Jﬁmrﬁ-. ’E ’3) 4,2172. ](-(;
(dd, J = 7.3, 9.8 Hz, 113 74 ( 1113), 2.35-2.15 (n, 3H), 2.06-1.98 (m, 1H), 1.59 (d, J= 6.8 Hz,

313) pprn. LGiiE] R = 116.'@&&1151:&:15133 (QFBE,W)@MMIH}GEE -dihydro-1H-inden-1-ylamino]-
[(1,5,25,4R)- tiroxy:4-{4-(m 12 g Q;g”gﬂ;: p’{azﬁ Imidiga6y1)cydop
éﬁf )% %g AK\ )){OZOEE’F%e title comp uY XH&Q oﬁﬂ&yﬁ E’ f

entyljmethyl 1-3 n epared foI owl ‘iiﬁﬁ
procedure de%Eﬁ%‘é E&&W@Wﬁ%ﬂ‘?@? 1091y ‘Ejﬁ#em’gﬂﬁ‘éﬁ'zﬂr%? %Hgf@b‘ i fl—?

(CD30D, 300tidhiaem)1f8ri6asd Tad)pHySdak 2B GrmeH)) 1 &8 Gdutd]) 3t ripidstrtisg.- 6&112@.1941’{51., 111),
5.54-5.43 (1o b g bARR oY b 109 B il v Bl G Dbl )

3.03 (s, 313)b_[‘3% ?ﬁ%n?%%({nhélé?gl@ Léa]h?%%quheoz 1. 8§L&Ed111 .641@,5%11?&&?1“& am pilau.

LC/MS: R1 = xam

((15,25,4R)-Aitutetigjb, wthwﬂﬁwmﬁﬁoméhmwﬂbﬁwmma}aym were washed
pyrimiclin-7-yd)R Jayeiesd/sysions sidine hbrdiasatiadCiragd owvatlseB)mhi@Nie S -dtel

concentrated in vacuo. The residue was purified by silica gel chromatography eluting with a
gradient of 10 to 60% EtOAc in hexanes to afford the title compound as a white solid (49.6

mg, 70.%), LC/MS: R, =1.16 min, ES” 421 (FA standard).

pyzrimidin-7-y1l- Zﬁ—dﬂixdrn;ggdugengl ymethyl Sulfamatg (Compound I-17)
[0224] To a suspension of ((3aR 45 ,6R 6a5)-6-[4-((15)-2 3-dihydro-1H-inden-1-
ylamino]-7H-pyrrolof2,3-dJpyrimidin-7-y1}-2 2-dimethyltetrahydro-3aH-cyclopentald][1,3]-
dioxol-4-yl)methanol (45.9 mg, 0.109 munol) and pyridine (0.0180 mL, 0.222 mmol) in AcCN
(1.10 ml) and DCM (0.500 mL) at 0 °C under an atmosphere of nitrogen was added
dropwise a 2.00 M solution of chlorosulfonamide in AcCIN (0.110 mL, 0.220 numol, as
prepared in 1j). The suspension was stirred for 2 h and more 2.00 M of chlorosulfonacnide in
AcCN solution (0.150 m¥., 3.00 mmol} was added. After 5 min the reaction was quenched
with MeOFH (1.00 mL) and the solvent was removed in vacuo. The residue was purified by
silica gel chromatography eluting with a gradient of 0 to 10% MeQOH in DCM to afford the
title compound as a white solid (23.1 mg, 46%). "H NMR (400MHz, CD,0D, ) : 8.36 (s, 11),
7.62 (4, ] = 3.1 Hz, 1H), 7.43-7.33 (m, 4¥3), 7.04 {d, ] = 3.0 Hz, 1), 5.67 (br 5, TH), 5.25-5.20 (m,
1H), 4.61 (dd, ] = 3.8, 9.3 Hz, 1H), 4.48 (dd, ] = 2.0, 9.9 Hz, 1H), 427-4.22 (m, 2H), 3.74 (5, 1H),
3.27- 3.20 (m, 1H), 3.13-3.05 (m, 1H), 3.02-2.50 (m, 1H), 2.87-2.77 (m, 1H), 2.35-2.19 (m, 3H)
ppm. LC/MS: R, = 0.94 min, ES' 460. (FA standard).
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[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 (CD30D, 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). 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,0OD, 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, | = 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. OO 4111) onm LC/MS: R,
= 1.42 min, EBxBHIEAK stRB&HR: Ydm‘lH‘mde“' ~ylamino}- i -pyrolo

(15,25,4R).414-(BenzylamE¥7t den_ SVl %sﬁﬁﬁmt ?ﬂgﬁlﬁﬁ%ﬂ-ﬂqs)-
l ﬁ1 PR \(ﬁiﬁ;q;& the proCedure described

sulfatnate (Compound 1-4
in Example la-k using benzylamine in step c 111NMR (C1),01), 400 MHz, 5): 8.12 (s 113), 7.36- 720
(in, 614), 6.6%¢t6y 4d:= 3.0 #2R 2% BRYSE4U ey ftyi(ditidthgl Rl yHoR g MletnBl=2 148 (fep)- A MUY CI-((d, 1=
7. 6 10.0 HZ 114) 4 . 2 )l [didnderiZlayiamihe) s/ H-pAy g 5\7_}‘_5“\”11 dlAmy "; I CIORREEY '..\ v" :08-2.00

(1525,4R) Aoy 4 543 t"igg‘)‘E T 6#%}@5%1% %Er@fy‘””r%oﬁ‘f*@mlﬁmﬂ-7ﬂ-

pyrimiriin-7-y yoyretdeld Styiprendisafratg Spd sprpeaHy <y ﬂ?fi}m@%'ﬁé%&%ﬁ%gﬁgwgbared
following the pegseg wﬁdﬁmﬁqﬂgaﬁ;g&mpiﬁiﬁ}&ﬂ@mgléﬂﬁ)ﬂ))ﬁdmwglhmlﬁam@)nlﬂep C.
72507 17 (SR ﬁy s 51?8 e (.0 -

m rs =
7.6, 9.6 Hz, 11youeps Attey 21k aﬂﬂ*}%ﬁ'ﬁ‘%ﬁ(}ﬂmﬁ %‘7212“1%%1 &3‘320#6?’5? n?"i

1.61-1.59 (d, dddedHndibd seinton GAYISiraHdt man'lﬁsfaﬁ@(mﬁasm@u*@}i Fikyatenand
ﬁ‘éiéfyiizéééﬁtﬁ%@ﬁ%ﬁé%%o%d &L %Wﬁmgﬁﬂgg, e
gﬁ,] aver's Lo

following the BRREEYEFEHER RCH: 5 Uusing enzY arriine in step f, 11- 1NMR
(400 MHz, DMS@ad6lte)resifne flieter) thraugh 2plpg obilip el e P%(‘Pﬁﬂsi% BRAYE Rongss
5.49-137 (n, 10 AR D thtShide 361 Lad 4 bifvaRtelblid TL790ng, B4y, LEAMS RE(UBbmnss8; 9.6

Hz, 111), 3.35 (s, 31-1), 2.77244 (in, 111), 2.22-1.87 (m, 414) ppm. LC/MS: R = 1.51 min, ES+ 432 (AA
standard). 4 5 (FA standard).

cyclopenta[dl[1,3]digxgle-2-thione
[0226] To a solution of (15,2R,35,5R)-3-({[tert-butyl(dimethylsilylloxy}methyl)-5-{4--
[(1S)—Z,B-dihydro—lHﬂinden-luylaxrﬂno]—?H-pyrmlo[Z,B-d]pyrinﬁdin—?-yl]cyclopentane—l,2-—
diol (179 mg, 0.362 mmol) in DMF (2.00 mL) under an atmosphere of nitrogen was added
1,1"-thiocarbonyldiimidazole (72,3 mg, 0.406 srunol) and the solution was heated to 80 °C for
3 h. The solvent was removed and the residue was purified by silica gel chromatography
eluting with a gradient of 0 to 50% EtOAc in hexanes tp afford the title compound (158 mg,

81%). LC/MS: R, =2.24 min, ES" 538 (FA standard).

Stepe __ 7- -4 ({[tert-Butyl(dimethyDsilylloxylmethylcyclopent-2-en-1-yll-N-{(15).

2 53-dihvdro-1H-inden-1-v1]-7H-pyrrolof2 3-d imidin-4-amine

[0227] To a solution of (3aR,45,6R,6a5)-4-({[tert-butyl(dimethyDsilylloxy] methyl)-6-
{4-[(15)-2,3-dihydro-1H-inden-1-ylamino]-7H-pyrrolo[2 3-d]pyrimidin-7-yl}tetrahydro-3aH-
cyclopenta[d]{1,3]dioxole-2-thione (138 mg, 0.257 runol) in THE (0.360 ml) at 0 *C under an
atmosphere of nitrogen was added 1,3-dimethyl-2-phenyl-1,3,2-diazaphospholidine (0.147
ml, 0.793 mmol) dropwise. The solution was stirred for 10 min at @ °C and then at rt for 5 h.
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Example 11: ((1S,25,4R)-4-(44(2-Chlorobenzyl)arrtirto]-7H-pyrrolo[2,3-d]pyrimidin-7-yl)-2-
hydroxycyclopentyl)rnethyl sulfamate (Compound I-1) [0213]The title compound was prepared
following the procedure described in 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 (del = 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-Hydro:cy-444-(methyla.rriino)-7H-pyrrolo[2,3-dIpyrimidin-7-y1]-
cyclopentylimethyl sulfamate and ((1.5,25,4R)-4-(44(15)-2,3-dihydrO-111-
inden-1-y1(methyl)amino)4H-pyrrolo[2,3-d]pyrirnidin-7-y1]-2- hydroxycydopentyl)rnethyl sulfamate
(Compounds 1-40 and 1-6) Ste a;tert- Bu 1 1 2ih o 1H |nde -1- Icaﬁ%ama% 0214 Egsql%gn of
(5)-(+)-1-arrd PR RENETL % 589 L AHARGIIA S Has 8 I T
followed by mmwmﬁamw@m@mwm@rmmmwﬁwmmn
atmosphere oL fHAeRFOELSHe TQ%WWfWQ%QQHWW rvacQanghryyified via silica gel

2

chromatography eluting with a gradient of 0 to 20% EtOAc in hexanes to afford the title compound as

a white solid égeO%lg 94‘@ I?E/IM!%%Z _ﬁ élgﬂ“m §4§£\%§§tg ndard). JerirButyl

(15):2,3- dlhyurc? IT=m APATAN( ) n-of tert-buty
(1S)-2,3-dihydro-1H-in 2n- -ylcarbamate (1. g7 g 7 8 trunol5 THF (50.0 nth) under an atmosphere
of argon at 0[@¥2&ided 60%Fsadilmidry dfifi¢IR ARl {9881 HgnadMsilyibixahd the suspension

I d f g_%jgm Hhanes ﬁf@gﬂ, th
Vn\g?;l?reo\\llvvzs Iﬂ?ﬁ%ﬁ Oé% ﬁr&??#%%};ﬁg%qoglv%)as hen bﬁd]mﬁ%lé&g%ﬁ}%%& t?@;& m_lél‘nxnaci)}rﬁtune
n vacua mixtur

chloride solu cf’m(‘fﬁ %‘hd Wwas Co was th n partltloneé Petween

water (20 rol3tawarbepaf tresen arg adetdenysisayparidias byederfueridri 8% 1«58 Ered The
combined orgmeisdryRISWRIAlHed yer Mg ShfedilicsadghprThntatebinwacyienteduited by silica

gel chromatogapt AR LA SIS LR AR SASN OSBRI ML g s mpound

as a clear, colorless oill 1 84 , 95%)
separated and the aqueous layer was extracted with EtOAc (3 x 20 mL). The combined

organic layers were dried over sodivm sulfate, filtered and concentrated in vacuo. The
residue was purified by silica gel chromatography eluting with a gradient of 0 to 5% MeCOH
in DCM to afford the title compound as a white solid (~70% purity, 35.7 mg, 41%). LC/MS:

= i

R, =1.03 min, ES™ 347 (FA standard).

[0z229] To a solution of ((LR,4R)-4-[4-[(15)-2,3-dihydro-1H-inden-1-ylaming]-7H-
pyrrolo[2,3-d]pyrimidin-7-yljcyclopent-2-en-1-ylmethanol (35.7 mg, 0.103 mumol) and
pyridine {0.0417 mL, 0.515 rmol) in AcCMN (1.00 mL) at 0 °C under an atmosphere of
nitrogen was added dropwise a 2,00 M solution of chlorosulfonamide in AcCN (0.260 mL,
0.520 mmol, as prepared in 1j). The solution was stirred for 1 hour. The reackion was
quenched with sahmated aqueous sodium bicarbonate solution and partitioned between
water and EtOAc. The layers were separated and the aqueots layer was extracted with
EtOAc (2x 20 miL). The combined organiclayers were washed with saturated aqueous
sodiumn chloride solution, dried over sodium swlfate, filtered and concentrated in vacuo.
The residue was purified by silica gel chromatography eluting with a gradient of 0 to 5%
MeOH in DCM to afford the title compound as a solid (28.9 mg, 66%). 'H NMR (400MHz,

CDCL, 8): 836 (s, 1H), 7.35 (d, ] = 7.2 Fiz, 1H), 7.30-7.18 (m, 3H), 6.89 (d, ] = 3.6 Hz, 1H), 6.32
(d, ] = 3.5 Hz, 1H), 6.14-6.12 (m, 1E), 6.04-5.97 (m, 2E), 5.89 (br 5, 1H), 419 (dd, ]= 12, 6.0
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LC/MS: Rla.- 2.21 min, EV. 248 (AA standard). Steps: 515)-N-Methylindan-1-amine, hydrochloride salt
[02161To a solution of tert-butyl (15)-2,3-dihydro-1H-inden-1-yl(methyl)carbarlate (1.84 g, 7.44
nano’) in Me01.1 (50.0 rra..) 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
((((1S,2S,4R)-4-14-1(1S)-2,3-dihydro-1H-inden-1-y1(rnethyl)arnin6l.-7H-
pyrrolof2,.8-clhayrimidin-7-yll-2-hydroxycycloRentyl)rnethoxylsulfonyl'lcarbarnate [0217]The title
compound was prepared following the procedure described in Example 2a-i using
(1S)-N-rnethylindan-1-amine, hydrochloride salt in step f. LC/MS: P.,= 1.55 min, ESP 558 (AA

standard). Ste e:S1J 2-Hil ix -4-4- 1 Y_| n -7H.2din-7 - cgclopentyllrnetgvl sulfarp t%%ng 16239
alS2S, 4R 1-4 12 R 3A% (ol iRAAgex- 23 (m, 1ED, 2.98-2.90 (xh, 1E), m

y1l(meth_DantinolZhl-purreles i3 sigypipadind/wist R - udiowyiey S pes \(Wnsethtksiifamate
(Compounds 1-40 and 1-6) 102181To a solutlon of tert-butyl

sulfonyl)carbamate (97 9 mg, O. 176 mmoI in LCIV| 00 ) under an atmosphere of rh. é_‘gen was
added trifluorB888lic add (AcvsHensRnetHRARLE] Eéiék&ﬁfblmﬁ{‘rr?&fd&f?e*ﬁ‘thé"ﬁ?é’% of both

products, anghiheclbizisvdpyeitiaiepilefelbiientatao-Mytjnetie dulfarsiite il g rolr 66 greqeitly eluting
with a gradien. o o L0 MAk: L 46010, B/ 6/ 5eolD @Issh iy ¥ salRrassualiRRQ mo.

10% and 30.6 mg, 51%, respectively). Analytical data fqr

((15,25,4R)- ?M&Wﬂ SRV i) s RRrE B0 B RATA A P T EPE R oper?ﬁ/fflne"fﬁyl
sultanate (Cothmmmeymwmm@ﬂmmzﬂg@mtﬂycgmqanﬁaamf(aohd@%%m) 624

(d,J = 3.1 Hz344) ' Li (ML D] o484 }ﬁbla,ge@}(d%ﬁiz,&f%&ldwhtdxn{l 48p(dd, =
7.4,9.7 Hz, 111), 334(5 31-1), 3.14 (br s, 311), 2.90-2.75 (m 111 37218gm2,§51 515 232,96 (in.

1H) ppm. LC/ARE (Fbkﬂsdaf#nﬁf‘%éﬂé&(ﬁ&é T A AR G T
((15,25AR)- 42%4}[41261%13}&!deﬁcﬂlmmmuyﬁ(@wﬁ)ﬁmmﬁw@m&mwﬁmm@i@ 2-hydro

xycyclopentyl 15 HE@ES”‘%& C!Li'ﬁ}z éﬁ)%ﬁ@%éﬂ'ﬁﬁ@@ﬁ@@,a@h Bad(s, 111),
7.54 (d, f=3 ‘1), 739 " 7.02'(d, J - 3.8 Hz, 11-1), 626 (dd, J= 75, 7.5 Hz, 11-1),

5.58 (ddd, Jlﬁr@ﬂﬁéﬁﬁlé %?r% sstnderdl g = 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 (tt, 11-1), 276-2.59 (m, 1H)

2.42-2.05 (m Ealmpla17:C/ M, 23 AR)-BBlynlroxy S« 4 BT thyeliseegyl 3-yDmethyllamino)-1
( F pyrrolo[2,3-dlpyridazin- 1—yl)cyclopenty1]met'2y1 sulfamate (Compound I-41)

Step a: N-[(5-Methylisoxazol-3-ylimethyl-7H-pyrrolo[2 3-d|pyrimidm-4-amine

10231} 4-Chloro-1H-pyrrolof2 3-djpyrimidine (1.14 g, 7.43 mmol), (5-methyl-3-
isoxazolylmethylamine (1,00 g, 8.92 mmol) and DIPEA (1.94 mL, 11.1 mmol) were added to
1-butanol (9.13 mlL). The mixture was heated at 190 °C for 1600 seconds using MWTI in three
batches. The combined reactions were concentrated in vacuo to give a brown cil. The
residue was purified by silica gel chromatography eluting with EtQAc to afford the title
compound as a yellow solid (1.22 g, 72%). LC/MS5: R, = 0.63 min, ES' 230. (FA standard).

Step b [(15.25 48)-2-Hydroxy-d-(4-[ [(5methylisoxazol-3-ylimethyllamino)-1 H-
i in-1-yl lopetityl 1 sulfamate (Co und =41

[0232] The title compound was prepared following the procedure described in
Example 1d-k using N-{(5-methylisoxazol-3-ylymethyll-7H-pyzrolo[2,3-d]pyrimidin-4-amine
in step d. "Bl NMR (400 MHz, CD,0D, 8): 8.22 (s, 1H), 7.26 (d, ] = 3.6 Hz, 1H), 6.63 (d. ] = 3.6
Hz, 1H), 6.14 (s, 11), 5.55-5.44 (m, 1H), 4.81 (s, 2H), 4.52 (br 5, 1H), 442 (dd, ] = 7.6, 9.6 iz,
1H), 4.25 (dd, | = 7.4, 9.8 Hz, 1H), 2.91-2.79 (m, 1H), 2.41 (5, 3H), 2.40-2.22 (m, 3H), 2.15-2.04
(m, 1¥0) ppm.
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Example 13: (15,25,4R)-144-(Beozylarnino)-5-fluoro-7H-pyrrolo12,3-d]pyrimidin-7-y1F2-
hydroxycydopentylimethyl 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 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
EtOAc 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% EtOAc in DCM to afford the title compound as a light brown solid (1.22 g, 36%). LC/MS: It =
1.51 min, ESL24BIBAR, stBAdlamit). EStaps (FA standard)

b:1(15,25,4R)-4-14- Benzylarnlno) -5- fluor 012 lQyrimidi u_}/}l- - h dren Imeth Is ornate
Com ound I- e ithel %‘% ‘3}) uﬁ%&lj re described in Example
la-k using benzylarrdne anlay B4 ogﬁf‘% yrro 012,3-rnp |m|d|ne In step ¢. 2H NMR (400
MHz, CD3OEioﬁs]8 09 (s, HAd jitit FmpSundwadlphdt FoR6ving 2id pricedute Hosaribdd &), 7.06 (d J
= 2.0 Hz, 1H 42 (in, 11- Ins, 214 1

4.17 (dd, J =% ’,’5’. %Hﬁ%ﬁé?ﬁ? ili’?%@@d@{%@‘é’%ﬁz@fﬁ%@ ?ﬁ*)@, 5-2.13
(m, 211), 1_9876dd: RE)S/BIddd, 14 0.5 8.41H2) ZHE A3 (& H%W@gmgﬂa@&%dﬁh)
Effrgpr:edm §E3DEF4R)A41 - {@yslgﬂsmhﬂetfﬁi)mwrzHazgéyr4mtac84lipwilvrdmﬂfn 4.16

y ydro 0 u

prepared follcel\/?y C{;ltk?eg gr)(l)ce ure'd gggf%f %ﬁraqg uszzfir?g cydo giggriﬁrne ylamFTge in step a
NMR (300 MRz=Q D3 8558408 (A Bkndartd). (d, I= 3.6 Hz, 111), 6.60 (d, = 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 Bxdargil B82[(55,39,4R)2 oy drdxyin(4D(RabudidmEthyBibdz2lbifddd Fpyectn?, 143
Hz, 1H), 1.88-1.60 (in, 611[2,3+86ytidszfinl 3yd@eadfathg mulfaraiSompoundd-#iin, ES. 424

AA stand le 15:
E(15 IR.35 ZMG‘T Efs) The BR rOROPOHTR 1S AERAFR T ST e R B SRR A P 10, 3-dih

yd roxycycIOpﬂmﬂaﬂﬂw&swiagmt&mmmﬁ)ﬂﬂbaﬂMMW-ﬂNmﬁm MEHz, CD,0D,

Py SRR Iy epetiane 010k 4087 AP A SRR Clen, 729 o1 -

3.7 Hz, 1H), 6.60 (d, [ = 32 Fiz, 1E), 5.50.5.36 (o 153), 4.94 (s, 1ED), 4.45 (br s, 161), 434 (dd, ]
~ 75,76 Hz, 1H), 416 (dd, ] = 7.4, 74 Hz, 1H), 3.27 (q, ] = 1.6, 3.3 Tz, 1H), 2.94-2.73 (m, 1H),

2.35-2.15 (m, 3H), 2.06-1.96 (m, 1H) ppm. LC/MS: R, =1.25 min, ES” 486 (FA standard).

Example 20: ((15,25,4R)-4-[4-[(Cyclopropylmethyl)amine]-7H-pyrrolo[2,3-dlpyzimidin-7-
yl}-2-hydroxycyclopentyl)methyl sulfamate (Compound I-25)

hydro thylleyclopentanol
[0235] The title compound was prepared following the procedure described in
Example la-g using cyclopropylmethylamine in step e. LC/MS: R, = 0.90 min, ES' 303 (FA
standard).

Step b 7-I(1R,35,45)-3-([tert-Butyl(dimethylsilylloxyl-4-(([tert-butyl(dim ethyhsilylloxyl-
methyDevdopentyl}-N-(cydl 1mnethyl -7 H- olo[2 rimidin-4-aroi

[0236]) (15,25 AR)-4-{4 {(Cydlopropylmethyl)amino]-7H-pyrrolo[2,3-dlpyrimidin-7-
yll-2-(hydroxymethyl)cyclopentanol (280. mg, 0.923 mmol) was stirred in DMF (3.00 mL.).
tert-Butyldimethylsily! chloride (698 mg, 4.63 mmol) was added followed by 1H-imidazole

(142 mg, 2.08 mmol) and 4-(dimethylaminc)-pyridine (10.0 mg, 0,.0818 mmol). The reaction
was stirred for 1 h then diluted with water and extracted with EtOAc (3 x 15 mL). The
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7H-pyrrolo[2,3-dIpyrimidin-7-y11-2-(4-methoxyphenyl)-7-methylhexahydrocyclopentaid]-
[1,3]dioxin-7-0l (312 mg, 0.594 mmol, as prepared following the procedure in Example la-d, using
(5)-(41-arninoindan in step c¢) in THE (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 vacuo 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: It, =
0.85 miii, ES' 381 (FA standard). St b-3aR S 6R 6aS -6- 4- 1 -2 Dih dro-1H-inderi-1.- larnino -71-1lo 2
miclin-7 1 -2 2-dime ltetrah dro-3aH d entl dioxot-4- yOmethariol [0223]To a suspension of
(1R,25,3R,55)-3-141(1.5)-2,3-dihydro-U-1-inden-1-yla1flinOl-
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
rnonohydrateci@argatuye0 v asdmedoty oritiaB@ididemed gratisenesiraini so rswARsHTedar ethight.
The reaction was fuenshed with m@;e&@ﬂugﬂume@m@wpgm&§wma@a®0 xnL) and the

volume was rcehruced Inélﬁvé’rilv-:;ge tlon as ?yé d X\gt,t) \ﬁ/&ﬂ %:'zr;n gf)%{%?gd Ht%t (@ge The

combined orgam(% Eitiate aqueous SO e SO utlon d over
sodium sulfateqfiberad {03 mmd@ﬁ&)até@lhﬁa%ﬂﬁ@n&sﬂué%ﬁ@étﬂé@fd} silica gel
chromatography eluting with a gradient of 10 to 60% EtOAc in hexanes to afford the titte compound as

a white solid MMW—R}&
c:((15,2R,35,4R)-4-44- ,.Ju' MR

pyriinidin-7- ﬁéL -2.3- cI|hy ent?élg;yneth qu in Com tert]b&t)'l(dgmﬂ )59133]_

suspension R,45 6R.
ylarnirto1- 7memmmmmmmmm@mmmwmswmwme (100.
dioxol-4-y1) tbmal:ﬁﬂ&ﬁ m& QLR ROt @ miﬂmﬁﬂ%&m(@w&mwcw (1.10

nil.) and DC der

solution of c’h/%ros& onam ?g frd}i %%%‘%ht% (%(runo as p?é%%ge&’m 1)). e suspensmn
was stirred f&mﬁﬂﬂgmﬂm%ﬁa@ﬁpﬁﬁ %fafﬁw'ﬂe’%&’oo mmol) was
added. After qumatinlibd wedctionried gpercsaddintn MaGbohsk: @ﬂmbraﬁhqhwohﬂnrwmmmoved in
vacuo. The residugWasiAdHeA Yaslitras] shEamalostianby shiing witha-oreiental e 10%
MeOlI-1 in DCM to afford the title compound as a white solid (23.1 mg, 46%). 1E NIOR (400MHz,
CD,0D, 8) : VSR, flieted ang qancenizatpd ip vacyo; The esidvpwag prefisd by siica gl 1y, 113), 5.67
(bra, 111), 5.2hcb{icgraphkSldifg Ath d gradieft 2 taniS0r A48 dih Haxarls SR ifbd 18}l 27-4.22

(ZrC’TS 22|_|1)93(r31 éﬁ‘i ppm i ég]%}lgen{%éég %ﬂl% %)%9 xam;flli g, orear AR

((1R 4R) -4-(4- RlS) -2,3- D|h dro 11 1 |nden |- Iam|noJ 7H

m\'L oolepﬁﬁl r fimethyl sulfamate

(Compounds[il,zggjand l- 1J(l1gplgf§,.l_g§.§ﬁtgﬁ B {dithel sl 0¥ 1]Bﬁ}l14.{45~ 4- 1S-2. dih dro-
1H-inden-1-y m| ol- 7H %tg?ﬁi%ﬁtf‘f%ﬁ% 3?1!;]?7- I nj@tgfpentgne,zl lg}lro OJPQEZ%%’LAE&@“O&)&H)
ro n-I-

(1R,25,3R,5 ‘-’§?ﬂ

i
pyrrolo(Z3-tf|pygiti ﬁmﬂmﬁ?@fﬁﬁﬁ%&f&éﬂﬁﬁé@%%ﬁw& BEASE-H L prepared
in Example 163%5tenibltylsimddoy $illbaiekbtige 265 MsgluBatoes ool lidiaivde SN, 654

mmol) in LIMY {202 nals)vas ggggearﬁ% RRIOIRRENR OLMERORR 2 Allghdnihad diianakon
tert-butyldimethylsilyl chlorlde (6.0 mol) as added, and the solut n was it irred for 1

hour. The redEtbFPRRELIGRISAREATHN R R e T AR BT E A BT anics were
washed with wmmwmsqumaaummmmmammn dried over sodium sulfate, filtered,
and concentrated in vacuo. The residue filtered through a plug of S|I|ca gel elutlng with 60% EtOAc in

hexanes to afgusldhe tiffgcompounc Aa9a &
495 (FA standard).

[0239] ((15,25AR)-2-{ [tert-Butyl(dmlemyl)sﬂ}rlloxy]4—{4—
[(cyclopropylmethyl)amino}-7H-pyrrolo[2 3-dlpyrimidin-7-yljcyclopentymethyl sulfamate
{(88.0 mg, 0.178 mrnol) was dissolved in THF (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
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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-dipyrimidirt-7-ylltetrahydro-3afi-flpentafdif1,31dioxole-2-thione
(02261To a solution of (15,2R.,35,5R)-3-(f [tert-butyl(dimethyl)silynoxylmethyl)-5-14-
E(15)-2,3-dihydro-1H-indert-lilarnino]-7H-pyrrolo[2,3-enpyrimidin-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% EtOAc in hexanes to afford the title compound (158 mg, 81%). LC/MS: R= 224 min, EC
538 (FA standard). 7-tert-13u 1 dirneth sil 1meth lenn-115 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)silylJoxylmethyl)-6-

f44(15)-2,3-dilpyetichiid initensdnylaterirojuebixppraioe lacitbpratrinlrtpne Fam pave o MIvE BFRntaw 1,3
1dioxole-2-thiQpe (3% MOrRPAT (310 hin)TAiE (Q-36Rprkd) k@t idrsintan wimealpihbeeaf nitrogen
was added 1.3-dimeth 1-2-pheny1-1,3,2-eltaraphoqu§LIIELdine 0%51% mt. é)e.g%?) sfﬂf@a()l epropwise. The
solution was MEFBITEIATLEORCTHEFFRIR YRR B R TS S ol eRt A removadand the residue
was purified bpsiliesgesphvahaiogreith 5% Me@EIDE Y aTlenohpond0vsE e ireHsia disao

afford the itl 895119&;{%55%9@@{ lb GEROfORA iR BLD DREVIAB U ok SR comr s Hial (B Bl ) 62
WA standard)g. Step,d:((l e14%-4-14- ;18#2,3-Dih dro-1H-inden-1 ylg\moliw-ggér&{oiz_.;-éi{z
pyrimidin-7-yfe§ébpEhy B {49 qﬂ%g]%o(%%u%ﬁ(&" TR R, SRS AR I

7-[(1.12,4R)-4 e ksbou v (@irneshyd)sdyboxy)H), 4.45 (br s, 1H), 433 (dd, [ = 7.6, 7.6 Hz, 11), 4.15(dd, J
methyl)cydopens2seped RNAIGh) 2 3 i ot binslorndl i) pysislol e shyriamicing @iyine
(81.9 mg, 0.178 mimol) i pyridine {3.800 mL) an THE£§§OO ml.) at OC under,an aﬁﬁg)sph re of
nitrogen was YHidBerbphize HRidifE0a ferdERaem. CSoME Ras s8Ry Erh 28R S as
warmed tort and stirred overnight. The reaction was quenched with saturated aqueous sodium
bicarbonate SBkakisglerit di(HBASNRY-E{QAG THlerhyaraylierel et Eat U HgidBS YA ér was
extracted with EtOAc (3 x 2aysioryrhelepmbibes iy shiEmsE, HR8dEVer sodium sulfate, filtered
and concentrated in vacuo. The residue was purified by silica gel chromatography eluting with a
gradient of 0 to 5% MeQH in Do the title compound as a white solid (-70% purity, 35.7 mg,
41%). LC/MS: = 1,03 k48, €S]33¥ (FA sPhndard). Step

e:((IR,4/O‘-4-14FA£‘|l§‘_I_b-2- {Plydtd-1H-inden-1-ylaminol-7H-pyrrolo[2,3-61-
pvrimidirt-7--ylicydlopent2fen-1-ylbnethyl sulfamate (Compound 1-20) (0229]To a solution of
((1R,4R)-4-14-((15)-2,8%ihydro-1H-inden-1-ylamino]-7H-

Step a: 4-[(4-Chlorob Noxy]-7H- olof2.3-+d imidine

-[0240] To a 0.375 M solution of aqueous potassium hydroxide (26.2 mL, 9.83 mmol)
was added (4-chlorophenyl)ymethanol (464 mg, 3.26 romol) and the mixture was heated to 80
o for 30 min. Then 4-chloro-1H-pyrrolo[2 3-d]pytrimidine (500 mg, 326 mmol} was addexd]
and the mixture was refluxed at 130 °C. After 6 h, additional (4-chlorophenyl)methanol
(100. g, 0.701 mmol) was added and the solution was heated to 115 °C overnight. The
reaction was cooled to rt and diluted with water. ‘The solution was then extracted with
EtOAc (2x) and DCM (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% EtOAcin DCM to afford the product as

a white solid (210 mg, 25%). LC/MS: R, = 1.72 min, ES” 260. (FA standard).

Step b: ((15.25 AR)-4-[4-[(4-Chlorobenzyl}oxy l-7H-pyrrolol2,3-d loyrimidin-/-y1}-2~

hydroxycyclopentylymethyl sulfamate (Compoungd 1-34)

(0241} The tifle compound was prepared following the procedure described in
Example 1d-g and then Example 2i-j, using 4-[(4-Chlorobenzylyoxy]-7 H-pyrrolo[2,3-d]-
pyrimidine in step 1d, “E NMR (400 MHz, CD,0D, §): 8.35 (s, 1H), 7.517.34 (m, SH), 6.56 (d,
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pyrrolo(2,3-d]pyrimidin-7-yl)cyclopent-2-en-1-y1)methanol (35.7 mg, 0.103 =no]) and pyridine (01)417
mL, 0.515 mrrtol) in AcCN (1.00 ml.) at OC under an atmosphere of nitrogen was added dropwise a
2.00 M solution of chlorosulforiarnicle 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 EtOAc. The layers were separated and the aqueous layer
was extracted with EtOAc (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% MeOH in DCM to
afford the title compound as a solid (28.9 mg, 66%). 11-1 NMR (400MHz, CDO03, S): 8.36 (s, 1H), 7.35
(d,/=7.2 Hz, 11-1), 7.30-7.18 (m, 3H), 6.89 (d, | = 3.6 Hz, 111), 6.32 (d, J= 3.5 Hz, 11-1), 6.14-6.12
(m, 1Th, 61)4-5.97 %21-1), 5.89%5, 1H), 4.19 (dd, J= 1.2, 6.0 Hz, 211), 3.43-3.37 ém 1H),
3.00-3.01 (m/ 5134, HzotkD, 7k, ld)° 54 %.@@éﬁ?ﬂ%ﬂﬁéﬁz.@(ﬁ%ﬁffﬁf 2% 3H) ppm
LC/MS: R, = 1R} 410 (dSH=A26, (i Biatia a0-S@(m, 1H), 2.34-2.20 (m, 3H), 2.11-2.03 (m, 1H) ppm.
ﬁalE3S)_3_i4_{% %'Ié -Dihydro-1H:i t-1-ylaminolsy H-pyrrolnf2,3-dlpyrimidin-

7-yllcyclopenty Z1e 'glsTgi;')g?nlgfebl%g%%o(ﬁﬁyﬁﬂ%r 2301A suspension of
((IR,4R)-4-I4-fE1S)-2,3-dihydro-lH-inden-l-ylarnin 1-7H-

pyrrolo[2,3-tii ﬁg’l-yﬂ% %ﬁh‘j’%@ﬁ ;@17:3@?;53 'ﬁWﬂﬂfﬁyﬁﬁol) and 10%

palladium on carbon (8.60 rﬂrg in é?o&&’?‘é m JS was put%ncﬁer n attnbsphere of hydrogen. After $
h the flask wagaauyged withrhd GageBrapeiie wus pesisian valdtirg et provgiufealitamieidng with
EtO.A.c to affgrd the title compoun hi id . 6529 INMR (4 ) 13, 8):
8.36 (s, 1H), ‘?’?é“&?je FE9apfish %W% ?%%ﬁﬁ}%% g’%l\é ,7\%%?3.4 HZ,
111), 5.91-5.8A4tm 130 6320, (br §,6H2) 152 -5 FAR 2 H).4.26 (@810, 48931 4pdrpi AT £33 18 (dd,
J=--6.2, 9.8 {4a, j 143, 308309, (indd)y 299;3.9816) 18], Da? BRI AH), 2682128216 2H),

20955 (m, M 1 86800 (0, T pom AR, 28 3 A8 A sigroere) Evample

[(1.5,25,4R)-2-Hydroxy-4-(4-([(5-methyliso>cazol-3-yl)methyllamirto)4Bprrolo 2,3-a|py_ridazin-13/ncyclo
pentyllmethyPxumaneis (CORPHARMN 441 robenzyl)aming]-7H-pyzrolo{2,3-d]pyrimidin-7-yl}-2-
a:N-115-Methylisoxazol-3-"yAFREYSyPPFR TB&%’]WHGW%%E@

10231)4-Chiqigh-Dyrroloag. Slowiipiding Ll 80p4:47 B0k e described in

isoxazolyl)rnethylarnine (1.00 g, 8.92 mmol) and DOPEA (1.94 mL, 11.1 xrunol) were added to
1-butanol (9, Bampls 2rtiesingdndpeeberaatarinenarierbr THOBEURATIRIGPNRRM B ti@Ebatches.

e St O ke
72%). LC/MS@‘B%E% @ff%n%‘ﬁgﬁﬁzgog@ﬁs%n%%%%é%%’ PEORETYL M, 3980 '
b:[(15a5,4R)-33-yeRE2 2R T Fom b A 855533 (- FR 27 (idFL R - 3186 on B B -5

Isulfaiate Ottlyctined: 41 £82Z82Ritheditsr papaswnshy/e fopopahestelingdng the procedure described in
Example id-k using N4(5-rnethylisoxazol-3-y1l)methy11-71/-pyrrolo[2,3-Apyrirnidin-4-arnine in step

d.NIVIR (40 0P/, 8) A3kt & 3efidtEn o). 14 (s,
111), 5.5é-5% 11%%3 .q%)f@%aﬁg'ﬁ* b@ﬁi’%ﬁa %g%ﬁ%ﬁdrp% Hy)A.14 (s

[0244] The title compound was prepared following the procedure described in
Example 2a-j using 3-chlorobenzylamine in step £, "H NMR (400 M¥z, CD,0OD, 8): 8.22 (s,
1H), 7.44-7.31 (m, 5H), 6.78 (d, ] = 3.6 Hz, 1H), 5.56-5.48 (m, 1H), 4.82 (s, 2ED), 4.56-4.52 (m,
1H), 4.42 (dd, ] =7.5, 9.8 Hz, 1H), 4.25 (dd, ] = 7.3, 9.8 Hz, 1H), 2.92-2.83 (m, 1H), 2.42-2.26
(m, 31, 2.15-2.08 (m, 1H) ppm. LC/MS: R, = 151 min, ES’ 452 (FA standard).

Example 25:  ((15,25,4R)-4-{4-[(4-Chloro-2-methylbenzylaminc]-7H-pyrrolo[2,3-d]-
pytimidin-7-y1}-2-hydroxycycopentylymethyl sulfamate (Compound I-48)

[0245] The title compound was prepared following the procedure described in
Example 2a-j using 4-chloro-2-methylbenzylamine in step f. "H NMR (400 Miz, CD,0D, 8):
812 (s, 1), 7.26-7.21 (m, 3H), 7.14-7.11 (m, 1H), 6.66 (d, J = 3.5 Hz, 1H), 5.49-5.41 (m, 1H),
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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-d1pyrldazin4-y1)-2- hyclroxycycloperityllmethyl sulfarnate
(Compound 1-39) 102331The 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, 1= 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, J = 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 17a-b
using 2-(trifludss(e i Beitzgbmiinc i) st (dd KSR 8480 NP4 O8ddD =fos7dstE; ’fflff)‘?? 66 (d,
J=7.7Hz, 1 7.47. 405z, - A3 8Bsbllgm/ 1 ch=IR: 7¥&, B H)1.616€if0], J= 3.2
Hz, 1H), 55?3%%‘%%1%33{%4% %%%’%@(éﬁé%%ﬂm (dcjf,ib =£-q’7.5, 7.6 Hz, 1H), 4.16 (dd, J =
7.4, 7.4 Hz, |B5’ 3651%, 3andagl)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)-4ekériffymo pIopyhser e daoly - D aledRoRstimyyiading]-7H-pyrrolof2,3-4]-
y11-2-hydroxycyclopentypmetnyidinifayHayslceemtyiostnyl sufamals (Compound I-43)
a:(152.5.4R)-444-1(Cyclopropylmethylarninol-7H-pyrro rirnidin=7-y1}-2- AT
Thydroxymet%&]/clopentgﬁﬁlhf%?ﬁ?ﬂ'énu 8E oalfﬁ%){/?/%gs pr g#e%z?gﬁglvé}%dﬁ%gbﬁc%dure
described in Exanpledaiysisigd-oytiopyhephyimgharinistemts tEprEMBIARSVIRIZPHOT R 8 45303

_(FA standardi@t%jﬁy_ }é]@%ﬁféb—@éﬂﬁ;t;ﬂ@pﬂl (ﬁiﬂri glaw ally Ll ow 1y 4-Hise HEDUS RGN P thich Syl oxyl-
inethyl)cyclopeityll-N-beloPro

rnethyl}-7H- lof23-cilpyrimidin-4-axai
(0236)(15,25 ¥By A DL 2%&%)%%%%6 Cégﬁg%%'{]g%ﬁﬁ'i%glﬁ%ﬁn 419 (dd, ]

= 73,98 Hz, 1H), 3.87 (s, 3H), 2.84-2.75 (m, 1H), 2.35-2.18 (m, 3H), 2.06-1.99 (m, 1H) ppm.
LC/MS: R, = 1.16 min, ES” 448 (FA standard).

Example 27: ((1S,25,4R)—4—{4—[(3,4-Dichlorobenzyl)an'ﬁno]~7H—pyrrolo[2,3-d]pyrinﬁdjn-7-
yl|-2-hydroxycyclopentylymethyl sulfarmate (Componnd I-24)

[0247] The title compound was prepared following the procedure described in
Example 2a4 using 3,4-dichlorobenzylamine in step £. "H NMR (400 MHz, CD,0D, 8); 8.15
(s, 1H), 7.51 (d, ] = 2.0 Hz, 1H), 7.46 (d, ] = 8.3 Hz, 1H), 7.30-7.27 (m, 2H), 6.65 (d, ] = 3.5 Hz,
1H), 5.48-5.41 (m, 1H), 4.74 (s, 2H), 4.49 (t, ] = 4.0 Hz, 1H), 437 (dd, J = 7.5, 9.8 Hz, 1H),4.20
(dd, J = 7.5, 9.8 Hz, 1E), 2.86-2.77 (m, 1H), 2.36-2.20 (m, 3H), 2.08-2.01 (m, 1H) ppm. LC/MS:
R, = 1.16 min, ES" 486 (FA standard).

Example 28: ((15 ,2S,iR)—Z—Hydroxy—&-{é—[(lS)—-LE,BArtEtr:ahydmnaphthalen—l—ylamjno]-
F 7H-pyzrolof2,3-dlpyrimidin-7-yl}cyclopentylimethyl sulfamate (Compound I

37)
[0248] The title compound was prepared following the procedure described in
Example 2a-j using (5)-(+)-1,2,3,4-tetrahydro-1-naphthylamine in step £. "H NMR (400 MEfz,
CD,OD, 8): 8.16 (s, 1K), 7.26-7.07 (m, 5H), 6.63 (d, ] = 3.5 Hz, 1H), 5.56-5.50 (n, 1H), 5.49-5.41
(m, 1ED), 4.50 (m, 1H), 4,38 (dd, J = 7.5, 9.8 Hz, 1H), 420 (dd, ] = 7.3, 9.8 Iz, 1F), 2.93-2.76 (m,
3H), 2.37-2.20 (m, 3H), 2.17-1.82 (m, 5H) ppm. LC/MS: R, =1.29 min, ES' 458 (FA standard).

108



y11-2-(hydroxymethyl)cydopentanol (280. mg, 0.923 mmol) was stirred in DMF (3.00 int.).
tert-Butyldimethylsilyl chloride (698 mg, 4.63 mrnol) was added followed by 1H-iroldazole (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 EtOAc (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 % EtOAc in
hexarkes to afford the title compound (203 mg, 41 %). LC/MS: R1 = 2.16 min, ES+ 531 (FA standard).
Step ¢(.(1529,4R)-2-(ftert-Butyl(dimethasilyl1loxy )-4-i4-F(cyclopropyhnethvl).axninol- 7fa,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 thExeaptiozswa&IstiRoaSIORBAH AU rbspara el 3Hitpymel RdEded and
the reaction was stirred forﬂlﬁ%ﬁ%@%ﬂﬁﬂﬁﬁ?w@&wg%ﬁ (&RTE8 iU bicarbonate

solution. The ous layer.was, extracted ysj 11HAR 8:¢RAbirReskarganic
extracts were[8 d%l%’ over M%EB%I%@?&%?%@%@% tratgcfiéin vacé%l.-l : e residue was urifieghpy silica
gel chromatoGrapiptesRatih gnwlighj asimgdehiapberHeur e dAeeR ﬁe%ﬁ@ﬁé@ﬂmgﬁﬂ% pound
(47.0 m9. S0 85h LO1MP7 Bl 7o i BB 02D 4745 Btawlay BoSusrcd e, Aoy aiis o (o
neoamin - 7H-Ryrro -d1py in-7-vlic e t P
[0238]((15,29.%. %‘-r?—ﬁSé‘ﬁ'- %&yﬁ(éf&r?é%ﬁ@ﬁs%%%%%ﬂ%f TEUARURD!S 08278 e 160, 229
[(cyclopropylmezhi)atinppraHLE Ao R 3 Ughniin, Erk 463 (1 dastpsiagd) methanol (74.0 mg, 0.178
nunol) was dissolved in AcCCNT (3.50 mL) and cooled to OC. TEA (0.0500 mL, 0.355 mmol) was added
followed by agkfidYeSpiutigneiCingross i@rarnitshiazytrinin]-2F8pumtn-8-38&mmol, as prepared in
1j). The reaction was stirredyidraaydopmtpohetigl kitomatsiicrmmusrtiatel in vacua. The material

was taken on to the next step without further purification. LG/IMS: 121.= 1.51 mi ' FA
Standarc). _ 18y oyeloEhR AR CLTE N TSR SEN B8 PR BR e Gttt

5,25,4R)-2- 1 [BexRpley NsinaatGRsirle2iidéing 4-chlorobenzylamine and é-chloro-2H-purine in step
[(cyclopropylmethyiggnplogizwrelg i siryssniding-¥liagonenhitelsxhsulip BapLa8 Grng,
0.178 minol) r?v%ﬁ%ﬁ%ﬁfﬁ%&%% %%5’@%23 é&O&qu?’]%r)]. I;}Srig%éhl\;d%;oﬂ%i%eg&gsgrops)
was added aridRhe 72 iaA5R1E3-4h4 der for ?@ﬁgj@a{ﬁi ARGz 1), -, Sy SR

(0, 1H), 2.47-2.30 (m, 2§1), 2.28-2.10 (m, 2H) ppm. LC/MS: R, = 1.42 min, ES 453 (AA

standard).

Example 31: [(IS,QSAR)—Z—Hydroxy—ék—(émeﬂ1y1—7H—pyIrolo[Z,S-d]p)'rimidj:l-?—
yDeyclopentyllmethyl sulfamate (Compound 1-46)

Step a: 4 Methyl-7H-pyrrolof2 3-d|pyrimidine
[0251] | A 3.00 M solution of magnesium chloride in THF (13.0 ml, 350 mnol) was

added. dropwise to a stirred solution of 4-chloro-1H-pyrrolo]2,3-dlpyrimidine (2.50 g, 16.3
mmol) and ferric acetylacetonate (700. mg 1.98 mmol) in THF (30.0 mL) under an
atmosphere of argon. The resulting reaction mixture was stirred atrt for 8h. 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 invacuo, 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).

18 28 AR)-2-Hydroxy-4-(4-methyl-7H-pyrrolo[2 3 dlpyrimidin-7-ylicyclopentyl]-
methyl spifamate (Comnpound 1-46)

[0252] The title compound was prepared following the procedure described in
Example la-k using 4-methyl-7H-pyrrolal2 3-d]pyrimidine in step c. 'H NMR (CD,OD, 300
MHz, 5): 8.69 (s, 1), 7.68 (d, = 3.6 Hz, 1H), 6.82 (d, ] = 3.6 Hz, 1F), 5.63-5.51 (m, 1H), 4.53-
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guenched using saturated aqueous sodium bicarbonate solution. The aqueous layer was extracted
with EtOAc (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, | = 3.6 Hz, 11-1), 5.45-5.32 (m, 114), 4.56 (hr s, 114), 4.45 (hr s, 11-1), 4.33 (dd,
J=7.6,7.6 Hz, 1H), 4.15 (d.d, J =74, 7.4 Hz, 111), 3.34 (d, J = 6.9 Hz, 2H), 2.83-2.68 (in, 1H),
235-2.08 (m, 31-1), 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-Chlorobenzyl)oxy1-71-1-pyrrolo[2,3-d]pyrin-7-y11-2- hydroxycyclopenttpmethyl
sulfamate (Compound 1-34) Step a:4-[(4-Chlorobenul)oxy1-7H-clyrrolo1213-d1pyrirnldine 10240]To a
0.375 M solutiogm QfragEgous/IaH $Sims, byoreithe) (26024, ] S.83, mer, Wy 260280 (m, 1),
(4-chlorophe e%] %'gg 3.26 rruntpl %Qég;_t e_mixture w. c;% ‘de.rg.t r 30 min. Then
4-ch|oro-1H-;r)%/{?r{)?(5)’[ , gréé)% il ?ﬁlé rlg'g, 26 zu tﬁrg'év%%“gﬂgg ga théhr%%(%%cr{g was refluxed at
130 C. After 6 h, additional g-chlorophenyi)methanol (100.15%3I 0.701 mrnol) was added and the

solution was F&aterlec*d:1 5@ Hremd I%‘?%?Tﬁ?‘rf nehepsts N R AR et Ao e AR
solution was then extracteFVEPEL )’la %ﬁ?"’fﬁggg bined organic layers were dried
over sodium gpiEHg, fi'ltere@bbéfmmeﬁgg&ﬁ&?@mﬁ eed insesiing prudaigibwesabsdiad by silica
gel chromatography eluting with a gradient of 5 tg 30% EtOAc in_Davl to a%ﬁ%wo 05&? a white
solid (210 mg=s89pe cEamasie corafmbepdstad i Ere Hn AR 5P Ste -4-z5rebenz lo -7olo
2'din-7 hydroxyexys [ep ey )y ssl{apiate. $Eenwia, nd 738) (0.5 T6E7 (itef codbwodarid i as>5-

prepared foll%g%mﬂ?r’%@iwﬁ SSHR S B FX I8, b rana#) 8 A doRLey 390 WO,
4-[(4-Chlorobenzyl)oxy1-7H-pyrrolo[ ,3-dl£é;;_né|d’|ne in steP 1d. 113 NivIR.(400 MHz, CD30D, 5): 8.35

(s, 11-1), 7.55-283% %k 2EY), 8. 65394 (v 88 F04m ol ED, 28352815 4K8 mpy |(TO/MEFH 73 (in,

111), 4.37 (dd, gk 140 1 Figa A 1inda28) (dd, 1 = 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-(Benzylsu ALsRyrolol 2 3-dipyriraidin-a-y11-2- hydr grvlnethyl
sulfaraate (C%%&ﬁﬁﬁ%ﬁ%ﬁ%ﬁ%c%mgg& it f?{mgg )orgcedure
described in Example 2a-d'and g-j. 1H R (400'MHz, CD,0D, 8): 8.54 (s, 1H), 7.45-7.36 (m, 31-1),
7.28- 7.14 (in[t@%4), 6.47 (dite St ManpbiEEis PriP-rad [6Nouias the protpdhweglasadbed i 13), 4.33
(dd, J=7.6, 7 Hz 1 151) 4.3 3, 9 H - ' efFa 2 5 (at,
3H), 2.08-2.0%"(%?%% pg?n. L /%?gﬁ 2§h E%jytr%ﬁ@gd% %il FA sta%ﬂgﬁcgil)‘. Exampilii“zﬂgl:ﬁ%l801
((15,25,4R)-4AMBIHACOIPoBE RSP oAb -39 B¢ alGEDR 7445, ik -2 21 br/chd e 1D Sett{dmethy |
esaribed In e o e A s PR 6): 8,10
escribed in Example 2a-j using 4-cblorobenzylamine in's . : . 8.
(5 11, 73 TR arLSY, 9 s, Lo-tg e h ety Lo Bl e,V
4.73 (s, 2H), 2.5AMS4R, (.39 mip, £S5 AA 88y d@iHz, 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 53 Sexaipkeiad 5 ({5 Asstydaick Aobe i et ind) Juamaip Admidin-7-y11-2-
((1.5,25,4R)-4-(44(3-Chlordyenayjanimsict hmpttolbfdl Sod teyaimdi (IS, 25)AR P-4~ (4-amino-7H-

hydroxycyclopentyl)methyl pyttainia-@rompeding 15 & hydroxycyclopentyl]methyl sulfamate
(Compounds I-9 and I-18)

[0255] A solution of N-(2 4-dimethoxybenzyl)-7-[(4aS,6R,7a5)-2-(4¢-methoxyphenyl)-
hexahydrocycopentald){1,3]dioxin-6-yll-7H-pyrrolo[2,3-d]pyrimidin-4-amine (123 mg, 0238
mmol, prepared following the procedure described in Example la-f using 2,4
dimethoxybenzylamite in step ¢} and AcOH (1.00 mL, 17.6 mmol) in water (0.500 mL) and
THEF (0,500 mL) 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%
MeOH in DCM afforded the file compound (43.0 mg, 73%). LC/MS: R, = 0.15 min, ES" 245
{FA standard).
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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 al51 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, 114), 4.36 (dd, J = 7.5, 9.8 Hz, 114), 4.19 (dd,

J=17.5,9.8Hz 111), 2.86- 2.76 (m 111) 2.36 (s, 311 233-219 (m, 31-1), 2.08-2.01 (n, 114) ppm.
LC/MS: R, = Sten b'nLn BE.2 : 0 2 oyvrimidin-7-yi)-2-({[tert-

((15,25,4R)-24- 1ydrox3}?-H- isiaba QPﬁ%@y‘r‘%lo[z 3-111-
pyrimidin-7- ymmppentyl)m&ﬁaﬂlﬁuﬁﬁmﬁﬁémpm&@m $EHibe il spmpatiislyyps. prepared

following the ro edure din Ex le 2a-| eth yjary NM (400
Vi, CD308 BRI b (0 iy S 1 %ﬁﬂ @%@0 AR

111), 6.61 (i3 drBIMEAZAQE 1At &SoNR aﬂﬂﬂfy fwmwdﬁﬂhﬂﬂsmﬂﬂefeﬁﬁ @ 8197 5, 9 8 Hz,
114), 419 (ddnshon) 73h95%ﬂdﬂoﬂlvlr)as%&z-e(6a8£t]f)xz Bdnd. dén{imirtd), iR BinZo | e resiv 08 1.99 (n,
114) ppm. L%Ms% \Bd]n'l‘ﬁr ﬁ%&e@ﬁ%ﬁﬁﬁ@c. %@M%J%Zd oreanic extracts were dried

((15,25,4R)-4-14-[(3,4- D|c oro enzypaminol-7H-pyrrolo[2,3-c)pyrimidirt-7-

y11-2-hydroxgesiissen: ftprratapd senrenisiedcprASEORR affous) e ereRARN e SARSUTEAIAR

prepared follqyifs the @JQ&@QH%WM&F&}%@@ 18 4 flighiorohenagipine in step .
111 N1VIR (400 MHz, CD30T:1, 8): 8.15 (s, 1H), 7.51 (d, J = 2.0 Hz, 14, 746 (d, J = 8.3 Hz, 1H),

7.30-7.27 (inPBY3&R5 (d,] = 3.5 Hz, 111), 5.48-5.41 (n, 111), 4.74 (s, 2H), 4.49 (1] = 4.0 Hz, 114),
437 (dd, =78, 9.8 Hz, 11).4.20 (dd, Jr 7.5, 9.8 Hz, 1H), 2486-2.77 (n, 1H), 236-2.20 (m, 314),
= A it | eI BE] d H] -2

m._ _

""‘“c

% OHapT-RtFetreT - %%rnmol?H -pyrrolot2,341pyrimidin-

Zhyllcyclgpew@fbinethyl squ;%rmm;@.@m 9 e £951R0L) th cﬂfeml)?ﬂffollowing
e procedur ri S =1-na in

11.1 NMR 2 %g‘ﬁl& Qﬁ% %ﬁ%?%ﬁ% é‘“ﬁ%g']s‘ézé@‘%??‘z‘(’“ %@%?'g%g"%%‘%ﬁ@/ "ﬁe éfg 5.50

(n, 11-1), 5.4995) a1 4 i; wagpddabagrticanhydzidg (SR Bk 4.05 mmaql); W&W(‘ﬁeﬁ W@fg 8 Hz,

1H), 2.93-2. %8 g¥urdipht. ZRd r ' iRt TP bEAS TRe IxfeROwara, EC 458

(FA Standardgeparated and the aqueous layer was extracted with DCM. The combined organic layers

were dried over MgS0,, filtered and concentrated in vacuo, The residue was purified by
silica gel chromatography eluting with a gradient of 0 to 50% EtOAc in hexanes to afford the
title compound (47.8 mg, 31%). LC/MS: R = 1.68 min, ES" 447 (FA standard).

Step d: (15,25 AR)-4-[4-{ Acetylaming-7H+ lo[2 rimidin-7-yl}-2-
hvdro ethyllcyclopentyl aceta

[0258] To a soluton of (15,25 4R)4-[4-(acetylamino)-7H-pyrrolo[2,3-d]pyrimidin-7-
yli-2-({[tert-butyl(disnethyl)sitylJoxylmethyl)cyclopentyl acetate (47.0 mg, 0.105 rumol) in a
mixtire of THF (2.00 mL) and pyridine (2.00 mL) was added pyridine hydrofluoride (10
drops). After 2 h, additional pyridine hydrofluoride (15 drops) was added and the solution
stizred for an additional 2 h. The reaction was quenched via addition of saturated aqueous
sodium bicarbonate solution and extracted with EtOAc (2 x 50 mL). The combined organic
extracts were dried over MgSO,, filtered and concentrated in vacuo. The residue was
purified via silica gel chromatography eluting with a gradient of 0 to 10 % MeOH in DCM to
afford the title compound (29.0 mg, §3%). LC/MS: R, = 0.76 min, ES* 333 (FA standard).

111



Example 29: ((1.5,2R,3.5,4R)-4-14-((4-Chlorobertzypamino]-7H-pyrrolo[2,3-alpyrintidin-7-
y1)-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, lli), 2.23- 2.02 (in, 211) ppm. LC/MS: R= 1.46 min, ES(AA standard).
Example 30: ((1S,29,4R)-416-[(4-Chlorobenzyparnino)-9/-1-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 Ic. '14 NMR (300 MHz, CD,0D, 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. 51 449 (brs, 114), 427 (dd,J = 7.5, 9.6 Hz, 111), 4.23-4. 17 (m, 1H), 2.93-2.87
(m, 114), 2.4%236 03 A% ADBEIM (A ety raina iy A.L‘—t-'& 2ed-dipyrinigin-Fyllic 3 (AA standard).
Example 31: [(15,25, 4 ' pxvipetuiliavclope 25576 yr|m|d|n -7- yhcydopentylimethyl

sulfamate (C und 1-4 It gm %@@M Wtion of
magnesium ¢ ﬁ%e in TH %&%@nﬁ%@%ﬁrﬁ%ﬁaﬁ%}ded dro? adqmr 61 3 E;fl!
4-chloro-1H- gyt o sen B T’ﬁ&ﬂﬁﬁr(é@ﬁtﬁtef AN &ﬁ%&y é’Kﬁ‘ace%gng? %B% mg 1.98
inmol) in THEx(_aﬁ.@mhﬁmﬁ&m&mo@pﬁemﬂmgéﬁomﬁmmlﬁgﬁeﬁﬁﬂﬁ?ﬁ&ture was stirred at rt

for 8 h. The %&@Mﬁﬂﬂ&@&%@@@%ﬁpbi@m@%mlﬂaﬂﬂam)mgmmelac(édoo g) and
the mixture was extracted with c oroform V %’5 d}ﬁlwerem]femov din L@ﬁqg C
1%

DMBERUHHY
chromatograWéYut n water \?\ﬁ% AA afforded the fitle
compound (168 gdegd/@ncmm@qno@ wwwr%qulshocm%mwﬂ‘f% SERTE P meth
I-7Holo 2 d "digedd & tﬂ@%élhdﬂethyé wmmw@ﬂmmgdmmmmm@mmﬁatm
prepared followi eserib in.t la- o). L.C/MS: 0.81 min,
4-methyl-7H- b?/{tbqf’ %@ py Imi %"e ?r{ S e%‘c NF%‘(&%%%%%(% ji\[/I)DHz) 8): 469 (12' 111), 7 68 (d,1=
3.6 Hz, 111), ¥5821@i(FA=st3rfiAtd). 1H), 5.63-5.51 (m 111), 4.53-

h}zdmx};gg opentyl [meﬂ\:gl sulfamate and [nggﬁ,ﬂi)-dc-(dn-g_g;gu—TH-pgrrglo-

2,3 idin-¥-yl)-2-hydro clopentyl [methy] sulf; te (Compounds 1-9
and 1-18)
[0260] To neat (15,25,4R)-4-{4-(acetylamino)-7H -pyrrolo[ﬂ,a-fi]pyﬁnﬁdin-'?-yl}ﬂz-

[{(aminosulfonyloxylmethyljcyclopentyl acetate (78.0 mg, 0.190 minol) was added a 7 M
solution of ammonia in MeOH (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 wa.s purified by reverse phase chromatography to afford {(15,25,4R)-4-[4-
(acetylaming)-7H-pyrrolo|2,3-d]pyrimidin-7-yl]- 2-hydroxycyclopentylimethyl sulfamate
(0.900 mg, 1.3%) and [(15,25,4R)-4-(4-amino-7H-pyrralo[2 3-dlpyrimidin-7-y1)-2-
hydroxycyclopentyljmethy! sulfamate (6.50 mg, 11%). Analytical data for {(15,25,4R)-4-[4-
(at:etyla.mino)-ﬁ’H—pyrmlo[2,3-d]pyﬁnﬁdh—?—yl]-z-hydxoxycydopentyl}methyl sulfamate
(Compound 1-9): "H NMR (400 MHz, CID,0D, 5): 8.48 (s, 1H), 7.47 (d, ] = 3.8 Fz, 1H), 6.82(d,
j = 3.8, 1H), 5.65-5.45 (m, 1EI), 4.60-4.45 (m, 1H), 4.40-4.27 (m, 1FY), £24-4.11 (m, 1H), 2.98
2.80 (m, 1E), 2.42-2.13 (m, 6H), 2.18-1.93 (rm, 1H) ppm. LC/MS: R, = 0.95 min, ES" 370. (FA
standard). Analytical data for [(15,25,4R)-4-(4-aminc-7H-pyrrolo[2,3-d] pyrimidin-7-yl)-2-
hydroxyayclopentyljmethy! sulfamate (Compound I-18): “"H NMR (400 MEz, CD,0D, 8):
8.09 (s, 1H), 7.30 (d, ] = 3.8 Hz, 1), 6.66 (d, ] = 3.5 Hz, 1H), 5.51-5.41 (n, 1H), 4.51-4.48
(m,1H), 4.39-4.33 (m,1H), 4.21-4.16 (m, 1H), 2.85-2.79 (m, 1H), 2.33-2.18 (m, 3FY), 2.09-2.00 (m,
1H) ppm. LC/MBS: R, = 0,85 min, ES" 328 (FA standard).
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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, ET 327 (FA standard). Example 32:
((1.9,28,4R)-2-14ydroxy-444-(2-phenylethyl)-71-1-pyrrolo[2,3Apyrimidin-7-y13- 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:111=1.56
min, ET 417 (AA standard). Example 33:
f(1.5,25,4R)-2-Hydroxy-4-[4-(2-methyl-2-phenylpropyl)-7H-pyrrolo[2,3-di-
pyrirnidin-7-y13cydopentylintethyl sulfamate (Compound 1-50) (02543The title compound was
prepared follGiwampivesHro UG RS AO<e kY IrBExeatisteob Sdngtl amino]-7H-pyrrolof2,3-d}-
chloro(2-xnethy1-2-phenyBrapydmayHeshrdrpresg oper ety e EPEE L8RS s, 1H),
7.37-7.34 (n, 7.25-7 11), 7.16-7.12 (i orctefiine Ao , 4.49-4.48
(or s,111), 4.@@1, J= 7@\%%53%‘1'5’%%5# %ﬁ%%?vé&@%§ (in, 1H§]%Q§3§§% (m, 114),
2.31-2.19 (m Faeinea-P16ingd:- (1 Bibenzadipxobd v ppidranars ixgtep.o T EORATRA

tandard). E : 444-A inR) & | Iy rewiein- TRy 70 (d,
o SR AP SR e T s

[(1S,7_5,4R) 278 A A-R8yA 53-8 Bniadi (e D EATRIX Y Hopé S I A imate
(Compounds {in9181)¢4131 RS ep7as(15,Ba,4l); 4-14-@hihe 7.8 HY LD, 3-8 el i D)2 35-

(hydroxyrnethyllcyel 551A soluti e g standard).

N2 et Ry Do i PR AR By B 462 G standar)

hexakrydrocyclopentald3[1,3jdioxin-6-y11-714-pyrralg[2,3-4 X;Tx:rnm ini4-ami 9;,&231_:@% Q’g_%?_mmol,

prepared foll RIS B o g(ﬁﬁ@;dg' o] é‘d‘i‘g%ﬁ}f}' s .9: 3‘:@) \“ﬁ;ﬁﬂxm Banzy (Ijimme in step c)
R ]fﬁgv%g §¥‘"(18, %?;IET Ora ﬁ@%ﬁ‘

|
and Ac01-1 (2.00 ml., 17.6 E (05 ) were stirred at rt overnight.
The reaction [agtjre was comceaiaiathiuid v prehbatsditadliovidgythiipsogehwlerdenaibgdaphy eluting
with a gradient of 0 o 10% MeQ14 in | affarded the title,c %%)cjfp IS: Ri=
0.15 min, ET%@( ﬁaﬁag}% (%?ggg%ﬁ)m%memsmgppﬁwa&mﬂ 5 ,W
b:(18,25,4R)-&AFAREDOSAH-POFroto 1EB TEDHHH(m7AFD) 778 = 82 Hz, 1H), 7.52-7.43 (m, 3H),
butyl(dimethvi)givAex IR ¢y YOV IBPPORE 8L, 1H), 6.56 (d, ] = 3.3 Hz, 1H), 5.45-5.37 (m, 1H), 5.19 (5,

2H), 4.48-4.42 (m, 1H), 434 (dd, ] = 7.6, 7.6 Hz, 1H), 4.17 (d4, ] = 7.3, 7.4 Hz, 1H), 2.§3-2.71

(tn, 1H), 2.35-2.15 (m, 3H), 2.06-1.96 (m, 1H) ppm. LC/MS: R, = 1.24 min, 466 ES" (FA

standard).

Example 37: [(15,25,4R)-2—Hydroxy-4—(4—l[4—(triﬂuoromethyl)benzyl]amim}—?H-pyrrolo—
[2,3-dlpyrimidin-7-yl)cyclopentyllmethyl sulfamate (Compound I-8)

[o263] The title compound was prepared following the procedure described in
Example 2a using 1-{4-(triflnoromethyl)phenyllmethanamine in step f. "H NMR (CD;0D,
400 MHz, 8): 8.08 (s, 1H), 7.56 (d, J = 8.2 £lz, 2H), 7.48 (d, ] = 8.2 Hz, 2H), 7.18 (d, f = 3.5 Hz,

1H), 658 (d, ] = 3.6 Hz, 1H), 5.43-5.34 (m, 1H), 4.80 (s, 2H), 445 (br s, 1H), 433 (dd, J = 2.1,
7.6 Hz, 1H), 416 (dd, ] = 2.3, 7.4 Hz, 1H), 2.81-2.72 (m, 1FD), 2.31-2.10 (m, 3H), 2.05-1.57 (m,

1H) ppm. LC/MS: R, = 1.33 min, ES" 486 (FA standard).

Example 38: [(15,254R)-4-(4-{ [4-Chloro-2-(trifluoromethyl)banzyl]lamino}-7H-pyixolo-
[2,3-d)pyrimidin-7-yl)-2-hydroxycyclopentyllmethyl sulfamate (Compound I-
42)

[0264] The title compound was prepared following the procedure described in
Example 2a-j using 1-[4-chloro-2-(frifluoromethyl)phenyllmethanamine in step £ THUNMR
(CD,0OD, 400 MHz, §): 8.11 (s, 1H), 7.70 (s, 1H), 7.65-7.46 (m, 2H), 7.23(d, ] = 3.6 Hz, 1H), 6.61
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(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 EtOAc. 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-(Acetylarning)-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-crlpyrimidin-7-y1)-2-
(Wert-butyl(dimethyl)silylloxylrnethypcyclopentanol (125 mg, 0.345 trawl) in pyridine (2.00 rriL) at 0C
was added aggtjc=ae ity (.386.50 0 03) awnl3, Ty safulios, WES, sthisdddal  Dielwight, THk

e e, 1o ieriwete sapaaborkonsmpgueous ayer

reaction mixt % Qatg%\qiﬁ}zq
was extracteg Wig‘: VI The com organic layers were dried over MgSO4, filtered and

concentratedlif MR, ThetsximB a8 fitiseadifdiica gel chromatography eluting with a gradient of
0 to 50% EtOAc in hexanes to afford the title compound (47.8 mg, 31%). LC/MS: Ic -1.68 min, ES+ 447

(FA standardpxSieplabit. 525 2R MRYMHEN@ L Rilintbdhbyiois PR nprek R d-figyringdin 7-
(hydroxymethyncyclopentyithédwidsoryerdppsnidsnetiy] splfamate (Compound I-19)

(15,25,4R)-444-(acetylaminp)-7H-pyrrolo[2,3-d 1r_imid‘i3 [ fonaws T ure described in
y11-2-(atert- ?J%é/%fiimethyl SI y%%?%g&%%% oéeerﬁﬁ gczeot%te (ﬁ% %erf?gm&‘:ios ‘r:llusr%llb?ﬁ a mixture of
ITIF (2.00 rrilBxamgplpPadinsiie DRrdideimontwanpyedirapyneonssirie erbl‘&r@i‘ﬂ@PA By 408,
additional pyygline sygliefiuoride fla drarp) was@dded sad thasolsionstinesivean @dpiiasal 2 h.
The reaction was quenched via addition of saturated agueous. sqdi P Q@f@ﬁé a%ufb
extracted with'& ?ﬁ%@lﬁﬁblﬁe‘l%ﬁgﬁ@d%%g c‘&ﬁ‘a@é’\%}érge ‘é%rajd' ovér Mg %I,Bﬁl ered and
concentrated(idypeda, THE oS A& PR tifiethDid 4k 2aL g ére RtBnTatbdrah p A RFwili-d M dient

of 0to 10 % Mgﬂﬁ%%@e&fﬁﬂtﬁgﬂ@ ompound (29.0 mg, 83%). LC/MS: Ic = 0.76 rain, ES +
333 (FA standard). Step e:(15,25,410-444-(Acetvlarnino)-7H-ovrrolof2,34loyrimidin-7-v11*

Inarninosulfopyflordrnethyl pentyl t 5r9Aso tion Qf ooy o smickine-

(13,25,4R)-4E%‘¥'f'58eet§§%mi i%ﬁ%ﬁ@% hﬁmﬂﬁﬁ%ﬁw&ﬁgg&tﬁacetme

(63.0 mg, 0.190 mrnol) and pyridine (0.0800 InL y%r).gsgﬁﬁunol) in ACCN (5.00 mL) at 0 C was stirred for

15 min. A 0.64468] solutiorrhb katesuiopamitierd preGie(Df6Nowiily D@ rednot dessmdbesrand in 1j) was

then added slowly. Affer.2 b another pori . ide sohql (WD) 42 nunol)
R e b i b

was added a fea as sfirre e reaction was then concentrated in vacuo and

the residue WS pMfRUMY. SFRF GG TRIIMaEHr ARy Ut fp it HRradRid ro GTod iy RN in
DCM to afforg shenkitta-5oameqe eV Ase: i&@%g)&jgﬁ&dﬁ R 1, 0.86HNINTPR&I64dA, (A ansl&Te). 18

(1525AR) 4. MR Py A A A DRy B Bt 2 PP

(Compounds4B$X¥FA standard).

Example 41:  [(15,254R)-2-Hydroxy-4-(4-{[(1R,25)-2-methoxy-2 3-dihydro-1f-inden-1-yI}-
arminol-7H-pyrrolo{2 3-dlpyrimidin-7-yi)cyclopentylimethyl sulfamate
{Compound I-52)

[0267] (1R,25)-1-Aminoindan-2-ol (183 g, 12.3 mmol) was dissolved in DCM (70.0
ml) and TEA (3.42 mL, 24.5 mmol) was added. Di-fert-butyldicarbonate (2.81 g, 12.9 rnmol)
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 @ to 100%
FtOAc in hexanes to afford the tifle compound (3.12 g, 100%). LC/MBS: R, = 1.55 min, ES’
250. (AA standard).
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and 1-18) [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-hydroxycyclopentylimethyl 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, CD3COD 8): 8- 48 (s 1H) 7. 47 (d f= 3 8 Hz, 1H)b6 .82 (d, J 3.8, 1H),

5.65-5.48 (inS : i ghargrgin, 1H), 242-2.13
(m, 6H), 2.1 (m, 1H Joln] LC/ lytigal data for
[(15,25,4R)- i[ﬂkggrnmo 7 yrro 0[525S tﬁ?&% -7- Q-FZ %%/gr%)(%y%gél %éaﬁ%/iﬁég%ylﬁsﬁlfamate
(Compounts SaTbmas K E MEoBIMBIB) S10b hesrtyPapaat S P bes (0, 1 -

3.5 Hz, 1H), BSEMyﬂmaddé)(zéB&gAm:fﬂndlmnd%dbﬁattm&I(l)?ﬂﬂd.—,&ﬂﬁx(uml)lw]a)s 2i88P,79 (M,

1H), 2.33-2. l&é%zéﬂ) 12:9&1@&%& %HLQPE&%QM% Rrnz Q880 0vds Guetehd 05686 o
Example 35: (% 4-(44(1,3-Bertzodioxo

Im 1)am in0]-7H- 3-61- .
pyritnidind-ylf: E-ﬁ!%ma’roxyfc?y‘é pe t?/?) DI 3 ivels %‘gﬁTheet?fg%%FnB tnd was
prepared folleXeiyashed itk d'(ﬁd@m@ﬁbﬂbwi ﬂl’s‘%ﬂﬁgl concentrated in vacuo.

1-(13- benzod@xmesvyap(ﬂmmﬂammwmmézﬂm R 4NN 6 B O . @GQ(BJ”AH) 7.15 (d,J
=3.6 Hz, 1H 9 Hz, 1H d,J 3 Hz, 111),
5.85 (s, 2H), %‘%%’%‘é’ o é‘iﬁ%&ﬁg fﬂ?ﬁ%&é@?éﬁﬁ@%&z A A6 (dd, J =
73, 7.3 Hz, 134 @865@?1}1(11) 114), 2.35- 2.10 (in, 311), 2X)5-1S4 (m, 1H) ppm- LC/MS: Rl = 1.07 min,
ES+ 462 (FA standard). Example 36
(0.5,25,4R)- B:plgdroxiiA 2B I M etoRjtintamiatitngino]-714-pyrrolo[ 2,34 1-

pyrimidin-7- yII clopentypxnet | sulfarnate (Compound_ 1- 38) [0262]The tltle ound w, repared
following the B?y%dure dek Bélﬁﬁﬂdli[ 8 iiviei care RIS fe o ﬂ’&; Fﬁ%qﬁ% é%é?p
11-INMR (40a:MpE1 GTBADYS) 2dclEd! 652 mmm&xwmyms@ms&(@&m tﬁm xoly= 8.2
g 251'5_| 277(5%31:3?%4%&%&%&35&%%@?4%%5&?434 d@dﬂﬂ;el;éﬁﬂ &éﬁd‘fjl E4QE7EHZ’ 1'H)’73 7.4

m n . =73,7.

Hz, 113), 2 ‘i ), f?ggﬁqu(ln ?%%aﬁaoﬁo.fv???rgmfl‘%?\ptgrl# 1‘?‘{/@ Ef} {&%% min, 468
ES+ (PA staﬁ@&#dvtﬁs!awéwlm% ingvates. 2Thg epbibna svas paligstrddroph e MR aA R
ob7H-pyrrol o Brobplysimie 2mhe yﬁ)ﬁyﬂmmtbt&.ﬁmﬁhyt&du&mhdﬁet@mﬂmad 1@&)waﬁﬁﬁ1e title

compound W&@ﬁ{&m@&@m mﬂﬁ%@%&w%?d%ﬁme&@@%
144- (trlfluorome %Elertyllmethangrnlne in step f. 114 NIVIR (CD,OD, 400 MHz 8) % 08 35 114),

7.56 (d, j 8.2147; 7 05 miny BB 364 A%y standdardy J = 3.5 Hz, 114), 6.58 (d, | = 3.6 Hz, 1H),
5.43-5.34 (in, 111), 4.80 (s, 2H) 445(brs 1H), 4.33 (dd, J= 2.1, 7.6 Hz, 1H), 4.16 (dd, J = 23, 7.4 Hz,

114), 2.81-2 AR 3-(2-(ME R Hmetiopvabpndibrdnsi fbinderm -
pvm:rudm-?-vl)wclcmenw_lmeﬂ'xxl sulfarnate

armnu]-?H—pvrmlu[LB

(FA standard). Com 1o
[0270] The title compound was prepared following the procedure described in

Example 22 using (1R,25)-2-methoxyindan-1-amine in step £, 'H NMR (CD,0D, 400 MHz,
5): 820 (s, 1H), 7.27-7.14 (m, 5H), 6,67 (d, ] = 3.6 Hz, 1)), 5.90(d, ] = 5.2 Hz, 1H), 449 (1, ] =
3.5Hz, 1H), 437 (dd, ] = 7.6, 9.7 Hz, 1H), 4.31-4.28 (m, 1H), 4.20 (dd, [ =7.3,9.7 Hz, 1), 3.31-
3.29 (m, 4H) 3.19-3.05 (m, 2H), 2.85-2.77 (m, 1H), 2.37-2.20 (m, 350, 2.08-2.00 (m, 1K) ppo.
LC/MS: R, = 1.46 min, ES” 474 (AA standard).
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Example 38:
[(15,25,4R)-4-(4-1[4-Chloro-2-(trifluorotnethyl)benzyllamino)-71-/-pyrrolo(2,3-d]pyrimidin-7-y1)-2-hydr
oxycyclopentylimethyl sulfaxnate (Compound I- 42) [0264]The title compound was prepared following
the procedure described in Example 2a-j using 144-chloro-2-(trifluorornethyl)phenyllmethanamine 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-Dichloroben2yl)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 (GRnQi 4490 muzﬁmwmw&a.ﬁ«}amvgli ii qu&@é@?gzﬂii ne) 387 20 (m,
et

A3
214), 6.61 (d, J = 3.5 11z, Pitiol[34 iy - yebby daprec Qg} 7lnd, 3=
2.1,7-6 Hz, 114), 4.19 (dd, [E528 ARG AR} 37 ke ?%gﬁf?“ foatiiok g;[g’ 1-1.98 (m,
111) ppm. LC/MS: R.,1.37§‘§fﬁ°]ﬁ§13 1 ggg"gr%i. Al 267

((15,25,4R)-4-(44(3,5-Dichl rggigr?fﬂ armno'??H-pyrrolo[2,3-d|pyrimidin-7-

y1)-2-hydroxygysiapentd rnsithvhspifataats-¢aompoand 1-16) 102661 The title compound was

repared following the procedure described in Example 2a-j using 1-(3,5-djchlorgphenyarnethanamine
prep gthep : . p| éﬁ?g qpheny
in step f. IHNINGA7aED,0D, 40@ mh%;%)?é?xﬂ&?‘i%’,nﬂ%%% %‘H ) #TE‘?J[,)E‘I"E 3.6 Hz, 114),
6.58 (d, J= 3.Gurticokfihifed Gdbodblénkld ()31 948 rRab)) i MM 20 MLy 3y added 28qlupien ;.
1H), 4.16 (dd, J Rttty Borddoldred 8252193 fitndiiin 3382 AGU(FLAHIh S Betin@ v hidedl pphd-
LC/MS: Py r. 1.38 min, 4881%F standard). Example 441 = . g partitioned between DCM
[(15,25,4R)-2-1yfPoxd:- 4125 SPRER BEFP oy - fé%éfﬁ dro-111-ind én-1-yl1amipol-H-pyrrolo[2,3-
cIipyrimidin-7-9£@dy€m;eﬂf9ﬁHE&WI@W&W&@R@G%@H%&WFS%%I@%@&M ord the Hite

faRZS)ZZ-hydr%m%%gﬁﬁiﬂg%ﬁwjmmtﬂk D287 [{diR BS) Ak etaodard-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-butyldicarbqnate £2,§J; 9.2 iamph wasadded at rt and the reaction mixture was stirred for 5
h. The solutio concentrated i vacuo and purified via silica gel chromatography elqtiﬁ with a
gradient of 0 t2fA% Et0AG Ribiexahelndabuheecite @8hpdRrpmmedrandssslied M dedH 135
min, ES' 250‘,_ gﬁﬁﬁ.}ﬁg %Ep}:alladium (10 weight percent on carbon, 50% water wet, 148 mg) was added.
The reaction was placed under an aimosphere of hydrogen and was stirred overnight. The
mixture was fhen filtered through Celite, washed through with VeOH and the filtrates
concentrated in vacuo to afford the product as a grey oil (1.12 g, 100%). LC/MS: R, = 1.04

min, BS' 162 (AA standard).

: 1525 _4-(4-{[(15)-33-Dimethyl-2 3-dihydro-1H-inden-1-yilamino)-7H-
SR olo[2.5- imidin-7-y1)}-2-hvdroxyeyclopentylimethyl sulfamate and -
[(15254R)-4-(4-(] (1R);§&dimetl‘nx]~2,}djhm1ﬂ-u_ug' en-1-yljamino}-7H-
olo[2 iridin-7-yl)2- clopentyllmethyl sulf te
{Compounds I-14 and I-21)

[0273] The title compounds were prepared following the procedure described in
Example 1a-g and then Example 2i-j using 3,3-dimethylindan-1-amine in step 1c. The
ixture was separated into its component diastereomers via chixal HPLC (Chiralpac ~AS-
RET, 20 mm ID x 250 mm, 5 micron column eluting with 55% water in AcCN with 0.1% AA
2t 6 mL/mirmte): Peak A —21.4 min, [(15,25 AR)-2-(@-{[(1R)-3,3-dimethyl-2,3-dihydro-1H-
i.ndenul-yl]amino]-7H—py‘rmlo[2,3-dlpyrin‘lidin—7ayl)-Z—hydroxycydopentyl]meﬂlyl
sulfamate, R-enantiomes (Compound 1-21), Peak B —22.6 min, [(1525,4R)4-(4-{{(15)-33-
dirneﬂlyl-Z&C‘ﬁhyﬂID-]H-inden-l—yl]amino]-?H—pyrmlo[Z}d]pyﬁmidirl.—?r}rl)-z-
hydroxyeyclopentyllmethyl sulfamate, S-enantiomer (Compound I-14). ‘H NMR (CD,0D,
300 MLz, 5): 8.16 (s, 1E1), 7.28-7.10 (m, 5H), 6.63 (d, J = 3.6 Hz, 1H), 593 (. ] = 8.1 Hz, 1H),
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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-dihydro-1H-inden-1-y1]- carbarnate (680 mg 2.73 mmol), DIVIF (21.1 mL),
barium monoxide (5.02 g 32.7 mmol), barium hydroxide (2.80 g, 16.4 mmol) and iodometharte (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% EtOAc in hexanes to
afford the title compound (178 mg, 25%). LC/MS: R., = 1.24 min, ES. 264 (AA standard). Step
c:(1R2S)-2-Methoxvindan-1-amine [02691To tert-butyl
[(1R,25)-2-metboxy-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 crasieslasum wﬁ)@ﬂﬁdﬁdﬁ%éﬁd&?ﬁ&ﬁz@ FaddD.- 440 é‘édebaﬁcﬂﬁaﬁé&%mluene to

afford a white,sglig, ,m/mphmag Saevedis, mﬁ’ﬁ)ﬁ@bﬁ@m )L Ed ddp é&mla.hddmon of
sodium carbonate. The mixture was then extracted with tﬁ@gsh%ﬁ 3. X 30b %th %r

extracts weretBrEdhirdidddnhatdot  Har diel e Rt oan (158 Pia-obbe). 1 O 85
min, EC 164 @_:A@t@(]d@rﬂ)m5§a),
d:111.5.25,4R)-2-X-Tydroxy-4(4-11(1/2aS1-2-methoxy-2,3-dihydro-1H-inden-I-y11-

amino)-7H-pygralgla éﬂjpgﬁlwﬁ y&@%ﬂ@ﬂ&h&,ﬂf&mﬁc@ﬂwﬂﬁmﬂmme title

compound was prepared f tyordaetiaetbyigul famate
(1R,29-2-rnethoxyindan-1- ma@mnxsidﬁm),lﬂﬁfﬂ\ﬂﬁmeOD 400 MHz 8):8.20 (s, 11-1), 7.27-7.14
(in, 5H), 6.67 d/—36Hz 1H 1590(d ) . o Hz, 4, . 4= 7.6,

9.7Hz, 1I-1), 2188

211) 2852 iy 110, 235 2 305 3 35 AR LSRRI A i ) £V 474
(AA standard).. Example

[(15,25,4R)- 4I’(laef[¥l%¥%“§12ﬁ?ﬁéﬂ$yf5§’3?a‘ﬂﬁ‘§}%%8‘f Tuene R LR 85 g’ oueTs E' e esiGin-7-y1)
-2-hyd roxycygtup@mmmmtmmﬁmg eepl). The reaction was heated to re
[(15,25,4R)-444rdmar8 stk Fot, ﬁadthudmtﬂiﬂpﬂd&ndngdiﬁnmlﬂdﬂpyoﬂetb@ﬂﬁch]pmﬂixt 7-y1)-

2- hydrOxycycHoﬁ)ent th l.s Wﬁﬁg%%g asgbglm&gm@ -1-one
oxime [0271]T0 a Solution o nethylindart-1-one (1 16 1 rnmol) gr#q lamine

X
hydrochlorideSelaticg: anst ¥ atRRoBHR WRASIS EISTHTAE FIDSEHATHS B5HRiARG S(%s‘ %yaromde (765
mg, 19.1 nunaissoivatdn mmnmhmpqm@ma %o ategtiowblClitt oy Wiforwsl wis 288 was

concentrated {5 N3P WS R R s@acwatg enbh@igrais/axeraliesabparated and

e A W e o s k. =

sodium bicarbonate soluton. ‘I‘he organic layer was concentrated and silica gel
chromatography eluting with a gradient of 5 to 35% EtOAc in DCM afforded the title

compound (149 g, 74%). LC/MS: R, =1.92 min, ES* 282 (AA standard).

) : 15 =D dan-l-amine

[0275] A solution of (2R)-2-{[(15)-3,3-dimethyl-2,3-dihydro-1H-inden-1-ylJamino}-2-
phenylethanol (1.44 g, 5.13 mmol) in MeO¥ (40.0 mL) wags added to a stirred solution of lead
tetraacetate (3.75 g, 8.03 mmol) in MeOH (60.0 mL) at 0 °C dropwise over 20 min. After
stizring 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. DXCM (200 mL) 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
acid (5.70 mL, 59.3 mmol). The resulting mixture was then heated to reflux for 26 h. The
cooled reaction was concentrated in vacuo and partitioned between water (150 mL) and
diethy! ether (50.0 mL). The aqueocus layer was adjusted to pH 10 via addition of sodium
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. [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(1525,4R)-4-(441(15)-3,3-Dimethyl-2,3-dihydro-IH-inden-1-ynaminol-7H-
pyrrolof2,3-d1pyrixrddin-7-y1)-24tydrOxycvclOpentviimethyl sulfamate and: J(15,25
4R1-4-f44f(1R)-3,3-dixnethyl-2,3-d_ihydro-1H-inden-I-yllaminol-7H-  olo 2'ding- 12-lo en line | 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, ARG el erirasias withitiesayheiher® i FCONLIvihe agplined cesmtitiayrelrdeak A
-21.4 min, [(1=&bditjateddn vacuo and silica gel chromatography eluting with a gradient of 0 to 10%

([((1R)-3,3-dim h%k? 35 % ro-1L1{inden-|-yllarnirio)-7H-pyrrqlo[2,3Apyrimidin-7-y1)-2-hydroxycyclope
ntylknethyl suf%‘?nf_altei,nl'—'ég-enantl"i')ilrf}‘:fié‘?1 :)hn%gﬁﬁ}? T)?T)asgye%%b;%‘ép‘}/m%ﬂ%éﬁé% ,5)-3,3-
ﬂirgethyl-?j ,B-M?&Bmﬁ)ﬂ?}ﬂbﬂﬁﬂ@ﬂ%ﬂhﬁl@[ﬂ&:ﬂpﬂ?ﬂﬂ%]ﬁ?ﬁz ézlsa'gzD, 131:8)01N;|'a
ydroxycydop t 5 ti U - - ,OD, z,
gy Eﬁﬁ#ﬁggﬁ E?ﬁ%’gaisg 5?,’?‘5?.%5%@5: ﬁ% %(_iggs(é)jf)'ggﬁ- Hz, 1H), 5.51-538 (m,
7 | 544 ]
12

8): 8.16 (s, 114), 7.287.10 (in
1H), 4.48 (Ix J(dd, = 7R, 2 é&si_gﬁ_ 0 Sl .bfﬁé—ﬁ;ﬁ ,_i._8ﬁ-2_72 ﬁ_@ E:I—|9)_,12.g .
Hz, 111), 1.42 (s, 314), &hiSoutid)rapm. CCIMS: I-?,-:' 1.86 rﬁ‘iln]! ESF472(AA s{an ard). Example 43:

(dd,J=7.3, 12.4HzZ,
R15,25,4R).4-(4-(K1S)-3,3-Dirriethyl-2,3-dihydro-IH-inderi- 1-ylJamfr
pyaolo[2r3-d]ATfhdirt-7-yIFoeril sxppend yeryteretadifolinwirgdiepiomsduneldestahed ival
gygtgesishz lisE:daiﬂp' I T2 aiiftl dienlBaaRs @jﬁﬁﬁ(hﬂpﬂpﬁ%@ﬁﬂl | Q'uall%lﬁﬂ@8 iemhetep 1c. Chirl?l
.3-dimethyli : 0. 5. 7. irunol) and (R):(-)-2: phen cino 1 mmol) in
toluene (10.0%?%%%9‘3&%2?- S@%‘ﬁéﬁ%@lﬁgﬂmﬂ%ﬁ%&%ﬁ}%%?g @Mﬁ&(‘?gﬁ? gndﬁ%?). The reaction
was heated tdYe¥iahderdAatseidpterssiatisgen for 90 min. At this point, the mixture was cooled
and diluted wigh.tol (10941) it e Jvith saturated aqueous sogitim
bicarbonate solutio%% WQ(%E%%@E@M )95‘1%‘95%&}1" %‘é‘aygréam a%rﬁ:ﬁl%}l@ue was
dissolved in TI-LF (10.0 mipcaneki aQepbdeaia-ae (1.13 L, 19.9 mmol) was added, followed

by sodium borohydride (251 mg, 6.64 rrimol) and the reaction was allowed to warm tort overnight. The
mixture was g9ifibned betihscilE compeinsumersrarmibilowingdhe bresedoradesssiotidm The

organic layer Basrgdnasnbaiatlthag BiiepRelhignatgiRpbin@intinenyith seprasdiantqh § 9 35%
EtOAc in DC Ei;lg compo 49 g" 74%). Lc/MS: R., = 1-92 min, ES" 282 (AA
standard). Sﬁgﬁggg%%)%{%‘ Dirnethmyﬁq lr:1£r1}?1{-%[1'3 n?%’s mum)sahcwas fortied ﬁuwmmg tEe procadue
escribed in Example 11, "H NMR (CD,0D, 300 MEz, §): 8.17 (s, 1H), 7.28-7.10 (m, 4H), 6.62
(d,J=3.6Hz 15D, 582 (t, ] =7.7 Hz, 1H), 544 (gd. ] = 4.6, 8.3 Hiz, 1H), 4.48 (br 3, 1H), 4.37
{(dd, J=7.6, 9.7 Hz, 1H), 4.19 (dd, ] = 7.4, 9.7 Hz, 1H), 4.09(q, ] =7.1 Hz, 1H), 3.05 (dd4, ] =
3.3, 8.6,15.9 Hz, 1H), 2.98-2.71 (i, 2H), 2.64 (dtd, ] = 3.5, 7.7, 11.2 Hz, 1H), 2.38-2.14 (m, 3H),

2.05(dd, =44, 8.6 Hz, 1H) ppm. LC/MS: R, = 1.58 min, ES’ 478 (AA standard).

Example 45:  [(15,25AR)-4-(4-([(15)-5-fluoro-2,3-dihydro-1H-inden-1-yllamino} 7H-pysrolo-

:I;,ZG,;B-E]p}’rimidinw?’—y‘l)-E-hydroxycydopentyl]methyl sulfamate (Compound I-
[0278] The title compound was prepared following the procedure described in
Example 44 using 5-fluorcindan-1-one. 'H NMR (CD,0D, 400 MHz, §): 8.17 (s, 1), 7.25-
7.12 (mn, 2H), 6.99-6.85 (m, 2H), 6.63 (d, ] = 3.6 Hz, 1K), 5.81 (t, ] = 7.5 Hz, 18), 5.49-5.41 (m,
1HD, 4.49 (t, ] = 3.6 Hz 1H), 4.37 (dd, ] = 7.6, 9.7 Hiz, 1ED, 4.20 (dd, ] = 7.4, 9.7 Hz, 1H), 3.12-
3.02 (m, 1H), 2.95-2.87 (m, 11), 2.84-2.75 (m, 1H), 2.69-2.61 (m, 1H), 2.36-2.19 (m, 3H), 2.10-
1.97 (a0, 2EY) ppm. LC/MS: R, = 1.56 min, ES” 462 (AA standard).
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[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 MeOfl (40.0 mL) was added to a stirred solution of lead tetraace tate (3.75 g, 8.03
nunol) in MeOH (60.0 ml.) at O C riropwise over 20 min. After stirring for 45 min, the reaction was
guenched 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 inL, 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) arid 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 concentratedlei-nﬂvac_ucﬁ:‘}%rgrilJ silica gel
chromatograaipléag:will s, 28 AR MO 05)-S0voived B dilpdted HHode i Yy ind as a pale
yellow oil (420 mg, 51%). PrNviS-dirpsetliadoindydrorsydepantrlnethyl spibienate n 1),
2.38 (dd, I n- 7.1, 12.4 Hz, Figmrowmdb3d oH), 1.60 (dd, J = 8.7, 12.4 Hz, 1H), 1.39 (s,314), 1.19 (s,
3H) ppm. StepgfhiS.25.4/31 A LURRN R PIUBRIded Rutliiel edeplodtude iamina) 7 -
aprnearnate (Compound 1-14f) 02/6]The title compound was prepared followinqjhe Q;?ﬂe
described in EExampled4 winsd-rameindapitong u W@@Eﬁ@ﬂmﬁﬁ rﬁrn@&ﬁ‘. stép'fe-
Chiral HPLC sgwes e9-pluian it e compounbeynsessiast-ic. ExeniHD, 532, (P¢all B TandKhical
data identical to Example.42c. - Exam : _ =7.4, 97 Hz, 1TH),
[(15,25,4R)-455(&?{["tfg?%'-ﬁ§b’r*£?§f q}%?é%%ﬁ?&léﬁﬂ%ﬁé?nﬁﬁé{% ot E’EQEH -7-¥H22-hydro
xycyclopentyl a8t s dfiaeoe s Al R o MIBuAEY 2 “Eég 1 é cdmz%hn Was

prepared folloyga Haq-RI0epdHe describedin-Txanple BB 511 dad drendmsdimple 2f-j using
5-chloroindan-1-one in step 43a and (1$)-5- chloroindan-l-amine in step 21. The potassium salt was

formed followi ce G350ReL (B EXRTR aniro ] 7HMRUIdpL 3z itz 789114 7 (S,
114), 7.28-7.1 ﬁ‘%‘% %ﬁé&ﬁ%ﬁ%ﬁﬂﬂuﬂ@hﬂ&ﬁ%@d?ﬁ 4.6, 8.3 Hz,
11-1), 4.48 (bit s, 114), 4.37°(dd, [ = 7.6, 9.7 Hz, 114), 4.19 (dd, f = .7 Hz, 1H), 4-09 (g, 1= 7.1
Hz, 11-1), 3.08tégald | £1358)-5A|[{eteBmiylidivhengsiyipriime i ey e opepi-rell :,‘7.7, 11.2 Hz,
L) 2 £8'sz' ﬁﬁéﬁg 229 203 {eflion ob (ts56) B ngd PRy hENRPREA Pl g 498 (AA
[(1.5,28,4R)-memqukgpgwé%lE@Hmw?édﬁcl-ﬁ%%iﬁw&rﬂﬂi%}?ﬂ‘-?-‘b%%%)&%’y?i‘n’%ﬁﬂ%9?}¥1)-2-h
ydroxycyclopaatiyethylsolilasnatad Gammpan 0dd, 13602 Blehelijlecpiboa ftion sl pls S
following the procedure d i ' i fuomindanidsRat ol AR IRvE2:08() 13, 400
MHz, 8): 8.17‘2’3%%?‘?%@%%&%%?% B&%@aﬁ?%‘% wom@e%% Iz 3.%?12 H};@§&1&t={nﬁ7-5
Hz, 1k1), 5.4%@4&%%?&&‘2},‘?%9‘{??%.@%?%2%9%%‘ W Lo PRET 450 (ad, J = 7.4,
9.7 Hz, 114), il RI0BimnitoddphPERisg (it 1 gradient-of P3qii0ta BOAGH bexenss affprdedss o 19

, 311), 2.10-,1.9. . Rl-1- i, E53 . o
ng,ZS%AR)-l-Eﬁ?g'éé%é%%%%% Mg R IR, S5 Hdn( 8" S dashraraaple

,3-01thydro-1H-inden-l-yliaminol-7Hpyrrolo[2,3-dipyrimidin-7-y1)-2-hyd
roxycydopenty]lineth _ cﬂﬂl-% 1027911 he title olnqlele . Wwasprepared following
the procedure~ex X JSITTO ] } MR (CD30D, 400 MHz, 5);

8.17 (s, 11-1)1f26 (S, 11-101 TsRPec([ers-Poieylectihbinyl) ity Flcked instBIA)rBI6B ettt 3-en-3:61 B0 MY, 5.82

& ol o b R By bty B Piet At o By uhidnide U B dnby 7.
o7 iz 11-1), SO 30 U Tl 2 TN R 3 (i ARl 230220
complete conversion. The mixture was diluted with DCM (15.0 mL), filtered and
concentrated in vacuo. Silica gel chromatography eluting with 0 to 50% EtOAc in hexanes

afforded the tifle compound (400, mg, 79%). LC/MS: R, = 2.42 rnin, ES' 351 (AA standard).

Step o (1555 }5-{{{fert-Butyl{diphenyl)silylloxy [methyl1—1—rneﬂ1¥1g¥dc:pent—2-en-1-ol

[02821 A soluton of (55)-5-({ [tzrt—butyl(diphenyl)sﬂyl]oxy}me&tyl)cydupent-Z-en-l—
one (250. mg, 0.713 mmol) in diethyl ether (10.0.mL) under an atmosphere of nitrogen was
cooled to-40 °C and a 1.60 M solution of methyllithium in diethyl ether (0.579 mL, 0.926
mmol) was added slowly and the mixture was stirred at-40 °C for 3 h. TLC indicated
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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]-711-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-I-ol [0230]To a solution of
(2.9,55)-5-(hydroxyrriethyl)cyclopent2-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-butylchlorociiplumylsilane (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 MeOH (1.00 mL).
Concentration in vacuo and silica gel chromatography eluting with a gradient of 0 to 100% EtOAc 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-Butvifdiphenyesilylloxylinethvikvclopent-2-en-1-one

[0281](15,5. 5}@@mgawwwwﬁmgmm@mmmm@f(%w%s 2P Mmol) was
dissolved in DCV1 nQiS Or ?% %qg ﬁm%g@@@(gxq(%mqﬁm@gﬁ@goﬁe mixture

was stirred at r'?%ern pom C/MS indicated complete_conversion, The m xtuge as

diluted with Dmmré%@mpﬁnélﬂééddﬁd’eﬁﬁb%&ll oeRbY SRR AR e?utlng with
0 to 50% Et0Aw $0oh exoResriiasng dffedie mmmmpwmmg%ﬁm/ﬂ@emfemﬁhe

351 (AA standard). 1S 5- tert-Eu 1 di he 2861 i R-IEERSIR. L B RP4LN-1-0l
(02827A solufith g@-goa él}’ts’ﬂ&rh# enyl)sily oxy)rnethyl)ell)‘/doperlt 2-ert-1- one (250. mg, 0.713

mmol) in diethydedast)(10.0 rnL) under an atmosphere of nitrogen was cooled to -40 C and a 1.60 M
solution of rnethylllthlurn in dlethyl ether (0.579 mL, 0.926 mmol) was added slowly and the mixture

was stirred ats« ateqirrihywbid tmne BGerSeipEturdcthe-Yeaction was quenched via

addition of saturated aqueous a m0|u 100 mL), dried
over MgSO4, Wed and &ﬁ’rﬁ: ?é'doﬁ(%paf? u) ﬁ? ngll}ggl z‘%%L %\éﬁ%ﬁﬁ%ﬁﬁ @.tﬁ | nt of O
to 50% EtOAcmWaﬁ&@dthﬁW@@&ﬁé@&h@@%W @Q%f@t@?é?o&"e’ﬁg@% Bﬁ}%ﬁg product
was conflrmeq,m@gm 5if oS il THE: BH0MINL D6 BTN st seidfemd) ws¢iged 8t H

droth 1 th 10'0 n'zt‘ % T° ftheO'U%ﬁ%&&%@&%&i@a&%&@m@wm&awﬁa&) 1-
-e

methylcydopé'h mg 1. 5§'Gmmol) in THE (29. de 1,001 f
tetra-n- butyla#ﬁf’dﬂﬂﬂﬂ?lfﬁﬁﬁﬁﬂ'étﬁgﬁﬁy(@‘%“ﬁmr”% %)%T%ﬁ]h%f) C(él%{:eﬁ %v%g St rreﬂtl\r/ﬁor 2 h, at

which point thgegplyapt SRS 6opeaRH 1S Hgyaeuy Tl is: Rg{ﬂ.ﬁw&& BEiRee yhsitrnd geed)-
chromatography eluting with a gradient of 50 to 100% EtOAc in hexanes to afford the title compound

(181 mg, 929y, L CIMS: (RS Dl B o iy d2 A BIANEMEy1-6-oxabicyclol3.1.0]hexan-2-0l

[D284] To a solution of (18,55)-5-(hydroxymethyl)-1-methyleyclopent-2-en-1-cl

(0.181 g, 0.00141 mol) in DCM (18.0 mL) was added sodium bicarbonate (237 mg, 2.82 mmol)
and the mixtuxe 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% EtQAc in DCM
afforded the title compound (200 mg, 95%). LC/MS: R, = 0.52 min, ES" 145 (AA standard).

tep f: 1a5,1bR a5)-3-(4-Methoxyphenyl)-1b-methylhexahydrooxireno|4
cydopentafl 2-d1[1 3ldioxine
10285} To a solution nf(lS,ZR,SS,SS)-B-mydroxymeﬂxyl)-'z-mﬂxyl-ﬁ-uxabicydu[3.1.0]-
hexan-2-ol (200 mg, 1.39 mmol) in DCM (13.0 ml) at 0 *C was added dimethoxy(4-
methoxyphenyl)methane (0.702 mL, 4.16 rmmol) followed by pyridinium p-toluenesulfonate
(35.0 mg, 0.139 mmol) and the mixture was stirred at rt overnight. TLC showed complete
conversion. Silica gel chromatography eluting with a gradient of 0 to 50% EtQAc in hexanes

afforded the tile compound (215 myg, 59%). LC/MS: R, = 1.72 min, ES" 263 (AA standard).
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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 O 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 O to
100% EtOAc 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-Methoxvpheny1)-1b-rnethylhexahvdroccdreno14,51-
cyclopentafl2-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
OCNL1 (13.0at OC was added dimethoxy(4- methoxyphenyl)methane (0.709 ml., 4.16 mmol) followed
by pyridinium. p- toluenesulfonate (35 0 mg, O. 139 mlnd) and the mlxture was stlrred at rt overnlght

EtOAc in hexesaffor it levrlonepiimetivl syl pfary » in, ES+263(AA
standard). 1QgfHei The t't'%QE@@WM%Q,MM mege&y&&@aegmdmlsxample Id-i

using

(1a5,1b12, 5258 pims SRR kR o AR e R O e P R G S et B 111,31
dioxine and qm]qrﬂbgam[ammcﬁteﬁrﬁ ahfi-4 it dbeRointe: Mitdiersd: @MI‘E@;@% 400 =

3.6 Hz, 1H 5 . i
6.0, 1%) 0 H)z gdﬁ% (gfgf%% HJ'?&L 5% g?%ﬁ?%@)& ﬁi%rﬁ@l%‘%ﬁ (s, 311)
LI it ém i 485 QWS ABAND HscEApfa igad, /5.2, 10,0 Vi, 1), 26573

(15,25,4R)-4144 {1 0)-238-Rilaweinsid]-ingreae; irijmjmdmmﬁemﬁz,ﬁuh; ES" 466 (AA standard).
pyriraidin-7-y11-2-hydroxy-2-rriethylcyclopentyl)rnethyl sulfainate (Corripmind 1-30) [0287]The title

compound was @ugd felloyy LiecsAEHASRERadiRdex ARt oS lofdappnoindan
in step g. 1H Nﬁcoso%m%ﬁ?@m&ymﬂ@@wﬁmyﬁ& 7.23 (m, 411),
6.89 (d, J= 3.6 Hz, 111), 5(Cbsbptuch]-20)1), 5.50- 5.43 (n, 111), 4.42 (dd, 1= 6.0, 10.0 Hz, 111), 4.15

(dd, J 8.0, 10.0 Hz, 11), 3.18-3,10 (m, 1H), 3.03-2.97 (in 11 , 2.75-2.64 (n, 11- 9-2.07 (n, 511),
1.48 (s, 313) 198 L c/ms Ths e cpmpomf presp ﬁ‘a‘éﬁ é’i&‘gﬁ%}“e %‘)"SC“% it

1(15,25,4R)-mmﬂ;&w|{mmmqmpmhmmaammﬁﬁpmxmon 400 MHz, 8): 825 (s,

pyrimidirt-7-y De2-hydraxrycyelppeptylnnetyl sulfamate Qe PAYE e 2y, 5.61-5.56 (m, 1H), 5.50-
5.43 (m, 11D, 4.42 (dd, J = 6.0, 10.0 Hz, 1H), 4.15 (dd, J = 8.0, 10.0 Hz, 1H), 3.18-3.10 (m, 1F3),
3.03-2.97 (m, 1H), 2.75-2.64 (m, 1H), 2.39-2.07 (m, 5H), 1.48 (s, 3H) ppm. LC/MS: R, =157
min, ES® 455 (AA standard).
Example 49:  [(15,28,4R)-4-(44{[2~(difluoromethoxy)benzyllamino)-7 H-pyrrolo[2,3-d]-

pyrimidin-7-y1)-2-hydroxycyclopentyljmethyl sulfamate (Compound I-2)

[0232] The title compound was prepared following the procedure described in
Example 2a+, using 2-difluoromethoxybenzylamine in step £. "H NMR (CD,0D, 400 MHz,
8): 810 (s, 1H), 7.35-7.26 (m, 2H), 7.22 (d, | = 3.7 ¥z, 1H), 7.17-7.13 (m, 2H), 6.87 (, ] =742
Hz, 1H), 6.62 (4, ] = 3.6 Hz, 1H), 5.45-5.20 (m, 1X%), 4,80 (2, 2E1), 4.49-4.47 (m, 1H), 436 (dd, | =
7.6, 9.7 Hz, 1H), 4.19 (dd, ] = 7.3, 9.7 ¥Iz, 1H), 2.86-2.75 (m, 1H), 2.35-2.19 (m, 3H), 2.07-2.00

(m, 1H) ppm. LC/MS: R =1.03 min, ES” 484 (FA standard).
Examaple 50;  [(15.25,4R)-4-(5-ethyryl4-methyl-7H-pyrrolof2 3-dlpyrimidin-7-y1)-2-
hydroxyeyclopentyllmethyl sulfamate (Compound I-44)

Step a:  _S-iodo-7-[(4aS.6R,7a5)-2-(4-methoxyphenylhexahydrocyclopentald|[1 3]dioxin-6-
1]-4-methyl-7H-pyrrolof2,3- irmdine

[D289] To a solution of 7-[(4a5,6R, 7a5)-2~(4-methoxyphenylthexahydrocyclopenta[d]-
[1,3]dioxin-6-yl-4-methyl-7H-pyrrolo[2 2-d]pyrimidine (363 mg, 0.995 mmol, as prepared in
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[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, /ll), 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), 642 (d, J = 3.6 Hz, 113),
5.45-5.20 (m. 111), 4.80 (s, 211), 4.49-447 On, 113), 4.36 (ad, 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--rnethy1-7H-pyrrolo[2,341pyrimidin-7-y1)-2- hydroxycyclopentylimethyl
sulfamate (Compound 1-44) Step
a:5-iodo-7-1(4a3,6R,7a5)-2-(4-methoxyphenyphexahvdrocyclopentafd111,31dioxin-6-
y11-4-methy1-7l4pyrrolof2,3- dlpyrimidine [0289]To a solution of

7-1(4a5,6R,7a5)-2-(4-methox phen hexahydroc clopentabfl-

[1,3]clioidn-6- ﬁ?‘ﬁ-‘ﬂ}%’tﬂﬁ ] rvad WSB@UH\@WH{%% pégareeiraiample

la-f) in DCM (Wmmwwm&@ﬁm@mﬂw&&m@ﬂﬁm&f
stirred at rt ov el chromato ég with a? §d % cip

hexanes aﬁorggg%?éot?dl}é%@o‘gr‘m}j%un SE3m mg é%fy %&%dar% Step
b:74(4aS,6R,hmTES?M(ﬁ@mm;dmehylIhexahydrocyclonentafdla 31d|oxm -6- y114-

rnethyl-54ltrixnethylsiIynethynyll -7H-pyrrolor2.3-dIpyrimidine [0290]To a suspension of
5-iodo-74(4a Bao)- m&thn hen lhﬂxah dro clo enl-ad 1 3)dioxin-6-yl]-4-
hexaktydx- ocydopenta[ " ' € DAY $337 mg, 0.685
nernol), copper(1) lodide (260 mg, 0. 137 mrnol) dlchlorobls‘gf hen Iphosphthe) palladlumn .(48.0
mg, 0.0684 mHBIPhnd 131BEASKSBERs I Of>-Jedmiidifan SRS B0 bRt rrseheay

ethynyltri metmmm@%nmmmwemmﬂmmmﬂmpyﬂme (Rb2 meaction
mixture was qggagmgdl}a@gggfgg igﬁﬁﬁttﬁ’@ Wﬁﬁ |qﬁaﬁm§ xtracted
with EtOAC. The o&nbm@g nic I ere.dr f? vacuo.
Silica gel chro?na?ograp gﬁr'gc'io n )s a e

compound (3 Maﬁmgd%b/sjhm}mglwﬂséaas R HIEF h@mléma\%mw was stitred at t
c:5-ethynyl.-- (e biR Thdleat fidr Reilare/ phE RyiRhekadtyd aatiopaittaniidiéBdqueous sodium
dioxin-6-y11-4;meilvlafd dsMiR!9ie S P HRVASHCAOL  PRIGSHINAL SRHRONAIA LI XBQ dit8smrool)

was added to a solution of 7--

[(4a5,6R, 7a5)? uMesiRo dismshyrsransiretst ivganatd Fia)erbdnostpiqsaphstsiating with a
Ktrimethylsilyigeitientldr @ by sabaSue s ireotdd4 Mot 803 prnnt (vispdddy. Daphsand
the mixture W%? EHU;;.E%\?}L, rﬁg,vfgi'n ht. The re ctlon mixture was diluted with

standar
Step o B-eth ~7-[(4a5,6R, '}'-a i ethoxyphen exahiydrocyclape 131
ioxin-b-y1l-4-methyl-7H-pyrrolof2 3-4 imidine
{0291] Potassium carbonate (191 mg, 1.38 rmmnol) was added to a solution of 7—

[(4a5,6R,725)-2-(4-methoxyphenyl)hexahydrocyclopenta[#][1,3]dioxin-6-y1]-¢-methyl-5—
[(trirnethylsilylethynyl-7H-pyrrolo[2 3-d]pyrimidine (314 mg, 0.680 mmol) in MeOH (10.0
mL), and the mixture was stirred at rt overnight. The reaction mixture was diluted with
EtOAc, washed with saturated aqueous sodium bicarbonate solution, dried over MgSO,,
filtered, and concentrated in vacuo 1o afford the fitle compound as an oil (215 my;, §1%).
LC/MS: R, = 1.94 min, ES" 390 (AA standard).

Step d: [(15.254R)-4-(Fethynyl-d4-methyl-FTH-pyrrola[2,3-dlpyrimidin-7-yl-2-
h clopentyllmeihyl sulfamate (Compound T-44

[0292] The title compound was prepared following the procedure described in
Example 1g-j, using 5-ethynyl-7-[(4a5,6R,7a5)-2-(4-methoxyphenyDhexahydrocyclopentald]-
[1.3]dioxin-6-yl]-&rnethyl-7H-pyrrolo[2,3-d]pyrimidine in step g. "HNMR (CD,0OD, 400
MEz, 8): 8.63 (s, 111), 7.87 (s, 1H), 5.47-5.58 (m, 1H), 4.51-4.47 (m, 1H), 4.36 (dd, J=7.5,9.5
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EtOAc, washed with saturated aqueous sodium bicarbonate solution, dried over MgSO4, filtered, and
concentrated in vacuo to afford the titte compound as an oil (215 mg, 81%). LC/MS: R, = 1.94 min, ET
390 (AA standard). Step d:1115,2.5,4R)-4-(5-ethyny1-4-methv1-7H-pyrrolor2,3-dippimidin-7-y1)-2-
hydroxycyclopentylimethyl sulfamate (Compound 1-44) (0292)The title compound was prepared
following the procedure described in Example Ig-j, using
5-ethyny1-7-1(.4a5,6R,7aS)-2-(4-methoxyphenyl)he-xahydrocyclopentafd)-
(1,3jdiorin-6-y1]-4-methyl-7H-pyrrolof2,3-cilpyrimidine in step g. 'H MVIR (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-yllarrdno)-7Hpyrroio[2,3-d]pyrixnidin-7-yl)-2-h
ydroxycyclopety3Rethif &iddmais. (0 SHsolifd 36515 OPRB I 4itierc 3Hib 3UAS WMakrp AdHa gD
following the preegusesieseraperin ExamRle2e-misie R sioro2 3rsliudresdbbingayt-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, Sfandps. 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 gg 11_% 4.52-4.48 (in, 1H), 4.37 (dd, J = 9.76, 7.49 Hz, 114) , 4.19 (dd,

a 2o ) liaH 4 i - i R
S o Lot -1 e L g e
gro- ,%—c ydro-111-inden-1-yllaminol-711-

[(117,2R,45)-4-(4-([(15)-4,7-diflu
pyrroloe2,3-dJisgdadictin-7-ylheyaranpouatdpan ytkpaiby isuifamatavd @essanua ddseiD2041The
title compoun ared following.the procedure descriped.in Example 2a-j usi
(S)-4,7-dif|uor%:’-¥é%§?(%rr?§ rb‘?ﬂ%#@é‘%@?i"é@%m&g‘% s?é%?’ffﬂ‘fi??}ﬂ'é’/lﬂ‘?ﬁgé%ﬁfe o‘ouﬁﬁ%’,[%): 8.17 (s,
114;, 7.17 (1, (GIRGIMA0Q M5B EA (4, 183), 6.80(0T, HiBBL6GDz(AFD) Bmzawlmﬂasé(dl F=3.5,Hz,
114), 5.48-5. Ry = 36 =7 ~114) 4 =73, 9.8
Hz, 111), 3.241?1.31(;){119 %? ]ﬁ;%!)&’zﬂg%%%g%# &'151&4 j§4@%§;mlﬁf%%§%"¥g8’ 83?81% 1;%55,2%0 (m,
3H), 2.19-2.0 '6?5,’?1(11'5’?24 4600 LA ST (N 122617 ik 1E) 24864 A <B4 Hample
53 1H), 3.22-3.14 (m, 1F), 3.02-2.93 (n, 1H), 2.90-2.70 (m, 2H), 2.38-2.04 (m, 5H), ppm. LC/MS:

[(1.9,25,4R)-4dd=" (bR Sl o i@ Baciavdiead H-inden- 1-yliarnino)-7Hpyrrolor2,3-d]pyriaddin-7-y1)-2-
hydroxycyclopentyllmethyl sulfarnate (Compound 1-63) [02951The title compound was prepared

following the pspsRgivrexdesadher 48 L i - - 2o Abinde Ryl
amine in step f, 11-1 NR (%ﬁ%ﬁé%%ﬁ%&ﬁ@%6 Hz,
114), 5.91 (t,J 8.1 Hz, 114)(Cobip&B@ [#62)114), 4.49 (t, f = 7.2 Hz, 114), 4.37 (dd,J1 = 7.7, 9.8 Hz,

113), 4.19 (d% | Zﬂs 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. 1PN 314), 2?’1‘?11_‘{58”??5‘?2&&‘)‘.‘{%?/%3?%@@!%&5, e Brocetiure desciked) in
Example 2a-j using (5)-4,7-difluoro-2,3-dihydro-1H-inden-1-y] amine in step f. 'H NMR
(CD,OD, 400 MHz, §): 8.17 (5, 1H), 7.17 (d, ] = 3.8 Hz, 1E), 6.99 (m, 1H), 6.89 (m, 1H), 6.60 (d,
] = 3.5 Hz, 1H), 6.05 (t, ] = 5.5 Hz, 1H), 5.48-5.41 (m, 1H), 4.48 (t, ] = 6.8 Hz,111), 4.36 (dd, ] =
7.5,9.8 Hz, 1H), 419 (dd, ] = 7.3,9.8 Hz, 111, 3.20-3.11 (m, 1E), 2.958-2.89 (m, 1H), 2.84-2.75

(o, 1H), 2.70-2.60 (m, 1H), 2.35-2.20 (o, 3H), 2.19-2.09 (m, 1E), 2.07-1.99 m, TH). LC/MS: R,
= 1.07 min, ES" 480 (FA standard). '

Example 53:  [(15,25AR}4-(4-{[(1R)-4-chloro-2,3-dihydro-1H-inden-1-yllamino}-7H-
pyrrolo[2,3-djpyrimidin-7-y1)-2-hydroxycyclopentylimethyl sulfamate
(Compound I-63)

[0295] The title compound was prepared following the procedure described in
Example 2a- using (R)-4-chloro-2,3-dihydro-1H-inden-1-yl amine in step f, '"FHI NMR
(CD,0D, 400 MEz, 8): 8.18 (5, 1H), 7.24-7.12 (m, 4H), 6.64(d, ] =3.6 Hz, 1H), 591 (t. J = 8.1
Hz, 1k, 5.51-5.29 (m, 1H), 449 (t,] =72 Hz, 1H), 4.37 (dd, ] = 7.7, 9.8 Hz, 1H), 419 (dd, [ =
7.3, 9.8 Hz, 1H), 3.18-3.07 (m, 1H), 2.98-2.85 (1, 1H), 2.84-2.74 (m, 1FD), 2.72-2.60 (m, 1H),
2.38-2.17 (m, 3H), 2.11-1.98 (m, 2H). LC/M5: R, = 1.16 min, ES” 478 (FA standard).
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Example 54:
((1S,2S,4R)-4-(4-((S)-4-chloro-2,3-dihydro-1H-inden-1-ylarnino)-7Hpyrrolo[2,3-d]pyrimidin-7-yll-2-hydr
oxycyclopentyllirtethyl 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), 4001z, 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:
[(15,25,4R)-4-(4-M1R)-1-bromo-2,3-dihydro-1H-inden-I-ylJarnirtoi-7Hpyrrolo[2,3-d]pyrimidin-7-yll-2-hyd
roxycyclopentyl]rrketl-Lyl sulfamate (Compound 1-65) [0297]The title compound was prepared
following the procedure described in Examgle 4 using 4-bromoindan-1-one.1H-NIVIR (400 MHz,

MeOD. 8): 8, ErREPle i, SRS AR (Prbrci ef sili I rdenloylamion) 7L 1147 08 (1
J=7.7 Hz, 114), 6.62 (d, 1«‘{%& ?ﬁ; j;ﬁ@‘é KEZ: ‘ﬂ??&‘ﬁ‘i{’ F’E;‘t%?;gy YRR 3 5 1z,
114), 4.37 (dd, J=7.6 Hz, 5 H -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)0@0 (td, f=8Kekize 16rfipdind W phaea Gl (Siihglte Prbtediu HiscliBed Wz, 114), 2.27

(in, 314), 2.05 (in,LC/MS: R = in, Er 524 dard)..Example 56:, * .1
[(1R,2R,45)- "(‘?’1‘{% W&gg%%%?ﬁﬁWeﬁ%% S%f‘ﬁg- B%r’f‘o 5B L DR idin-7-yT)-2-h
ydroxycycloperhiethy MEdfadnataq Gobhponibel(bxG6) ) 2033 -T128 tiitl Idh 6o (nc \IED. Sréhasa

folowing the ghosgsidessertin bamel9 49 v haroindnad oad s MIRC 930D, 400

gs 22 (in, 111), 7°16 (d, J =35 HZ, 111), 7.09 (d, J7.5 Hz_114), 6.86 (t, J
= 9.0 Hz, 11H13® HPPOBERE 1Y 853520 s H), 25258 -3 302081 38t r 6.8 Hz,

111), 4.36 (dOCy/3: R, 9. B64 min, ES" 478 (AA standard).

Example 55:  [(15,254R)-4-(4-{[(1R)~-bromo-2 3-dihydro-1 H-inden-1-yl jaminoj-7H-
pyrrolof2,3-d)pyrimidin-7-yl)-2-hydroxycyclopentyljtnethyl sulfamate
(Comnpotnd I-65)

[0297] The title compound was prepared following the procedure described in
Example 44 using 4-bromoindan-1-one. - NMR (400 Mz, MeOD, 6): 8.17 (s, 1H), 7.39 (d,
J=7.9 Hz, 1H), 722 (d, ]=7.5 Hz, 1H), 7.19 (d, ]=3.7 Hz, 1H), 7.08 {t, ]=7.7 Hz, 1H), 6.62 (d,
J=3.6 Hz, 1H), 5.96 (t, ]=7.8 Hz, 1H), 544 (m, 1), 4.48 (t, J=3.5 Hz, 1H), 4.37 (dd, ]=7.6 Hz,
9.7 Hz, 1H), 4.19 (d4d, J=7.3 Hz, 9.7 Hz, 1H), 3.02 (ddd, J=3.2 Hz, 2.1 Hz, 16.3 Hz, 1H), 2.89
(td, [=8.4 Hz, 16.6 Hz, 1H), 2.79 (m, 1H), 2.65 (did, ]=3.3 Hz, 8.0 Hz, 12.7 Hz, 1H), 2.27 (m,
3H), 2.05 (J':‘I.'l, 2H). LC/MS: R, = 1.66 min, ES” 524 (AA standard).

Example 56: [(1R,2R,45)-4-(4-{[(18)-7-luoro-2 3-dihydro-1H-inden-1-ylJamino}-7H-

pyrrolo[2,3-d]pyrimidin-7-yl)-2-hydroxycycopentyl]methyl sulfamate
(Compound I-66)

[0295] The tifle compound was prepared following the procedure described in _
Example 44 using 7-fluoroindan-1-one. "H NMR (CD,0OD, 400 MHez, &): 8.17 (s, 1H), 7.29-7.22
(m, 1ED), 7.6 (d, = 3.5 Hiz, 11), 7.09 (d, ] = 7.5 Hz, 1H), 6.86 (t, | = 9.0 Hz, 1H), 6.61 (d, ] = 3.8
£z, 1ED), 6.00 (t, | = 7.5 Hz, 1H), 5.48-5.39 (m, 1H), 4.48 (t, ] = 6.8 Hz, 11), 4.36 (dd, ] = 7.5, 9.8
Hz, 1H),4.19 (dd. [ = 7.3, 9.8 Hz, 1H). 3.20-3.11 (mn, 1H), 2.97-2.88 (m, 1H), 2.85-2.74 (m, 1H),
2.65-2.55 (i, 1H), 2.36-2.18 (m, 3H), 2.14-1.98 (m, 1H). LC/MS: R, = 1,16 min, ES” 462 (formic
add standard).

Step a: 1-{4-chlorophenyl}-Fmethylbutan-2-0]

[0299] Magnesium (5.02 g, 0.206 mol) was covered in dry ether (50 mL, 0.5 mol)
under an atmosphere of nitrogen. lodine (0.254 g, 0.001 mol) was added to the reaction,
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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 (in, 1H), 2.36-2.18 (m, 3H), 2.14-1.98 (n, 1H). LC/MS: R= 1.16 min, Er 462 (formic acid
standard). 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. lodine (0.254 g, 0.001 mol)
was added to the reaction, followed by approximately 1 ml. of a solution of
1-chloro-4-(chloromethyl)-benzene (32.20 g, 0.200 awl) in ether (25.0 mL, 0.238 rnol). 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 OC Isobutyraldehyde (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 witfP¥esvesbiey grarrisehied whetarddierod blorhé shiarmmpiabarnreebarfidd and
the aqueous (aAB0e KR iy (S L0 ﬁhbrﬂﬂammhineakm@ammﬂhhemmwmd and

the residue g ey Slieh el 4 URRI WAL O DR, L0 dhiagal r%
didtloromethane to yield the product, 17.8 g (45%).1H NMR %_TOO MHz, CDCle, 8): 7.22 11), 3.56
o T SR I08 PP e T SR T epP BP0 PR (i St 156
Hz, 11-1)4. 45«%)%50@43;@11&4*:@@&M@r@@m@&@w@aﬂaﬁ%@wﬂmﬁﬂw (20 mlL,
[0300]Concenfsatam w&meramue@amybms addechio vaten(@Riprtorcar ehdlbaantba iyved to cool
down to room te eratur é%( k?ﬁo CF Jém)f - et%tan 72z oI&;? 8Pq1 01%896 DRoR was added

e a

portionwise over mlnu?es ition, the H’llXtUl’e WaSﬁ t to stir‘at room temperature for 2

hours. The nﬁ&m‘iﬁa@ﬁ%‘ﬁ*ﬁbﬁﬁé@&ﬁbﬂf&%%%H&B@%?%@Pm)e%?ﬁa@awﬂ@fﬁéﬁ%e
organic phasmmmmmmmmwﬁmmwmmﬁwpmmnmde to yield

crude pdeU M%%?ﬂﬁ@%‘%%sfﬂﬁém E?IHHQ@I%QIH% e?ﬂlﬁ%n%l’kﬁ iteluting
dichlorornethane, to yield the product, 12.6 g (78%). 11-1-Nb./17 (400 MHz, CDCl\?H 8|2 7. 123 311),

2.85 (t, f72 HY YO0 108bmpethagobipdichigrpriesaone ig yisidhrpredustold HEER e Done
[03|0¢]6 c?lomzl, Cie) 'symd_@nﬂ,(ﬁé%%%ﬂ,lﬁi)mdi tfgaﬁmﬁm@bm Aeciene269 @y, aed 1.41 M
solution of magn sulJfat ater ed, fo si nganate
(3.83 g, 0. 02%@%#%%%@%&? {?%dr%[ roo ?ﬁhlp‘g? ﬁe&%&eh% bjggfgrdgs%iropanol
was then added to the mlxture and thls was stirred for 1 hour. The mixture was then evaporated to an

aqueous resiitE-gnc he mixture was filtered, washing the collected solids

with EtOAC, %the f"trateéa%éﬁm@iﬁw DS PPIADOSE MAS ORNE SR @dmdcsb&‘sﬁ idue
was purified by | chro ra eluting with 20t % dichlgrgmetha |n bex

Vil the prodUAIpSES DIER S KiRE DA E e AP S e (7
j=1.6 Hz, 1H%- masmﬂmsmﬂdmwmzﬁo%mquﬁt@ tma#dsldméhammsue was
chloro-33-dimatho ¥ir2unshiay thapkirdieteli PR m) The Hdxture was then poured onto ice and the
pyrTolof2,3-al g oy ey oGl R RAD S S RIBYGLCmRR RO then

dried over magnesium sulphate and concentrated to yield crude product. The residue was
purified by filration through. a plug of silica, eluting with dichloromethane, to yield the
product, 12.6 g (78%). H-NMR (400 MEz, CDCL, 8): 7.10 (m, 3H), 2.85 (t, J=7.2 Hz, 1H), 1.94
(%, J=7.2 Hz, 1H), 1.25 (s, 6F).

Step ¢ S-chloro-33-dimethylindan-1-one

[0301] 6-chloro-1,1-dimethylindane (2.19 g, 0.0121 mol) was dissolved in acetone (50
mlL), and 1.41 M sclution of magnesium sulfate in water (2.02 mL) was added, followed by
potassium permanganate (3.83 g, 0.0242 mol). The mixture was stirred at room temperature
overnight. 1:1 watersisopropanol was then added to the mixture and this was gtirred for 1
hour. The mixture was then evaporated o an aqueous residue and ethyl acetate was added,
The mixture was filtered, washing the collected solids with EtOAc, 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 hexanes to yield the product,
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[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, 3 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,J= 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). Example 57:
((15,25AR)-4-14-[(15)-2,3-dihydro-1H-inden-l-ylaminol-5-fluoro-7Hpyrrolo[2,34]pyrimidin-7-yll-2-hydrox
ycyclopentyl)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 (S)-1-aminoindane and
4chloro-5-fluoro-714- PYrrolo[2,3-dIpyrimidine in step Ic. 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 (n, 1H), 4.48-4.44 (m, 114), 4.35(dd, J =
9.72, 7.37 Hz 1 16})(a64) S AinTVrO( AR MIRZ, HCLL) B4, PBEHA 18), 2.88(2, 381 (KB~ 1K), 288-2.73
en, 114), 2.71 Ig ) 6{l in, 214) ppm. LC/MS: R., =1.50 min, ES +
262 (FA standSiy St b 1 A8 & 80 1 T

[(15,25,4R)- 4§5 -fl oro- -4- 15 5)-2-xnet %Qogm‘?’agl ﬂre(%ﬁlg'i%g%})—%;% 7|—1| %rrglogz%[_glpynm

idin-7-y1)-2-h ] T TFIe S qIRTY 3 e LOmpourtd was
prepared following the gesfAibed In Example Ta-g and them EXample Z1-] using

(1R,25)-2-methoxyindan-1-arnine and 4-chloro-5- fluoro-7H-pyrrolo[2,3-dipyrimidine in step Ic. 313
NMR (CD301938210 MHz, Shestizle qgnmwwwm@mﬂmmﬂrmmﬁemﬂae@as d,1=

5.31-12, 1H) Eﬁ:ﬁ% ﬁr & ’Séi:ﬁl%xq*a:l?rd%z@ﬁm%@ 4ﬁ&@%&n&i&%ﬂﬂi4@é§h{%
11-0, 4.18 (dd 2, 111), 3.39 (s, 31#%319303 (m, 21-1), 253-225 (m, 114 23%9216

(in, 314), 2, 031@9?’ E%t%&SDLHR/@ Jer3 161 (o it S S dn Bt 2
(15,25,417)-21a ]t K ArEDs BG5S APG, 2H00aAST0 2B dly UeD: A3 GltbIHIT.7S, 2.00 Hz); 4.16 (Ad,

amino)-7H-pyfrojol2 Z:dloyrimidin sb-yhavslonentylimety|su e ate S pmpourd; a0 KRR g title
compound waf repared foIIovej the proced%?re descrlblc(a\g in @g]xamplewga dgﬁsmg ethyl |od%qzln

step b. 114 N (B3 28d8 LS M1 Byg 143 196 sierdBds (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)" B@&BISETM (AEA5 AR HAGl 6.3 1hyd s it inkierg1ayznine k- Sv@toefl-1H),

2.37-2.20 (n, 3H), 2.08-2.0BYoLPE4S Wﬁyﬂﬂ)hn FyoEIgRentyiynativy P Hz),
0.97-0.90 (in, 21-1) ppm LARTEPRDA G in EC 488 (AA standard) Example 60:

o T 2|) M?mxy iy 54 B A ’é%‘%g’[ BITH P mm&%ﬁﬂomp o

yrlrnl Irt y Clo ntyllxnet suylfarrtate mpo e_tit na w prepare

T owing e SRS LR, R Fresrnls 35 HDRS kISR ARYt S g Fogee:

(lcii)) 05D5 f%o Mﬂ'blmﬂ&ﬂf}(ﬂﬂﬁdﬁh # s%dpidél—(wl\mlmmmiﬁi& e smm., (!BIZZ?(.&O—J tﬁu;, ﬂ 2,
Z,

111), 3.67-3. m 11 ok 3?§’$%8'§§m129114 %’Q’ é%@g‘/é]‘?nilm Z% Qd f%zé;(‘ J%IZ 6.1

Hz, 314 0.63T0, S 18044 &Hﬁsl ENTET m}nur;bz@zz B 1

[(15,25,4R)- Zﬂ’wﬂﬁoaa/c&p(ﬂﬂi,@.m%@d%ﬂm%&&%hﬁdmﬂﬁp&ﬂnmwﬂmmi.somm, ES' 462
0)-7H-pyrrol ;E%id ngr dﬂln 7-yl)cyclopentyllmethyl sulfamate (Compound 1-71) [0307]The title
S

compound was prepared tollowing the procedure described in Example 2a-j using

(11?"29)-2-Itydroxyipdan-I- f,11-1 OD 400 S, 114729-7.16 (n,
T R R SR

sulfamate (Compound I-69)

(03041 The title compound was prepared following the procedure described in
Example 1a-g and then Example 2i< using (1R,25)-2-methoxyindan-1-amine and £-chloro-5-
Auoro-7H-pyrrolo[2 3-d]pyrimidine in step 1¢. ’H NMR (CD,0D, 400 Mz, 8): 8.20 (s, 1H),
7.27-7.13 {m, 4E), 7.10 (d, ] = 2.3 Hz, 1H), 5.88 (d, ] = 5.3 Iz, 11), 5.49 (br 5, 1H), 4.47 (+, ] =
73 H=, 1H), 435 (dd, ] =7.5,9.8 Hz, 1H), 4314.28 (m, 1H), 4.18 (dd, | = 75, 9.8 Hz, 1H), 3.39
(5, 3H), 3.19-3.03 (m, ZH), 2.83-2.75 (m, 1H), 2.34-2.16 (m, 3H), 2.03-1.97 (m, 1H). LC/MS5: K =
1.55 min, ES" 492 (forrnic add standard).
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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), 2.09-2.00 114).
LC/MS: R = 0.90 min, EC 460 (formic acid standard). Example 62:
[(15,25,412)-2-hydroxy-4-(4-l(aRt2R_-2-inethoxy-2,3-dihydro-1H-inden-lylJamino)-7H-pyrrolo[2,3-d]pyri
midin-7-y1)cyclopentylimethyl sulfaxnate (Compound 1-72) Step
a:2-1-(117,2R)-2-hydroxy-2,3-dihydro-1H-inden-1-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 sam%e partitioned between EtOAc and water

irned thAFERRIRI ivad ¥6 sh HORdoie-irerreppestg ity drathiadenisdhd pal
ok Agm%@é B e pale

NaHCO, (1 x 10 rags and brine (1 x 10 nil.), dried over Na2S04, filtered, concentrated, and dried on
high vacuum[usggye the prokiuetiasdanpatindiiies gebgRdE31unAAFMhd pidMiRd Gd&ib4d&MHz, 8):

7.86-7.84 (M211),.7.74-7.72.(in, 2H),. 7.26-725 (in, 24 -/ 1 7.Q1 (d JarnHz 11-1),
5.67 (d, = 6.3%%%%%}?&%{%&%33’}3%‘59@&%”%,ﬁ}fﬁ%@%@f@%ﬁfé " 1H), 2.12
(s, 111) ppm? SEH Y. ofiFEEL RED(AEthdRyHZ, IR N§aeddHF iR\ D, B0<sotd dulcl B (4P4H8ne
10309)To 2 <G, 2RI 2FUrs; b P70V le 1 Hsmiis o (b done
0.860 g, 0.0 I ) at r.an. at r itr e .0OM
solution of Iitﬁ%gr;?#&_arﬁgt y?@?ag?dg% %ég? %2%?%%%@gt§g?%9§£g@n%%%ﬁe Was
stirred for 20TTkEs (T IERcH0B\ e ZAd/HNS7 AN GARI eRoEHG/AMS: R). 80984 BSTAS cold

bath was remayestaang:te 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 OC. To the reaction mixture

was added 1[9:%1:12 60: (15,25 4R)-2-hydroxy-4-(¢-{[(1R,25)-2-isopropoxy-2,3-dihydro-1H-inden-1-yl}-
amino}-7H-pyrrolo{2 3-d]pyrimidin-7-yl)eycdopentylImethyl sulfamate
{(Compound I-54)

[0306]) The title compound was prepared following the procedure described in
Example 41a-d, using isopropyl iodide in step b. "H NMR (CD,0D, 400 MEz, 5): 8.20 (s,
1H), 7.31-7.18 (m, 5H), 6.67 (d, = 3.6 Hz, 1H), 5.82 (d, ] = 5.4 Hz, 1H), 5.51-5.44 (mn, 1H), 4.53-
4.48 (m, 2H), 4.37 (dd, ] = 7.6, 9.7 Hz, 1H), 4.20 (dd, ] =73, 9.7 Hz, 1H), 3.67-3.61 (m, 1H),
3.18-3.02 (m, 2F), 2.84-2.78 (m, 1H), 2.37-2.00 (m, 4H), 1.09 (d, ] = 6.1 Hz, 3H), 093 (d, J = 6.1
Hz, 3H). LC/MS: R, = 1.68 min, ES" 502 (AA standard).

Example 61: {(15,25A4R)-2-hydroxy-2-(4-{[(1R,25)-2-hydroxy-2,3-dihydro-1H-inden-1-

ylartiino)-7H-pyrrolo[2,2-d]pyrimidin-7-yl)eyclopentyllmethyl sulfamate
(Compound 1-71)

[0307] The title compound was prepared following the procedure described in
Example 2a-j using (1R,25)-2-hydroxyindan-1-amine in step £ "H NMR (CD,0D, 400 M¥z,
5): 8.18 (s, 1E), 7.29-7.16 (m, 5H), 6.68 (d, ] = 3.8 Hz, 11), 5.77 (d, | = 4.5 Hz, 1H), 5.53-5.40 (m,
1H), 472-4.68 (m, 1H), 4.51-4.47 (m, 1H), 437 (dd, ] = 7.5,9.5 Hz, 11 ),4.21 (dd, = 7.5, 9.8
Hz, 1I), 3.24-3.18 (m, 1H), 3.02-2.95 (m, 1H), 2.87-2.78 (m, 1H), 2.39-2,19 (m, 3H), 2.09-2.00
(m, 1H). LC/MS: R, = 0.90 min, ES” 460 (formic acid standard).

127



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 EtOAc and water. The organic phase was
washed with saturated NaHCCs and brine, dried over Na2S04, filtered, and concentrated. The oil was
purified by silica gel chromatography, eluting with a gradient of hexanes to 10% EtOAc in hexanes) to
obtain product (4.18g. 46%). LC/MS:RI = 1.90 min, ES + 294 (AA standard). Step
Cc(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 (0.0%E_ngﬁoa?% inol).
The reaction Bxxbupd\§2s J{wRSHTR)-8tiryalr A E ie1ethp H f solution.
TLC showed no starting m3tiamanga rexamiel?Sniaimidindr by slifRARas
suspended in DCM and filtreBPPHEYF e was concentrated in vacua. 1H NMR showed that the
reaction had not gone to completign. The yellow oil was therefore stirred at refl.= for 311. LCMS

confirmed reaction was compl he reaction mixture was cooled to rt, concentrated in vacua,
triturated with DCM, filtered, anq filtrate was concentrated in vacua to give product as a yellow oil
(011549. 64%). LC/MS: Ri=d" RiES+ 164 (AA standard). Step

yllainirto1-7H- yrh'nldln 7-y1)cycloperityllrnethyl sulfarnate (Compound 1-70) [0311)The
title compoun foIIowmg the procedure described in Example 2a-j using
(1R,2R)-2-methoxyinda-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), 663(d | = 3.4 Hz, 111) 584(d 1-59Hz 1H) 549551(|n 11-1),
4.50-1.48 (mgidn)a: Ja[y) 3 Bvd B F1L i ffion- Py : i -(idne
15.8 Hz, 111), 2.87 (dd, J= 6.8, 157Hz 1H 2832 7(|n 1Hél 233- 220m3§111)1207200(m
114), 1.94 (s [43°8] ppm. L&yRH3PRREion aff e

2-((13,28 4meﬁaaxm9@nmmswemaﬂ MMM@M}&W@M&E@ 63 mL, 0.00935 mol) in

d:[(15,25,4R)-2- groxy- [Ll R,2R -2-methoxy-2,3-dihydro-1H-inden-I-

tipyrimidin-7wi Js2:ayey w&.gpﬁgglgé‘q(%w%ﬁda]rﬁ%—%ﬁﬁﬂc trap and
a:7-111R,35 45) -3-ftert- butyl( ethvl |Iy rtert- £ nitropen 18 k. The reaction mixture
hutyl(dirnethyTRRqEReIFRa 26 o] i i o e

[0312](15,25 ¥Rs )edall4d- Eﬁ]ﬁ)'ﬂ,ﬂ sﬁayc&@ebﬂnpﬁﬁen@%;dammo{#hﬂp}g@ht[ﬁ@—fﬂ a higher R, spot.
enpyrimiclin-¢-y11-2-(hydro thypc cIo entan 187 02 Hsimida g,
ﬂ%{j ﬁé}m% %RBY Ee g%@wﬁedb ‘%‘Q v%%gta‘lésolved |?11%?lft&Qﬂéﬁ){ﬁl

0.00864 rnol) an iMetyIarninG yii
N,N- d|nmthylismm;dle@ﬂ‘hﬁ@ﬂﬂﬁd@ﬂﬂﬁ%tﬁmpm@e@ﬁﬁmég@ﬁPMWEH@&F%P&MW&ISth

tert-butyldimegylsi. GHPHRSAOBHME, Q9332 RN BR-REtleso 30, HfEUE MRINASIPED) a

further 1 hour. The mixture was quenched with brine and extracted with ethyl acetate. The organlc

phase was e&&ﬁd&!@@&ﬁ@tﬁ@ﬁ@dﬁj@w&% duiedaren RS iterdrrregizpig, eRtagaditt o to
100% ethyl agg mﬁhpgwgax@?qsdmtx@&wmmwwtm ﬁm@m@k acb@lm

(3001%.11-17, DCl3 5): 840 (s, E,) 729 (in, 511), 7 oo% J=36 Hz, 11-1 9111? I}z 111),
5.80 (dd, J=7MHl S5 BGT54 ) B4 E{AdT 21, (2R 7-2p)t @81( WIS 5 11),
3.79 (dd, J= 7?25%9}9}1'51571(331)-:3BH@WBEMEB,BI&?SIMMSBﬁ,aﬁlﬁi&)ﬂi):?%%l(dﬁ;hO Hz,

7.6 Hz, 11.7 4), 2.22 (d, 3=4.0 Hz, 31-1), L96 (d, J=4.0 Hz, 21-1), 0.90
(s, 18H), 008El s, %&3@ ﬂﬁ)gd“][é QﬂﬁngﬂL

b:(115,25,4121-2+t
ylaminol-7H-pyrfofo

[031317-f(IR, BBbe5)-3-(te rmﬁwmﬁmwpﬂyﬁﬂ&-a-b&cbmb@ﬁméﬂwwmm-}yﬂ 1H-
ispindole-1,3(2H)-dione (0.860 g, 0.00308 mol) in THF (30 mL) at 0 °C under an atmosphere

of nitrogen was added a 1.0 M solution of lithium hexamethyldisilazide in THF (3.39 mL,
0.00339 mol). 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 h. The reaction was monitored by 'H NMR. The
reaction rmixture was then re-cooled to 0 °C. To the reaction mixture was added 1.0 M
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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-
ylaininol-7H-Dvrrolo2,3-dipyrirniclin-7-ylicyclwentartecarbaldehyde
103141((15,245,4R)-2-(tert-butyl(dirnethyl)silyiloxy-4-{4-[(13)-2,3-dihydro-1H-inden-1-
ylaminol-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 molsAnaEehigisem beaavabybiiiarideara ity ﬂ%ﬁ? R b T2 F8E5Rd the mixture
was stirred faniduninciesiatad fom 1B mperes, felldeth pyopiditinmnof thethyd indide (0.7 Hirfl. 8.00974,

0.0000537 mgl)iwasthem addeda e iBeste skl nakdask BreRi.eair hon WRsRliisddonikiabr 0om

temperature. | The reaction mixture was filtered through a silica gel plug, elutin W|th DC (20 rnL),

followed by SG%%F%&%?HWESVWWWQW%WHBB%@@ e product as
a clear light gigas aglaiﬂmapﬁmmawaﬁ&&rémebﬁmmﬂﬁﬁmmd&mmﬂmmmanon
[03151To a |rred S on of (dietho hos rnethane 285:mg,
0.00110 mol) TR Q#ﬂéro%uranvfgtﬁr% dropW|se %&‘fﬁg of%eﬁ%ﬁ i{num Ih hexane (440
p.L, 0.00110 mnié,ainac&%dbmmte;smmadreﬁ W@Mlﬁﬂmmt&lﬁmww minutes.

To this 50'”“% g A SOWIIRD, Q6F nexanes 1o 10% EtOAC in hexanes) to ohtain
(1R,25,412)-2-Vert- burty (dl%ethyp |IyIony 4 14-1(15)-2,3-dihydro-1H-Inden-1-ylaminol-7Hpyrrolo[2,3-

d]pyriznidirt- 2Ry dbdheadétar bl dMR de <128 B‘PﬁgEQ) BHouh oS tetrahydrofuran (5.0 rriL) at
-78 C. The resultlng pink solutlon was stlrred for 1.5 h at -78 C. The reaction mixture was warmed and
guenched bySte aedlyaiffie resultant mixture was extracted with DCM (3 x
30mL). The combined organlc Iayers were drled over M SO4 fi concentr in vacuo. The
residue was PHREd by silit8 {BEERFSHRAGEIAAH) \*/ﬁﬁe }%ﬂgﬁr::%ta"fg in a?r% to yield the
product as a Solodeks1G2ER e (3 1% 0OMAS mal)da ﬁﬂ\wﬂﬁmmmyﬂmcéthyl

2- 31 5, 25|4R§i%zl;f$§£}abldﬁd@i‘; H}x%ﬁibftﬁw i i, ébﬁéx&&ydmw é!r&ib:rllfrmxture was allowed to
inden-1-ylaminol-71 %gg rrolofe 3-- %}f din- 7 ?ggrlt ul owed no starting
103161Ethy 1% gﬂ% e 1‘{1} oxy 24 3%’%5 3-di 0 111

inden-1- y|ammmwm6m%mﬂmwv m&r@m@ﬁmmﬁ mE&boo2265

'nal) was disspl{¥efinathanokiSatk W astaaeivn M&hydﬂﬂﬂm EhoRe DR imeiionaaadded.
The reaction mixture was stirred at,room temperatura~l e%?/nl ht The mij tur? Was dHeRe hed with

NI-WI solutioRCHFRPEHE PRI ATl e Neler S0 28 BHHAST TheSglieous residue was

then extracte@ﬁﬂ%@%@m%@%%@@rw@pm@%méﬁ cmrsnEatsdéwas
purified by siliga.gekshranpiograpty] Biertdraraiaiadtadieneihaneddyiekdiegiveduct, 92 mg

! .
(69%). LCIMS: R St vl o @845/ e8 8 )s: & = 0.68 min, ES* 164 (AA standard).

Stepd:_ [(15.25AR)-2-hydroxy-4-(4-{[(1R,2R -2 methoxy-2 3-dilydro-1H-inden-1-

-7H-pyrrolo[2.3-dlpyrimidin-7-yl)cyclopentyl meth te
(Compound I-70)
[0311] The title compound was prepared following the procedure described in

Example 2a4 using (1R 2R)-2-methoxyindan-1-arnine in step £. "H NMR (CD,0D, 400 MEz,
8): 818 (s, 1H), 7.22-7.19 (m, 3H), 7.15-7.14 (n, 2H), 6.63 (d, J = 3.4 Hz, 1¥0), 5.84 (d, ] = 5.9 Hz,
1H), 5.49-5.51 (m, 1H), 4.50-4.48 (m, 1H), 437 (dd, ] = 7.5, 9.8 Bz, 1H), 4.25-4.18 (m, 2H), 3.47
(5, 3H), 3.37 (dd, J = 7.3, 15.8 Hz, 1H), 2.87 (dd, | = 6.8, 15.7 Hz, 1H), 2.83-2.77 (m, 1H), 2.33-
2,20 (m, 3E1), 2.07-2.00 (m, 1H), 1.94 (s, 1H) ppm. LC/MS: R, = 1.51 min, ES" 474 (AA
standard).
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Step f:N,N,N-tributvlbutan-1-aminium 2-((1.5,2S,4R)-2-frert-butyl(dirnethyl)silylioxy-4-
(4-111.51-23-dihydro-1H-inden-1-ylaminoi-71-1-pyrrolo12,3-dlpyrimidin-7-
yllcyclopentyl)ethanesulfonate [0317]Ethyl
24(15,25,4R)-2-ftert-butyl(dimethyl)silygoxy-1-(4-1(15)-2,3-dihydro-114-
inden-1-ylamino)-7H-pyrrolo[2,3-dIpyrirnidin-7-yllcydopentyl)ethartesulfonate (92 mg, 0.0001573 mop
and tetra-n-butylamrnonium 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 crude product, 3.40 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-IH-inden-1-
Vlamin01-7H-ovrrolo 12,3-dipyrimiclin-7- yIIcchopent llethariesulfonamide

[0318]N,N N"EﬁH}}g}lﬁﬁ?an LA AR A eI dro-1H-inden-1-ylamino}-7H-pyrrolo[2,3-
butyl(dimethyl)silylloxy-4- FAPYTERS. %"W&rgyfi‘i’f?ﬁd‘é‘ﬁﬂeﬂ%ﬁ?ﬁweﬁﬂi B?Wb%[(ﬁmp ound I-59)
dipyrimidin- 7%9@%@@ LA ARG

chloride (2.0 nil-, 0. OBM@M-

mixture was cooled to bl A H0athik O 000685 moI) was added dropW|se The
reaction was allowed to stir at 0 C for 2 5h. The reactlon mixture was dilu d with to e and
concentrated ®Hehyness. ﬁ%%éﬁa%v&&%&ﬁﬁ%ﬁ&ﬁéﬂ‘aﬁ{h% {8 Pé@f& as eluted
down a siIicW%ﬂ}MM&M@&TWMM@M&W@a@Q@ﬁm‘d@,lhl'énnﬁbia’-tbf, 42 mg.

The lacid ch:@@idﬁ\gaﬁd@é@miaa %ﬁmmemhmaﬁ@mméﬁmwdmm%(wéa@smgae
resultant soluti r overni temperatu er.an atmos re nitrogen e
W—&mes:lh eI‘td rgll‘laént‘#e S:(r];u% 3 En %160 fa q'lo

mixture was lt‘ﬁeh -evapor e was par %etween Wateruxfhe organic

phase was eddgisraeldad-hrand direetmtdlpddeeds6-/g 58%%’?%@?&15‘@& adéeédfﬁ‘lﬁ‘n tHeguitLER (AA
standard). SWﬂ&;ﬂeAﬂrﬂﬂﬂ}mhﬁﬁﬂande&&hﬁkm eﬂ;ll&d:hﬂ‘wﬂ:h

namideounga S 0aORILE 20 RE2 et il bilonkd (44 Jayslipghi L-inden-

l-ylarnino)-7}-1-pyrrolo|2,3- dlﬁf{l’ll’nl In- 7 “C¥ﬂ%‘ ent;ipethanesulfonamlde 2 mg OOOO mol) was

dissolved in fEFAetERIAY eReE IR sef el bt SARHRsAT0r feortium
fluoride in tetmm)dﬂxllwam(é(&drﬁﬁdwhd VSRR BOMETR) (TR, R 8.40 (s UER), mﬁr&eﬁﬁe?amté,for 1
hour. The re glg m %thjgéhggto ) r@qg ‘if—ﬁeﬁ{é‘fﬂgd #EBCQEOQSOf the

residue by s mato r eluting w O% of OAC EtOH) in'DCIVI, afforded
the desired &Fﬁ %I(@»rhb‘) f‘rf‘.f?’f RiR R4 BG M FfedB= '9§'If61(§) Fff (?lflllfi:ﬁﬁ H3.896.62
(d, J=3,6 HzFt] 1395308 (i, T /275, (A =24 Bifdlddd =71 7 Hz, B1), B258d) 208, HE), 1429 (4,35 (t,

J=3.7 Hz, 1EL), 33 4m) g@ﬁgﬁagﬁg;@ P2 Trhlols 2494, 111), 2.35 (ddd,J=-1.2 Elz, 8.1

Hz, 13.8 Hz; 113), 2,05 (in, OH). LC/MS'R11.07min, Er 442( A standard). Example 64:

() 2401525104 132 G il

d]pyrirrtidin-7-yI1-2-h m
{1(if)-2-alS,25,4/0-2-Iftert- butyfld|meth_ypS|IyI|oxyI 4

)
dihydx-o-11fp3tden-1- ylamﬁ@mwmgtﬂmwwhﬁywwwwmmm&dﬂbalrlate
(0320]tert- BuHEiRPB MRS 1Es D A AT SRLE ORI erbidf 3-lpyiascin-

amine (1.66 g, 0.00280 mol) was dissolved in a mixture of tetrahydrofuran (6.6 mL), water
(6.6 mL, 0.36 mol), and acetic acid (19 mL, 0.34 mol). The solution was then heated to 40°C

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: R, =

1.68 min, ES" 479 (AA standard).

Ste i ihydro-1H-indei-1-
ylaminol-7H-pyrrolo[2 éﬂ[pyrmdm—?—g lg;dopentanecarbaldehvde

[0314] ({15,285 4R)-2-[tert-butyl{dimethyD)silylloxy-4-{4-[(15)-2,3-dihydro-1H-inden-1-

ylamino]-7H-pytrolof2,3-d|pyrimidin-7-yljcyclopentyl)methanol (257.0 mg, 0.0005262 mol)
was dissolved in methylene chloride (10.0 mL) under argon, N-Methylmorpholine N-oxide
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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 crunol) was added at -50 et, and the resultant mixture was
stirred for 1 it A solution of (1R,25,4R)-2-(ftert-butyl(dimethyl)silylioxy)-4-14-
[(1,5)-2,3-clihydro-1H-inden-1-ylarnino]-7H-pyrrolo12,3-cl]pyriraidin-7- Acyclopentariecarbaldehyde
(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 EtOAc (100 ml., 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)silyljoxy]-4-14-[(1S)-2,3-dihydro-1H-

inden-1-ylaxnites-- pommlﬁﬂﬁdﬂ%@@mﬂﬂ%@é@a@yﬁé%ﬁﬁﬁlﬁ?&me then

[0321]tert-Butyh 41 kg (HeroaedR Ins i e by Hdlimiailngd) sty irhpedatif)-2, 3-

dihydro-1H- |nden 1-ylantino] 7H rrolo[2,3-d 7-Y, Isufomdicarbamate (120
mg, 0.17 intndfTHREHRE %M‘l e m@#@%&%gﬁsﬁﬁg}é&%ﬁn and Et01 R&?OS mL,

8.72 mmol) wemlduedmﬁmnnmhmwé S#H%@Wﬂ&ﬁf@%?&tﬁféa%E ARG S runal),
and the resulting miskaceaiastia stidagd phiftetugugreitivigmyl 2ok ot (R 5¥aHwe mixture

was stired fot 1 gl eR AR AKYaRIE VAR REN B0k DpThn i eanisdayeraasicsieriaver

MgSQ" fllterea and concentrated invacuo. The residue was urlfle ill el og&;ography,
eluting with a@‘F&&@HtWﬁ‘ﬁﬁgﬂﬂﬁeﬁmﬁdﬁﬁm%%W?ﬁ efitie con‘?‘pgu%e%g IJ%?Img 90%). LC/MS:

=1.64 min, ES 1 554 (FA standard : 14 1(15)2. 3 dihydro-LH-
ﬁg?él)eth%lenemlfonate

[0322](E)-2-((#SRe4R)ERRid RhErki Lo e G s gﬂs il
ind.en-1-ylamino]-7H- p%%{* R ,_.ﬁfﬂﬁrﬁ.‘-ﬁf & arnide (30 mg, nunol)

was dlssolvengﬁﬁF (2. 0Ormi_);umamglﬁgbﬂlQﬂﬂ&ﬁ@@dﬁﬂ@ﬁﬁ@h%ﬁﬂiﬂtﬁﬂlﬁ)ﬂdﬁ@@iﬂﬂbn of
tetra-n- butylarrun flu%gﬁ mc't#':ié%g‘ 08 rm%ﬂ}g JDgdEs UlingMkBIEVES Stirred for
nc

1 h. The reacf?f)'i‘ffr &ivas que dition of brine (20 mL) and éxtracted with BI0AC (30
TriL x 3). Themﬁgayﬁbﬂdwmésmdméw q}ﬂgrﬁjq &rid s FISRAUTOSHY fe€idue

was purified vigisilica-ge] ehrosmaiagrapby naluiteg Tothi gradienofhddds Uripebse aisplution ob
afford the title % H-Shdér(3- AddindR7rE. 11 (in,
5H), 6.88 Odef%wg%? ﬂl'gfﬁg@%?ac}&' fgﬁ,hi%ﬁ% %316:57 ng 1@ ﬁg%gﬁ 191 ]25 85 (dd,
7=7.7,7.8 Hzpm}ﬂgf&#w‘?mﬂ’lh’@a@ﬁ‘ﬁf“ﬁﬂ lIEH e 9;’ 59 '(‘F?n 111 305
(ddd, J = 3.4, ﬁ&}fgﬁiﬂnfﬂzaﬂ(ﬁlg ﬂseﬁmmm@;mmmtmgyazﬂr@ﬁfwmtl 8

111),2.37 (d 1 8, 83 qeﬂm@@ﬁﬁmgéﬁzaé&mm%mms)
ppm. LC/MS: min, 440 (FA ong purity). Example 65:

N-[((15,25 4RM®M@MHW%WW‘&H% W%blmbmed organic layers

pyrimidin-7-yl)z-Qydiox uoue xﬂ@mﬁawﬁa@ﬁ&etéﬁaﬁmuamhéﬁhﬂi@was purified by
a:tert-butyliamiriosulfortv1)W1525 4R) -2-kert- btgi‘;)demef qf Hoﬁ}é -4- 14

2,3-dihvare-1 B8R S PRATRSTARRYHS! OyTimi ycfope mietﬁLel g’%%%%atg
((15,25,4R)- 2¢wdsﬂbsstwmamﬂsymmm@/m w@myarémmémdM%]

Eth 12-((15 SA-.R)a2-l‘fev't-butvl(dunethvl)sﬂvl]DXV-4~[4—[(13')—2.3-dﬂl}[dIﬂ-1H-

[0316] Ethyl-2-((15,25 AR)-2-[tert-butyl(dimethyl)silyl]oxy-4-{4-[(15)-23-dihydro-1H-
inden—l-ylamjno]~?H-pynolo[2,3—d]pyrinﬁdin—7-yl}cyclopentyl)eﬂ'lylenesl.ﬂfonate (132.0mg,
0.0002265 mol) was dissolved in ethanol (8.0 mL) and sodium borohydride (42.8 mg, 0.00113
mal) was added. The reaction mixture was stirred at room temperature overnight. The
mixture was quenched with NEL,Cl solution, and the mixhire was concentrated {o 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 dichloromethane to yield the product, 92 mg (69%). LC/MS: R, =2.51 min, ES' 585
{AA standard).
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ylaminol1-7H-pyrrolo[2,3-a]pyrimiclin-7-y1)cyclopentypmetballol (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 rriL, 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- ylamirto)-7H-pyrrolor2,3-dlpyrirnidin-7-y1-2z
hydroxvcydopentypmethylicarbamate (0324)tert-Butyl
(amirtosuLfony1)1(0,5,25,4R)-24tert-butyl(dimethyl)silylloxy-4-4-

((15)-2,3-dihydro-1H-inden-1- yIammol -TH- pyrrolo[2 3- dlpyrlmldln -7-yl)cyclopentyl)- methyllcarbamate
(457 mg. 0.0G0&RE molNdEN-tikrriubotinibantinita B kSES ARyt idnuyledimelur sidlaxktzic add
(10-0 mL), and ethanol &84 __J, giyaiEpindenal yglaminal- —--‘-‘-"—-’~~'—;-—-—-’5—’ i "-""‘"'"‘-‘ t. Sodium

bicarbonate (842 mg, O¥o'EDETREHwas gt -1 G tie mixture, followed by water (10 =IL). The mixture

was then conggtrated to g, m«gmgﬂmqm ﬁgﬁﬁ ﬁﬂljﬁwa;&ﬂ@rﬁquiwmﬁm&&m
x50rnL). The gsgpa)r}ated org |cs Weri"gﬁ' >ﬂﬁntrateglt_l er_;d t ”5%1 pas ,E!Ltg y S|I|ca

el chromato f'd’ﬂﬁﬁ o] r 96 /MS B.,
(jg_ 77min, ES' Gﬂg;,ﬁm stalidentitetStapbutylammonium .'IOd]dE (62.0 1:?13’, 0. 0001 68 mol were ssolve

c:N-H(1.5,25 gldobd 4 B, am%gﬂrﬂﬂ&dﬂm&&@mﬁﬂﬁﬂ[mhﬂﬂﬂwave irradiation at
dlusulartidin-7 ‘%] ég’ﬁé) &%44 hg!,&%ﬁm;%ﬁ%%%ﬂé@%@d@&bm

(aminosulfonyl 15 2 3 hydro 1H-indert-1-

ylarnino)-7H- m@m@%%ﬁ@%ﬁ%ﬁéﬁ?ﬁ%éﬁ?ﬁéﬁbamate (345 mg, 0.000636
rnol) was dissolved in 2:1 methylene chIonde trlfluoroacetlc acid (20 an 10 mL) and Ieft to stand for
15 minutes attepm i : XYtk FTIE w208

dryness. The residue wgk PEQHC 2 e S E0thoe" With T
completion. sidue w a eI chrom ing with 5 to 10% Methanol in
dlchlorometbﬁsmjo yield t%é@ﬁwg g% lan f’g_ o). 11%&%\%%2%%0 MHz, MeOl)) 5 8.16 (s, 1H),
7.19 (m, 5H), @BQ(@@F“SEB’W m&'}-lﬂ!ﬁ@r #ﬂ%?ﬁ&o'lﬁnlﬂiﬂ%’(‘dﬂaﬂ‘i"‘& FhpyBaqle’ 17 8 Hz,

TLb). 446 (1 diphficni ﬂﬂﬂl‘m 053310800544 ol @A disBOTvEKE 154 Hz,
1H), 2.91 (in, 11 4 i 1o
25). Loms. Be %’52? iy Eé %4% i@ﬁﬁ dilferSifbbigad fle %%éﬂﬂ%%ﬁboﬁ m,

A standa r Exam Ie 66 N.1(1S,25,4 3 (L4B[{J 3
2.9)-2-methosxyol mmwlmmewﬁﬁm;dWOTandﬂmnﬂ chioride (50.0 uL, 0.000685 mol)

7H-pyrrolo[2, srdpydideitlif-ofyise ZThpdeaxionciepeiiytinbtoyhs atfa Miider@om fbemcattiza)mihSnes The

fille compoung e prepases (RGN RAIRERISGEAMISS deicuborhindsiadmnlediah ansbigaple
66a-c starting J from 15,2 4R)4 4-[(1R, 2 methox

25 "
dihydro-1H-intf&R- VﬁB’iﬁf‘ § ?ﬁ'ﬂlﬁ%hyﬁ%ﬁrgxyﬁ%%ﬂ\)cyc U/eﬂr'[l%FﬂPCM
(Example 41)t023&le1dMMRC(Q®blMﬁg uu@mﬁaaezei’(mm cpd chjqricie. Wﬁé%ﬂdl?fﬂsﬂ@???%p 5.92
(ci, J=53 Hz, J5ihBeidflindtdhifid 1,4 .dicR=0d15,001ml)) #hdBréeliegaiPaBtidalufiidmiwad btir8dB5 (s, 3H),
3.15 (in, 3H), 2,64 %}&gngﬁgzgm Al kBl S0 n 1060 HBA OIS R =

am

6.88 min, ESF) purlt
N-[(15,25 4R APRIEfEELYES, Wﬁemﬁm@ﬁhﬂﬁ%ﬁ%ﬁw&}%ﬂfém The organic phase

dlpyrirnidin-7w&§-@vby&rﬂ&&ﬁq}mmylkﬂaﬁﬁ1pﬂdﬂmeﬂﬁymtmﬁwricﬁilﬂﬁ)@eﬁﬁ (AA
a!N-a(15,2,9,?{3_—15;%rt-butyl(dimethyl)siIyIony-4-144(1.5)-2,3-dthydro-1H-inden-1-

imidin-7-yl}-2-hvydr clopentyDethanesulfonamide mpound I-59

[0319] 2—((15,25,4_R)-2-[l‘£rt-butyl(djmethyl)sﬂyl]oxy«-é—[4—[(15)-2,3—djhydrn-1H-i.‘nden-
1-ylamino]-7H-pyrrolo[2,3-d]pyrimidin-7-yl) cyclopentyllethanesuifonamide (32 mg,
0.000057 mol) was dissolved in tetrahydrofuran (1.0 zal, 0.012 mol) and a'}.00 M golution 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 litfle
water and then concentrated. Purification of the residue by silica gel chromatography,
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Holo 2 ddin-7-cl en Imeth methvlisulfarnide [0327]tert-Butyl
(ifirdnosulfony1)[((13,25,4R)-2-ftert-butyl(dirrethyl)silylioxy-4-(4-
[(15)-2,3-dihydro-1H-Inden-1-ylarnino]-7H-pyrrolo(2,3-dIpyrirnidin-7-yllcyclopenty1)- 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-
dipyrimidin-7-y11-2-hydrox-ycydo_pentrlimethyll-N-methylsulfarnide (Compound I-751

[03281N-[((15, Flatug y2ti 8 o B U5 df (Rt BYD Sk B IENAx( DIIVE Wi Bdeih ok dedsisied pmduct (9 mg,
Inden-1- ymmi@@%%ﬁ%ﬁ@tﬁ@@vﬁmwm@ﬂﬂs)ﬁ% Eﬁ?tﬁ»"iﬁ‘msﬂﬁ dRely/ pulia ﬁ&f%w

0.0000438 mal) was dissolved in tetrahydrofuran ;?g ethanol (2 mL) and 1.00 M
hydrochloric ad i Watd®P G4iddeh dhikiareltdda fiiddro Sdrhie iR fobritERp it drd. 38

solution was dwaBHxte @t émlriHES6H(d, 1) 2 4l (e, WHS, diss ¢idet] a1 eth s Fan ddwemte dMyth a
7.00 M solutlog e a 1 mLy. t again evaporated, and the residue
gﬁ!@ ﬁdﬁﬁ AN0bAQh B ﬁhﬁ Stangard)

was purified by S|I|ca omato raphy, eltitihg wit ethanol in dichloromethane to yield
the product, QEB7 %@9%) il- N 400 MHz, MeOD 816 (s 11-1 7 19 (m 5H) .62 (d, 1H, J=.3.6

E Zz)z f 33 (33\]7 Hz, 111), 3.3 {ﬁ’ fﬁﬁ%f =54 ‘i”fzﬂpi*ﬁ:g‘ %IW?SC’

2.91 (in, 111), 2.74 (in, 1H) 263 (m 1H) 234 (ddd, J= 11 Hz 78Hz 136Hz 111) 220 (in, 211),
1.99 (in, 211) SkegymAS: 1 2eri-Bufid ‘ AR 2iliterisnyy Fdioe By e PE
itert-butyl(dimethyl)silyfl&3SaAuT 12 SR RYE Aard IRE L
cyclopentyl)methyl rnetRarieStfre (e IO 1o SteD a: aI 825 413) -2-1

&ert- butyl(d|rr[gjgméjpﬁIyIonng,,,é;';@f![1 Myﬁ%}ﬁ% lJsulfonylicarbamate (602 mg, 1.45

xlamiriol-7H-rnrrr f23 -Gil r|m|d|n llcyCloperityl)methyl methanesulonate
(03201(15, 2P TR SR AT Eﬁ% g9 OSBHERR PAPSEPR R M solution of

l-ylannino]- 7WWWB@W@WIM%WM#W@ 450D #2d therresiyiiaat dissolved
in methylene ﬁmamwﬁmmfwmmm@a%mmﬂm R INRg @d>1 ML,

1 80 mrnol) e d ut| as c to 0 nesu I chloride (0.0669mL,
0.865mmol) gs%gg'gécgh %neq}go SHon. 'ﬂe soI |on frlr%\%"g}) r an atmosphere of argon
for 30 minute¥UtHdopsmireacaRs drbsle (AR Eﬂ&ﬂéﬁﬂ&éﬁ%dﬂﬁﬁ*\%@éﬂ&hﬁﬁﬁ@@ﬂ@d@/er
anhydrous sommnnmﬁamﬂfdtemd;ﬁﬂmmﬁh@éﬁ&m WV&H&@&H@:M@UM&G 415g,

89%). LC/ MS g?%% d’ﬂ)}‘ %&L&Z
itert: butyl(dlm K'F;-lly oxyl 4 K f(15) -2,3-dihydro- en-1- Wi dalstiba wih BOAC (100mL >
vlaminol-7H-fYrrSRAIEeARIRYeE Uﬁ-#}?ﬁs?@l@f@éﬁﬁﬁaéﬂm@m@d concenirated in vacuo. The -
residue was purified via silica gel chromatography eluting with a gradient of 10 to 60%

EtOAc in hexane to afford the title compound (84.0 mg, 21%). LC/MS: R, = 1.90 min, ES’ 654
(BA. stemdard).

inden-l-ylaminol-7H-pyrrolo(2 3-dlpyrimidin-7-

vileydlopentylethylenesulfonamide
[0321] tert-Butyl {[{E)-2-((15,25,4R)-2-{[tert-butyl(dimethyl)silyl]oxy}-4-(4-[(15)-2,3-
dihydro-1H-inden-1-ylamino]-7H-pyrrolof2,3-dJpyrimidin-7-yllcyclopentyl)vinyljsulfornytj-
carbamate (120 mg, 0.17 mumol} was dissolved in DCM (10.0 mL) under an abmosphere of
argon, and EtOF (0.05 mL, 8,72 mmol) was added at room temperature. To this mixture was
added ZnBr, (0.10 mg, 0.44 mmol), and the resulting mixture was stirred for 4 h. After
quenching by addition of water (20 mL), the rixture was stirred for 1h, and then was
exfracted with DCM (30 mL x3). The organic layer was dried over MgSO,, filtered, and
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[03301((15,29,4R)-2-atert-Butyl(dimethypsilylloxyl-444-[(15)-2,3-dihydro-1H-inden-
1-ylaminol-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 EtOAc, 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% EtOAc in methylene chloride, to afford the title compound (0.306 g, 98%).
LC/MS: R, -= 1-85 Min, ES* 488. (FA standard). Step
.(115,25,4R)-2-fitert-butyl(dimethylisilylloxyl-4-[44(151-2,3-dihydro-1H-inden-1-
ylarninol-7H-rwrrolor2,3-d1pyrilnidin-7-yllcyclopentyllacetaldehyde.
03311((15,254ipmdtliedtiBuiyiiginmbthyd ity bax yadifdd (&5 ybilngkldidbinmidgraphy, eluting with
Lylaminol-fty TRdER (o B VR KR SRUREER RN R 0 kel b oupalyms:
dissolved in ene chlori er an atmosphere of argon and cooled to -78 C.
DusobutyIaItLR\lﬁtl}ﬁﬂWmu?@ (PaFhstaedayfine chloride, 0.340 L, 0340 mrnol) was added to the
solution and the reaction mixture was stirred for 30 minutes at -78 C. After a second addition of

diisobutylaluigiasinn hydide-((LORS #Rine (A A2 rditindr @ i frlen-O damisohd - PEFS SN as
stirred for an additionaldipymimnidinsZavllzshydroxmmerlopantyhethglenssdfonamide (Componng
inmethylene ide, 0.34 threegh er 30
minutes at 7%&12 he reacEt)E g} “2%3%84%}%1{ aturatgy g%u%%?ﬁ?ﬁ?nfpotaﬁ Qlttgllrtrate
tetrahydrate. E@A@WM@%@Q%@P@W&?&?@H?K}H’WEW T HAVRRS were
separated. Tbmmmmmm@m(ﬂmmmemﬂemuﬂmwmnﬂdm‘tja@rgamc extracts were
washed with pring. digd ovier SGNEK g g-Eadium SHEFGTARd canRARIENSG wBIBdapve the

titte compound (0,160 g, 100%). LC/MS: R S49 sandar Ste 25
410.2-ftart bERSIONFET RIS 2T ST 55 Ty HIG PR Tme s areniec by

ylaminol- 71@%&1@(&&@@3}3@%@%@&1@ % 3), The organic layer was

(0332113 B RS UMMl kol Tl vio i

1-ylaminol-7H-pyrro Tbyrimidin-7-ylicy opentypacetaldg 0.164 g, 0.31 ol) as
dissolved in r&ekREESBIADERIPHY; TG TER) ﬁﬁﬂﬁ‘ﬁi‘?gﬂﬁﬁ%%é %‘r t 35 ?mdg%‘ “Sodium

tetrahydrobo et 8RRbe s Qnf 19l mqﬁm@dmnmmwnwmmxwﬁmuleﬁHhes
Additional sodium trah Qr 01434g,.0 377 was
stirred for an8tfi& %& 3 lr%@#e%’ %éﬁv ’H%cig.f%% qd ﬂ Taa;'([?[rgag%‘eeldﬁq2 %%Eog}c% t%I{r{?ed over
anhydrous dehﬂﬁ,ﬁflﬁfblb,lﬁﬁbm @dddméén&été&ﬁﬁ%ébﬁ- 43 (el T - B ‘B’ylgﬂca gel
chromatograghy @iludino-\with @eo1adient, of ), tors Q0% (iK% j.6ee2ivgl anc1eh) crite(dio Ja#fod thbaitle

compound ( % N angaeh), 191R1z, 180, 2.20-1.92 (m,
el24(15,25, 41%’? tert- @dI%I‘%Mﬁ%r%?sjlg o%ilﬁf'?gl( gﬁii dlhydro IH- mdenri{) erna (m
[03331((15, 23 HRp2n{ e/ RIRyR e 0w B o3 A domg BYdte-dihydro-1H-inden-
1-ylamino]-71/-pyrrolor2,3-clipyrimidin-7-ylicyclopentyl)ethanol (0.0694 g, 0.141 nunol) was dissolved

in acetonitrileRcaMiprnts:5 7NN EAY, aR RS 4ea8-citydsle- [ P-e0dedt - Bapinoldi-pymelobh3-dl-
atmosphere of argon. Tr.ewmﬁm@(musebﬁqtow@m)wa&auaém fﬁ@’%BR}’cﬁth‘éﬁ)s cooled

to 0 C. Chlorufgnan qu_%SZ PMJI‘I agﬁton g Q144 Ipk) was addgd andihe, SolYenAs)

immediately Wwattéd '1:51&&‘"3! 0] r?u sy (-mﬁ B S s e FaRi@suponamide (2.001v1 in
acetonitrile, 0.141m-1-) a0 ARBEIH7 ﬁ darbagate 0.429 nurtol) were added and the reaction was

stirred for 30 minutes_ The reaction Was guenched with methanol and a 1:1 solution of saturated

sodium blcarlﬂaﬁ?éie and w2 S B Rkt wakdarseydslyHpwd At [R5 RiBr e MG e tXiracts
were washe YEMWQQ&MW@I}MQW&@MWMZWUO The
5|i|c

o gve he til %E%dp%un i %ﬁﬁgﬂ?gm@%@%"%‘%ﬁ B bl Qo g once

were dissolved in ethyl acetate (28 mL, 0.28 mol) at 50 °C under an atnosphere 02 nitrogen.
Diethyl azodicarboxylate (350.0 1L, 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
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Step 1:2415.2.5,4R)-4-144(15)-2,3-dihydro-1H-inden-1-ylaminol-7H-pyrrolof2,3-dl- clin-7- 1e
(Compound 1-76), [0334124(1S,25,4R)-2-gtert-Butyl(climethybsilylloxy)-4-(4-[(15)-2,3-dihydro-1H-
indert-1-ylamino]-7H-pyrrolo(2,3-d]pyrirnidin-7-yllcydopentypethyl sulfamate (0.0442 g, 0.0773 mrnol)
was dissolved in pyridine (0344 xrds, 4.25 mrnol) 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 EtOAc. 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% MeOH in EtOAc, to give the title compound (0.005 g. 0.01
mrmol). 111 Nt (T pEEudes AHehiresokid) S3EmEI6E)s) DE/ MEpRT, %@w&ﬁﬁﬁ Ad61 Hz 1H)
5.58 (1, J =4 iddahdft 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 (m 2-57-2.47 (|n 111), 2. 38 1.98 (at 514) 1.89-1.80 (m, 114)
1584 LRRYG Z10). D& ixture of

NP v okaoygepentyl sulfamate and

(1R, ZSAS) -4- 8)-2,3- d|h dro 1H |nden 1 yIarnlno] 7H-pyrrolo[2,3d

pyrimidin-7-y \?-zg-]hydroxyt"y B fordnespishy &‘F‘r&gﬁ‘rﬁg _{tﬁf;'%‘hta}@%ﬁﬂ‘ygﬁlﬁnoxy%
a Cyclopent-HMW&M&W@?@yWMM@]WW was stirred
" Oﬁm o Irfnllraﬂlﬂjhl 6 k:)ng,'gbgltiad o) yda L, 10 d
inethanesu y chlori m we e action mixt rred at
35C for 4 h. Iﬁqﬂlmet #’anﬁ%%pn Ine 4“6 1 nﬁ%%ﬁrne%&%@ch%?ﬁ@g% Mc
8.92 mmol) VEPEBRIBAratHEr e Fik: M%BO&@&%WL@W&MM%WEMVHQm
The reaction mﬁw&gmi@dvmdmmmrﬂteﬁﬂhﬁere&ﬂ denamnprifigediy sitenelolume,
Chromatogfaag Q. ARG IR CRPPAUAY S5 £ 27 ULRBEPHe QA IwaiEP
b:7-cyclopent-3-en- 1

-N-1(1.51-2,3-dihydro-1H-inden-I-y 11 7H-p rrolof2 341- pyr|m|d|n -4-amine
[0336]N4(1.57°P%8:

thig: I%Wﬁcfé}ﬁ‘-ﬂl?ﬂﬁlﬁﬁeﬂﬁﬁb‘(i‘gﬁbijﬁﬂm ﬁ%fﬁ@*‘(*ﬁ?f’aw%on was
azeotroped mmm@@nd@mmwemmmfﬁ@emmmmanwmmamﬁ|d@117 7 rnL)
was added, f é)&/r&esmm carbonate (1.99 g, 6.10 aunol). The mixture was stirred at 70 C for 10
min. Cydope Y ffiethanesulfonate (0.660 g, 4.07 rrunol) in N,N-dimethylfonnamide (12.6 ml.)

was added d Wlse“w? ie %Eo i ulr églai_%ﬁ_?ted tg}&@dg JIh T _acti(rJ ixture was

cooled, que o with Jrire Jred GUULET | SRS fEEtOA.C (3X),

washed with 1420 and Jr"he, dried (NazZ.504), mtere , and conc n rated. The residue was purified by
via silica gel maumnatographyumit;tlmw&wﬂ)mMMJ%mesmmmiﬁmmd-by 25 to
50% EtOAC ig ey, aes; R ERmRoYNchas AR AR RICHEL A BaR31E)skE/MS: Rt
=1.38 min, ES' 317 éFA S andar

mg, 0.000636 mol) was dissolved in 2:1 methylene chloridesriflnoroacetic acid (20 mL:10

mL) and left to stand for 15 minutes at room temperature, The mixture was diluted with

toluene (30 mL) and evaporated to dryness. The residue was then re-subjected to the samne

conditions and azeotroped with toluene after cornpletion. The residue was purified by silica
gel chromatography, eluting with 5 to 10% Methanol in dichloromethane, to yield the
product, 135 mg (48%). "H-NMR (400 MHz, MeOD) 3 8.16 (s, 1H), 7.19 (m, 5H), 6.62 (d, ]=3.6
Hz, 1H), 5.85 (¢, J=7.8 Hz, 1H) 5.43 (ddd, J=4.6 Hz, 8.5 Hz, 17.8 Hz, 1F), 4.46 (t, ]=3.6 Hz,
1H), 3.15 (dd, J=7.1 Hx, 12.9 Hz, 1H), 3.05 (ddd, J=3.3 Hz, 8.7 Hz, 154 Hz, 1H), 2.91 (m, 1H),
2.63 (mm, 1H), 2.33 (dad, J=1.5 Hz, 8.0 H=z, 13.8 Hz, 1H), 2.20 (m, 2H), 2.02 (m, 2H). LC/M5: R,
= 1.45min, ES” 443 (AA standard).
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Step(1,R,25,45)-4-144(15)-2.3-dihydro-1.14-incien-1-ylaininol-7H-pyrrolo123-
dlpyrimidin-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 EtOAc and 1130, and the aqueous
layer was extracted with EtOAc (24 The organic layer was dried (Na2S04), filtered, and concentrated.
The residue was purified via silica gel chromatography, eluting with EtOAc, 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-&REBRES:| ﬂﬁ’f%ﬁ?
(1R25,451-4-14:1(15)-2,3-

11-1-yl]armino)-
R P
dlpyrirnidin-7-y11-2-hydroxycy opentyl sulfamate (Compounds 1-77 and 1-78)
[0338](1R,25[d53k1 - 14-[ (1 The sHP doysisovbd Widgiebatad Ttz ihérptabddBires described in
dipyrixrUdM-Z- kit t nd then
Ipyrix ﬁxgﬁ% ﬁ%ﬁ&?éx%:sgﬁée % ggna%?r%%mﬂw g&?@fgﬂ%ﬂ U LoliRpe ar

was dissolve }/e_sous aceton| ridin€ (0.0369 rriL, DA58 hunol) was added. The

reaction mlxtﬁl@%‘ﬁ dl@&‘iolﬂ’bméﬁﬂ 31231‘93'561’[],1? ﬁﬂlﬁm&lﬁﬂﬁrﬁwe in acetonitrile (0.144 mL)
was added d(aparegmide iSFenandtiEedrioe k), Mmmmmmmmommmm

acetonitrile ( d A t

(0.0342 at) Wity SRR i%‘?ﬁé’ A AR e e A
methanol, antheiikiar5-s, dSRcaR S JaaEy PO, r%é‘i’(ﬂié W pefifreeB), [?t‘@?lﬁﬁﬂve thin
layer Chroma}ggmmgmﬂ-mg DQWACEY A2 @Qé@@m&hggeiﬁym@ﬂﬁ}was cut, washed with

acetone, filtered, and concentrated to give a mixture of diastereomers as a white solid, (11 mg, 11%).

NMR (CDas, ): (m, 1H);
LT M s o s
2 75-2.53 (m 11- 1) 2 50- 31398 1.79 (m, pprn. LC/MS R, =1 16 min, ES' 430 (FA
standard). [0339] The followm additional compounds of formula X) were also prepared:

T(1R,2R,45) 2P0 lds 25 ARy Zebfert 'k‘%‘..-.._.u., el poscydy ,.al g ‘:l"]éﬂ;\; MR EAR - pyrro
lor2,3-dIpydmidirt-7-y1 gﬁﬂﬁﬁm et RAsET e COMPOTT T -79) 10520 -NNW (CDpD, 400
MHz, 8): 820 (s, 111), , 3) 6.64 (d, J= 3.6 1-1z, 11-1), 597(d J=7.0 Hz, 111),

25543534410(& Here g 51 %ﬁaﬂ 13), 3,18 sﬁl TR A 1;3.73;39 H), 23131(13dd
J=1477,1 g]ﬁj—’« %féﬂ}z" Th, 2 Fﬁdg%%ﬁ’&’ér?}“%g%%t %%“'2"'1" c|o "LC/MS: R =
11.24 min, EW%W%W 0.0001 64 mol) was dmsolvedmtetahydrofurm( mL) under .
F(1R,2R,45) & hyerepbiete(d bikidza2 IiRmathokprhetivid8e«dhedrogl (eltsenhsic mastaddilpyrrol
ﬁﬂlﬁ,3g|0%/ri2m}m'm%¥ﬂﬁmﬂﬂadlaﬁwl ﬁm&@gma%@g@%&m&a l}éLBh(e_QlLll W[c)) 54912
Z n Z, Z
(m, 1H), 4. 51“?@2 ‘%)“%gée(%" J}”'??f’ﬁé”’égg%ff I'ﬁff RAES aéf’f‘b%‘fﬁ‘ ‘Efﬂ??éééﬁ’
(nn, 111), 3. Atfega%ttmsqmyt@l PEaug ppsg waszwqmteslﬂl}dzwlﬂeﬁ(wmnés@%ﬁ&% 1 4,

7.7, 13.5 Hz gkl chyoadGeRabBiynel diihy; @il 1@E006%efhnd Defatedr iaxbiha), pp fRel i@ iSoRbet, 11.24
min, Es' 498 (EA Io

L(1R,2R,45)- ﬁ’ﬁj %(Wh%%l&% rrrf“fh)]/?ls2§ ﬁ%‘;}‘d‘io- n?den 1-yl1alTtinOl4Hpyrrolpf2,3- dlpyrl

midin-7- vbcyclopentyllm thvlsulfam%t_e (CoSmBound |- 31)1H—:nden—

dlpyrimidin-7-yl}-2-hydroxycyclo Dmethyl]-N-methylsulfamide
(Compound I-75)
[0328] N-[((15,25,4R)-2-[tert-Butyl(dimethyl)silyljoxy-4-(4-[(15)-2,3-dihydro-1 H-

inden-l-ylamino]-7H-pyrrolo[2,3-d]pyrimidin-7-yl)cyclopentyl)methyl - N-methylsulfamide
(25.0 mg, 0.0000438 mol) was dissolved in tetrahydrofuran (2.0 mL), ethanol (2.0 mi) and
1.00 M of hydrochloric acid in water (2.0 mL). The mixture was stitred ovemight at room
temperature. The solution was evaporated to drymess, and the residue was dissolved in
methanol and treated with a 7.00 M solution of ammonia in methanol (0.1 mL). Solvents
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[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: R1 = 7.93 min, ES 458 (AA long purity).
faR2R24S1-2-hydroxy-444-1R1S.251-2-rneth 1-2"dro-11.-1- amino -71iol 2 . "din-7.4.en urn ulfamate
rn ound 1-82 [0343]111 NTMR (CD1013, 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). 1larox, -4- 4 1R-2-eti_.UWanden-ISL_2Rmirto -7Hol 2 ' 7.- -ni 1 mamate Comd1-83
[0344]11-1INMR (Copp; 400 MH h%}ﬁf 17 (ss_, 1H), 7.31-7 %%m _SH%, 66 (dJ= 3.§§VH ,.114), 5.94
(0.2 7.2 HES TR XEPRE 0 i AT o Py oL R B4 S o2 AL
1H), 4.19 (ddyith 8 #:3|07%38cHmndH), 3iG¥oBcdiefhnni 10 yidl® TR 7Biin, 9 BN SBROHHVER 80,19
(m, 314), 2.0 i3 -) = prilan .38-1.28
B P @ﬂﬁ'*é-sﬁ%f?gﬁ% b

'r ’]1‘
i ) ) . A= 1. Z ’ y | | | .
SR 2h 45 s i B e S8 SE AN A e H o St O 35541 oy 1

midin-7-y1)efels featAARTEM4Ya.E Hef AFa B (Tiipduas Hia£)s FO315 A VR (ZLDBODIICFMHZ, 8):
8.17 (s, 113) (A, 331y L850, 3113) 2 8OQ1 G, -1 B AR Vg it a% 84 (thay 720 2@, Hen b ol 3141 (1,
1H), 4.48 (dd,, J = 3.98, 3.03 Hz, 111), 4.36 (dd, = 9.74, 7.58 Hz, 111), 4.19 (dd, | = 9.73, 733 Hz,
114), 3.07-3.5¢(M>15.T)- 3840 Brs 7 G standard)- 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) pprfemmiastr, {83842ty ml}eﬁ'qliﬁg}\?ﬂg’?‘}’l-444'[(13)-2r3-dﬂiydr°-1H-inden"
(O.5.25.4131-2-hydvoxy-432ﬂfﬂ$?’§-§: il Cié’gq* iR pRtREEMRY Iamino)-7HPNrO10]
2,3-dIpyrimidin-7-AcyclopenfyRRteihy T Sitainare (Compotind 1-85) [0346]11-111MR (CD301), 400
MHz, 8): 8.1%ks 413), (18 2EAR-Z(frért-bhRidiziddeln)s 2s5-18-diRG 10 Blehes A6 (d, | =
3.6 Hz, 11-1), 5.81. (mylkidind. F0-pyteolold, 3 Hip i din 71 etk liine 2 bribte
(dd, J = 7.3, 9.7 Hz, 114), 3.85-3.82 (m, 114), 3.42 (s, 314), 3.06-2.96 &r{n 114), 2.84.2.73 (m, 21-1),
238-2.18 (m 193, 2.08-2(.(i§'%ﬁ14'§¥%, s el -l @@éﬁ#&%&%}? en-
i(1.925.4/0- 414 tBicBh A yghblomaaip teirddindyNkydipentymethancl (0.345 g, 0.721 mmol) was
dissolved in methylene chloride (5.00 L, 78.0 menol) under an atmosphere of argon.
Trdethylamine (0.251 mL, 1-80 ounol) was added, and the solution was cooled te 0 °C.
Methanesulfonyl chloride (0.0669mL., 0.865mmol) was added i one portion. The solution
was stirred at 0 °C under an attnosphere of argon for 30 minutes. The solution was diluted

with EtOAc, washed with watet and brine, dried over anhydrous sodium sulfate, filtered,
and concentrated in vacuo to give the tile commpound (0.415g, 89%). LC/MS: R, = 245 min,

ES” 557 (AA standard).

(03301 ({1525 4R)-2-([tert-Butyl(dimethyl)silylloxy}-4-(4-[(15)-Z 3-dihydro-1H-inden-
1-ylamine]-7H-pyrrolof2,3-d]pyrimidin-7-yl)cyclopentyl)methyl 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 mmol) 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 EiOAc, washed with water and
brine, dried over anhydrous sodium sulfate, filtered, and concentrated in vacuo. The regidue
was purified via silica gel chromatography, eluting with a gradient of 0 to 40% EtOAcin
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med-toxycyclopentyllmethyl sulfamate (Compound 1-861 [03471'HN'MR (CD,OD, 400 MHz, 8): 8.13
(s, 1H), 7.23-7.08 (at, 511), 6.60 (d, J= 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 (in, 111), 2.54-2.48 (m, 114), 2.18-2-08 (n, 2H) pprri-
LC/MS: 1-4., = 8.10 min, ES + 458 (AA standard). Example 69: Enzyme Preparation (0348)All protein
accession numbers provided herein refer to the Entrez 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 (SAEIl; NP 005491.1),
N-terminally His-tagged SAW (UBA2; NP_005490.1), terminally His-tagged =rine UAE: (UBELX;
NP_033483) rivtiEdérisNAES trefiBalihe| s SNEDwh ks Tk HeMdaRoya8amindiion of
Sj9 cells, whighaw gﬁg’l&gﬁed after 4% hours. His-mi.JAE was generated by single infection of SJ9
cells and harvested after 72 hours. Expressed protelns were purlfled by affinity chromatography
(NINTA agar |age Andaye h g RS

NP_003960. £ gb‘? 3 g%ﬁ 153 PR 2 LIS PWRIEhSE
(Pharmada) and expressed as N- termlnally GST tagged fu5|on protelns |n E coli. Expressed Frotelns

were purified gadnventiondS2aARy 2tiferhiaylalimetsbystiemiral flA 8 -Sdhud
proteins [0353}Medff w;%@mhﬁwpﬁumﬁzquﬂ@wamamwapgmmemxmdnns) were
subdoned |nto F éés 2 é% d d expres ed ter,T_rrr;lln Fl%g &.&’.%81’&:?{8@@5(1” E.coli.

Expressed pro were pur'flg yconve nal chromatography using standard buffers. Example
70: El Enzymgwggwgyghhmmum hydride (1 OMmmeﬂ'xylene oridé, 0.340 mL., 0.340 rronol) was

added to the solubion and the reaction mixture wag stirred for 30 minutes at-78 °C. Aftera
second addition of diisobutylaluminum hydride (1.0M in methylene chloride, 0.340 m1,
0.340 mmol), 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
mmol) was made, and the solution was stitred for another 30 minutes at-78 o(. The reaction
was quenched with a saturated solution of sodium potassium tartrate tetrahydrate, EtOAc
was added and the mixture was stirred until the layers were clear. 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 tifle cornpound (0.160 g, 100%). LC/MS: R, = 1.80 min, ES’

491 (FA standard).

Ste: 5
amino}-7H- lo[2 imidin-7-v1 opentvlethanol.

(03321 ((15,25,4R)-2-{[tert-Butyl(dimethyl)sityl]oxy}-4-14-[(15)-2,3-dihydro-1H-inden-
1-ylamino]-7H-pyrrolo[2,3-d]pyrimidin-7-yllcyclopentyl)acetaldehyde (0.164 g, 0.314 munol)
was dissolved in methanol (5.00 L, 123 mmol) under an atmosphere of argon and cooled to
0°C. Sodium tetrahydroborate (0.0291g, 0.754 tamol) 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 reacton was
quenched with water, extracted with EtOAc, 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% EtOAc in methylene chloride, to afford the title compound
(0.06;:'}4 g, 45%). LC/MS: R, = 1.65 min, ES” 494 (FA standard).
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Nedd8-Activating Enzyme (NAB.) HTRP Assay. [0352]The NAE enzymatic reaction totaled 50 pL and
contained 50 in/v11-1-EPES (pH 7.5), 0.05% BSA, 5 nein MgC12, 20 p.M ATP, 250 p_M CS!, 0.01
plVI Ubc12-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 mM KF, 0.53 rtivl Europiurn-Cryptate labeled monoclonal anti-FLAG M2
antibody (Cisl3io 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 I-I 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. Compoundsll 12 1314 1617 18 1-12,1-13, 1-14, 115 116 1-17, 1-18, 1-19,1-21,

1H-inden-1-
-y cvclopentv ei:hvl sulfamate,

[0333] ((15,25 4R)-2-{[tert-Butyl(dimethyDsilyl]oxy}-4-{4-[ (15)-2,3-dihydro-1H-inden-
1-ylamino]-7H-pyrrolo[2,3-d]pyrimidin-7-yl}cyclopentyl)ethanol (0.0694 g, 0,141 mumol) was
dissclved in acetonitrile (3.00 mL, 57.4 mmol) and methylene chloride (2.00 mL, 31.2 mmol)
under an atmosphere of argon. Triethylamine (0.058% ml., 0.422 mmol) was added, and the
solution was cooled to 0 °C. Chlorgsulfonamide (2.00M in acetonitrile, 0.141 mL) was added
and the solution was immediately warmed to room temperature. After 30 minutes,
additional chlorosulfonamide (2.00M in acetonitrile, 0.141ml) and triethylarmine (0.0589mL,
0.422 mmol) 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 EtOAc. 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% EtQAc in methylene chloride,
to give the title compound (0.0805 g, 55%). LC/MS: R, = 1.70 min, ES* 573 (FA standard).

idin-7-vl}-2-1y 1 snlfamate (Compound 1-76).

[0334]1 2-((15,25,4R)-2- ([ter t=Butyl(dimethyl)silyl]oxy-4-(4-[(15)-2 3-dihydro-1H-
inden-1-ylamino]-7H-pyrrolo[2,3-d]pyrimidin-7-yllcyclopentyl)ethyl sulfamate (0.0442 g,
0.0773 mmol) was dissolved in pyridine (0.344 mL, 4.25 mmol) and tetrahydrofuran (0.345
mL, 4.25 mmol). The solution was cooled to 0 °C. Pyridine hydrofluoride (0.500 mL, 5.55
mmol) 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
hydrofluoride (0.500 L, 5.55 munol) 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 EtOAc. 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% MeOH in EtOAg, 1o give the title compound
(0.005 g, 0.01 mmol). "HNMR (CD,OD, 400 MIz, &): 8.17 (s, 1H), 7.28-7.12 (m, 5H) 6.67(d. ]
=3.61 Hz 1H) 5.58 (t, ] = 7.44, 7.44 H» 1¥]), 5.48-5.40 (zn, 1H), 440435 (m, 1H), 428-4.17 (m,
2H), 3.10-3.02 (m, 1H), 2.98-2.88 (m, 1H), 2.658-2.47 (m, 1H), 2.57-2.47 (m, 1H), 2.38-1.98 (m,
5H), 1.89-1.80 (m, 1H) ppm. LC/MS: R, = 1.25 min, ES" 458 (FA standard).
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1-37, 1-38, 1-39,1-40, 1-41, 1-42, 1-43, 1-44, 1-45, 1-46, 1-47,1-48, 1-49,1-50, 1-51, 1-52, 1-54,
1-56,1-59, 1-61, 1-62, 1-63, 1-64, 1-65, 1-66, 1-67, 1-68,1-69,

Example 70; Diasterecisomeric mixture of (15,2R,4R)-4-{4-[(15)-2,3-dihydro-1H-inden-1-
ylamino]-7H-pyrrolef2,3-d]pyrimidin-7-yl}-2-hydroxycydopentyl sulfamate
and (1R,25A8)-4-(4-[(15)}-2,3-dihydro-1H-inden-1-ylamino]-7H-pyrrolo{2,34]-
pyrim.idin—i'-yll—2—hydroxycyclcpentyl sulfamate (Compounds I-77 and I-78)

Dﬁo Q\(“ C@ 0.~ ’?\‘,H ng

Ham-ﬁ-o
Step a: clopent-3-en-1-yl methanesulfonate
[0335] 3-Cydopentene-1-ol {0.500 g, 5.94 mnmol) was stitred in DCM (95 mL).

Pyridine (2.40 ml), N,N-dimethylaminopyridine (0.10 g, 1.00 mmol) and methanesulfonyl
chloride (0.690 mlL, 8.92 mmol) were added, and the reaction rixture was stirred at 35 °C for
4 h, N,N-Dimethylaminopyridine (0.14 g, 1.2 mrnol) and methanesulfonyl chloride (0.6 mL,
8.92 mmol) were added, and the reaction was stirred overnight. TLC indicated complete
conversion. The reaction mixture was cooled and concenirated. The residue was purified
by silica gel chromatography, eluting with DCM, to afford the tifle compound as a clear il
(0-660 g, 68%).

Step b: ﬂﬂlﬂp&nt—ﬂ-en—l—gl—N—l{ 5)-23-dihydro-1H-inden-1-yl1-7H-pyrrolof2 3-d]-

pyrimidin-4-amine

[0336] N-{(15)-2,3-Dihydro-1H-inden-1-y1]-7H-pyrrolo[2,3-djpyrimidin-4-amine (1.32
g, 5.29 mmol) was azeotroped with toluene and placed underx high vacuum for 30 min.
N.N-Dimethylformamide (17.7 mL) was added, followed by cesium carbonate (1.99 g, 6.10
mumol). The mixture was stirred at 70 °C for 10 min. Cycdopent-3-en-1-yl methanesulfonate
(0.660 g, 4.07 runol) in N, N-dimethylformamide (12.6 mL) was added dropwise. The
reaction mixture was heated to 110°C for 1 h. The reaction mixture was cooled, quenched
wﬁh brine and diluted with H,O. The agueous layer was extracted with EtOAe (3x), washed
with H O and brine, dried (Na,50), filtered, and concentrated. The residue was purified by
via silica gel chromatography, eluting with a gradient of 0 to 5% MeOH in DCM followed by
25 to 50% EtOAc in hexanes, to afford the tifle compound as a pale brown solid (0.684 g,
53%). LC/MS: R, = 1.38 min, ES” 317 (FA standard).
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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) HTRF 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.MUbc9-GST and 0.125 plvl Sumo-Flag respectively and the
concentration of AT!" was 0.5 AM. Recombinant human SAE (0.11 nM) was the source of enzyme.
Ubiquitin-Activating Enzyme (DAB) 1-ITRF 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 UAE (0.3 nlvl) was the source of enzyme. Example 71: Cellular Assays
103561Selected compounds of formula (I) were tested in cellular assays: Anti-Proliferation Assay

MST) W3573Calu-6 (2400/well) or other tumor cells in. 80 -AL of appropriate cell cilture medium
(VEW o Cafe e O e SRR BS s soeced

i =7 =Y. Op Oe-1, 2010 . . .
wells of a 96-well cell ¢ plate and ncubatead tor 24 hours in a tissue culture incubator. Compound

inhibitors weemsdied in 20-Ogtspumesaadiqintasyels drgbwelplaternasihzabpyeiis,22 hours at
37 C. 10% final cqncentration of ﬁ\/ss -1 ent (Roche) was added to each well and | CUEﬁEE for
3.5 hours (for Lalis) ot . 'e%%ﬁfc@%%ﬁ’éﬂ@&agac @e’l?v%?gb}‘é%%ag cﬁ%kgﬁnﬁgﬂng a 8
spectrophotofheteiiMaReuisciEgrashl®adbehi ighsiti ad ded sacel tategbassiven tives\stilmes #tain a
DIVISO contrgleliffel A% MaRUIA complete conversion. The reaction was quenched with sodium,

sulfite (1.45 g, 11.7 mmuol), and the mixture was stirred for 5 h. The reacion mixhire was
diluted with EtQOAc and HLO, and the aqueous layer was extracted with EtOAc (2x). The

=

organic layer was dried (INa,50,), filtered, and concentrated. The residue was purified via
silica gel chromatography, eluting with EtQAc, to afford the title compound as a white solid

(0190 g, 55%).
Step d: Diastereoisomeric mixture of (15.2R 4R)-4-{4-[(15)-2 3-dihydro-1H-inden-1-
lamino]-7H- rolof2 imidin-7-vl1}-2-hydro: clopentyl sulfamate and

(1R.28 48)-4-14-[(16)-2 3-dihydro-1H-inden-1-ylaming]l 7H-pyrrolo[2.3-

d

din-7-y1]-2-hydro:

[0338] (1R,25,45)-4-14-[(1.5)-2,3-Dihydro-1 H-inden-1-ylamino]-7H-pyrrolof2,3-
dpyrmidin-7-yllcyclopentane-1,2-diol (0.080 g, 0.23 mmol) was azeotroped with toluene
and then was dissolved in arthydrous acetonitrile (2.3 mL). Pyridine (0.0369 mL, 0.458 minol)
was added. The reaction mixture was cooled to 0 °C, and a 2N solution of chlorosulfonamide
in acetoniirile (0.144 mL) was added dropwise. The reaction was stirred for 1 h, and then
additiona] 21V ehlorosulfonamide in acetonitrile (0.028 m1) was added. After 30 min,
additional 2N chlorosulfonarnide in acetondtrile (0.0342 mL) was added, and the reaction
mixbure was stirred for 2 h. The reaction was quenched with methanol, and the mixture was
concentrated in vacuo. The residue was purified by preparative thin layer chromatography
using DCVEACCN:MeOH (50:45:5). The relevant band was cut, washed with acetone,
filtered, and concentrated to give a mixhure of diastereomers as a white solid. (11 mg, 11%).
"H NMR (CDCL, 400 NMR, 8): 8.36-8.27 (i, 1H); 7.38-7.09 (m, 5H); 6.90-6.80 (m, 1H); 6.36-
6.20 (m, 1H); 5.95-5.76 (m, 1H); 5.51-5.22 (m, 2H); 4.83-4.68 (m, 1H); 3.87-3.72 (m, 1H); 3.12-
2,83 (i, 2H); 2.75-2.53 (m, 1H); 2.50-2.14 (m, 2H); 2.08-1.79 (m, 2H) ppm. LC/M5: R, =1.16

nin, ES' 430 (FA standard).

[0339] The following additional compounds of formula (f) were also prepared:
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Anti-Proliferation Assay (ATPLite) [0358]Calu-6 (1500 cells/well) or other tumor cells were seeded in
72 ILL of appropriate cell culture medium (MEM for Calu6, Invitx-ogen) supplemented with 10% fetal
bovine serum (Invitrogen) 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 pl in each well. 25 g.L of ATPlite istep Ml
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 pi phosphate buffered saline were
aseptically injected into the subcutaneous space in the right dorsal flank of female Dacr nude mice

£d using standard

e Ur ; O AR e yaTe CaieU
procedures ( length x WidtR) MNSB L r r:%aﬁhﬁgdl lusne-@f Xignaitedy 209 gnm3
mice were rai%%)i& ized into groups(ancflr?écted intré%?énb S 'inﬁ?éle tail veilcﬂﬁ\\?v%%l@éomp%iggd inhibitor
(100 p,L) at vEkolENESESdiic SHamIED; %ﬁ%ﬁa&i@ﬂ%%ﬁ%bﬁrﬁ&‘ﬁh?&ﬂb#ﬁ%ﬁﬂe’ Felitetdd e mice
by intraperitongg) £iSHREYLAPSHUS FjE AN IFIF A0S Caior 5l (reo NHRI 318 (1 SHRcBMe2 S hicle

lone. T ' ' ed, tyi iat 2y th
alone. Tumor %ﬁgﬁgﬁﬂ%‘%&ﬁ@% 331729 Wies danaes il Didsiugydertalesuder the

control tumor&Te Orran3 . [6361]The patent and scientific literature referred to
herein establisiés %holidde R PRAY MR R4kl ifHEAlOEREL B therwise defined,

all technical and scientific terms used herein‘have the same meaning as commonly understood by one
of ordinary sKitLR2Raspihydiir 44 ([(18 280 a-tmbthoeyrieiyipdd mdred Fainslendnilaning

e

references thaH=pymrileifediinrimidinrZyhiyelsmpaaviaidanatinesaiarmate (h-ompeund lO04-nt as if each

was specifically and individually indicated to be incorpor. by. referen nt =3
inconsistencié@%”fﬂe presen&hﬁﬂ%é&%ﬁ%&%q%ﬁ%zéf?ﬁit%rﬁs,E'(/vl do?f%' r%%@?%&%ﬁgig&ﬁamggr of
embodimentsend, tHi%), BN R Bk S dpit KBppahduia it 15D, g% Ided/irad BRdfples
may be altereg§p £opygY, PS5 &RRALl Tg) s NBIai (4129, A 1COBMRY IS BB BEIE T 285

invention. It will thus be appreciated that the scope of this. i ti in by
way of exam[Sfﬁ"gﬁ_@ﬁg'%%iﬁéﬁﬂé@ﬁ%ae@%arjd: ?)Iy2 t@s‘@%ﬁ%’gﬁggﬁ?ﬁ%ﬁsﬁ ré%%ﬁral?gé%%% by the
appended clainas, S8-HAT E-CIH) hHcD 15/ W% Bompoiuiof BBl A)long READO-y 0 .04\m. 0=g-X

m
[(1R,2R AS)-2-hydroxy-4-(4-{[{1R 2R }-2-methyl-2, 3-dihydro-1H-inden-1-yl[amino|-7H-
pytrolol2 3-dlpytimmi yhcyclopentyi] V. ( pronn )

itnidin-7-vyI opentviimethvisilfamate (Compound 1-81

[0342) H NMR (CD,0D, 400 MHz, 8): 817 (s, 1H), 7.32-7.16 (m, 5H), 6.69 (d,] = 3.6
Hz, 1H), 5.86 (4, ] = 7.2 Tz, 11), 5.50-5.41 (m, 1H), 4.51-4.47 (m, 1I1), 4.38 (dd, ]=97,7.6 Hz,
1H), 4.20 (dd, | =7.4,9.7 Hz, 1H), 3.14-3.08 (1, 1H), 2.95-2.88 (m, 1H), 2.83-2.72 (m, 2H), 2.37-
220 (m, 3B), 2.09-2.00 (m, 1ED, 0.98 (d, ] = 7.1 Hz, 3H) ppm. LC/MS: R, =7.93 min, ES" 458
(AA long purity).

[0343] H NMR (CD,0D, 400 MHz, §): 8.17 (s, 1H), 7.32-7.16 (m, 5H), 6.69 (d, ] = 3.6
Hz, 1H), 5.86{(d, ] =7.2H=, 1), 5.50-5.41 (m. 1K), 4.51-4.47 (mn,. 1H), 4.38 (dd, J=9.7,7.6 Hz,
1H), 4.20 (dd, ] = 7.4, 9.7 Hz, 1), 3.14-3.08 (m, 1H), 2.95-2.88 (m, 1H), 2.83-2.72 (m, 2H), 2.37-

290 (mn, 35), 2.09-2.00 (m, 1ET), 0,98 (d, J = 7.1 Hz, 3H) ppm. LC/MS: R, = 7.93 min, ES' 458
(AA long purity).
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/ H2NRb or a pharmaceutically acceptable salt thereof, wherein: stereochemical configurations
depicted at asterisked positions indicate relative stereochernistry; Ring A is selected from the group
consisting of:  wherein one ring nitrogen atom in Ring A optionally is oxidized; X is -C(Rn)z, -N(Riz)-,
or -0-; Y is -0-, -S-, or r is selected from the group consisting of hydrogen, fluoro, -CM, -Ns, -OR's,
-N(R4)2, -NR4CO2R5, -NR4C(0)145, -C(0)N(R4)2, -C(0)R5, -0C(0)14(4, -0C(0)R5, -OCRR6, ora C
aliphatic or Coptionally substituted with one or two substituents independently selected from the group
consisting of -O1e, -N(R4r)(124Y), -0021t, or -C(0)N(R4)(R4); or le and le together form .0; or le and r
together form a bond; Rb is selected from the group consisting of hydrogen, fluor, Cand c_4
fluoroaliphatic; or Rb and le 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 mdependentl selected from fluor or C14 aliphatic or Rb, taken together with Re and the
o 25 st Fossatated with one or

intervening corEe SAMICAC R mww:r&r: e

two substituet om the group

consisting of jawdig gen qu 45&@4 ; ) 1R52,
-CPAs, OC(é? @(}R4)" OC(C%[?LEZI(%}MOOOQR' ?gCor 5i‘lusolxgclzeafﬁc %ﬁ:ﬁg 1mfgl‘fmseﬁ)getlﬁg§wwﬁsone or

two substitu |ﬁ6ebgho%9ﬂl§ﬂsélec?&§ﬁﬁfﬁmeﬁﬂ§cﬁ%ﬂ§1§t% %Bdﬂ‘iifx’ &(i@ﬁ)(%ﬂzcﬂﬁw or
-C(O)N(RA1(#139);(0a, Ra-anuh Tosethe n faya. ach@acy er RES A RAA O R0 T30, RH)s=elected

from the group£onzisYRI PENNAREEN 1 050=G JUPR R0z (ddd, 7 = 13.95,9.17, 4.95 Hz, 15),
1,59 (ddd, J = 13.33, 7.40, 5.81 Hz, 1H), 1.38-1.28 (m, 1H), 0.93 (t. J = 7.41 Hz, 3H) ppm.
LC/MS: R, = 8.36 min, ES" 472 (AA long purity).

pyrrolof2 3-dipyrimidin-7-yleyeclopentyllmethylsulfamate (Comgound 1-84)

WD D &?

[0345] 'HNMR (CD,0D, 400 MEz, 8): 8.17 (s, 1H), 7.31-7.15 (m, 5H), 6.66 (d, ] = 3.60
Hz, 1H), 5.94 (d, ] = 7.28 Hz, 1H), 5.48-5.41 (m, 1H), 4.48 (dd, ] = 3.98, 3.03 Hz, 1H), 4.36 (dd, J
=9.74, 7.58 Hz, 1H), 4.19 (dd, | = 9.73,7.33 Uz, 1H), 3.07-3.01 (m, 1H), 2.91-2.76 {m, 2H), 2.65-
2.54 (m, 1H), 2.38-2.19 {m, 3H), 2.03 (ddd, ] = 13.95, 9.17, 4.93 Hz, 1H), 1.59 (ddd, ] = 13.33,
7.40, 5.81 Hz, 1H), 1.38-128 (m, 1H), 0.93 (t, ] = 7.41 Hz, 3H) ppm. LC/MS: R, = §.36 min, ES”
4?..'?.' (AA long purity).

{(18,25 4R)-2-hvdmxv-4-f4-f (1R,25)-2-methoxy-1,2,5 d-tetrabydronaphthalen-1-ylaming)-7H-
lo[2.3-d idin-7- clopentyDmethy! sulfamate (Compound 1-85

[0346] "H NMR (CD,0D, 400 MHz, 8§): 8.17 (s, 1H), 7.25 (d, ] = 7.4, 1H), 7.20 (4. ] = 3.6
Hz, 1H), 7.15-7.06 (m, 3H), 6.66 (d, J = 3.6 Hz, 1H), 5.81 (m, 1H), 5.50-5.40 (m, 1H), 449 (m,
1H), 4.37 (dd, ] = 3.3, 7.0 Hz, 1H), 4.20 (dd, ] = 7.3, 9.7 Hz, 1H), 3.85-3.82 (m, 157), 3.42 (s, 3H),

3.06-2.96 (m, 1H), 2.84-2.73 (m, 2E), 2.38-2.18 (an, 4H), 2.08-2.18 (m, 2H) ppm. LC/MS: R, =
1.51 min, ES' 488 (AA standard).

(03471 "H NMR (CD,0D, 400 MHz, 8): 8.13 (s, 1H), 7.23-7.08 {m, 5H), 6.60 (d, ] = 3.6
Hz, 1H), 5.81 (1, J=7.69, 15.4 Hz, 1H), 5.36-5.25 {m, 1H), 432 (dd, ]=7.5, 9.6 Hz, 1H), 413 (dd, |
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fluoroaliphatic; or Rd and Rb 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 fluom or Clor Rd, taken together with Rthe intervening
carbon atoms, forms a fused cydopropane ring, which is optionally substituted with one or two
substituents independently selected from fluor or C R' is hydrogen, or Cor Re, taken together with one
Rf and the intervening carbon atoms, forms a 3- to 6-membered spirocydic ring, which is optionally
bubstituted with one or two substituents independently selected from fluoro or Cor Re, taken together
with Rib and the intervening carbon atoms, forms a fused cyclopropane ring, which is optionally
substituted with one or two substituents independently selected from fluoro or Cirt, aliphatic; or le,
taken together with le and the intervening carbon atoms, forms a fused cyclopropane ring, which is

of G liphatt o KRB fvt B aAd he R AEA Rk AL e ey

cyclopropaneziidgoantih2isopiue tall L R)iTs18:20d (iR dhppentiG AuBskiuehls nde B8hdemthsselected
from fluoro oL G4 jphatic; or Re., taken together with Rd and the interning carbon atoms, forms a
fused cyclopropane ring, which is optionally substituted with one or two substituents independently
selected from.fluorq o analigha' . each.RI is independently hydrogen, fluor, Cm aliphatic, or Cm
fluomaliphatic, proéil égd that | ;ﬁl Por- -, then Rl is not fluoro; or two le taken together form =0;
or two le, takpadggether with giereay bedsaienhiorivhicpibaya dadachaer ¥ome BniralOIGuRainbered
carbocyclic ri&ng pr.ane l%tatj}k to etp?r.wriltzf_‘ ae png tl"i%pet %{H ﬁ&‘&%ﬁ @Eﬂfﬂgﬂ ms a 3- to
6-membered sp‘?ﬂroﬂéE clic ring, Ev%ghgllg ogttfgna Iyesl,lu%rst%téd v‘\%ﬁ ong or two sﬁ stituents independently
selected fronPH6? W‘aliphatic; or one le, taken together with an adjacent Rd and the intervening
carbon atoms, forms a cyclopropyl ring, which is optionally substituted with one or two substituents
independentiZ=S&E = r Cm aliphatic; or one RI and one e together form a double bond;

eacheis ind&%ggpenty h %) ; Og@é&é}% : 3@%&%&%&%@% g&gy&g&l@iﬁpﬁme

intervening carbon atoms forms a Cyclopropyl ring, which is optionally substituted with one or two

substituents Frfdprdiirssien Berenirbrere fonthsiolcrong Reoteimrdaireasi ditifer form a
double bondkrkEmPisNg en3 64 QiphatianatE Hifikesea Nasp (FREB T apspsdmlamtig@d-CN,
-C(R5=C(R524 - 1392R6,.:20; Jep’\i8 (RB)2,
4|(R4)C(=NR%—QNJB(§§%," ?Nﬁi(%%g@%%ﬁ-%, N%%(%%ggaﬁ R ozé%, ;N(Rz%;L sg%)'z ’?&44)2,
-0-C(0)R5, -Cemaiaihotiniragerymcing (R (REDRSNEC R4 ﬁ&éﬂ%ﬁﬂmﬂ
SN2 NG5y RN F iS5y R AT
-N(R>-| ; f Tigbirs, Bfid- Wt Ber B s iRf A AR R YR tute
aliphatic, ar;‘fl'lar\entagtvgg é/ﬁ? ;z] }elg%;gc %%;resz;ed proteins were purified by affinity chromatography (Ni-

NTA agarose, (iagen) using standard buffers.

ASIEULRY a)

B A e S
SiSIES AT

Generation of E2 gnzymes

[0350] Ubclz (UBE2M; NP_003960.1), UbcS (UBE2L; NI*_003336.1), Ubc2 (UBE2A;
NP_003327.2) were subcloned into pGEX (Pharmacia) and expressed as N-terminally G5T
tagged fusion proteins in E. coli. Expressed proteins were purified by conventional affinity
chromatography using standard buffers.

Generation of bl proteins

[0351] Nedds (NP_006147), Sumo-1. (NP_{03343) and Ubiguitin {(with optimized
codons) were subcloned into pFLAG-2 (Sigma) and expressed as N-texminally Flag tagged
fusion proteins in E.coli, Expressed proteins were purified by conventional chromatography
using standard buifers.
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each re independently is hydrogen, halo, -CM-, -OR5, -N(R4)" -SR’, or an optionally substituted
Cgroup; is hydrogen, -OR5, -SR6, -N(R4), or an optionally substituted aliphatic, aryl, or heteroaryl
group; . le is hydrogen, halo, -Oe, -se, -N(R), or an optionally substituted Clgroup; le is hydrogen,
fluoro, -N(R4)" or an optionally substituted C1lgroup; or R™ and It" together form =0 or .=C(R)2; or Rm
and le, taken together with the intervening carbon atoms, form a fused cyclopropane ring, which is
optionally substituted with one or two substituents independently selected from fluor or C14 aliphatic or
Rm and Re, taken together with the intervening carbon atoms, form a fused cyclopropane ring, which
is optionally substituted with one or two s-ubstituents independently selected from fluor or C.1.4
aliphatic; le is hydrogen, fluoro, or an optionally substituted Ci, aliphatic group; or Rm and WI together
form =0 or =C(13.5)2; each It independently is hydrogen or an optionally substituted aliphatic, aryl,
heteroaryl, or heterocyclyl group; or two It on the same nitrogen atom, taken together with the nitrogen

atom, form afeEaBieTR s Zi"'a*i’t%’-‘ﬂ'ﬁmembered heterocyclyl ring having, in addition to the
nitrogen atom Or2 i 02 . PENISREYASE) ected from N, 0, and 5; e is hydrogen, C14 alkyl,
C14 fluoroallcy 1 e ary portion or which maybe optionally substituted; R4Y is

hydrogen, C. rmbg]I C 14 fluambhw =ik cedation g R Fhpar e einidiiek Sy RE HRES QI

and eV, take g ﬁtﬁ‘%%% s e G

substituted 45@%3@@@@&9MmmmmWﬁﬁmtﬂhmmgmrmwo 2 ring
heteroatams mndmt%aema{s&@@mpumm 8bRoARehe Bdhbite deperdesnthy isdiyiEogen or an

ydrogen, COT TeLralR e sr Rt R i 2 i S SR D L B O A RBRCRE
independent/§-98% érTUﬁﬁ’é?*%FE? SRS LM% ot Breriiindran=iriabsiad ’6‘01‘02106?13
provided thatMtisFT-CCRVEL HoHbdin (s O InteAra Gt U E GLTE mgtanfl- PRy COLINK goat

anti-GST allophycocyanin (XL-APC) antibody (Prozyme)). After incubation for 3 hours at 24
°C, quantification of the FRET was performed on the Analyst™ HT 96.384 (Molecular

Devices).

{0353] Compounds I-1 to I-54, I-56, 1-59, I-61 to 76, and 1-79 to I-85 exhibited IC,,
values less than or equal o 10 pM in this assay. CompoundsI-1, I-2, -3, I-4, I-6, I-7, I-8, I—i?.',
1-13, 114, 115, I-16, 1-17, 1-18, 119, 1-21, 1-22, I-23, 1-24, 1-25, 1-26, 1-27, 1-28, 129, 1-30, 1-31, 1-32,
I-33, 134, 135, 1-36, 137, 1-38, 1-39, 140, 141 142 T-43, 144 1-45, I-46 1-47, 1-48 149, 1-50, 151,
I-52, I-54, I-56, I-59, 161, I-62, I-63, 1-64, I-65, I-66, I-67, 1-68, 1-69, 1-70, I-71, I-72, 173, I-74, I-76,
I-78, I-79, 1-80, I-81, I-82, I-83, I-84, and I-85 exhibited IC_, values less than or equal to 100 nM

in this assay.
Sumo-Activating Enz A
[0354] The SAE enzymatic reaction was conducted as outlined above for NAE

except that Ubcl2-G5T and Neddg-Flag were replaced by 0.01 pM Ubc2-G5T and 0.125 pM
Sumeo-Flag respectively and the concentration of ATP was 0.5 pM. Recombinant human SAE
(0.11 nM) was the source of enzyme.

Ubiquitin-Activating Enzyme (IJAE) HITRF Assay.

f0355] The UAE enzymatic reacton was conducted as outlined above for NAE
except that Ubel2-G5T and Nedd8-Flag were replaced by 0.005 pM Ubc2-GST and 0.125 uM
Ubiquitin-Flag respectively and the concentration of AT was 0.1 UM. Recombinant mouse
UAE (0.3 nM) was the source of enzyme,
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RI Rl Re y 40.k.:filfiRe' Orp-X Rd I-12NFib or a pharmaceutically acceptable salt thereof, wherein:
stereochernical configurations depicted at asterisked positions indicate relative stereochemistry; Ring
A is selected from the group consisting of: Rk no.Fkirzbi Rh vf N -kf RRh A-vA-vi

Example 71: Cellular Assays

[0356]) Selected compounds of formula (I) were tested in cellular assays:

Anti-Proliferation Assay (WST)

10357] Calu-6 (2400/well) or other tumor cells in 80 uL of appropriate cell culture
medium (MEM for Calué, Invitrogen) supplemented with 10% fetal bovine serum
(Invitrogen) was seeded in welils of a 96-well cell culture plate and incubated for 24 hours in
a Hssue culture incubator. Compound inhibitors were added in 20 pL 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 Calue) at 37 °C.
The optical density for each well was read at 450nm using a spectrophotometer (Molecular
Devices). Percent inhibition was calculated using the values from a DMSO control set to
100% viability.

Anti-Proliferation Assay (ATPLite)

[0358] Calu-6 (1500 cells/well) or other tumor cells were seeded in 72 pL of
appropriate cell culhye medium (MEM for Calué, Invitrogen) supplemented with 10% fetal
bovine serum (Invitrogen) in wells of a 384-well Poly-D-Lysine coated cell culture plate.
Compound inhibitors were added in 8 pL 10%DMS0/FPBS to the wells and the plates were
incubated for 72 howrs at 37 °C. Cell culture mediurn was aspirated, leaving 25 pL in each
well, 25 UL of ATPlite Istep ™ reagent (Perkin Flmer) was added to each well, The
luminescence for each well was read using the LeadSeeker Microplate Reader (Moleculax
Devices). Percent inhibition was caleulated using the values from a DMSO control set to
100% viability.

Example 72: Invivo Assays

[0359] Selected compounds of formula (1) were tested in in vivo assays.

In vive Tumor Efficacy Model
[0360) Calué (5x10° cells), HCT116 (2 x20° cells) or other tumor cells in 100 pL

phosphate buffered saline were aseptically injected into the subcutaneous space in the right
dorsal flank of female Ner nude mice (age 5-8 weeks, Charles River) using a 26-gauge
needle. Beginning on day 7 after inoculation, tuznors were measured twice weekly using a
verriier caliper. Tumor volumes were calculated nsing standard procedures (0.5 x (length x
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ph and wherein one ring nitrogen atom in Ring A optionally is oxidized; X is -Car, -CHF-, -C.F2-, -NH-,
or -0-; Y is -Cr-,or Ka is selected from the group consisting of hydrogen, fluoro, -CM, -N,, -Ole,
-N(R6)2, -NR4CO2R6, -NRAC(0)Rs, -C(0)N(R4)2, -C(0)R6, -0OC(0)N(R6)2, -0C(0)R6, -0003R6, or a
C aliphatic or C14 fluaroaliphatic optionally substituted with one or two substituents independently
selected from the group consisting of -ORsX, -N(t)(R4Y), -CO2R5r, or -C(0)N(1-245(e); or Ra and Ai,
together form a bond; Rb is selected from the group consisting of hydrogen, RUOKO, Cand
fluoroaliphatic; R is selected from the group consisting of hydrogen, fluor, -CN, -N"-N(124)2,
-NR4CO2R6, 4S3R4C(0)R5, -C(C)N(R)", -CPA?, -0C(0)N(R4)2, -0C(0)R5, -0001126, or a Cm
aliphatic or Coptionally substituted with one or two substituents independently selected from the group
consisting of -Ole, -NnR43), -CO,Rsk, or -C(0)N(t)(e); or le and le together form a bond; Rd is selected
from the group consisting of hydrogen, fluoro, Cm aliphatic, and CI-4 fluoroaliphatic; R' is hydrogen, or

Cm aliphatic Y518, ak@?fbﬁ’étﬁé?%ﬁeﬁﬁ'é*@? HﬁH’fﬂ’e%Mﬁlﬁ&@&’%ﬂW%ﬁ?a 3-to

6-memberedrspitosistia 1ing sRejs hydiager ditaliplaiit; erek ﬁﬂ&#ﬁd%ﬂfﬂﬁﬂﬂﬁ@ﬁﬂgﬁﬂaﬂuor,

C aliphatic, o(r Gg\ﬂlf_buqcroahgusagcs&rovadscg‘t ‘_a}]: |f r%‘ q;elNH t&hgﬁﬂ%“ﬁun%lj Lor two Rr taken
m e car t5m ich they are a

together for fwo le, taken together wit on atom to w ac%ed form a 3-

to 6- member‘éﬁ“t‘,’ﬁfﬁﬁ&&‘r@?ﬂj WWWE%Réﬁ%@%EP%H%%WMﬁMWE&M atoms,
forms a 3- toconrehgrenpd spiveyichehitbgalens Tydransne haldyodiOyelght waiRtmtifed2witaC-Rs,

BN, o e S R e R T g

-a-c(o)re, -0q@3£1§, -0gagAiRs pacienaiSen®iiSl N Rrred eRARE: 10 RSt RIR RN RibAA KR

-MR5¢(a)- N(&ﬂ% mlac‘gﬁl}loRth):) (w%h)sgil]l 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 spedfically and individnally indicated to be incorporated by reference. In the
case of inconsistencles, the present disclosure, including definitions, will control.

[e362] While 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.
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-C(=NR4)-0R5, -N(R4)-N(R4)" 4(R4)-or, -c(NR4)-N(R4)-OR’, -C(R6)=N-0R5, or an optionally
substituted aliphatic, aryl, heteroaryl, or heterocyclyl; each e independently is hydrogen, halo, -Chi-,
-OR5, -N(R4)7., -SR", or an optionally substituted Cm aliphatic group; lli is hydrogen, -OR5, -5R6,
-N(R4)" or an optionally substituted aliphatic, aryl, or heteroaryl group; RR is hydrogen, halo, -OR5,
-SE.", -N(R4)2 or an optionally substituted Cm aliphatic group; e is hydrogen, fluor, -N(R4)," or an
optionally substituted Cm aliphatic group; and Rn is hydrogen, fluor, or an optionally substituted Cm
aliphatic group; or RE4 and Rn together form =0 or --rC(R52; each R4 independently is hydrogen or
an optionally substituted aliphatic, aryl, heteroaryl, or heterocydyl group; or two R4 on the same
nitrogen atom, taken together with the nitrogen atom, form an optionally substituted 4- to
8-znembex-ed heterocyclyl ring having, in addition to the nitrogen atom, 0-2 ring heteroatoms
independently selected from N, 0, and 5; le is hydrogen, Cm alkyl, Cor Co ar(Cm)allcyl, the aryl portion
of which mayW&&ptibhahpsiEiilifted; R4Y is hydrogen, Cm alkyl, Cm fluoroalkyl, C,0 ar(Cm)alkyl, the
aryl portion of which, maybe optionally,substitu dE or an optionally substituted 5- or 6-membered aryl,
heteroaryl, or heter[;léyclyl %‘n‘cgg;m r%%ﬂ é#r?grﬁlﬁ gken together with the nitrogen atom to which they
are attached, form an optionally substituted 4- to 8-member
the nitrogen atom, 0-2 ring heteroatoms indepenggntjysseled

aqterocyclyl ring having, in addition to
pfom N, Q, and 9; and each R5

independently is hydrogen or an optionally substifiied\atbRafic_aryl, heteroaryl, or heterocyclyl
group; each e independently is hydrogen, C Gl ¥ oalﬁll, or an optionally substituted Cor

ClJallcyl; each R6 independently is an optB_ upgtf aﬁbzhatic, aryl, or heteroaryl group; and .in
is 1, 2, or 3. S.The compound of claim 1Haderein: Rg Bhy8tbgen, C aliphatic, Cmp fluorogjjphafic,
halo, -Rig, -R2g, and -VI-TI-R; T1 is a C,6 allcylene chain substituted with 0-2 independently selected
le or R3b, wherein theagitglenscetiniaBpitoasliiis sataetptehtyer&R5.--C(R5-, -CC-, -0-, -5-, -S(0)-,
-5(0)2-, -502M(R4)-, 4'T(R4)-, -N(R4)C(0)-, -NR4C(0)N(R4)-, -N(le)C(--NR4)-N(R4)-,
-N(124)-C(=NRSeraqehemicth sonfiguratiogs sepiciad ah agaqakas Pastes: g REF8YS-
-C(0)-,-C(0)N(R4)-, stetedtRetjvbifiRA)-, _

Ring A is selected from the group consisting of:

) e
\T':>_.<H ‘[f?_( 1;1:’*}_{' N 3 Ne ¥ N fF % —
Nad? ¥ Nes ¥ M gf N ¥\ X o Y

Ny w N " N=‘:| A S A o “N’N

h Adiv A )

N{ == R
h
A1 R Asi R Adiii A
F r r I
R+
)
AL_{ o
¥ # N
mh
and A

wherein one ring nitrogen atom in Ring A optionally is oxidized;

X is —C(R ), -NR")~ 01 -0

Y is-O-, 5-, or -CRMER")-;

R is selected from the group consisting of hydrogen, fluoro, -CIN, -N,, -OF, -N(R‘)z,
NR'COR’, -NR'COR’, -CIONER"),, -C(O)R’, -OC(QIN(RY,, -OC(O)R’, -OCOR’, or
a C, , aliphatic or C, , fluorcaliphatic optionally subgtituted with one or two
substituents independently selected from the group consisting of -OR”, -N(R™)R™),

-COR™, or -C(ONRHRY); or R and R® together form =0; or R and R’ together
form a bond;
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-C(NR4)=N(R4)-, -C(=NR.4)-0-, or -C(2.6)=N-0-, and wherein Ti or a portion thereof optionally forms
part of a 3-7 membered ring; V' is -C(R3)=C(R5-,-0-, -9-, -S(0)-, -S(0)2-, -902N(R)-, -N(R4)-,
-N(R.4)C(0)-, NR4C(0)N(R4)-, .-N(R.4)C(=NR.4)-N(R4)-, -1%.1(R.4)C(=Nle)-, -N(R4)CO3-,
-N(114)50,-, -N(1.4)S02N(R4)-, -0C(0)-, -0C(0)N(124)-, -C(0)-, -003-, -C(0)N(R4)-, -C(0)N(R4)-0-,
-C(0)N(R4)C(=NR4)-N(R4)-, -N(R4)C(=-NR4)-N(R4)-C(0)-, -C(=NR4)-N(R4)-, -C(1\1174)=N(R4)-,
-C.(=NR4)-0-, or -C(R6)=N-0-; each Rig independently is an optionally substituted aryl, heteroaryl,
heterocyclyl, or cycloaliphatic zing; each R2g independently is -140z, -CM, -C(R3)=C(R3)2, -CC-Rs,
-Ole, -SR6, -S(0)R6, -SCP2N(R4)2, -N(R.4)2,-NR4C(0)R3,-NR4C(0)N(R4)," -N(R4)C(r-NR4)-N(R4)2,
-N(R4)C(=NR.4)-R6, -N1t4C01R6, -N(R4)5021C -N(R4)S02N(R4)2, -0-C(0)Rs, 0001RS6,
-0C(0)N(114)2, -C(0)Rs, -Cot -C(0)N(124)2, -C(0)N(R4)-OR5 , -C(0)N(R4)C(=NR4)-N(R4),,
-N(R4)C(=NR4)-N(R4)-C(0)R3, -C(=NR4)-N(R4)2, C(=NR4)-0R3, -N(R4)-N(R4)2,
-N(R4)-0R5,-C (R R4pIbtERd Fio i SreqgreQfRprieOing. @Hmbngerinﬂem@enwﬁh%@mainom the

group consisting of -0(C al N 002 Galkv
-C(0)/41-12, and C?g'ﬁﬁﬁ?& lﬁq ﬁlﬁ%m epen%](e\nt yisa C&tha oeptlonally substituted
with le or if, or two wmhﬂa@m@mmmPﬂﬂpﬁa JeRiBInePReRE L arbon atom

to which they are atiashagidanvism Bnetar&mmmmarwﬁkﬂabphaaﬁummmﬂémh ﬂii:fnabependently
Is an optionally substitu I or het ompgqund of clai ragterized by one or
more of the foIIowm%ll'l'eEl resc’(afg ?al%zn%g WE‘% &) é) %%a(ﬁ%% are ea
independently hydrég@idkdﬂpmmﬁsﬁr@pﬂauhﬂepmlﬁwmweﬂmﬂ’@n@éWD

substituents independently selected from fluoro or C,, aliphatic;

R’ i5 selected from the group consisting of hydrogen, fluoro, -CIN, -N,, -OR, -N(@RY,,
NR'COR’, NR'CO)R, -CONERY,, -C(O)R’, -OCOIN(R),, -OC(O)R, -OCOR’, or
a C , aliphatic or C, , fluoroaliphatic optionally substituted with one or two
substituents independently gelected from the group consisting of -OR™, -NER™R™),
COR™, or -CIOYNRS(R™); or R and B together form a bond; or R°and R’ together
form =Cy;

R’ is selected from the group consisting of hydrogen, fiuoro, C, , aliphatic, and
C,, fluorcaliphatic; or R* and R® together form =0; or RY, taken together with R"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; or RY, taken together with R and the intexvening carbon atoms, forms
a fused cyclopropane ring, which is optionally substituted with one or two
substituents independently selecked from fluore or C aliphatic;

R is hydrogen, or C, , aliphatic; or R, taken together with one R and the intervening
carbon atoms, forms a 3- to 6-membered spirocyclic ring, which is opHonally
substituted with one or two substituents independently selected from fluoro or
C,, aliphatic; or R, taken together with R" 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; ar R, taken
together with R and the intervening carbon atoms, forms a fused cyclopropane xing,
which is optionally substituted with one or two substituents independently selected
from fluoro or C, , aliphatic;
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() Re and Re are each hydrogen; (g) each 121 is hydrogen; (h) each RI"is hydrogen; (i) Ri is
hydrogen or C1 O)Rk is hydrogen, halo, or C.14 aliphatic; (k\m is 1; and (1)stereochentical
configurations depicted at asterisked positions indicate absolute stereochemistry. 5. The compound of
claim 4, characterized by formula (Ill): Fir FIf Re y 0 )stal*..... TANireRg 04--DIFicIN /Ra I-12NRb RdRh
or a pharmaceutically acceptable salt thereof, wherein Q is =N- or .=-C(RS-. 6. The compound of
claim 5, wherein: Rg isor -re-VI-Rig; VIl is -C(R5).--.C(R), -CC-, -0-,0r -Nati)-; t is a Cm alkylene chain
optionally substituted with one or two groups

R’ is hydrogen ot C, , aliphatic; or R”, taken together with R™ 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; or R®, taken
together with R” and the inl:én'rénjng carbon atoms, forms a fused cyclopropane ring,
which is optionally substituted with one or two substtuents independently selected
from fluoro or C, aliphatic;

each R is independently hydrogen, fluoro, C,, aliphatic, or €, fluorcaliphalic, provided
that if X is -O- or -NH-, then R iz not fluoro; or two R taken together form =0; or two
R, taken together with the carbon atom to which they are attached, forma 3- to
6-membered carbocyclic ring; or one R, taken together with R” and the intervening
carbon atoms, forms a 3- to 6-membered spirocyelic ring, which is optionally
substituted with one or two substituents independently selected from fluoro or
C,.; aliphatic; or one R, taken together with an adjacent R" and the intervening
carbon atoms, forms a cyclopropyl ring, which is optionally substtuted with one or
kwo substituents independently selected from fluoro or C, , aliphatic; or ore R and
one R? together form a double bond;

each R” is independently hydrogen or fluoro; or one R”, taken together with an adjacent

R' and the intervening carbon atoms forms a cyclopropyl ring, which is optionally
substituted with one ar two substituents independently selected from fluoro or
¢, aliphatic; or one R® and one B together form a double bond;

R?is hydrogen, C, , aliphatic, or C, , fluoroaliphatic;

R¥ is hydrogen, halo, -NO,, -CN, -C(RH=C(R?),, -C=C-F’, -OR’, -5R*, -S(O)R’, -SO.K’,
-50,N(RY,, N(R"),, -NR'C(O)R, -NR'COINRY,, -NRIC(ENRI-NERD,
NER)CENR)-R’, -NR'COR, NR)SOL, -NR)SON(KY),, -O-CO)R, -OCOR’,
-OC(OIN(RY),, -C(O)R’, ~CO,R’, -C(O)N(RY),, -COMN(R)-OR’,
-C(ON(R'YC(=NR)-N(R'),, -NERYC(=NR)-NR)-CO)R’, -C(=NR')N(RY,,
-C(=NR)}-OR’, -N®"-N(R"),, -N(R"-OR’, -C(=NR")-N(R")-OR’, -C(R)=N-COR’, or an
optionally substituted aliphatic, axyl, heteroaryl, or hetexocyclyl;
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independently selected from fluoro or a Cm aliphatic or Cm fluoroaliphatic optionally substituted with
one or two substituents independently selected from the group consisting of -Ms', -N(R)(e), -cot, and
-C(0)N(t)(e); and ies is an optionally substituted mono- or bicyclic aryl, heteroary/, heterocyclyl, or
cydoaliphatic group. 7. The compound of claim 6, characterized by formula (V): F11 At Re 0. y
..1,4,11" Te o=g"-XN / RatN H2NRb RdRh or a pharmaceutically acceptable salt thereof, wherein: VI
is -N(R8)-, -0-, or -.3-.7. R8 is hydrogen or Cm aliphatic; Tl is a Cm allcylene chain optionally
substituted with one or two groups independently selected from fluor or a Cm aliphatic or Cm
fluoroaliphatic optionally substituted with one or two substituents independently selected from the
group consisting of -ORE% -14(1t)(R4Y), -CO2Rsx, and -C(0)N(R4)(R4); and Ring C is a 3- to
8-membered heterocyclyl or cycloaliphatic ring, or a 5- or 6-membered aryl or heteroaryl ring, any of
which rings is substituted with 0-2 R and 0-2 le; each Te inde esnde{ﬁg is halo, -NOZ2, -CN,

-c(re)r-grt.57", o@%%@ﬂ‘%@%ﬂ%ﬂﬁ%}% RR&)Z’I WP&BE‘T’]HRS N(R)2,
-mk5c¢(=i4R)- R6 -NR4a#R6 & (RiIgaRE:bli5Ppor(R),, -0-go)RS,

R is hydrogen, -OR’, -SR®, -N(R",. or an optionally substituted aliphatic, aryl, or
heteroaryl group; .

R'is hydrogen, halo, -OR’, -8R, -N(R),, or an optionally substituted C, , aliphatic group;

R™ is hydrogen, fluoro, -N(R"),, or an optionally substituted C, , aliphatic group; or ™
and R" together form =0 or =C(R"),; or R™ and K, taken together with the

intervening carbon atoms, form a fused cycdopropane ring, which is optionally
substituted with one or two substituents independently selected from fluoro or

C,, aliphatic; or R™ and R, taken together with the intervening carbon atoms, forma
fused cyclopropane ring, which is optionally substituted with one or two
substituents independently selected from fluoro or €, , aliphatic;

R" is hydrogen, fluoro, or an optionally substituted C, , aliphatic group; or R™ and R’
together form =0 or =C(R5)2;

each R’ independently is hydrogen or an optonally substitited aliphatic, aryl,
hetervaryl, or heterocyclyl group; or two R’ on the same nitrogen atom, taken
together with the nitrogen atom, form an optionally substituted 4- to 8-membered
heterocyclyl ring having, in addition o the nitrogen atom, (-2 ring hetercatoms
independently selected from N, O, and 5;

R™ is hydrogen, C, , alkyl, C, , fluorcalkyl, or C,, ar(C, Jalkyl, the aryl portion of which
may be optionally substituted;

R” is hydrogen, C, alkyl, C, , fluoroalkyl, C, , ar(C, Jalkyl, the aryl portion of which
may be optionally substituted, or an optionally substituted 5- or 6-memhbered aryl),
heteroaryl, or heterocyclyl ring; or

R™ and RY, 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 R’ independently is hydrogen or an optionally substituted aliphatic, aryl,
heteroaryl, or heterocyclyl group;
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-0002116, -0C(0)N(R4)" -C(0)R5, -CO2R5, -C(0)N(R4)2, -C(0)N(R4)--0R5,
-C(0)N(R4)C(=NR4)-N(R4)2, -N(12.4)C(r.NR4)-N(R4)-C(0)1C -C(=11R4)-N(R4)" -C(=NR4)-0RS5,
-C(=NR4)-N(R4)-0R5, -C(R6)=N-0R5, or an optionally substituted aliphatic, or an optionally substituted
aryl, hete_rocyclyl, 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 heterocyclyl ring; or two adjacent le, 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
heteroatorns selected from the group consisting of 0, N, and 5; each Its independently is selected from
the group consisting of Cm aliphatic, Chalo, -me, -N(R4x)(R4), or a C14 aliphatic or fluoroaliphatic
optionally substituted with -OR5x, -N(R)(R4), -002R5x, or R4 is hydrogen, CC14 fluoroalkyl, or Cthe
aryl portion of which may be optionally substituted; R4 is hydrogen, Cm alkyl, Cm fluoroalkyl, Cthe aryl
portion of which neaghlie™dptiepaiiestibstityiechpenan gptignally, suostiiliel & 201 dpfiveaibered aryl,
heteroaryl, or heterocyclyl, ringci r R4 ijnd 4, taq}iin together with the nitrogen atom to which they are
attached, form an opfé%ﬁ?@ub it 4-ere? BErEd heterocyclyl ring having, in addition to the

nitrogen atom, 0-2 ring,heteroatarns Independently selected. fr .0, and 5; and each.Rs.
ncependently is RIS aHotoa STET A oS e S ot SLANG S Seth TR O R co
ar(Cm)alkyl. 8.The c@mibound of claim 7, wherein: 111 is a C14 alkylene chain optionally substituted
with one or two groups independently selected from flyorg or a Cm aliphatic or Cm fluoroaliphatic
optionally substitdte8 %ﬁf?oﬂ’é%?’i%ddﬁﬁldgﬁﬁ}éﬁtﬁ%%&%dgmgb‘% ted from the group consisting of
-OR5x, -N(ex)(124), -002R5x, and -C(0)N(R4)(R4); and Ring C is a C cycloaliphatic, phenyl, oxazolyl,
or isoxazolyl ring, an¥-of whitkrreeiysdinftdwywia G=Ak and optionally is fused to an optionally
substituted benzene, dioxolane, or dioxane ring. 9.The compound of claim 5, characterized by formula
(VI):‘ (V1) or a pharmaceutically acceptable saltftp&relt__)“fa, whd
R

gy (1T} o'

b d
HoN R® RO )

or a pharmaceutically acceptable salt thereof, wherein:

stereochemical configurations depicted at asterisked positions indicate relative
stereochemisiry;

Ring A is selected from the group congisting of:

A-iv A=Y A-vi

and Al ;
wherein one ring nitrogen atom in Ring A optionally is oxidized;
X is -CH,-, -CHF-, -CF,-, -NH-, or -O-;
Y i5-O-, 8-, or -C(R™(R)-;

R is selected from the group consisting of hydrogen, fluoro, -CN, -N, -OR’, -N(RY,,
-NR'COR®, -NR'COR’, -CION(RY),, ~CIOR’, -OCON(RY,, -OC(OR, -OCO,R, or
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Ta is a C14 allcylene chain optionally substituted with one or two groups independently selected from
fluoro or a C1, aliphatic or C14 fluoroaliphatic optionally substituted with one or two substituents
independently selected from the group consisting of -of, -Naext), -002R5% and -C(0)N(t)(R4Y); and
Ring C is a 3- to 8-membered heterocydyl or cycloaliphatic ring, or a 5- or 6-membered aryl or
heteroaryl ring, any of which rings is substituted with 0-2 R and 0-2 It; each R independently is halo,
-NO2,-C(R5)=C(R5),"-CIR5,-5(0)R6, -50R, -SO2N(R4)2, -N(124)2, -NR4C(0)R5, -NR4C(0)N(R.4)2,
-N(R5C(--r-NR.4)-N(1252, -N(R4)C(=NR4)-R6, -NR4CO2R6, -N(124)902R6, -1\1(R5502N(102,
-0-C(0)R5, -00324 -0C(0)114(R4)" -C(0)R5,-C(0)N(le)" -C(0)N(R4)-0R5, -C(O)N(R4)C@NR4)4.1(42,
-N(R4)C(=NR4)-N(R4)-C(0)R5, -C(----NR4)-N(R4)" -C(=NR4)-0R5, -C(=NR4)-N(124)-0R5,
-C(R5:--N-OR5, or an optionally substituted aliphatic, or an optionally substituted aryl, heterocydyl, or
heteroaryl group; or two Iq_o the same saturated ring carban atom, taken together with the carbon

Aaty SRS L= B PRI B P Epna Y e e s H RS PR Erocyclyl ring; or

atom, form an optionally s

two adjacentb Ra, ;akﬂmﬁgaﬂ&emuéﬁbﬂaﬁﬂﬂseﬁl@%mm ﬂi@g}&u?mﬁgt@@tm%%b?mmgﬂused
4- to 8-membered ar, tic or -aromatig ring having 0-3 ring heteroatoms selected from the group
consisting of 0, N, a'n8§] ﬁ ,’3%1’0&1?%@%%(%&18& Iﬁ’f@&l@@f‘éﬁeﬁm?e@%p consisting of CI,
aliphatic, fluoroglphati -ORE’', -N(R4)(R417), or.a Cor fluorpalLiphatic optionall pstituted with
ORD r(aA0R BRI A B S R P RGH R s SHAS: BTt may be
optionally substitutdioRerkipbtjeirogen, C1 alkyl, CCthe aryl portion of which may be optionally

substituted, or ap.optignally substituted 5- or 6-membered awl, heteroaryl, or hetergcydéTI:I ring; or e and
174Y, taken togStHersIse W%ﬁﬁ%ﬁ?’?ﬂ%ﬁ%ﬂﬁh@%@%ﬂé’@ﬁ%d&ﬂ, riNanCIpdNERY:substituted

4- to 8-membered hsiriQCyRY LG heyHIg-CrOIEIIDN QIR NS YOI -ErZ Y, DeterPRtomS

independently selected from N, 0, and S; and each e independently is’%{&r’ogen, CiC fluo?oélkyl, or
an optionally substif fres®4BNR1 8 Sa Ay AuReiphais crsiorplly Btk oridhant or Wierein: T is a
Cchain optionally sgigsstitieayiia«yea intiyoQEHREHDAERRNISRE Yonsisting of -OR™, -NERVIER™),

-COR™, or -CIONR™“®R™); or R*and K° together form a bond;

R is selected from the group consisting of hydrogen, fluoro, C,, aliphatic, and C,
fluorcaliphatic;

R’ is hydrogen, or C, , aliphatic; or R, taken together with one R’ and the intervening

carbon atoms, forms a 3- to 6membered spirocyclic ring;
R is hydrogen or CC, aliphatic;

each R is independently hydrogen, fluoro, C, , aliphatic, or C,, fluoroaliphatic, provided
that if X is -O- ar -NH-, then R is not fluore; or twa R taken together form =0; or two
R', taken together with the carbon atom to which they are attached, form a 3- to
6-membered carbocyclic ring; or one K/, taken together with R® and the intervening

carbon atoms, forms a 3- to 6-membered spirocyclic ring;

R is hydregen, halo, -NQ,, -CN, -C(R)=C(R),, -C=C-R’, -OR’, -5R’, -S(O)R’, -SO,KK’,
SON(RY,, -NRY, NRCOR, NRCONEY, NER)C(=NE) N®Y),
NER)CENRY-R, -NR'CO,R’, -NRISO,R, -NERISO,NRY,, -O-C(O)K’, -OCO,R,
-OCOIN(RY,, -CIO)R, -CO,E’, -C(ON(RY),, ~CO)N(R)-OR®, '
COINERICENR)-N(R),, NERYC(=NR)-NERH)-CO)R’, -C(=NR')-N(R?),,
“C(=NRY)-OR’, -N(R)-NE®),, NERYH-OF, -C(=NRY-NRY-OR?, -C(R)=N-OR’, or an
optionally substituted aliphatic, aryl, heteroaryl, or heterocyclyl;
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selected from fluor or a C. or C fluoroaliphatic optionally substituted with one or two substituents
independently selected from the group consisting of -OR51, -N(tax)(R4), -CO2R5r, and
-C(0)N(124)(R4Y); and Ring C is phenyl, which is substituted with 0-2 Rs and optionally is fused to an
optionally substituted benzene, dioxolane, or dioxane ring. 11. The compound of claims, characterized
by formula (V11); FIS=1:1 Rif Re Y 0 :aresTN rim, , -Re Nit .N I-12NRh RdRh or a pharmaceutically
acceptable salt thereof, wherein V2 is -N(R7-, -0-, or -Si Rs is hydrogen or C14 aliphatic; and Ring D
is an optionally substituted mono-, hi-, or bicyclic ring system. 12. The compound of claim 11,
wherein Ring D is selected from the group consisting of furanyl, thienyl, pyrrolyl, oxazolyl, thiazolyl,
imidazolyl, pyrazolyl, isoxazolyl, isothiazolyl, oxadiazolyl, triazolyl, thiadiazolyl, phenyl, naptithyl,
pyranyl, pyridazinyl, pyrimidinyl, pyrazinyl, triazinyl, indolizinyl, indolyl, isoindolyl, indazolyl,
bertzimidazolyl, benzthhiazolyl, benzothienyl, benzofuranyl, purirtyl, gujnolyl, isocpxinolyl,

phthalazinyl, quikagdnyrdsarodentsyis Rygrreshidiala, ‘ﬁéﬁdﬂﬁl;t y 5T PARP CREPR I rothieny !,
pyrrolidinyl, pyrrolidgﬁg&mi@ln)gﬁ%@i@guﬁixahydroquinolinyl, tetrahydroisoquirtolinyl,
decahydroquinolinyl, oxazolidinyl} pipera2inyl, dioxanyl, dioxolanyl, dia7epinyl, oxazepinyl, thiazepinyl,

morpholinyl, quinkigiiehRvhglabxahrtressingtityl, detebydraianauinetinskdniphkiy aeaaathridinyl,
tetrahydronaphthyl, indolinyl, benzodioxanyl, benzodioxolyl, chromanyl, cyclopropyl, cyclobutyl,
cyclopentyl, cyclope‘i‘ﬁ?ﬁ%@%ﬁ?ﬁgxyl, cyclohexenyl, cycloheptyl, cydoheptenyl, cyclooctyl,

cyclooctenyl, cyggoctadier E,MCL%@%RVJ-M@,%CJR% 12y subdes ompaiRd ahalaim 12,

wherein: each substittabl& saturated ring carbon afom in Ring 1) P; unsubstituted or substituted with

=0, =S, =C(R5), "N W02 NeRS,, FURHL SR BorMPRERARE EN-NHRRIZEupNrARS or -le;

each substitutable unsaturated ring carbon atom in Ring D IS unsubstituted or substituted with -Re;

each substitutabler singyaisgae HateR) do Bivg Eisnnsuhstititad ol Sifisitdteaifa-R51'; each le
Independently is halo, -NO2, -CN, -C(R7=C(4, -CC-R5, -0R5, -SR6, -S(0)1C S02R6, -SO2N(R4)2,

-N(R6)" -NR4C(BRand BR&GE)M R4 2-NGRATEINR4)-N(R4)2, -MR4)C(=NR5-R6, -NR4CO2RS6,
-N(R4)502R6, -N(R4)932N(R4)" -0-C(0)R5, -0002R6,
each R’ independently is hydrogen or an optionally substituted aliphatic, aryl,

heteroaryl, or heterocyelyl group; or two R’ 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 5;

R" is hydrogen, C, , alkyl, C,, fluoroalkyl, or C, ,, ar(C, Jalky), the aryl portion of which
may be optionally substituted;

RYis hydrogen, C,, alkyl, C,_, Auoroalkyl, C, , ar(C,_Jalkyl, the aryl portion of which
may be optonally substituted, or an optionally substituted 5- or 6-membered aryl,
heteroaryl, or heterocyclyl ring; or

R™ and R", taken together with the nitrogen atom to which they are attached, form an
optionally substituted 4 to 8-membered heterocycly! ring having, in addition to the
nitrogen atom, 0-2 ring heteroatoms independently selected from N, O, and 5; and

each R independently is hydrogen or an optionally substituted aliphatic, aryl,
heteroaryl, or heterocydyl group;

each R™ independently is hydrogen, C, , alkyl, C,, fluoroalkyl, or an optionally
substituted C_, aryl oxr C,, ar(C, Jalkyl;

each R independently is an optionally substituted aliphatic, aryl, or hetercaryl group;
and
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0C(0)N(R4)2, -C(0)R5, -CO2R5, -C(0)11(1252, -C(0)N(R4)-0R5, -C(0)N(12.4)C(=NR4)-N(R4)2,
-N(RI)C(=NR4)-N(R4)-C(0)125, -C(=NR4)-N(R4)2, C(=-NR4)-0R5, -C(=N124)-N(R4)-01C
-C(R6)=N-0R5, 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, form an optionally substituted 3- to 6-membered spirocyclic cycloaliphatic
ring; and each R9P independently is -C(0)125, -C(0)N(124)2, CO2R6, -.502R6, -502N(R4)" or a
Coptionally substituted with R3 or R7. 14.The compound of claim 12, wherein: each le independently
is selected from the group consisting of halo, C14 aliphatic, fluoroaliphatic,-R2P, 2e-e, and -T2-R; 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
Cchain optionally substituted with lea or R3b; each RIP independently is an optionally substituted aryl,
heteroaryl, or hereisdydlyirgroup; and each R2P independently is -NO2, -CN, -C(R5)=C(R5)2,-OR?,
-5126, -S(0)126, -50,126, -502N(R4)2, -N(124)1, -N1t40(0)R5, -NR40(0)N(R4)"
-N(124)C(=NR4)-N(R4),, -NR )@ EiRad i daikt1 RAG@2RS, -N(125S02R6, -N(R4)SO,N(R4)2,
-0-C(0)R5, -000212.6, 0C(0)N(12.4)2, -Q(O%ES, -002_125,‘-%(“(3)2N(4,$-C ON(R4)-0RS, ...
_-C(0)N(R5Cfr.-NE: 3 hyghogsn. Nazliptaan Rayfupresichatind: -E’z(ﬁ\IR’é)-N 2" CENRA)-0RS,
-C(=NR4)-N(124)-0R3p - r€(108)vNORE. 15. The compound of claim 14, wherein Ring D is an
optionally substituted indanyl, tetrahydx-onaphthyl, or chromartyl. 16. The compound of claim 15,

wherein: is -N(R5)-; Riga B, isapejesieciinradbaigigdpaensisiing:péndently selected R™ or R,
wherein the alkylene chain optionally is interrupted by -CR)=C®)-, -C=C-, -O-,
5, -8(0)-, -5(0),~, -SONRY-, -NRY)-, -NR)C(O)-, -NR'C(ONR)-,
NR)CEENRY-NRY-, -NR)-C=NR)-, -NR)COy, -NR)SO,, -NR)SONER)-,
-OC(O)-, -OC(OIN(RY-, -C{O)-, O, -CIO)N(R’)-, -C(=NR')-NR)-,
-CINRY=N(RY-, -C(=NR-O-, or -C(R)=N-O-, and wherein T' or a portion
thereof optionally forms part of a 3-7 membered ring;

V' is -CR)=CR)-, -C=C-, -0, & (O}, -5(0),-, SONR’)-, -N(K)-, -NR)C(O)-,
“NE'CO)NEY-, -NERYCENRY-NERD-, -NERHC(=NR)-, -NERCO~ -NERHSO,-,
NRYSON(RY-, -OC(O)-, -OCONER?)-, -C(O)-, “CO,-, “CIOWNRY-,
-CO)N(R)-O-, -CONERHC(E=NRYNRY)-, -NERHCENR)-NERY-CO)-,
-C(=NR)-N(®)-, -CNR)=NR"-, -C(=NR}-0-, or -CRI=N-0-;

each R' independently is an optionally substituted aryl, heteroaryl, heterocycly), or
cycloaliphatic ring;

each R independently is -NO,, -CN, -C(R)=C(K),, -C=C-R’, -OR’, 5K, -S(O)R",
-S0,R’, -SO,N(RY,, -N(R"),, -NR'CO)R’, NR'C(O)N(R),, “NER)CENR)-NR),,
NERYC(=NRY-RS, -NRUCO,R’, -NRY)SOR’, -NRISO,NRKY,, -O-C(OR,
-OCORS, -OC(ON(RY),, CLOYR’, -<COR’, CIOIN(RY),, -CLOINRH-OR’,
-C(O)N(RYC(ENRY-NEY,, -NERC(=NR)-NR)-CO)R’, -C(=NR}-NE'),
-C(=NRY)-OR’, -N(R)-N®?,, -N®R-OR’, -C(=NR)}-N(K")-OR’, or -C(R)=N-OR’;

each B* independently is selected from the group consisting of —F, -OH,
-O(C, , alkyl), ~-CN, -N(R,, -C(O)(C, , alkyl), ~COH, -CO,(C, , alkyl), -COINH,,
and -C(O)YNH(C, , alkyl);
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each RP independently is selected from the group consisting of halo, -ORt 44(e)(1t47), -0021ex, or
-C(O)N(le)(10, or a C aliphatic or Cloptionally substituted with -OE& -N(r)(R4Y), -CO,R5x, or each Re"
independently is selected from the group consisting of fluor, -ORs., -meHR43), --002R5x, or
-C(0O)N(le)(R4Y), or a Cor C24 fluoroaliphatic optionally substituted with -Oe, -MR4)(e), -0021:4.5x, or
-C(0)N(e)(1e), provided that lel' is other than -of or -N(e)(R4Y) when located at a position adjacent to a
ring oxygen atom, and further provided that when two RBI' are attached to the same carbon atom, one
must be selected from the group consisting of fluoro, -00t, C(O)N(lIt)(R4Y), and C aliphatic or
Coptionally substituted with 0t, - N(tx)(t), -CO.t, or -C(0)N(R4)(R47); or two R8P on the same carbon
atom together form =0 or =C(R5r),; or two R8P on the same carbon atom are taken together with the
carbon atom to which they are attached to form a 3- to 6-membered spirocydic ring; sis 0, 1, 2, 3, or
4;tis 0, 1, or 2. 17.The compound of claim 5, characterized by formula (VIII): 0/gm 0=g-0 /1-12NRb
or a pharmaceuticallyadc&ptuidepsatidhidyant, @ heiihasicoptichelly cabsiniigl veiih 63" de FCierab
asterisked positions indiga Ahsgliesig B adEmialry: 48, 1he. comRgunA o1 Rim 47, gharacterized

y formula (V1114).

which they are attached, form a 3- to 6-membered cycloaliphatic ring; and

each R independently is an optionally substituted aryl or heteroaryl ring.

4. The compound of claim 2, characterized by one or more of the following

features:

(a) Xig-0-;

(1) Y is-O-or -CH ~;

(s | R is -QOH;

(d) R’ and R’ are each independently hydrogen, fluore, or C, , aliphatic;

D) R" is hydrogen, fluoro, or -OR’;

() R and R’ are each hydrogen;

(8  eachRis hydrogen;

()  each R"is hydrogen;

()  Rishydrogen or C,, aliphatic

@  RYis hydrogen, halo, or C, aliphatic;

(k) mis 1; and

(L) stereochernical configurations depicted at asterisked positions indicate
absoliute stereachemistry.

5. The compound of claim 4, characterized by formula (III):

=1l
f =(
Hf R R® Y. N HQ
0 y.}‘iul W E e I'\l
o-}é‘.- e Re N
gt RY h
HaN R axn

or a pharmaceutically acceptable salt thereof, wherein (Q is =N- or =C(R“5-.
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o fin 04-0 / H2N19b r,.R18 Nj "R Ntz."N Rd  or a pharmaceutically acceptable salt thereof, wherein
Rais -011; R" and Ra are each independently hydrogen, fluor, or C14 aliphatic; 12 is hydrogen, fluoro,
or -OR5x; R is hydrogen or C aliphatic; each r independently is selected from the group consisting of
fluoro,-N(r)(17.43), -0021e, or -C(0)/4(t)(R4Y), or a C1 aliphatic or C fluoroaliphatic optionally
substituted with -OR5x, -N(R4)(12431), -0011ex, or each e independently is selected from the group
consisting of fluoro, -N(R41(R41, -CO2R5x, or -C(0)N(R4x)(12"), or a C14 aliphatic or C14
fluoroaliphatic optionally substituted with -Oe, 4"TrxeY), -00213.5, or -C(0)N(R4x)(R4Y), provided that
leP is other than -OR5x or -N(R)(114Y) when located at a position adjacent to a ring oxygen atom, and
farther provided that when two R8P are attached to the same carbon atom, one must be selected from
the group consisting of fluoro, -002lIh, -C(0)Nat)(R4Y), and Ci4 aliphatic or C174 fluoroaliphatic
optionally substituted with -OR5', -N(r)(t), -CO?", or -C(0)N(R4x)(114Y); or two R8P on the same
carbon atom togethe®-form Ersetariethybivdgemendiksgixem fluoroalkyl, or C640 ar(Cm)alkyl, the aryl

portion of which may be,optigpally spbstituted; R4Y_is hydrogen, C alkyl, C fluoroalkyl, C64" ar(C1
jalkyi, the aryl poffich -(}F\-I#-I 'rﬂgi}{be'gﬁﬁonﬁﬂy'rsﬂégs%tdted, or an optionally substituted 5- or

6-membered aryl, hefemaryl,or heterocyclyl ngeor e

T is a C, , alkylene chain optionally substituted with one or two groups
independently selected from fluoro or a C,, aliphatic or C,  fluoroaliphaiic
optionally substititted with one or two substituents independendy selected from
the group consisting of OR™, -N(R™)(R™), -COR™, and ~C(ONET)ERE™); and

R* is an optionally substituted mono- or bicyclic aryl, heteroaryl, heterocyclyl, or
cydloaliphatic group.

7. The compound of claim 6, characterized by formula (V):

R!
L— =)

R RO N v /®

O ﬁ.\ut * & W """-T1

1] m

Q=5—X R® Na N

HaN e R ~fh

2 R W)

or a pharmaceutically acceptable salt thereof, wherein:

V! is -NERY-, <O, or -5

Ris hydrogen or C, , aliphatic;

T is a C_, alkylene chain optionally substituted with one or two groups independently
selected from fluoro or a C, aliphatic or C, fluoroaliphatic optionally substituted

with one or two substituents independently selected from the group consisting of
-OR™, NER™)®RY), -COR™, and -COMR™HRY; and

Ring C is a 3- to B-membered heterocyclyl or eycloaliphatic ring, or a 5- or 6-membered
aryl or heteroaryl ring, any of which rings is substituted with 0-2 R® and 02 B™;
each R’ independently is halo, -NQ,, -CN, -C(R}=C(R),, -C=C-F’, -OF’, -SR®, -S(O)K’,
-S0,R%, -SON(RY,, -N(RY,, NR'CIOR’, -NR'CONERY,, NERHC(=NRI-NERY,,
ANRHCENRD-RS, -NR'CORS, NERISOR", NERHISONE®Y,, -O-COFR’,
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R and Rd', 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
heteroatorns independently selected from N, 0, and S; each it independently is hydrogen, Ci4 alkyl,
C14 fluoroalkyl, or an optionally substituted C40 aryl or ;40 ar(C.14)allcyl; sis 0, 1, or 2; and fis O, 1,
or 2- 19. A compound of formula (1X): RI 1:1 Re ) c frag ,,,, oto i Rb Rbb wherein: depicted
stereochemical configurations indicate absolute stereochemistry; Rb is selected from the group
consisting of fluor, Cl, aliphatic, and C3., fluoroaliphatic; Rd is selected from the group consisting of
hydrogen, fluoro, C14 aliphatic, and C.",2 fluoroaliphatic; le is hydrogen or Ci4 aliphatic or it taken
together with one le and the intervening carbon atoms, forms a 3- to 6-xnembered spixocyclic ring;
each le independently is hydrogen, fluoro, cs, aliphatic, or C14 fluoroaliphatic; or two le, taken together
with the carbon atom to which they are attached, form a 3-to 6- mempered carbocyclic ring; or one le

taken together with Re- B PiRe iU eabONRatdrss MorfONER G NERHRspirocyclic ring:
eyclc ol protecing B A e e eram2? Hor. rac
-C(=NRY-OR’, -C(=NR)-N®R"-OR’, -C(R)=N-OR’, or an optionally substituted
aliphatic, or an optionally substituted aryl, heterocyclyl, 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-membrered spirocyclic eycloaliphatic
or heterocyclyl xing; or two adjacent K, 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
O, N, and §;

each R® independently is selected from the group consisting of C,, aliphatic,
C,., fluoroaliphatic, halo, -OR™, -NR™(ER™), or a C, , aliphatic or
C, . fluoroaliphatic optionally substituted with -OR™, -N{R *)(R"), -CO,R™, or
-CONR™HRY);

R"is hydrogen, C,, alkyl, C, , flucroalkyl, or C,, 2r(C, Jalkyl, the aryl portion of which
may be optionally substituted;

R is hydrogen, C,, alkyl, C,, fluoroalkyl, C,,, ar(C, Jalkyl, the aryl portion of which
may be optionally substituted, or an optionally substituted 5- or 6-membered aryl,
heterparyl, or heterocyelyl ring: or

R"™ and RY, taken together with the nitrogen atam 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 hetercatorns independently selected from N, O, and 5; and
each K™ independently is hydrogen, C, , alkyl, C, , fluorcalkyl, or an optionally
substituted C,_, aryl or C_, ar(C, Jalkyl.

8. The compound of dlaim 7, wherein:

T'isa C,; alkylene chain optionally substituted with one or two groups independently
selected from fluoro or a C, , aliphatic or C , fluoroaliphatic optionally substituted
with one or two substituents independently selected from the group consisting of
-OR™ -NR*)}(E™), -CO,R™, and -C(O)NER*)(RY); and
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OH , 21. A compound of formula (X): Rf'R)f Re llllll ? Rb Rbb wherein: depicted stereochemical
configurations indicate absolute stereochernistry; Rb is selected from the group consisting of
hydrogen, fluor, C1, aliphatic, and S. fluoroaliphatic; is selected from the group consisting of hydrogen,
fluor, Cand Cir4fluoroaliphatic; r is hydrogen or Cor R; taken together with one le and the intervening
carbon atoms, forms a 3- to 6-membered spixocyclic ring; each Fe independently ishydrogen, fluor,
Cor CF4fluoroaliphatic; or two le, taken together with the carbon atom to which they are attached, form
a 3- to 6- membered carbocyclic ring; or one le taken together with Re and the intervening carbon
atoms, forms a 3- to 6-membered spirocyclic ring; e is hydrogen or a hydroxyl protecting group; and
Rbb is hydrogen or a hydroxyl protecting group; or it and it together form a cyclic diol protecting group.
22-The compound of claim 21, characterized by formula (Xa): Rf

Ring Cis a C, ; cycloaliphatic, phenyl, oxazolyl, or isoxazolyl ring, any of which is

substituted with 0-2 R* and optonally is fused to an optionally substituted benzene,

dioxolane, or dioxane xing.
9. The compound, of ¢claim 5, characterized by formula (VI):

Hl
R R FF’

F{G N'--. N
(Vi)

or a pharmaceutically acceptable salt thereof, wherein:

T is a C, alkylene chain optionally substituted with one or two groups independently
selected from fluoro or a C, , aliphatic or C,, fluoroaliphatic optionally substituted
with one or two substituents independently selected from the group consisting of
OR™ -NRSEY), CO,R”, and -CONR")R™); and

Ring C is a 3- to 8-membered heterocyclyl or cycloaliphatic ring, or a 5- or 6-membeted
aryl or heteroaryl ring, any of which rings is substituted with 0-2 R®and 02 R™;

each R° independently is halo, -NO,, -CN, -C(R)=C(RY,, -C=C-R’, -OK’, SR, S(O)R’,
SOR, -SO,N(RY,, NRY,, -NR'CO)R’, -NR'COIN(R"),, -NER')(=NR)-N(E),
NRYC=NRY-R®, NRCO,R’, NERISO,R’, -NE®R)SO,NRY,, -O-COR’,
-OCO,R’, -OCIO)NGR?),, -C(O)R’, -COE, -CIOIN(R'),, -C(O)N(R)-OR’,
CONERYC(ENRYNRY,, NERIC(=NR)-NER)-COR’, -CENRINERY),
-C(=NRY)-OR’, -C(=NR*-NR"-OF’, -C(R)=N-OR’, or an optionally substituted
aliphatic, or an optionally substituted aryl, heterocyclyl, or heteroaryl group; or
two B° on the same saturated ring carbon atom, taken together with the carbon
atom, form an optionally substituted 3- to 8-membered spirocyclic cycloaliphatic
or heterocyclyl ring; or two adjacent R, taken together with the intervening ring
atoms, form an optionally substituted fused 4- to 8-membered aromatic or non-
aromalic ring having 0-3 ring heteroatoms selected from the group consisting of
Q.N,and 5;
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R9 Re Rb Rd wherein Ar is an optionally substituted aryl group_ 23.The compound of claim 22,
selected from the group consisting of:  24.A compound of formula (XI) or formula (Xii): wherein:
depicted stereochemical configurations indicate absolute stereochemistry; Ring A is selected from the
group consisting of: Ftk a

each R* independently is selected from the group consisting of C, , aliphatic,
C, Aucroaliphatic, halo, -OR™, —N(R")(ﬁ"), or a C, , aliphatic or
C,, fluoroaliphatic optionally substituted with -OR™, -N(R™)}(®"), -CO,R*, or
-CONRIR?);
R™ is hydrogen, C, , alkyl, C, , fluoroalkyl, or C, ar(C, Jalkyl, the aryl portion of which
may be optonally substituted;
7 is hydrogen, C,, alkyl, C_, fluoroalkyl, C,,, ar(C, Jalkyl, the aryl portion of which

may be optionally substituted, or an optionally substituted 5- or 6-membered aryl,
heteroaryl, or heterocydyl ring; or

R* and R, 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, (-2 ring heteroatorms independently selected from N, O, and 5; and

each R™ independently is hydrogen, C, o alkyl, C . fluoroalkyl, or an optionally
substituted C_,, aryl or C_, ar(C,)alkyl.

-10. The compound of claim 9, wherein:

T is a C, ; alkylene chain optionally substituted with one or two groups independently
selected from fluoro or a C,, aliphatic or C,_, fluoroaliphatic optionally substituted
with one or two subslituents independently selected from the group consisting of
-OR™, NR™)R"), -CO,R™, and -C(O)N®R")R™); and

Ring C is phenyl, which is substituted with 0-2 R* and optionally is fused to an

optionally substihated benzene, dioxolane, or dioxane ring.

11.  The compound of claim 5, characterized by formmla (VII):

b d

or a pharmacentically acceptable salt thereof, wherein:
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VNVN / Fit.r?0  wherein one ring niixogen atom in Ring A optionally IS oxidized; Rb is selected from
the group consisting of hydrogen, fluor, Cand C Rd is selected from the group consisting of hydrogen,
fluor, Cand C Jr is hydrogen or Clor Re, taken together with one le and the intervening carbon atoms,
forms a 3- to 6-membered spirocyclic ring; each le independently is hydrogen, fluor, C14 aliphatic, or
Cm fluoroaliphalic; or two le, taken together with the carbon atom to which they are attached, form a 3-
to 6- membered carbocyclic ring; or one le taken together with R. and the intervening carbon atoms,
forms a 3- to 6-membered spixocyclic ring; 125 is hydrogen, halo, -NO2, -CM,
-C(R5)=C(R5)2,-OR',-S(0)R6, -502R6, -502N(R4)2, -N(R4)2, -NleC(0)R5, -NR4C(0)N(R4)2,
-N(4C(=NR4)-N(R4)2, -N(R4)C(NR4)-1e, -NRICO2RG, -N(12.4)302R6, -N(R)S02N(R4)2, -0-C(0)1e,
.-0C(0)N(R4)2, -C(0)R5, -002R5, -C(0)N(le)2, -C(0)N(R4)-01e, .-C(0)N(le)C(NR4)-N(1t4)2,
-N(R4)C(-=NR4)-N(e)-C(0)R6, -C(=NR4)-N(R4)2, -C(=NR4)-01e, -N(R4)-N(R4)2, -N(124)-01e,
-C(=NR5)-N(le)-0R%s -£3(8),=0=0diesqr art optionally substituted aliphatic, aryl, heteroaryl, or
kketerocyclyl; each E!" independently is hydrogen, halo, -CN,-0-(C14 aliphatic), -NI-12, -NH-(C-N(C24
aliphatic)2, -S1-1r* S-Hyararroptianalliphutistituéed Ci4 aliphatic group; Ri is hydrogen, -ORs, -5R6,
-N(R),, or an optionally substituted aliphatic, aryl, or heteroaryl group;

Ring D is an optionally substituted mono-, bi-, of ricychic ring system.

12. The compound of claim 11, 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, pyrimidicyl, pyrazinyl, triazinyl, indolizinyl, inhnlyl, isoindolyl, indazolyl,
benzimidazolyl, benzthiazolyl, benzothienyl, benzofuranyl, purinyl, quinolyl, 1zoquinolyl, -
cinnolinyl, phthalazinyl, quinazotinyl, quinoxalinyl, naphthyridinyl, pteridinyl,
tetrahydrofuranyl, tetrahydrothienyl, pyrrolidinyl, pyrrolidonyl, piperidinyl, pyrrolinyl,
tetrahydroquinolinyl, tetrahydroisoquinolinyl, decahydroguinolinyl, oxazolidinyl,
piperazinyl, dioxanyl, dioxolanyl, diazepinyl, oxazepinyl, thiazepinyl, morpholinyl,
quinuclidiny), tetrahydroquinelinyl, tetrahydroisoquinolinyl, indanyl, phenantheidinyl,
tetrahydronaphthyl, indolinyl, benzodioxanyl, benzedioxolyl, chromanyl, cyclopropyl,
cyclobutyl, cyclopentyl, cyd‘opentenyl, cyclohexy), cyclohexenyl, cycloheptyl, cycloheptenyl,
cyclooctyl, cyclooctenyl, cydlooctadienyl, bicycloheptanyl and bicyclooctanyl.

13. The compound of claim 12, wherein:

each substitutable saturated ring carbon atom in Ring D is unsubstituted or substituted
with =0, =5, =C(R’),, =N-N(&),, =N-OR’, =N-NHC(O)&’, =N-NHCO,R®,
=N-NHSOR®, =N-R’ or -R%;

each substitutable unsaturated ring carbon atom in Ring D is unsubstituted or
substituted with -R';

- - - 8p_
each substitutable ring nitrogen atorn in Ring D is unsubstituted or substituted with -R™;

each R independently is halo, -NO,, -CN, -C(R)=C(R),, -C=C-K’,-OR’, -SR®, -S(O)R®,
SOR’, -SON(Y,, -N(RY,, -NR'C(OR, NR'CONR),, -N(R) C(=NR*»-N(RY,,
NERYCENRY-F, NR'COES, -NEHSOR’, -NRISONRY,, -O-COR, OCOR,
_OCIOINGRY),, -COE, -COR’, -C(ON(RY),, -CIO)NRH-OR’,
CONRYCENRY-NRY,, NERICENRFNER)-COR’, CENR)NRY),
-C(=NR}-OR’, -C(=NR)}-N(R")-OF’, -C(R)=N-OR’, or an optionally substituted
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le is hydrogen, halo, -OR5, -SR6, -N(R4)2, or an optionally substituted Cgroup; R is hydrogen or a
hydroxyl protecting group; and e is hydrogen or a hydroxyl protecting group; Ir is hydrogen or a
hydroxyl protecting group; or le and Rbb together form a cyclic diol protecting group; or it and Rce
together form a cyclic diol protecting group. 25. The compound of claim 24, characterized by formula
(Ma) or (Via) of Of Rf Rf". i 7.., enocrilccRya,. 0 lllir Ar rt)---Ct Rb Rd Rb Rd ((Ma)A wherein Ar is an
optionally substituted aryl group. 26. The compound of claim 24, selected from the group consisting of:

aliphatic, or an optionally substituted aryl, heterocycyl, or heteroaryl group; or two
R 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; and

each R” independently is -C(O)R’, -C(O)N(RY),, <CO,R", -SO,R’, -SO,N(RY,, or a
C,. aliphatic optionally substituted with R® or R’.

14. The compound of claim 12, wherein:

each R” independently is selected from the group consisting of halo, C, , aliphatic,
C, . fluoroaliphatic, RF, R, -T-R”¥, and -T-R¥; or two R on the same saturated
carbon atomn, taken together with the carbon atom to which they are attached, form
an optionally substituted 3~ to 6-membered spirocyclic cycloaliphatic ring:

Tisa C, ; alkylene chain optionally substituted with R* orR™;

each R” independently is an optionally substituted aryl, heteroaryl, or heteracyclyl
group; and

each R” independently is -NQ,, -CN, ~C(R)=C(®’),, -C=C-R’, -OR’, -5F’, -5(O)R’, -SO,R’,
-SON(R),, -N(R),, NR'C(O)R’, -NR'CIO)N(R),, -N(R)CENR)-NER,,
“N(R)C(ENRY-R, -NR'CO,R®, -N(RHSO,R’, -NENSON(RY,, -O-COR’, -OCO,R’,
-OC(ON(RY),, ~-CO)R’, -CO,R’, -C(OIN(RY,, -CONRH-OR’,
“CLON(RY)CENR)-NRY,, -NER)CE=NRY)-NER-COR’, -C=NR)-NR),,
~C(=NEY-OF’, -C(=NR*)-N(R)-OR’, or -C(R)=N-OR’.

15. The compound of claim 14, wherein Ring D is an optionally substituted
indanyl, tetrahydronaphthyl, or chromanyl.

16. The compound of claim 15, wherein:
Vs -NERY-;

Ring: D is selected from the group consisting of:
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wherein Ar is an optionally substituted aryl group. 27.The compound of claim 24, selected from the
group consisting of: wherein Rea and Rif are each independently a hydroxyl protecting group, or
Raa and Re. together form a cyclic diol protecting group. 28.The compound of claim 24, selected from
the group consisting at wherein C and leb axe each independently a hydroxyl protecting group. 29.A
pharmaceutical composition, comprising a compound of formula (/-A): Rf Rly .10 01-X m FlaR
1-12N1:Ib Rd or a pharmaceutically acceptable salt thereof, wherein: stexeochernical configurations
depicted at asterisked positions indicate relative stereochemistry; Ring A is selected from the group
consisting of:

R™, (RF);
“1] = |
(D, x 3
y o
(R, . (R, , (R ;

each R’ independently is selected from the group consisting of halo, -OFR™, -NR*“}R™),
COR™, or -CONR™ME™), or a C,, aliphatic or C, , fluorocaliphatic optionally
substituted with -OR™ -NR*)([R"), -COR™, or -COYNER"YR");

each R* independently is selected from the group consisting of fluero, -OR™,
NRYR), -CORT, or CONRMR™), or a C,,, aliphatic or C,, flnoroaliphatic
optionally substituted with -OR™, NR™)(RY), -CO,R™, or -C(ONR™)[R™), provided
that RF is other than -OR™ or -N(R™)(®™) when located at a position adjacent to a
1ing oxygen atom, and further provided that whern two R™ are attached 1o the same
carbon ator, one rmust be selected from the proup consisting of fluoro, ~CO._,R5",
CONERTDH®R™), and C,, aliphatic or C, , fluorcaliphatic optionally substituted with
-OR™, -N(R™(R"™), -CO,R™, or -C(ONER™)R™); or two R on the same carbon atom
together form =Q or =C(R™),; or two R on the same carbon atom are taken together
with the carbon atom to which they are attached to form a 3- to 6-membered
spirocydic ring;

5150,1,2,3, or 4;

tis0,1, 0or 2.

17. The compound of claim 5, characterized by formuta (VIII):

b d

or a pharmaceutically acceptable salt thereof, wherein stereochemical configurations
depicted at asterisked positions indicate absolute stereochemistry.

18. The compound of claim 17, characterized by formula (VIIIa):
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Ri...._,RIr92g Y" .,...N S.NN. RhRhRhRhRti A-ivA-vA-vi  wherein one ring nitrogen atom in Ring A
optionally is oxidized; X is-CF,-,-NH-, or -0-; is -0-, -5-, or W is selected from the group consisting of
hydrogen, fluor,-Ny -ORs, -N(Rd)z, NR4co2R6, NR4c(0)R5, -C(0)N(W),, -C(0)115" -0C(0)N(R4)2,
-0C(0)115, -0COZ2Rs, or a Czs, aliphatic or Ci," fluoroallphatic optionally substituted with one or two
substituents independently selected from the group consisting of -ORsr, -11(e)(1t47), -00212sx, or
-C(0O)N(Rdx)(t); or R." and le together form a bond; Rb is selected from the group consisting of
hydrogen, fluoro, Cl, aliphatic, and fluoroaliphatic; B." is selected from the group consisting of
hydrogen, fluom,-Nz, -OR5, -N(R4)2, -NR4CO2R6, -NR4C(0)1(9, -C(0)N(R.4)2, -C(0)Rs, -0OC(0)N(R4)"
-0C(0)R5,--0CO2R6, or a Cirz aliphatic or C1 fluoroaliftatic optionally substituted with one or two
substituertts independently selected from the group consisting of -ORs', -N(Rdx)(10, -CO2Rsx,or
-C(0)11(R41(R43"); or Ra and W together form a bond; Rd is selected from the group consisting of
hydrogen, fluor, C aliphatic, and fluoroaliphatic; R is hydrogeng or C14 gliffitic; or Rif, taken together
with one RE and the intervening carbon atoms, forpds—a3- tols-m d spirocyclic ring; is
hydrogen or C14 aliphatic; each rgys i , aliphatic, or Ca4

hee Rjs npt flu / f or two le taken together form =0;
whicmﬂey arqg@tgched, form a 3- to 6-membered
carbocyclic ring; or one le, ta ogether e and the intervening carbon atomgVidfmhs a 3- to
6-membered spirocyclic ring; Rs is hydrogen, halo, -NO2, -CN, -qRs)=C(Rs), -CsC-Rs, -ORs, -5116,
-5(0)lIts, -502/%1 (R4 PRRAFSURAHY 155013201 ) BSSRIAEIERF1 24) C (=NR4)-N(4,
-N(R4)0(=NR4)4{s.,.-NRACO21k6, -N(R4)502R6,-N(W)S02N(R4)2, -0-C(0)Rs, -0002R6, -0C(0)N(R52,
-C(0)R5, -002R5, -'é( (124), -C(0)N(R4)-ORs, -C(0)N(W)C(=NR4)-N(R4)2,

-N(W)C(=NR4)- Wﬁgﬁeé&(ﬁmgﬁgﬂﬁéﬁ@%ydmgem fluore, or C, , aliphatic;

R is hydrogen, fluoro, or —-OR™;

R’ is hydrogen or C, , aliphatic;

each Rf independently is selected from the group consisting of fluoro, -OR™, -NER*)(R™),
-COR™, or -CIO)N(R™(R™), or a C,, aliphatic or C, , fluoroaliphatic optionally
substitted with -OR™, N(R™)R"), -CO,R”, or -C(ONR™ER™);

each B independently is selected from the group consisting of fluoro, -OR™,
NERHRY), -COR™, or CONE™RY), or a C,, aliphatic or C,, fluoroaliphatic
optionally substituted with -OR™, -N(R“"}R"), -CO,R™, or -C(OINER*)(R"), provided
that R is other than -OR™ or -N(R™)(R") when located at a position adjacent to a
ring oxygen atom, and further provided that when two R are attached to the same
carbon atom, one must be selected from the group consisting of flucro, -COR™,
C(ONRI)R™), and C,, aliphatic or C, , fluoroaliphatic optionally substituted with
OR™, -NR™(ERY), -COR™, ot ~COINER™ER™); or two K on the same carbon atom
together form =0 or =C(R5")z;

R™is hydrogen, C, , alkyl, C,_, fluoroalkyl, or C,, ar(C,_)alkyl, the aryl portion of which
may be optionally substituted;

R¥ is hydrogen, C, , alkyl, C, , fluoroalkyl, C, , ar(C, Jalkyl, the aryl portion of which
may be optionally substituted, or an optionally substituted 5- or 6~membered aryl,
heteroaryl, or heterocyclyl ring; or
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171 -C(=NR4)-0R5, -N(R4)-N(4, -N(R4)-0R5, -C(=N24)-N(R4)-0R5, -C(R6)=N-OR, or an optionally
substituted aliphatic, aryl, heteroaryl, or heterocydyl; each Rh independently is hydrogen, halo, -CN-,
-0R5, -1'41(R4)2, -SR6, or an optionally substituted Cm aliphatic group; RI is hydrogen, -OR5,-N(R4)2,
or an optionally substituted aliphatic, aryl, or heteroaryl group; R is hydrogen, halo, -OR5, -SR6,
-N(R4)2, or an optionally substituted Cm aliphatic group; re is hydrogen, fluor, -1\1(R4)2, or an
optionally substituted Cm aliphatk group; and R" is hydrogen, Rump, or an optionally substituted C14
aliphatic group; or it" and Rn together form =0 or each e independently is hydrogen or an optionally
substituted aliphatic, aryl, hetemaryl, or hetencyclyl 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 hetaoatoms independently selected from N, O,
and S; R4r is hydrogen Cm allcyl, CM fluaroalkyl, or CO ar(Cm)alkyl, the aryl portion of which may be
optionally substﬂﬁteﬁ‘d?ﬂ% izkepdeegdnr eithdheniteaHurirmiigyyidca thay@aaiatydteadf portion

of which may be op BotiuiReadl 30 PRUARRII SHBRIIDHRY Enﬁgﬁamag)beaaaﬁeﬂ tBetgroaryl,
or heterocyclyl ring; r|t an tFé4Y |§§1n 0 erth rW|th (Ee ni f{ om &%:Wh'gp ey, 3t attached,
form an optionally stHRORGTAFI™MS: gm JeteTOCYC rlngyhavmg in Addition 10 the nitrogen

atom, 0-2 ring hgg,_rgﬁﬁ@maé% ; gmylixl(p And-saRpdaauBRotdgpendently is

hydrogen or an optionally substitute all atlc aryl ﬁeteroaryl or heterocyclyl group; each R5'
independently is hyé@@éﬁ@ﬁﬁkﬁf@h@hﬁﬂ&l@ﬁnﬂfan optionally substituted C aryl or C,"
ar(Cm)alkyl; each R6.independently is an optionally substituted aliphatic, aryl, or heteroaryl group;
and mis 1, 2, or*3*&ntr gr&El aceutically acceptable carrier. 30. The pharmaceutical

composition of clging 49 .fermulated for administration to a human patient

19. A compound of formula (1X):

Hf Hf HE
(1110 1]
R4 \
v d
(IDM:l RE
R . ()

wherein:
depicted stereochemical configurations indicate absolute stereochemistry;
R” is selected from the group consisting of fluoro, C, , aliphatic, and C,_, fluoroaliphatic;
R* is selected from the group consisting of hydrogen, fluoro, C,, aliphatic, and

C,, fluorcaliphatic;

R*is hydrogen or C, , aliphatic; or R, taken together with one R’ and the intervening
carbon atoms, forms a 3- to é-membered spirocyclic ring;

each R independently is hydrogen, fluoro, C, , aliphatic, or C,, fluorealiphatic; or two R,
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 R* and the intervening
carbon atoms, forms a 3 to é-membered spirocyclic ring;

R™and R are each independently hydrogen or a hydroxyl protecting group, or R™ and
R™ together form a cydlic diol protecting group.

20. The compound of claim 19, represented by the formula:
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31. A method of decreasing an El enzyme activity in a sample, comprising contacting the sample with
a compound of claim 1. 32. The method of claim 31, wherein the El enzyme is selected from the
group consisting of NAE, UAE, and SAE. 33. The method of claim 32, wherein the El enzyme is
NAE. 34. A method for treating cancer in a patient in need thereof, comprising administering to the
patient a compound of claim 1. 35. The method of claim 34, wherein the cancer is lung cancer,
colorectal cancer, ovarian cancer, or a hematological cancer. 36. A method for treating an
Immune response disorder or vascular cell proliferation disorder in a patient in need thereof,
comprising administering to the patient a compound of claim 1.

no'

HsG

Qi
€

21, A compound of formula (X):

Y R
kel ;,’
Hﬂa_‘__‘(? ‘Q‘D
ke
Ro° , 5

wherein:

depicted stereochemical configurations indicate absolute stereochemistry;

R" is selected from the group consisting of hydrogen, flucro, C, , aliphatic, and
C_, fluoroaliphatic;

R is selected from the group consisting of hydrogen, fluoro, C,, aliphatic, and
C_, fluoroaliphatic;

¥ is hydrogen or C_, aliphatic; or R, taken together with one R and the intervening

carbom atoms, forms a 3- to 6-membered spirocyclic ring;

each R independently is'hydrogen, fluoro, C, , aliphatic, or €, fluoroaliphatic; or two K,
taken together with the carbon atom to which they are attached, forma 3-to &
membered carbocyclic ring; or one R’ taken together with R® and the intervening
carbon atoms, forms a 3- to é-membered spirocyclic ring;

R™ is hydrogen or a hydroxyl protecting group; and
R is hydrogen or a hydroxyl protecting group; or

R™ and R™ together form a cydlic diol protecting group.

22.  The compound of claim 21, characterized by formula (Xa):
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H -]
j{@o
A’ O

(=1 R (Xa)
wherein Ar is an optionally substifuted aryl group.
23.  The compound of daim 22, selected from the group consisting of:

s NG e
: lID HD ‘:.- ,uD
Ai' i 0" a* "o and HO” CHy |

r

24. A compound of formula (XT) or formula (XTT):

Al R R°
Hhh ll'.‘“

| ReR
(XD R (X1D

wherein:

depic’éed stereochermical configurations indicate absolute stereochemistry;

Ring A is selected from the group consisting of:

x 1
Al AL q ' “T’ H‘T;N ‘
I‘ Nf/ 3 ﬁﬂ i N / . YN -
&\
w - __:l'l g - =N

Ai ® g B A-ily A A-vi

r r

and Asvii

]
r

wherein one ring nifrogen atom in Ring A optonally is oxidized;
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R” is selected from the group consisting of hydrogen, fluoxo, C,, aliphatic, and
C,; fluoroaliphatic;

R" is selected from the group consisting of hydrogen, finoro, C,, aliphatic, and
C,, fluoroatiphatic;

R® is hydrogen or C,, aliphatic; or R, taken together with one R’ and the intervening
carbon atoms, forms a 3- to 6-membered spirocyclic ring;

each R’ independently is hydrogen, fluoro, C,, aliphatic, or C, , fluorcaliphatic; or two R,
taken together with the carbon atom to which they are attached, forma 3- t0 6-
membered carbocyclic ring; or one R taken together with R and the intervening
carbon atoms, forms a 3- to 6-membered spirocydlic ring;

RS is hydrogen, halo, -NO,, -CN, -C(R)=C(®"),, -C=C-F’, -OR’, -SK’, -5(O)K’, SO,R’,
SONRY,, -NR),, NR'COR, -NR'COINR'), NER)C(E=NR)-NR,
NRYC(=NRY-E, -NR'COR’, -NERYS0,R’, -NERISO,NRY,, -O-COK,
-OC(OYN(RY,, <(O)R, -CO,R’, -CIOINTR",, -COYN(RY)-OR’,
COINERHCENRY-NERY,, NERYC(=NRH-NER)-COR’, -C=NR)-NERY,,
~(=NRY)-OR’, -N(R)-N®Y,, -NR)-OR’, -C(=NR)-N(R')-OR’, -C(R)=N-OR’, or an
optionally substituted aliphatic, aryl, hetexoaryl, or heterocyclyl;

each R independently is hydrogen, halo, -CN, -OH, -O~(C, , aliphatic), -NI,

“NH-(C, , aliphatic), -N(C, , aliphatic),, -SH, -5-(C, , aliphatic), or an optionally
substituted C,  aliphatic group;

Riis hydrogen, -OR’, -8R%, -N(R"),, or an optionally substitubed aliphatic, aryl, or
heteroaryl group;

R* is hydrogen, halo, -OR’, -5R”, N(RY,, or an optionally substituted C, , aliphatic group;

R™ is hydrogen or 2 hydroxyl protecting group; and

R™ is hydrogen or a hydroxyl protecting group;

R™ is hydrogen or a hydroxyl protecting group; or

R™ and R* together form a cyclic diol protecting group; or
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R* and K~ together form a cyclic diol protecting group.

25. The compound of claim 24, characterized by formula (XTa) or (XT1a)

Hf;'f
Ar)\ " Rb =4

(XIa) (XTTa)
wherein Ar is an optionally substituted aryl group.
26..  The compound of claim 24, selected from the group consisting of:
ﬂc i RJ} n.\" b H ,

Ho" £
Ho™ &, O

wherein Ar is an optionally substihuted aryl group.

27.  The compound of claim 24, selected from the group consisting of:

HG Ho
o -, o J:.r.‘_‘
7. ¢ 7 ore?
I and A A .

wherein ™ and R™ are each independently a hydroxyl protecting group, or R™ and
R together form a cyclic diol protecting group- -

28.  The compound of claim 24, selected from the group consisting of:
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P et
R s
o éé) Sy

4 r

o"

P F
? CH,
Hﬂ.ﬂ

a8
, and R ‘

wherein R and R are each independently a hydroxyl protecting group.

29, A pharmaceutical composition, comprising a compound of formula (I-A):

(I-A)
or a pharmaceutically acceptable salt thereof, wherein:
steveochemnical configurations depicted at asterisked positions indicate relative
stereochermistty;
Ring A is selected from the group consisting of:
A R
o K R
ﬁf N . Hl R a R v T; R e q ..-N
= R = N N/ N Neng? \ Nuyg/ ¥
D LS T o GRS G S S N )
N"-‘(N = | = RV hh A ke R
Ai A i P A R Adv , A . A
] k
AL o
Newg# N
k4 N
A" =N
and A

wherein ore ring nitrogen atom in Ring A optionally is oxidized;

X is -CH,-, -CHF-, -CR,-, -NEI-, o1 -O-;
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Y is -O-, -5, or -CR™ME )~

R’ is selected from the group consisting of hydrogen, fluoro, -CN, -N,, -OR, -NRY,,
NR'COR’, NR'CO)R, -CON(RY,, -C(O)R’, -OCION(R),, -OCOIR, -OCOR’, or
a €, aliphatic or C, , fluoroaliphatic optionally substituted with one or two
substituents independently selected from the group consisting of -OR™, NE®*R"),
COR™, or -CONER™R™); or R” and K’ together form a bond;

R’ is selected from the group consisting of hydrogen, fluoro, C, , aliphatic, and C, ,
Auoroaliphatic;

R is selected from the group consisting of hydrogen, fluoro, -CN, N, -OR’, -N(R"),,
NR'COR’, -NR'COR, -COMN(RY,, -COIR%, -OCON(R?),, ~OC(OR’, -OCOR’, or
a C_, aliphatic or C,  fluoroaliphatic optionally substituted with one or two
substituents independently selected from the group consisting of -OR™, NER™)(R™),
-COR™, or -CONER*(RY; or B and R together form a bond;

R" is selected from the group consisting of hydrogen, fluoro, C, , aliphatic, and C,
fluoroaliphatic; :

R’ is hydrogen, or C,, aliphatic; or R, taken together with one R and the intervening
carbon atoms, forms a 3 to &membered spirocyclic ring;

R’ is hydrogen or C, aliphatic;

each R’ is independently hydrogen, fluoro, C,  aliphatic, or C, ; fluoroaliphatic, provided
that if X is -O- or ~NH-, then R is not fluoro; or two R! taken together form =0; oz two
R', taken together with the carbon atom to which they are attached, forma 3- o
6-membered carbocyclic ring; or one R, taken together with R’ and the intervening
carbon atoms, forms a 3 1o 6-membered spirocyclic ring;

RE is hydrogen, halo, -NO,, -CN, -C(R)=C(RY),, -C=C-K’, -OR’, -5K’, -S(O)R’, -SO,K’,
-BON(RY,, NERY,, -NR'CO)R’, -NR'COINR'),, NER)CENR)-NEKY,,
NERYC(=NEH-R, NRCOR, NEYSOR’, NERISONERY,, -O-C(O)K’, -OCOR’,
OCO)N(RY,, -COR’, COR’, “COMRY,, -COINE)-OR’,

-CIOMNRYC(ENRY-NERY,, NEYCENR)-NR)-COR, -CE=NR)-NR),,
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_C(=NREY-OR’, -N(R)-N(R),, NR)-OF, C(=NRY)-NR)-OR’, -CR)=N-OR’, or an
optionally substituted aliphatic, aryl, heteroaryl, or heterocydyl;

each R" independently is hydrogen, halo, -CN-, -OR’, -N(R"),, -8R, or an optionally
substituted C, , aliphatic group;

R is hydrogen, -OR’, -SR’, -N(R"),, or an optionally substituted aliphatic, aryl, or
heterparyl group;

R is hydrogen, halo, -OR®, SR, -N(R‘)z, or an optionally substituted C, , aliphatic group;
R"™ is hydrogen, fluoro, -N(R"),, or an optionaily su'bst:li:l.ﬂtt?.cti.C'1 _, aliphatic group; and
R'is Hydrogen, fluoro, or an optonally substituted C, , aliphatic group; or

R™ and B together form =0 or =C(R’),; '

each R independently is hydrogen or art optionally substituted aliphatic, aryl,
heteroaryl, or heterocyclyl group; or two R® on the same nitrogen atom, taken
together with the nitrogen atom, form an optionally substituted 4- fo B-mernbered
heterocyclyl ring having, in addition to the nitrogen atom, 0-2 ring heteroatoms
independently selected, from N, O, and 5;

R*™ is hydrogen, C,, alkyl, C, , fluoroalkyl, or C,,, ar(C, Jalkyl, the aryl portion of which
may be optionally substituted;

R¥ is hydrogen, C, , alkyl, €, , fluoroalkyl, C, ,, ar(C, Jalkyl, the aryl portion of which
may be optionally substituted, or an optionally substituted 5- or 6-membered aryl,
heteroaryl, or heterocyclyl ring; or

R*and RY, taken together with the nitrogen atom to which they are attached, form an
optionally substituted 4- to 3-membered heterocyclyl ring having, in addition to the
nitrogen atom, -2 ring heteroatoms independently selected from N, Q, and 5; and

each R® independently is hydrogen or an opticnally substituted aliphatic, aryl,
heteroaryl, or heterocyclyl group;

each R™ independently is hydrogen, C, , alkyl, C,, fluoroalkyl, or an optionally
substituted C,,, aryl or Cg,p ar (Cu)alkyl;
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each R’ independently is an optionally substituted aliphatic, aryl, or heteroaryl group;
and

misl, 2, or3;and

a pharmaceutically acceptable carrier,

30. The pharmacentical composition of claim 29, formulated for administration to

a human patient.

31. A method of decreasing an El enzyme activity in a sample, comprising
contacting the sample with a compound of dlaim 1.

32, The method of claim 31, wherein the E1 enzyme is selected from the group
consisting of NAE, UAE, and SAE.

33 The method of claim 32, wherein the El enzyme is NAE.

34 A method for treating cancer in a patient in need thereof, COIprising
administering to the patient a compound of claim 1.

35. The method of claim 24, wherein the cancer is lung cancer, colorectal cancer,

ovarian cancer, or a hematological cancer.

36, A method for weating an immune response disorder or vascular cell
proliferation disorder in a patient in need thereof, comprising administering to the patient a

compound of claim 1.
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