INHIBITORS OF El ACTIVATING ENZYMES Field of the Invention [001)This invention relates to
compounds, compositions and methods for the treatment of various disorders, particularly
disorders of cell proliferation, including cancers, and inflammatory disorders. ht particular, the
invention provides compounds which inhibit the activity of El type activating enzymes. Background
of the Invention [0021The post-translational modification of proteins by ubiquitin-hke molecules
(ubls) is an important regulatory process within cells, playing key roles in controlling many
biological processes including cell division, cell signaling and the immune response. 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 ubiquitirt-like molecule alters the molecular surface of the target
protein and can affect such properties as protein-protein Interactions, enzymatic activity, stability
and cellular localization of the target. [003]Ubiquitin and other ubls are activated by a specific El
enzyme which catalyzes the folPEREHEPES QF EaARTIMSO THREFRMERN the C-terminal
glycine of the ubl. The activated ubl molecule Is then transferred to the catalytic cysteine residue
within the EEz anfivtbrmation of a thioester bond intermediate. The El-ubl intermediate
and an E2 iate, resplting in a thioester exchange wherein the uhf is_transferr e active
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investigation of proteasome inhibition as a potehtial anticancer therapy. For example, modulation
of the TIPP pathway by inhibition of the 265 pmteasome by VELCADe(bortezomib) has proven to
be an effective treatment in certain cancers and is approved for the treatment of relapsed and
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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, triplet repeat disorders; neuropathic pain; ischemic disorders, e.g.,
stroke, infarction, kidney disorders; and cachexia. See, e.g., Elliott and Ross, Am J din Paths/.
116:637-46(2001); Elliott et al.,1 Mol Med. 81:235-45 (2003); Tarlac and Storey, 5 Neur scr Res.
74:406-416300DYFRIB (oL HRR PEHHIRY R SR T8 s s Bl ert %éﬁﬁ\r‘ﬁga& ain
Headache mmea%ﬁ@mammmwswm 3@21:181@182@@@@3) Kulcan, J
Physiol Phg - 3-15 (2004); Wojcik and DiNapoli, Stroke. 35:1506-18 (2004); Lazarus
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conirol of genomic integrity (e.g., DNA replication, response to DNA damage,

recombination and repair). See Muller et al, Oncogene. 23:1953-2006, (2004). Thexe are other

ubls {eg., 15G15, FAT10, Apgl2p) for which the biclogical functions are still under

investigatior

{006} 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 ubiquitination
cascade. UAE activates ubiquitin in the first step of the cascade, while NAE, via activation
of Nedds, is responsible for the activation of the cullin based ligases, which in turn are
required for the final transfer of ubiquitin to certain target proteins A functional UFP
pathway is required for normal cell maintenance. The UPP plays a central role in the
turnover of many key regulatory proteins involved in transcription, cell cycle progression
and apoptosis, all of which are important in disease states, including tumor cells. See, eg.,
King ef al., Science 274: 1652-1659 (1996); Vorhees ef al., Clin. Cancer Res., 9: 6316-6325 (2003);
and Adams et al., Nat. Rev. Cancer, 4: 349-360 (2004). Profiferating cells are particularly
sensitive to inhibition of the UPP. 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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NR N41C.N -MI NRRhRh RhRh A4ii.4.41,ApvA-Il wherein one ring nitrogen atom in Ring A
optionally is oxidized; X is -C(Rn)a, -N(R.12)-, or -0-; Y is -C)-, -8-, or Ra is selected from the
group consisting of hydrogen, fluor, -CN, -Ny -OR5, -N(R4)z, -NR4CO2R6, .1?1124C(0)R5,
-C(O)N(R4)" -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)N(t)(RdY); or Rd and Rb together form =0; or Rd and
11 together form a bond; it is selected from the group consisting of hydrogen, fluor, C" aliphatic,
and g4 fluoroaliphatic; or Rb and Ra together form =0; or Rb, taken together with Rd and the
intervening carbon atoms, forms a fused cydopropane ring, which is optionally substituted with one
or two substituents independently selected from fluor or C" aliphatic; or e, taken together with Re

and the intervening carbon atoms, forms a fused cyclopropane rin hich is eptanally.quhstituted
with one orithibitidysitaarisivabpeiments BeRde d %‘?ﬁ%@?ﬁ%‘r éh 3ﬂ%§’tic; le’is s%\i‘ec%g?from

the group CQ{J%?HE‘&&I hyak Qe by VR.CARE, MétRAYMIENIRS COTREI RFHT (0)R5,

-C(0)1C4)2, “C(0)R5, -0C(0)N(124)2, -0C(0)R5, -0007 1€, ar. GrAlphalic.eeGileatiahatic
optionally sﬁfé%‘fﬂﬁf‘éaem%@ “sﬁbsf%ﬁgﬁt}ssﬁ e Dg?ldently selected from th ]%;oup
r

consisting aEHARGry{EEHR A ploma. BramplyRe YLy SYROSHEVRS 70 e Y o bond: or Re
and e togethgiforRaPuRgitssesatam the dsoupmonsictiNg Brrgdiédereiigr BEde Hiphatic,
and ¢ CDK inhibitor p27* " and the inhibitor of NFkEB, ¥B. See, Podust ef al., Proc. Natl. Acad. Sci.,
97: 4579-4584, (2000), and Read et al., Mol. Cell Biol, 20: 2326-2333, (2000). Inhibition of the
degradation of p27 is expected to block the progression of cells through the G1 and 5 phases
of the cell cycle. Interfering with the degradation of TxB should prevent the nuclear
localization of NF-kB, transcription of various NF-«B-dependerit genes associated with the
malignant phenotype, and resistance to standard cytotoxic therapies. Addiﬂone.xlly, NF-T:'B
plays a key role in the expression of a number of pro-inflammatory medjators, implicating a
role for such inhibitors in inflammatory diseases. Furthermore, inhibition of UPP has been
implicated as a useful target for additional therapeutics, such as inflanmunatory disordtfrs,
including, e.g., theumatoid arthritis, asthma, multiple sclerosis, psoriasis and reperfusion
injury; neurodegenerative disorders, including e.g., Parkinson's dicease, Alzheimer’s |
disease, triplet repeat disorders; neuropathic pain; ischemic disorders, e.g., stroke, infarction,
kidney disorders; and cachexia. See, e.g., Elliott and Ross, Awnt J Clin Pathol. 116:637-46 (2001);
Elliott et al, ] Mol Med. 81:235-45 (2003); Tarlac and Storey, J. Neurosci. Res. 74: 406-416 (2003);
Mori et al., Neuropath. Appl. Neurobiol,, 31: 53-61 (2005); Manning, Curr Pain Headnche Rep. 8
192-8 (2004); Dawson and Dawson, Science 302: 819-822 (2003); Kukan, J Physiol Pharmacol.
55: 3-15 (2004); Wojcik and DiNapoli, Stroke- 35:1506-18 (2004); Lazarus et al., Am] Physiol,
27:E332-41 (1999).

[007] Targeting E1 activating enzymes provides a unique epportunity to interfere
with a variety of biochermical pathways important for maintaining the integrity of cell
division and cell signaling. E1 activating enzymes function at the first step of ubl
conjugation pathways; thus, inhibition of an E1 activating enzyme will spec‘iﬁca]l)r 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 methad of interfering with the integrity of cell dwlsmn, cell
signaling, and several aspects of cellular physiclogy which are important for dlSE.ESE
mechanisms, Thus, E1 enzymes such as UAE, NAE, and SAE, as regulators of diverse



fluoroaliphatic; or Rd and le together form =0; or Rd, taken together with Rb and the intervening
carbon atoms, forms a fused cyclopropane ring, which is optionally substituted with one or two
substituents independently selected from fluor or C, aliphatic; or Rd, taken together with I( and the
intervening carbon atoms, forms a fused cydopropane ring, which is optionally substituted with one
or two substituents independently selected from fluoro or C" aliphatic; Re is hydrogen, or C"
aliphatic; or it taken together with one RE and the intervening carbon atoms, forms a 3-to
6-membered spirocyclic ring, which is optionally substituted with one or two substituents
independently selected from fluor or  aliphatic; or it taken together with Rm and the intervening
carbon atoms, forms a fused cycloproparte ring, which is optionally substituted with one or two
substituents independently selected from fluoro or C1, aliphatic; or Re, taken together with R" and
the intervening carbon atoms, forms a fused cydopropane ring, which is optlg “fe( Hbstltkuted \{Vlth
one or two mmmwmmmmmﬁ?waﬁ Foieaibsd Varogen or ¢
aliphatic; or Be. jalsen Ig9Rialenr kisandsardasordamg carbon atoms, forms a fused

cyclopropané ring, which is optionally substituted with one or two substltu.ents independently
selected frop).flyorg ol & -@linbalie,:or Re, taken together with le and the intervening carbon
atoms, for used cydopropane ring, which is optionally substltuted WI th ne or tvi_l(]}rﬁsubstituents
mdependen[tmsblected fr@‘tnsfmm&mmﬁ%ﬁ@fé%ﬂ‘ﬁ?g‘?ﬁ t85eh, fluor, C14
aliphatic, oraq._:t{ pardaaddpatie anpbhurdstlamﬂﬂsl ﬁmﬂmﬁﬂ@ﬂﬁrﬁww@‘ﬂé’ken

together form =0; or t tal%?n to‘%eg&%o?/matgga%@@gﬁgg}mQmwlaéﬁlaﬂnached form

a 3- to 6- méﬁwﬁé’r‘éﬂ“ a{% Eyd“‘ c Ting; or one le, taken together nd garbon
atoms, formpeatBularly mBaTe R STVEER Edﬁ’%aﬁf?ﬁ'ﬁlﬁ?é ona"’fﬁ/ sqgstl%%é%g\;% ?r?g or two

substituentsiirdanendentyikepstectfformillaoiie: or C1n4 allphatlc or one Rf, taken together with an
adjacent R" and the intervening carbon atoms, forms a cyclopropyl ring, which is optionally
substituted with one or two substituents indepe gntl;e/' selfrom fluoro or C14 aliphatic; or one
le and. one R" together form a double bond; gichl it i prrdently hydrogen or fluoro; or one
RA, taken together with an adjacent R' and ghe tﬁ 41B8n atoms forms a cyclopropyl ring,
which is optionally substituted with one ofyivi-3Ubstifje rRiependently selected from fluoro or
aliphatic; or one lel and one RI. togethehf?\r?n a doBblg

i | o)
or a pharmacentically acceptable salt thereof, whereu:
stereochermical configurations depicted at asterisked positions indicate relative
stereochernistry;
Ring A is selected from the group consisting of:
Rl -
B o
@ N g \N ‘.{ A" e
A-vi

F

and AvE ;
wherein one ring nitrogen atom in Ring A. optionally is oxidized;
X is =C(R"),, N®RH-, or -O-;

Y ig -0, -8, or -CRT(ER"-;



R" is hydrogen, Ci4 aliphatic, and Ct4 fluoroaliphatic; Rg is hydrogen, halo, -NO2, -CM,
-C(R5aC(R5)2,-0R5, -SR6, -S(0)R6, -502N(R4)" -N(14, -NR4C(0)R5, -NleC(0)N(R4)"
-N(le)C(=NR4)-N(R52, 6 -/%1(24)C(--,NR4)-R6, -NR4CO2R6, -N(R4)S021e, -N(R4)SO,N(R4)a,
-0-C(0)R5, -000213.6, -0C(0)N(R4)2, -C(0)R5,--C(0)N(R4)a, -C(0)N(R4)-0R5,
-C(0)N(R)C(=NR4)-N(115,, -N(R4)C(.-NR4)-Nry-C(0)R5, -C(=NR5-N(R4)2, -C(=NR4)-0R5,
-N(R4)-N(R4)2, -N(R4)-0R5, -C(=NR4)-N(R4)-0R5, -C(R6)=N-0RS5, or art optionally substituted
aliphatic, awl, heteroaryl, or heterocyclyl; each R" independently is hydrogen halo, -CN-, -OR5,
-N(R4)," -SR6, or an optionally substituted Cm aliphatic group; 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 lg, taken
together with the istenearingaarbezatomeyfssing fisadupropfasanc g NeeR isIfidnally
substituted with one o substit sin tl te @?}]@ﬂgrq EyrlgrtigosRin
and Re., taken tog*eti’“%(# ’t@%#@%ﬁiﬁ%@%ﬁhﬁ?ﬁéﬁoﬁg used 2éy‘égllfi):propane rini;, \?\‘/Bhich
is optionally substisedakihareoCyhsnbstiphetitopiimpdycelnyaed et PBRPAHSRH or Cm
aliphatic; R" is hydrogen, fluoro, or an optionally sybstit ' j o BG(rema®,
together form =0 o?“—gﬁ'fﬁ‘?}f gédgﬁ?ﬁﬁl ?ﬁggﬁgr%tee#t yélzs#r%/% oé%ﬁ%@r%%%%ﬁggsﬁtitute?
aliphatic, aryl, heterpajg * aichet@tRIMRI K o Rontd R gsiberdamn = ridg anafb ieaeiken
together with the n'k[tro %rhgl'g%m" form an optionally substituted 4- to 8-membered heterocyclyl ring
having, in addition 10 the nitrogen atom, 0-2 ring heteroatoms independently selected from N, 0,

and S; le is hydgegen Smaiiom he 4y ealdins Gla4Aaganinias, dg diphpdte Shwhich may

be optionally substituted; R4 is hydrogen, Cm alkyl, Cm fluoroalkyl, C640 ar alkgl,ﬁh MMle
portion of which mé&}d@)"@%’fﬂmwfs%bﬁﬁlﬁem%%?ﬁf AR ?u‘bs oted é or 6-membered aryl,

hatPrnarvl, nr hate@Medibil g itdns, 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;

RE is selected from the proup consisting of hydregen, fluoro, -CN, -N,, -OR’, -N(RY),,
NR'COR’, NR'COE, -COIN(R'),, -COE, COCOIN(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™, ~N(R“’)FR"),
-CO,R™, or ~COMNE“)(R™); or R and R together form a bond; or R and R” together
form =0

R¥ is selected, from the group consisting of hydrogen, fluoro, C,, aliphatic, and C,,
fluorcaliphatic; or R’ and R* together Form =C; or T, 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 B and the intervening carbon atoms, forms
a fused cyclopropane ring, which is optionally substitited with one or two
substituents independently selected from fluoro ox G, , aliphatic;

R® is hydrogen, or C, , aliphatic; or R, taken fogether with one R’ and the intervening
carbon atems, forms a 3- to 6-membered spirocydlic ring, which is optionally
substituted with one or two substituents independently selected from fluoro or
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Reh and leY, taken together with the nitrogen atom to which they are attached, form an optionally
substituted 4- to 8-membered heterocyclyl ring having, in addition to the nitrogen atom, 0-2 ring
heteroatoms independently selected from N, 0, and S; and each le independently is hydrogen or an
optionally substituted aliphatic, aryl, heteroaryl, or heterocyclyl group; each Rsx independently is
hydrogen, C14 alkyl, C1r4fluoroalkyl, or an optionally substituted C640 aryl or cru, ax(C)alkyl; each
R6 independently is an optionally substituted aliphatic, aryl, or heteroaryl group; and mis 0, 1, 2, or
3, provided that is -C(r)(1e)- when m is 0. (009]In some embodiments, the invention relates to a
compound of formula (1), characterized by fonnula (I-A): 0=y-XAc Ra I-12NRb or a
pharmaceutically acceptable salt thereof, wherein: stereochemical configurations depicted at
asterislced positions indicate relative stereochemistry; Ring A is selected from the group consisting
of: wherein one ring nitrogen atorn in Ring A optionally is oxidized; X is -CH,-, -CHF-, -CF2-, -NH-,
or -0-; Y is -0-, -S-(loy aligRRitigley Ritisksn loertbiefraith RS ans\ i BHER ARG F Ay arRJemsn s
“CM-ORS, -N(R4)Z ¢ NGB N E-ACINERSis CAAINRADSGIIGARCLIG D -0CORs,
Iphatic, or

-OCO2R6, fluoroa { 24 Cm alipha icsqgﬁtiona y supstituted with, O}E‘fﬁgr&\"f? %Lipes&ituents
independently sel@@%ﬁ’ﬁﬁé‘@?ﬁﬂﬁ%@ﬁ RGO PRIRBOT AR P rane of

together with 1 and the intervening carbon atoms, forms a fused cyclopropane ring,
which is optionally substituted with one or two substituents independently selected
frozn Auoro or C,  aliphatic;

K is hydrogen or C, aliphatic; or RY, 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; ot 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 =O; or two
R’ taken together with the carbon atom to which they are attached, form a 3- to
&membered carboeyclic Ting; or one R, taken together with R® and the intervening

carbon atoms, forms a 3- to 6-membered spirocyclic ring, which is optionally
suibstituted with one or two substituents independenily selected from fuoro or

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

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

two substituents independently selected from fluore 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 fluoro or

C,, aliphatic; ox one R and one R together form a double bond;
R” i hydrogen, C, , aliphatic, and C, , fluorcaliphatic;

RE is hydrogen, halo, -NOy, ~CN, ~<C(R)=C(RY),, -C=C-R’, -OR’, SR, -S(O)R°, -SO,R",
SON(RY,, -N(RY), NR'CO)R’, NRCIOINR),, -NERICENR)-NR ),
6



-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(0)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(0)N(t)(R4Y); R" is selected
from the group consisting of hydrogen, fluor, Cm aliphatic, and Cm fluoroaliphatic; Re is hydrogen,
or c.,4 aliphatic; or Re, taken together with one le and the intervening carbon atoms, forms a 3- to
6-membered spirocydic ring; Re is hydrogen or C14 aliphatic each le is independently hydrogen,
fluoro, Cm aliphatic, or Cm fluoroaliphatic, provided that if X is -0- or -NH-, then le is not fluoro; or
two le taken together form =0; or two R, taken together with the carbon atom to which they are

attached, form a 3- to 6- membered carhocycllc ring, or one Rf, taken together w _a#gl)
intervening carbon- B -DRIE3NB 6QsfenT @ﬁ'oﬁﬁmm %ﬂls % 8, “NO2,

-CM, -C(Rs)a--C(R 5 0 R4)," -NR4AC(O)R

ey IR SRR %ﬁfﬁv@*{cﬁ%‘?‘) (Y5026,

-N(R4)S02N(R4)2 ~QO RS OB HRER

-C(ON(R4)2,. C(O)yé%% %faﬁhéﬁ r\%@%ﬁ’(ﬁ-& -Nwwﬁ%&ﬁw@ﬂwmspm
le

-C(=NR4)-N(R4)2 KHR4)2, N(Ie) -0115" -C(=NR4)-N(R4)-01e,
-C(R6)=N-0RS5, or mﬂma@%ﬁﬂ@ﬂ&ﬁ%ﬂ%ﬂ hetsrorpt SIS YR, rocyclyl each Rh

independently is h drogen halo, CN- -N ?%[2 S qﬁlﬁ sgﬁstgy;g oﬁgﬁpatlc
group; Ri is hy fﬁ 3}“% IB}'S% §&bstltuted all ﬁﬁtlc aryl, or heteroaryl group;
R" is hydrogen, ha@bﬂaﬁedﬁw ai{ftdyg@eap; optionally substituted Cgroup;
R is hydrogen, -OF’, -5K’, N(RY),, or an optionally substituted aliphatic, aryl, or
heteroaryl group;

R" is hydxogen, halo, -OR’, 5", -N(R")z, or an optionally substituted C,, aliphatic group;

R™ is hydrogen, fluora, -N(R'),, or an optionally substituted C, , aliphatic group; or R®
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
substituted with one or two substituents independently selected from fluoro 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 flucro or C,, aliphatic;

R" is hydrogen, fluoro, or an optionally substituted C,, aliphatic group; or R" and R"
together form =O or =C(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
heterocyclyl ring having, in addition to the nitrogen atom, 0-2 ring heteroatoms
independently selected from N, O, and 5;

E* is hydrogen, C, , alkyl, C,, fluoroalkyl, or C, ar(C, Jalkyl, the aryl portion of which
may be optionally stbsgtituted;

R" is hydrogen, C, , alkyl, C,, fluoroalkyl, C¢,; ax(C, _)alkyl, the aryl portion of which
may be optionally substituted, or an optionally substituted 5~ or 6-memibered aryl,

hateraarvl, nr hetarncvelyl ring; or
7



lel is hydrogen, fluoro, -N(R4)" or an optionally substituted CI, aliphatk group; and R is hydrogen,
fluor, or an optionally substituted C," aliphatic group; or it" and le together form =0 or =C(R5)1;
each R4 independently is hydrogen or an optionally substituted aliphatic, aryl, heteroaryl, or
heterocyclyl group; or two R4 on the same nitrogen atom, taken together with the nitrogen atom,
form an optionally substituted 4- to 8-membered heterocydyl ring having, in addition to the nitrogen
atom, 0-2 ring heteroatoms independently selected from N, 0, and S; ex is hydrogen, CC14
fluoroallcyl, or C6"0 ar(Ci")alkyl, the aryl portion of which may be optionally substituted; R47 is
hydrogen, C14 alkyl, C2" fluoroalkyl, C640 ar(C,"alicyl, the aryl portion of which may be optionally
substituted, or an optionally substituted 5- or 6-membered aryl, heteroaryl, or heterocydyl ring; or it
and t, taken together with the nitrogen atom to which they are attached, form an optionally
substituted 4- to 8-membered heterocyclyl ring having, in addition to the nitrogen atom, 0-2 ring
heteroatoms indpentBitikaidopethomit te nibgemarade vhishibspars RS APGSn or
an optionally substyie alpatie aid DSies9REMRrAIeiaGsH gy Raveqs ibimlspondey is
hydrogen, Ci, alkyl, Cor an’optionally Substituted C6 10 aryl or.Cs .1 Aalkyl: .
independently is arSiEERANRbERTERAATSRIRRS SVTTor ﬁe%%%%%ﬁ%%ﬁd%ﬁ%%ﬁg 3,

[0103Compounds e venioniada basedesciies asaunlinata apaadsiesrher defined

and illustrated by'thé detaited. esa:ipti n and examples herein. (0111As used herein, the term "EI,"

"El enzyme," or "Elheitiranyle e heierrey YL EBPany one of a family of related ATP-dependent
activating enzymes inyolved in activati r promating, ubiguity iquitin:li mmively "ubl™)
conjugation to t&P@Eﬁib‘?@%ﬁFé@% P&(ﬁlq\;% ,ﬁ&%ﬁ?ﬁé%?&?ﬁ%@’%ﬂ%%% gﬁ a:sxczlul(tgrrl1ylation/ thioester
intermediate formag@sstmiransigl dha aparqpaals dikyl the respective E2 conjugating enzyme
through a transthiolation reaction. The resulting activated ubl-E2 promotes ultimate conjugation of
the ubl to a targeiqhrBlainicpendsintly of vebulkiepibrsiizs tiates Al RIvErR FVecmRGIRIRAY & Rcle,
and protein turnover are substrates for ubl conjugation which is regulated through El activating
enzymes (e.g., NA§Tl AE, SAE). Unless otherwise indicated by context, the term "El enzyme" is
meant to refer tq,30y, k) B@h@Ravanay tat v i eRMRItHvdhanith@i-limitation, neddS activating
enzyme (NAB (APPEP1 /Uba3)), ubiquitin activating enzyme (UAE ((bel)), sumo activatin(% enzyme
(SAE (Aos| Ttti9a2)), or |SI8 t6natimbidires iy e MOYRSIEPIIEAeE BNAKORBRURA R £ One,
and more prgﬁg@@@%ﬁ%ﬁgﬁm "El enzyme inor "inhibitor of El enzyme" is used to signify
a compound having a structure as defined herein, which is capable of interacting with an El
enzyme and inhibiting its enzymatic activity. Inhibiyng Elen jtic activity means reducing the
ability of an El enzyme to activate ubiquitin Mige bIFlquju 4tidn to a substrate peptide or protein
(e.g., ubiquitination, neddylation, surnoylatioB). .lei ¥iis gylaegiments, such reduction of El
enzyme activity is at least about 50%, at |ea b st about 90%, at least about 95%,
or at least about 99%. In various embodimeits, theRéolcentration of EI enzyme inhibitor required to
reduce an El enzymatic activity is less thZaNabout 1 ul\’ﬁ les than about 500 nivl, less th&f4bout
100 nbn, less than about 50 nM, or less

ora pha::maceui:ically acceptable salt thereof, wherein:

stereochemnical configurations depicted at asterisked positions indicate relative
stereochemistry;

Ring A is selected from the group consisting of:

I a Al
HK Hk R Hu R - HP ;,T‘:.N 9
Al Rl ? N Re IF 7N Negs N Ne/ S
" ! X OOL_N % )
Nugy W .,{N Y '\{_‘N 7 W, — .y
i N=(\‘ = N=( R  gn R gh R
Aq R At Rh Adis A" ) Asiv . A=y , A-vi ,
Al A
= A
Mu g/ W
X )
A N
and A-vi ;



than about 10 DM. (013]in some embodiments, such inhibition is selective, i.e., the El enzyme
inhibitor reduces the ability of one or more El enzymes (e.g., NAB, UAE, or SAE) to promote 11
ubl conjugation to substrate peptide or protein at a concentration that is lower than the
concentration of the inhibitor that is required to produce another, unrelated biological effect. In
some such embodiments, the El enzyme inhibitor reduces the activity of one El enzyme at a
concentration that is lower than the concentration of the inhibitor that is required to reduce
enzymatic activity of a different El enzyme. In other embodiments, the El enzyme inhibitor also
reduces the enzymatic activity of another El enzyme, preferably one that is implicated in regulation
of pathways involved in cancer (e.g., NAB and UAE). [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 sehfein-cregivgeritogran aiom tafeug Asopsioaiaris Pttty a numerical value
above and below the stated value by a variance of 10%. 10153The term "aliphatic”, as used herein,
means straight ¢ feiRthrateite-6F eyt 1c?7 hydrocarbons which are completely saturated or
which contain one or more units_Qf ugsaturation, but which are not aromatic. For example, suitable
aliphatic groups’ iﬁcﬂ&é%uﬁ"s‘tﬁﬁe%%ﬁnsubstituted linear, branched or cyclic alkyl, allcenyl,
alkynyl groups apd hybrids thereof, such_as c3rc|oallﬁ(l g ke (e enylreicyl or
(cycloalkyl)alkefyt® FraAF r?%'rr%ﬁ?rﬁgrﬁ%ﬁsfﬁgnﬁi% achcg% oﬁ?ﬁgﬁr%o%%% to%{ci?g {, one
to six, one to four, mmmgmmm&ammmmme@m%e%m%%%; OB kynyl”,
used alone or as payrt of a larger moiety, refer. tq a straj rgd iR iphale group
having from one to‘%wé}\‘}e%&ﬁ&‘:’ﬁ“a oorlg%. N Ct}}%%%e ‘g“ogf{}%l S%ggﬁ?i@r%gﬁ?on, the teml_')'allql” will
be used when the gareafaieIndipeiiegtipecipbafiogytiparspcrassongff Hfechitis)F >
saturated carbon atom. Howe BWA roup may include unsaturation at other carbon atoms.
Thus, alkyl groups'lﬁasﬁde,%l*{vr‘ﬁzd itatior!, methyl, ethyl, propyl, ally!, propargyl, butyl, pentyl,
and hexyl. The jerm "alkoxy: refefs to an -0- i LQ,% REEPesesRhHR ies

invention, the témmﬁk%ﬁ%ﬁ%%eﬁ?fw%ﬁ%ggﬁﬂ a %ﬁnqgttagﬁﬁﬁ the aliphatic gqr%up to the
rest of the molecul@fermmdiphatief a carbon-carbon double bond. Alkertyl groups include, without
limitation, vinyl, 1-propenyll 1-butenyl, 1-pentenyl, and 1;hexenyl. 101810k purgpse he
present inventidh, BElesHT fé%ﬁ%ﬁﬁﬁ%é“ﬁ’é%ﬁhugg‘ Ef'r%u(%%éﬁl %ﬂ%n%ﬁtfaﬁc\%i r%%ﬁ?iﬁfayc
group to the rest of_mg‘mztgt;uﬁﬁ@mﬂa@@)ﬂ(ﬁ&bﬁﬁ@ﬂﬁeﬁ@(@@ﬂb‘ﬂ%@ﬂk@@f:gﬁﬂ@ﬁnclude,
without limitation, e(tﬂ_fzn ulbr%a;:)ﬁrggggg’/Iérlalaiyggghgﬁggpt o%&]?@&o%h}%& L one or two

substituents independently selected from the group consisting of -OR™ -N(ER™)R"),
-CO.R™, or -C(ON(R™(R");

R” is selected from the group consisting of hydrogen, fluoro, C, , aliphatic, and C,
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 -INH-, then R'is not fluoro; or two R taken together form =Q); 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 6-membered spirocyclic Ting;

RS is hydrogen, halo, -NO,, -CN, LCRY=CERY,, -C=CR, -OR’, -SR’, -S(O)R’, -SO,R%,
SON®Y, -N®Y, NRCO)R, NRICONRY, NE)CENR)-NERY,
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[019]The term "cycloaliphatic”, used alone or as part of a larger moiety, refers to a saturated or
partially unsaturated cyclic aliphatic ring system having from 3 to about 14 members, wherein the
aliphatic ring system is optionally substituted. In some embodiments, the cycloaliphatic is a
monocyclic hydrocarbon having 3-8 or 3-6 ring carbon atoms. Nonlimiting examples include
cyclopropyl, cyclobutyl, cyclopentyl, cydopentertyl, cyclohexyl, cyclohexenyl, cydokteptyl,
cydoheptertyl, cydooctyl, cyclooctenyl, and cyclooctadienyl. In some embodiments, the
cycloaliphatic is a bridged or fused bicyclic hydrocarbon having 6-12, 6-10, or 6-8 ring carbon
atoms, wherein any individual ring in the bicyclic ring system has 3-8 members. [0201In some
embodiments, two adjacent substituents on a cycloaliphatic ring, taken together with the
intervening ring atoms, form an optionally substituted fused 5- to 6-membered aromatic or 3- to
8-membered non-aromatic ring having 0-3 ring heteroatoms selected from the growp consisting of
0, N, and S. Thus MR YeTENR PR AHIRATO, R cRICE 3SENBHat RSN b 0 ShcBRmore
aryl, heteroaxyl, or het yl 1 N(-;EB iti les jo ingRNyI"
5,6,7,8-tetrahycir0%%gﬁ% Pl"g‘g%z%y roﬁrgﬁht ﬁ?ﬁﬁ%ﬂeﬁ; ?ﬁ]ﬁ;pﬁﬁyl, where the radical or
point of attachmenGEgRiBCEPRIMNRY, [DTRKHeMERMIRACIIIRa SR GNE,
"haloalkertyl" and "haloalkg wrefer to "91@@% , Qlleyl~al lisRX Y gy asHi) @icase
may be, which is SUHEh: '%ﬂ%@#@?ﬁ%’re a%%’a%@nwis‘%ks‘zd@ ﬁerein, the tern? "halogen"
or "halo" means F oflioBallgrslisshatedmtihrioatphhsterrerglsoh s FeasaiBhatic wherein the
halogen is fluoro. [0221The terms "aryl" and "ar-", us loneor. ari.qt iety, e.qg.,
"arallcyl", "aral@@'é‘dﬂ%ﬂﬂﬁﬂ?ﬁﬁ%’;}?‘!‘?é‘@%“&‘ﬂ%o Uu'a %15&%%5&%&? (;%h;,g oﬁ?pﬁ%g one to
three rings, each qf whichds Qﬂigﬂgﬂg{&t@gﬂﬁted. Preferably, the aryl situp is a C640 aryl group.
Aryl groups include, without limitation, phenyl, naphthyl, and anthracenyl. In some embodiments,
two adjacent sypsiifyarsgan WRANSRINGIRIE brieg eftimalth shbshiticterbaliphatisg?BXbref's, form an
optionally substitug%fuse 5- to 6-membered aromatic or 4- to 8-membered. non-aromatic ring
having 0-3 ring het¥55tBRIsEE & ted from the group consisting of 0, N, and S. Thus, the term

"aryl", as used E{Fl_%, 65,85 Qi IRAISHIY), omalitiongls suberhited O3, alipteies group;
heteroaxyl, cycloaliphatic, or heterocydyl rings, where the radical or point of attadunent is on the
aromatic ring. TR ryRbiipes xanwRs SaRsy b isastiinglisystbatisurl (e aHubaic Eompasnf,
bertzothienyl, 13 benzofuranyl, dibenzofuranyl, indazolyl, benzimidazolyl, benzthiazolyl, quinolyl,
isoquirtolyl, cingolignlydrbthalamiryb, quinaaptnyhllyinbstEirsd CarbhPBRHC 8EPRENSA, phenazinyl,
phenothiazinyl, phenoxazinyl, tetrahydroquinolinyl, tetrahydroisoquinolinyl, fluorenyl, indanyl,
pbenanthridirty zgTeirall Gtiromahbt iptmrdd bnyCFkhoxazinyl, benzodioxanyl, and benzodioxolyl. An
aryl group may be mono-, hi-, hi-, or polycyclic, preferably mono-, bi-, or tricyclig, more preferably
mono- or bicycliadkRéiratepeadpiityayitsteses osenariigaly R S Hroup”, "aryi
moiety”, and "aryl I’}Ilﬁlg%r 10 3%?%%&%1%5&&@@& A QHREOMRESEE aRasybl ealzaovalendy
attached to an alkyl group; either of which independently is optignall s#bgg%etdﬁf";%@g%p% the
arallcyl group is cotEehr@aIke RTIEmA FRHEEPAT RIS Skenethy!, an
naphthylmethy!. [024RFb6 By 1etenga i sdditichdtclivanitrogsachtian & 3 Has ParTer Bt ger
moiety, e.g., heteroﬁ’;}@ d%ﬁg@ﬁé@&@ﬁ@%ﬁ; tetgtdggroups having 5 to 14 ring atoms,
preferably 5, 6, 9, or 10 ring atoms; having 6, 10, or 14 rc electrons shared in a cyclic array; and
having, in additigh irgaroBr QM sIONT,Q fiedmitkylhet S et i Al ldhmrbRSFEAR AT eI to
nitrogen, oxygen, or sulfur ﬁé’nﬁ]f'“‘éﬁgu%@% ;xidized form of nitrogen or sulfur, and any

guatemized ftailt oﬁ%ﬁﬁagﬁé’ itroge y us, when used in reference to a ring atom of a heteroaryl,

the term "nitroggﬁ'imﬁ@%ﬁwaﬂgﬁﬂi&?H@%ﬁd{ﬂe  Delbyldiie gl teindnirofiwhighoms of
5-membered heteroaryl groups also are substitutable, as further.defined below. Hetgemaid.groups
include, without limfE2Hd, TR ,%?"g’ﬁ)t/’ﬁ‘ﬁ/ér’rgfyﬂﬁﬁgazol ,Sgyl%azo'yl, triazolyl, tetrazonT,9
oxazolyl, isoxazolyhmmﬁaﬂob;],hmmeqrylyﬁétﬁi&iolyl, tkdadiazolyl, pyridyl, pyridazinyl, pyrimiciinyl,
pyrazinyl, indolizinyl, purinyl, naphthyridirtyl, and pteridirtyl. [025]In Qe QQQ&@%&E%%
adjacent substitBertrddh atakear ﬁﬂ}%ﬁéﬁgggﬁe%ﬁ#hg?&hﬁ;%rv?ﬁ%g ring atoms, form an
optionally substitutegéesaliBebstimetrbeodnasuinemic betereayslyhERHEFETEJH 2 HERLI NG
having 0-3 ring heteroatoms selegtsd:fom e Asaun capaintisgmf Riddedrttoi Nisuiis ends
"heteroaryl" and "heteroar-", as used herein, also include groups in which a heteroaromatic ring is
fused to one or peHERRRldE aRtinRasiny drdyeteroanciptiongBy whierétawd liRbatierBiint of
attachment is on the heteromomatic rin %g!ij[ iting examples include indolyl, isoindolyl,
bertzothienyl, benzg‘ﬁﬁﬁr y ,qgi?o%hei‘%rfﬁclgcnla, mdé?iolyl, benzirnidazolyl, bertzthiazolyl, quinolyl,
isoquinolyl, cirmolinyl, phthalazinyl, quinazolinyl,'auinoxalirtyl, 4H-quinoli2inyl, carbazolyl, acridinyt
phenazinyl, phenothiazinyl, phenoxazinyl, tetrahydroquinolinyl,




tetrahydroisoquinolinyl, and pyrido[2,3-b]71,4-0Oxazin-3(41.1)-One. A heteroaryl group may be
mono-, hi-, tri-, or polycyclic, preferably mono-, bi-, or tricyclic, more preferably mono- or bicyclic.
The term "heteroaryl" may be used interchangeably with the terms "heteroaryl ring", or "heteroaryl
group”, any of which terms include rings that are optionally substituted  The tekin "heteroarallcyl"
refers to an alkyl group substituted by a heteroaryl, wherein the alkyl and heteroaryl portions
independently are optionally substituted. 10261As used herein, the terms "aromatic ring" and
"aromatic ring system" refer to an optionally substituted mono-, bi-, or tricyclic group having 0-6,
preferably 0-4 zing hetero atoms, and having 6, 10, or 14 it electrons shared in a cyclic array. Thus,
the terms "aromatic ring" and "aromatic ring system" encompass both aryl and heteroaryl groups.
10271As used herein, the terms "heterocycle”, "heterocyclyl"”, "heterocyclic radical", and
"heterocyclic ring" are used interchangeably and refer to a stable 3- to 7-membered monocydic, or
to a fused 7- tgadR Riaptedenttyis bydogen. .AbibEre fHENT h ST P8 Miety that is

either saturated or partially, unsaturated. a %%'H]g’ﬂin addition to carbon atoms, one or more,
preferably one to?‘d%??ﬂ’é%é%‘aib?ﬁé,ogs ¢ |n(e “above. When used in reference to a ring atom of a

heterocycle, the term. "njtrogen’ ingl A L fegiRiagsHAS Qe ar e iarylgrmmeyclyl
ring having 13#&%?6%%8?3%%%@1 tgd%ﬁglrﬁlg%n, sul?uir or nitrogenm nitrogen may be N (as in
3,4-dihydro-2H-pymdly1), NH (as in pyrrolidinyl), or *NM (as in N-substituted pyrrolidiny1). A
heterocydic ring can be attached to its pendant group at any hetero atom or carbon atom that
results in a stdBfé &ﬁjé’ﬁﬁ'e, and any of the ring atoms can be optionally substituted.. Exar‘r&oles of
such saturggggyor partiallyogsaiimiestheirvenyoticnddibatbireirferinthggierally above, an
tetrahydrofuranyl, tetrahydrothieny! lidli |6 Ry ripipeni ey bxpytir bl tydrein.
tetrahydrocfﬁﬁaﬁti)}‘ﬁ,réﬁ%ﬁycﬂ%&s@ﬁ%&%ﬁ%&gﬁggﬁquino?%]yl, oxazolidinyl, piperazinyl,
dioxanyl, cligyglanyl, riiazepisd, maaemybmiaaspiwl,mﬁéﬁﬁpﬁ%ﬂfﬁtﬂm}amiﬁﬁﬁ
some embc%ﬁ:?rggr%tgé two églﬁceﬁgagg%: &ﬁé}ﬁtﬂ@d@éﬂiﬁ éiftgprbak anvidgellie Aolvaneg
intervening 1ing-atoms, form an optiqQnally substitu used,3s . gy@ﬁ,;e UgpakicEden
8-memberee¥ mﬂwm&#ﬁ&&@%é&%ﬁ&&%ﬁ%m thg) rou istipg of
0, N, and SET mammmmdmmﬁhmeﬂ%Wﬁggfg%%%ﬁ group”,
--heterocycl%gg;jﬁtﬁ{e apphopeiamaainTadkaiacare Beedrvprithg mgepiy tedes And include
groups in which a heterocyclyl ring js fused.t0.Q X IREQ ARty apadipivatiof ihys,
such as ind&ﬂﬁ%?ﬂ%%ﬁﬁé%éﬁtﬁeﬁa%wg?%é%%ﬁ)%?oﬂaﬁ#]ﬁnxlf wher H]ﬁrg@ﬂﬁg! gapoint of
attachmentidloo th%ﬁm?%%@w&ﬁ%ﬁ?ﬁay%g mgno]_ff%el-,-t -, or polycyclic,
preferably r’eyéjg;amp%ﬂﬁﬂﬁmﬂmﬂmmwfmoﬁ@mibﬁaﬁQEWtﬁﬁﬁgﬂ%ﬁ&%ﬁ%/ yl"
refers to an all%% roup substityted hyeahgiecke e irdhesaliodienddisteratpdithedraens

indePende |0|¥gﬁ'§/s Ubstituted. f0291AS used here A6 "PRiialewaakiated”

refers to a riffg ArAEReiHarRRRdResTI&A AT 8%%? Hubie 6r triéle%gnc oe'tweentgn%r?ﬁt]%ms. e

term "partiajiyiiasiot) wiads istivieigeehryma SOWMBAATFREY/ RRIMBIEAEEE Gt hsatiration,

but is not inﬁéﬁﬁjﬁﬂ}j}@ﬂ%@%@ﬁﬂ%ﬁ%&kﬂﬂﬁt@mﬂﬂﬂa@h okiGdd (oHTATHEEREA inker
er

group” or "linker” means an.organic molety.that connedsdupropieRtagansmund. Linkers
typically corﬁ‘ﬂ?@é‘rgﬁ%et%% : §h as (;%)/ge'n or sulfur, a unit such as -NH-, -C1-12-, -C

L2, (Ogé o
_C(0)N11-, ggpphain of atessirdl asaraliyliévteche ineiter SNSRI BrETMRFRNY
typically in the range of about 14 to 200, prefarabbyidhic vangeiotightes ithaatiagrittoruFo
about six atéfi¥ fr'some emBodiments, the linker is ali%ﬁﬂ% NG SR Rigbis satiapally
substituted- W@Wﬂaﬂw&ﬁﬁz}’r’éﬁ% X Bvatenta i %E)UP_ AN "alll%Ierte ghain" s a
reduring the ability of an E1 enzyme to activate ubiquifin like (ubl) conjugation to a
substrate peptide or protein (e.g., ubiquitination, neddylation,
ermbodiments, such reduction of E1 enzyme activity is at least about 50%, at least about 75%,
a2t least about 90%, at least about 95%, or at least about 99%. In various embodiments, the
concentration of E1 enzyme inhibitor required to reduce an El enzymatic activity is less than

about 1 pM, less than about 500 nM, less than about 100 niM, less than about 50 M, or less

thatt about 10 nl

In some embodiments, such inhibition is selective, i.e., the El enzyme
., NAE, JAE, or SAE) to promole

sumoylation). In various

[0a3]
inhibitor reduces the ability of one or more El enzymes (e
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polyrnethylene group, i.e., -((H2)11-, wherein n is a positive integer, preferably from one to six,
from one to four, front one to three, from one to two, or from two to three. A substituted alkylene
chain is a polymethylene group in which one or more methylene hydrogen atoms is replaced with a
substituent Suitable substituents include those described below for a substituted aliphatic group.
An allcylene chain also may be substituted at one or more positions with an aliphatic group or a
substituted aliphatic group. [032]An alkylene chain also can be optionally interrupted by a
functional group. An alkylene chain is "interrupted" by a functional group when an internal
methylene unit Is replaced with the functional group. Examples of suitable "interrupting functional
groups" include -C(R*)=C(R,-, -CHIC-, -0-, -5-, -5(0)-, -S(0),-, -S(0)2N(1fl-,-N(R)CO-,
-N(InC(0)N(R4)-, -N(r)CO2-, -C(0)N(R+)-, -C(0)-, -C(0)-C(0)-, -002-, -0C(0)-, -0C(0)0-,
-0C(0)N(R4)-, -C(NR)N, -C(OR*)=N-,-N(R+)-N(RE)-, or -N Yy, is
hydrogen Mnmmlwmtéd’%m%%ﬂﬁpé? "haetteféﬁ\p;f‘ or etﬁggg C%%ﬁ%?&?ﬂﬂg\ﬁo R.on
the same %ﬂ%&ﬁ@%ﬁ@&&ﬁmﬁaﬂﬁmmmwﬂ%ﬁnﬂmﬁ %ﬁr Bembered
aromatic or non-aromatic déi{%é%ﬂb&mﬂmma&ammgﬂw Bhgnzyrme
heteroatonts &27&cte: rggfron% #%%%ﬁ%a ch Rot8.indepeneaniv s ieaen aiqairaptonally
substltutedaémﬂwﬁenﬁm%ﬂté’tw AT SV Group. 10331E les ﬂ‘;ﬁq% Gﬁlmchams
that have bﬁaummmadacmmoﬁméﬁféeméﬂz@@% - E‘I'Eatg] a"@ H2)3-
-CH20(CH2) 4+ k@ﬁwo{@h&b@ﬁ(ﬁw&(mﬂt

(CH2)30(CH2£%€ i ﬁg‘éﬁl‘;‘%“ ﬁé'é%ﬁp%@ém{ﬁ%ﬁﬁwlgnmm ﬂltBE}ire mterrupted r

with functiotf3P =2 CH2G(CH2)2-, -CH2G(CH2)3-, -CHZG(CH )4-,
-(CH2)2G (CHZ)Z@I(Qéﬁ}&*abé@HRQZG(Ehb}&ta@ﬂﬂmfmmlﬁjﬂ &R 2-, and
-(CH2)4G(CH Whel‘elr‘-]u_% isAne, %%ﬂtgﬁgﬂﬂ%ﬁ{l@ﬁ@h@éﬁﬂﬁﬁvﬂﬂi@bﬂ%ﬂmﬁFor

purposes of < Fibalent groups descrlbed her, n,J ludin »U\?\?”ﬁ)i!.‘ﬁﬁﬁ ghaiadinkers
described dbovesiiieg that Fexpenging th “f‘ﬁieanda% Ve g Biélo

?'are intended to d onm I to
right, with aseprsegpangagtalitierght ’r'eladm’glaﬂﬁﬁé WW@W@M@WW;@@? e varia
appears. 1q33§10g1ﬁg{a%9mﬁé§ kil puthe@rbrigeecognize that when an alkylene chain havmg an
interruption 1s attached to a functional group, certain, comblnatlons%% suf m%gdsa@.%gr
pharmaceu{wﬂ]use OnlyTatatelenci=bhbatical BF f@&élbﬁé‘%ﬁﬁf@ﬂﬁa WitARthe scope of the
present |nven tab QLG ically.d tﬁ%ﬂpﬂéﬂ@ﬁﬁ@ﬂﬂxlﬁbﬂﬂiﬁhﬁﬁ@cmm@tﬁﬁcture
is not substamt Hg}:’é {Sred when ept at a temperature from bou J(nloge) QHILE%QLQE
preferably fromsatipetiore buyEieh aFpTPLAFg Rt tﬁ%‘gﬁi@ﬁcé c}tl m0|stu or other chemically
reactive comarﬁhm&sﬁmdm bm@wdrﬂt aeléell r&BfﬁEY Woﬁ’g enough to
be useful foljétheripﬁ.lutl %a& gu@)qnt BANGn ARy Rafieodlkbaghalkiyeaerm “substituted”,

e

as used her8iv-iaeans %ét n ra .of the Sighy ﬁB‘?ﬂ Qieihis erlaseash, \with dhe radlcal
of a specifieysberlglatkepy é’(ﬁ'ﬁ’gfﬁt esu stltutlo%eresults ina s‘t%;ble or chemically feasible

compound. dizhdese muhsbtmabfeﬂrmm%té@d'qﬁfr@%% %*a designated atom, means that

attached to the atom is a hydrogen radical, which can be. £d,wilh ihpsadicaboftataitagie
substituent 18%}1The phrgé%t%ﬁ@sora}%éi \Ai%e'tlr-fuents as Used he@‘rrt‘?re;e 15,198 [uaekeE of

substituentsmastgrudts foorstorightorrsdbrrasdhed TR AGF BY pOSS|b e baged on the
number of aggg{g,@{etgg@dlpgﬁept;g&@mdhd fnesetitdredontiers Shriteems FkEta B PATEEhEmTeAT™

feasibility are met. Unless,o wmﬂﬂ&ﬁs&m@wpmﬁ’m
substituent af?’é‘%tcfhasu%lst?ttut *5%@ n ofgt%fa ., and the substitHents-MaVatoms. Thus,

atom. However, an alkyl group may
alkyl groups include, without limitation, memyl, ethyl, propyl, allyl, propargyl, butyl,

pentyl and hexyL. The term “alkoxy” refers to an -O-alkyl radical.

(0171 For purposes of the present invention, the term “alkenyl” will be used when

the carben 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.

For puxposes of the present invention, the term “alkynyl” will be used when

[018]
the aliphatic group to the rest of the molecule forms partof a

the carbon atom attaching
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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(0)N(R.4)2,
-C(=N1n-N(R.)2, c(_ ROW. -N(R..)4)2, -NREC(=N10-INT(R")2, -NR 750,11, -NR*502N(R4)2,
-P(0)(R*)7, -P(0)(0OR12, -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 abqve, or two adiacent uer )
together wimmmwméﬁmlmﬁaﬁwm?‘@%ﬂﬂ&%%% %‘ﬁé‘%‘t‘é%%% g‘?‘ a%hll%rﬁ%?ated

ring having Q3 #yagh aiarastprieciad framxthelgroup consisting of N, 0, and S. [0391An aliphatic
group or a non-aromatic heterocyclic ring may be substituted Withalgtnn? or more sy ;i}g@g;sma

Examples dp#litable sutiBhiemts’ SphAFEARISEIT ST AhPanphatic group or of a .
non-aromatigyiRlekosy gty inekestedtinpdicatiphabnrinpsswsrkrsive Ao e ANEk M ated
carbon of an %ﬁi‘, or R %égﬁrﬁllgﬁﬂﬂa%‘ih llowis gp Eonal(Rihsthied( Th soNOR",

=N-NLIC(0)T¥ =RENT-TC0211, =N-NI-15021r, oriuﬁqgm&sﬁm% d & scsabineeh

above. For erbpaipeatss br SRR YS S Sibstiuted aliphatic” refers to an aliph tic,

having at Iemﬁw@ﬁ@m@mmﬁ&im@@ﬁm&ﬁﬂgﬁﬁiﬁ¥§8ﬁe3??ft§’ﬁ%?a e nitrogen
atom of a h %X}P%P@&ﬁﬁiﬁﬁﬂi@ﬂﬂwﬂd@meﬁmZWGWf aganectend) 0(h)R*
-C(0)C1-12 5}01 W'té%% W, :5Q2MR12, -GimeniN (R &yl dadprankatd/ bticdied dNRiESd Biaycherein
each R* an®R 1§45 e'%é_é“ above. [0411Unless othgrwist%r%tgtegléémgw%ggg{gpg iReare
meant to indipdeceshasraes ficn SR A RESE RrESENCe of one or more isotopically enriched

atoms. For exguiplengeynentds Bdvingrbrrpresent structure except for the replacement of a

hydrogen atom by a deuterium or tritium, or the replacement, of. bR AMRG Q)
14C-eraichd828rbon are%ﬁ%ﬁﬁ’é‘%ﬂ?ﬁﬁﬁgﬁg\%ﬁ%}l ? %&%ﬁ%@vﬁe a o ope

> ent
skilled in thwwmmmmmwwﬁmw%Pﬁ&%%ﬁdﬁr such
tautomeric forms of tha campauRds higinsnuibindhaccapeafithanglsviop dneedsteraseREmical

configuration is expressly defined, structures depicted: hergin arg meantie-diisgaalt” includes
stereocktenfiESF BB HFEET ure;‘si?agtfg?f% and S confi urations for each asymmetric center_

Therefore, uiphstisthossibrtsmdined, i ARRPE IR AREmE ST EEHeTs as well as ertantiomeric.and
diastereomq&gmﬂgf%%ﬁm@mmmﬁém@ma@wﬁw{@ﬁm%%fw&y of

example, the compounds of farmula (1) WRGLRIRARE:Ip dielEp i amnay s BnahSatiphfiioriion at the
carbon atom Bearlna]’ & Both the R and the S stereochemical isomers, as well as all mixtyres

thereof, are jgsjyded withinsépaaefirabitehaticntbrioatiad [\ re Lmpdo cRd el uTElon at
agiven asy%ma%tgﬁp‘i%rt‘}é %Jiﬁ?m@ﬂyl or alkoxy group, as the case may be, which is substituted with

one or more halogen atoms. As used herein, the term “halogen” or *halp” means F, Cl, Br,

or L 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, £.8-,

“aralkyl”, “aralkoxy”, or “aryloxyalkyl”, refer to a C, to C,, aromatic hydrocatbor,

comprising one to three rings, each of which is optionally substituted. Preferably, the aryl

group is a C, ., aryl group. Aryl groups include, without limitation, phenyl, naphthyl, and

anthracenyl. In some embodiments, two adjacent substituents on an aryl ting, raken

together with the intervening ring atoms, form an optionally substituted fused 5 to

é-mermbered aromatic or 4- to &-membered non-aromatic ting having 0-3 ring heteroatoms

selected from the group consisting of O, N, and 4. Thus, the term “aryl”, as used herein, .

includes groups in which an aromatic ring is fused to one or more heteroaryl, Cyc‘lf}a].iphal:lc,

or heterocyelyl rings, where the radical or point of attachment is on the aromatic nng.

Nenlimitine exambles of such fused ring systems include indolyl, isoindolyl, benzothienyl,
13



by structure, unless stated otherwise, the depicted configuration indicates stereochennistry relative
to other asymmetric centers in the molecule. Where stereochemical configuration is defined by
chemical name, the designations (rel), (R*), and (S*) indicate relative stereochemistry, while the
designations (R), (S), (), (-), and (abs) indicate absolute stereochemistry. 10441In the compounds
of formula (l), stereochernical configurations depicted at asterisked positions indicate relative
stereochemistry, unless expressly stated to indicate absolute stereochernistry. Preferably, the
diastereomeric purity of the compound is at least 80%, more preferably at least 90%, still more
preferably at least 95%, and most preferably at least 99%. As used herein, the term
"diastereomeric purity" refers to the amount of a compound having the depicted relative
stereochemistry, expressed as a percentage of the total amount of all diastereoiners present.
1045]In some embodiments, stereochemical conflguratl %cte 1S efr gglppsmons
indicate abbeigtanyblfieneriterylcRasanbihik Bt ?éZP By the enantidmeric purity of the
compound i&?ﬁlﬁ@@ﬁ 39%chglepprbidaatvy] albzeovh, W%P@ﬂré?é‘?&ﬁﬁy A4S Y5%, and
most pref o??'ﬁ ¥ at leas 99‘5@@6@@5@ Iitlye jenanyRRopBEIEYA, petrd}iy detirenRERouNt
AV

of a comp e eplcte olufe stére ch eﬁgea ﬁ&@ﬁ%{ﬁymage of the
total amourﬂ‘-@l‘-‘%ld@ﬂﬂé(b ’5?{ |§r$i1% B8R

PRAORTE }Metho s detenin%;ggc
diastereorngsic-adid:engi o beczpdityolive W@Iﬁlrﬁﬁﬂﬂmbﬁfnﬁ}%teréorﬁeng drify can be
determlne(i?lggf@ﬁm lm%pﬁﬂmw&@mmmml%‘%% "Spound

and its dia

ereomers xam 0 t 1aElae, with deiilringtion, nuclear
magnetic rdEHEEHE s%‘g Wm@) gas chromatogrggﬁ(GCl#ignd high performance liquid
chromatogrgply (HPLC) @Weaafmmmyf ROy cambéﬂéé?é?ﬁ?ﬂ@%\?&ﬁ%tlcal
method capa blﬁ éggan Ygi% ISURRMIR RRPR IReImaIeA mpewtiendlitsudbstintoder.
Examples dt le”analy &thods |nclude Wlt Lljm ‘S-I‘%%é %&? r#n&ugﬁllm&ﬁ'llrw
column pacngawialbemht %ﬁéﬁﬁhﬁ?ﬁ%ﬁ?&}o Y e éu S By first derivatized with
an optlcallylﬁ% \@&;ﬂ RE&RAYIE.J., Mosher's acid. 10471Jr the compounds of formula (1),

X is -C(R)2; -N(W2)-, or -0-. Each R"is mdependently hydrogen or, f oro; or onagtV\pat1 together
with an adjgopsk W and tﬁhﬂﬂ@@m’ﬁhﬁ@mbrﬁﬁfbmg%ﬁ?fs A ?mpyf fing: or one R and one R

together fory a.go Q%Hz mchnggfbaéaﬂtmhdtlwfer@mmﬁ 14 TsE ™S

embodiments, X 1S - [ q@a&m@&&%gﬁmm&‘ﬁ@l@fﬁﬂﬁ&m NH-,
or -0-. JrceﬂéﬁFF Fﬁ&lﬁrgéﬁ%bo e Xls#&gfoh%nfgr the coaetoountg&]gf wia (1), Y is -0-,

-S-, or - C(RM%?HW@W&WQW&?@%’H O RREABA08 JF'Some embodiments, Rm is

hydrogen fleAQLQ AU Mﬂ@m&ﬁhﬁi@ﬁp@gﬁ@ﬂﬂhﬁh&tﬂ;ﬂlﬁﬂ# Ppﬁ}iﬂé’“s’rzﬁ‘flrf “f\/together

form =0. In some emboumgnts R§ %Mf&%%ﬂk‘b&bﬂ:@@m@ﬁmd&vﬁ fehemuismgd Iin is 0, 1,
n)-

2, 0r 3, proﬁﬂ%ﬁ% IS C(Rm) when inis 0. In so PGS el\dRidiedd Qitdodan
certain partltﬁfﬁﬁé‘?ﬁ%ﬂﬁﬁﬂg"%%al %ﬁﬁ?f e comp%l%nggm gp‘%mela A Rajs s%lgﬁtggrgom

the group cqasistipgridine N-oxide). Certain nitrogen atoms of roup
substitutable, as further defined below. Heteroaryl groups include, without limitation,
thienyl, furanyl, pyrrolyl, imidazolyl, pyrazolyl, triazolyl, tetrazolyl, oxazolyl, isoxazolyl,
oxadiazolyl, thiazolyl, isothiazolyl, thiadiazolyl, pyridyl, pyridazinyl, pyrimidinyl,
pyrazinyl, indolizinyl, purinyl, naphthyridinyl, and pteridinyl.
[025] n some embodiments, two adjacent substituents on a hetercaryl ring, taken
together with the intervening ring atoms, form an optionally substituted fused 5- to
6-membered aromatic or 4- to B-membered non-aromatic ring having 0-3 ring heteroatoms
selected from the group consisting of O, N, and 5. Thus, the terms “heteroaryl” and
#heteroar-, as used herein, also include groups in which a heteroaromatic ring is fused 1o
one or more aryl, cycloaliphatic, or heterocyclyl rings, where the radical or point of
attachment is on the heteroaromatic ring. Nonlimiting examples include indolyl, is
benzothienyl, benzofuranyl, dibenzofuranyl, indazolyl, benzimidazolyl, benzthiazolyl,
cinnoliny], phthalazinyl, quinazolinyl, quinoxaliryl, 4H-quinolizinyl,
quinolinyl,

oindolyl,

quinolyl, isoquinolyl,
carbazolyl, acridinyl, phenazinyl, phenothiazinyl, phenoxazinyl, tetrahydro
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hydrogen, fluoro, -CN, -N3, -0R5, -N(124)2, -NRICO2R6, -NR4C(0)R5, -C(0)N(124)2 -C(0)R5, -
OC(0)N(R4)2, -0C(0)R5, -0002126, or a 4 aliphatic or 4 fluoroaliphatic optionally substituted with
one or two substituents independently selected from the group consisting of OR5x, -N(124x)(R4r),
-002R5x, or -C(0)N(R4x)(R4r); or Ra and Rb together form =0; or Ra and W together form a bond.
In some embodiments Ra is selected from the group consisting of hydrogen, fluoro, -CN, N3, CI -4
aliphatic, 4 fluoroaliphatic, -OR5x, -NH(120, -N(H)C0O2125, - N(H)C(0)R5, -C(0)NHR4, -C(0)R5,
-0C(0)NHR4, -0C(0)R3, and -0C(0)0R5. In some embodiments, Ra is selected from the group
consisting of hydrogen, -OH, -OCH3,4 aliphatic, G- fluoroaliphatic and fluoro. In certain
embodiments, Ra is selected from the group consisting of hydrogen, -OH, -0C1-13, -CI-13, and
fluoro- In certain particular embodiments, Ra is -OH. [0511In the compounds of formula (/) le is

selected from the group consisting of hydro%en fluoro, -CN, - OR' ﬂé@@a#}l
-NR4C(0)ReirabgdyhiadienoiphReLprT (ﬁh}ékﬁl‘f{ SRR hatlc or Cm
quoroallph@@qﬁm{plmﬂ)hsqngﬁ&g@mﬁtwﬁ:.b@m%&ﬁuent@ﬁéé‘p%éﬂ?f% M 'the

group consisting of:0t, N&Zé.?ége)m bgaﬂ%&@%@wmmmetmwa bond:;
or le and RAIFEGEther from =0. In sorme embodiments, RE js W, thlQ aérhiN3, C14
aliphatic, Oringlievo2NREaRE YL GECUR 4 ARY P W%ﬁj’tfﬁﬁ “F\'l‘({ %“@??%5 Ct&a)l}'B c%%R
-0C(0)NHRebAE(MIR a0 CIReRBrARIS refrrmBd ATl Fo R &Y Eﬁ%rog -itﬁt“ 13, 0

fluoro. In c%&w%@g&@g@mgmﬂerwmﬁgﬁnden@rhmm%%@ﬁﬂﬁbﬁﬁds of formula

(), le is selected from the group consisting of hydrogen, fluor, c.,4 3 hatlc ami xQaliphatic;
or Rb and Rezépgether foﬁmmed@ﬁﬂbbt@kéﬁ%‘géﬁﬂ?ﬁ‘/ﬁm ﬁg .‘Ht‘ervé"‘ﬁf L""Jt()l)on atoms,

forms a fusgg Wﬁﬂ&%ﬁ@&@pﬂﬂﬂﬁ@ﬁ@p@%ﬂ@é@%&%ﬂts
mdependently selected fro <:{%‘?‘Iu.oro or £m pliphalic. Ak EﬁQx&éKﬁ@ @gﬁéh@fawltmmetmms

intervening REFS 08 fse cyclopropane r| l?q tiftgagswith one
or two substﬁaun@%eﬁdé?ﬂ@%’@l’é%f&ﬁﬁﬁ??ﬁb&o or [%[%53]In the compounds of
formula (1), Rd is selected from ro%cgpég é@,gﬁ{btém;vcfﬁlranﬁb@mnﬂmbcoahphatlc
or Rd and Ie%ether form 1T);eolr?'lﬁ"

taken together with Rb and the ipteryening gasben atoms,
formsafuseﬁe@fmm@d’%ﬁ@W| Hﬂ?‘%aﬁ&;“ S u% d wit Igr%%or two substifuents

mdependenﬁmgl.ggﬁgdnfmmfﬂiﬁ:@ﬂro@mq)ﬁandoo?ﬂﬁdbﬁﬁéﬁft &gﬁ?équ’/‘\/f"fhlﬂ'e Sha the

mtervenlng rb? t% My SRty SE4 DslaRrepanesing: pdrickily wphbralydsapdhrIEwVith one
nts In

or two subs 2ndently selected from fl %&Qa} %Mdt&ﬁ@m:l@fnhﬂdlments
each of le aﬂﬁ%ﬂ’i‘r‘?&éﬁé‘?ﬂéﬁﬁﬁ’i“% B CET oM T éagg up consisting of hyd dm%%egg
ther i |s

aliphatic, angb6én Wi ewbideferarcadne g e RN ha‘tJ’C and
hydrogen. in, same:ambodipgais. Ahaedhiapecinatistyelnodphrizg having 1-3 heteroatoms
selected from oxygen, sulfur or nitrogen, the nitrogen may be N (asin

3,4-dihydro-2H-pyrrolyl), NH (as in pyzrolidinyl), or "NK (as in Nosubstituted pyrrolidinyl).

A heterocyclic ring can be attached 10 its pendant group at any heteroatom or carbon atom
that results in a stable structure, and any of the ring atoms can be optionally substituted.
Examples of such saturated or partially unsaturated heterocyclic radicals include, without
lirnitation, tetrahydrofuranyl, tetrahydrothienyl, pyrrolidingl, pyrrolidonyl, piperidinyl,
pyrrolinyl, tetrahydroquinelinyl, tetrahydroisoquinoliny), decahydroquinolinyl,
oxazalidinyl, piperaziny), dioxanyl, dioxolanyl, diazepinyl, oxazepinyl, thiazepinyl,
morpholinyl, and quinudidinyl.

[028] Tn some embodiments, two adjacent substituents ona heterocyclic ring, taken

together with the intervening ring atoms, form an optonally substituted fused 5 to

G-membered aromatic or 3- to 8-membered non-aromatic ring having 0-3 ring heteroatoms
selected from the group consisting of O, N, and 5. Thus, the terms “heterocycle”,
“heterocyclyl”, “heterocyclyl ring”, heterocyclic group”, “heterocyclic moiety”, and
“heterocyclic radical”, axe used interchangeably herein, and include groups in which a
heterocyclyl ring is fused to one or more aryl, heteroaryl, or cycloaliphatic rings, such as
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(0551In one embodiment, r and le are each -OH, and le and Rd are each hydrogen. In another
embodiment, r is -OH, and each of RI', le, and Rd is hydrogen. In another embodiment, RP is -011,
RP is fluor or -OCI-I" and BY and Rd are each hydrogen. In another embodiment, Re is -OH, BY is
-CH9, le is hydrogen or -OH, and Rd is hydrogen. In another embodiment, RIL and le together form
a band, and BY and Rd are each hydrogen. [056]In the compounds of formula (1), each le
independently is independently hydrogen, fluor, C,r9 aliphatic, or C fluaroaliphatic, provided that if
Xis -0- or -NE-, then le is not fluoro; or two r taken together form =0; or two k, taken together with
the carbon atom to which they are attached, form a 3- to 6-membered carbocyclic ring; or one r,
taken together with Rif and the intervening carbon atoms, forms a 3- to 6-membered spirocyclic
ring, which is optionally substituted with one or two substituents independently selected from fluor

or Cl, aliphatic; or one le, taken together with an adjacent ri and th interv%%[lﬁg galhRmAtoms
forms a cyetafeiapyl) Signaniidhcy omeems RhehRiay ik SRETS IS sUbstittients in(#a endently
selected fromflups Qi slipbaticroneRoteanbionecdRayiodethek hetasoerb BB APy 'gome
embodiments, eaihh rtil_rlj_dﬁpgg%ent cjsﬂmgm%%h@ﬁi@&ph@éﬁu&)mmﬁmmeﬁt&
each le indE&Raently i< hydrogen ofih certaj embodiments, one le j Rhekerbepigiithe
other Rf is higtrbigeRberieans *ﬁaq‘fk‘fdl’é?lh}a bﬁeé%gﬁt%’,} itk %"%‘%}g’rﬁ%@g@ 7%14%9?&?
compoundsypffemiaaliyl aisiheteonyalybpa Hont iependently BRERUBHR RS With oné if and the

intervening carbon atoms, forms a 3- to 6-mempered spirocyclic ring, Which,is AREGRGEY that
substituted 8281 one or t#§ %ﬁﬁiﬁ%ﬁ&%nﬂﬂeﬁﬁigﬁ%%&a fom Lo or G4 aliphatic; or Re,

taken togethenwish R leandteeltnfokentrigledishbathig WS@W&%DI%D&_HGYHHQI which is
optionally sybsfituted with e fldwrsubsiscnigitdenendeitiyle slesetmePRIsbPETR Ot
aliphatic; or RP, taken together with.BY and the intervepingsarges.ams, forms a fused
cyclopropah‘ét‘?ﬂf&% %Jﬁﬁﬁ%/i/nua{'l y Substituted with one or two substituents independentl
selected framyfiiior or C afiphatis: 4h-aemereapt adittiehes; inisahy drogeRTes woiey Attt Ene
such embodiments, it is hydrogen, or :CR3. i&g@mmgmgadﬁm@rmmr@mm@he
compoundstBPBARRMA 31 gﬁlgc?su%d%gléer%o%i, a;lphatlc; or Re, taken togeth rgy%p‘&gm the
intervening aathartase T ForGi.a fEEQ-cHEPTEh=RtE AR RIS donally substituted with one

or two substjiuents independeptly SrlertaaypRafurote earg di@mﬂ@ﬂ@:ﬁéﬁﬁg’éﬂl%ith

Rd and the intervening carbon atoms,.forms ?ofL%ﬁq GYClOREQP AN Eokideititialimeragtihn silijker is
substituted %ﬁ%%ﬂ%lﬁ?“f\%‘gﬁfﬂ‘ ggﬁ‘]‘gn S ﬁ%’epean ently selected from fluor or C1_1 aliphatic. In

some embogiTgatkylRe:ichyirdgen sogtanallpisabetitedrtain particular embodiments, Re is

hyd . [059]In th ds of f la (1), Ri [ lected f t f:
hydrogen. [059]in the compounds of formula (). RIDg ASH SHSF AT NEroRkpamneisiing.o

polymethylene group, i.e., «(CH,) -, wherein n is a positive integer, preferably from one 1o

six, from one to four, from one to three,

alkylene chain is a polymethylene group in which one
titnent. Suitable substituents include those described below fora

from one to two, or from two to three. A substituted
or more methylene hydrogen atoms is
replaced with a subs .
substifuted 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(R*)=C(®*)-, -CaC-,-O-, 5 -5(0)-, -5(0) - -S(OLN(R)-, -N(R)-, -NR)CO-,
NERYCONER)- -NERICO, SC(ON(R-, ~C(O)-, “C(O)-C(O)- -CO,-, -0C(0)-, -0C(Q)O-,
“OCO)NR)-, -CNR)=N, -C(OR*)}=N-, NER)-NR)-, or -NRDS(O),~ Each R,

an optionally substituted aliphatic, aryl, heteroaryl, or

taken together with the ritrogen

independently, is hydrogen or
heterocyclyl group, ot two R” on the same nitrogen atomn,

2tom. form a five to eight membered aromatic or non-aromatic ring having, in addition to

the nitrosen atom, 2ero 1o two ring heteroatoms selected from N, O, and 8. Each R*
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sc.N/IN A-vi where Rs, Rh, R! and le are as defined above and as further defined below. [061:]In
the compounds of formula (1), each Rh independently is hydrogen, halo, -CN-, -017?, -N(114), -SR6,
or an optionally substituted Ci4 aliphatic group. In some embodiments, each Rh independently is
hydrogen, halo, -CN, -OH,aliphatic), -NH2, -NH-(C.2., aliphatic), -N(Ci, aliphatic), -SH, -S-(C™
aliphatic), or an optionally substituted Cgroup. In certain embodiments,? is hydrogen or chloro. In
certain particular embodiments, Rh is hydrogen. [061]In the compounds of formula (1), each 1?!
independently is hydrogen, -Ole, -N(R4)2, -SR6, or an optionally substituted aliphatic, aryl, or
heteroaryl group. In some embodiments, each R! independently is hydro -OH, -0-(C.2_,
aliphatif)deRen WEYPS(BYd%ﬂﬁﬂ’i‘a‘ﬁ’b?“ P\F(@Ofai]bf@tk:s)ﬂt-‘gf-ﬂa ey, "Hb’é EﬁT@ﬁ%ﬂy%ubstltuted
Cm aligreierogrbiligrosertain ernbodirnents,R1is hydrogen or Cm aliphatic In certain particular
embodiments, R." is hydrogen. f062)In the compounds of formula (1), Rk is hydrogen, halo, -ORS5,
-N(R4)203%3R6, or anBptiopziysUhstifatmhCmaatiptiatihgyeo bpertr isteme: ptadodithespelacke le
indeperdehOCid-hydidge(; gl DR b )4-alipHaDi Y HNE 1@ HNBCH-alpGBkRy) (CH?).-, -
-N(C14aiphetei 2151 -(C18-(OnTaliphatit), pOATHhptionady(SHpSiiduEd: < nOahighatiengiespf In

certain grpeskinents tkaisahy drpgenphalowaiGihalighatigolipeer@itipactiqutarigmbodiments, le is
hydrog@},kl@@:ﬂ -samegrebpdimenisctbergompaundeiiormularfldie charagtelizeddp.at least
one of U@—Iﬂ? A0Y) fe?@ﬁ%%(@i—lx)ésa &i@{é‘)&%«%ﬁ [ slirein G is one of the “interrupting”

functional groups listed below.

[034] For purposes of clarity, all bivalent groups described herein, including, e.g.,
the alkylene chain linkers described above and the variables V?, V2, T, T2, T3, 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.

[035] One of ordinary skill in the art will recognize that when an alkylene chain
having an interruption is attached to a functional group, certain, combinations are not
sufficiently stable for pharmaceutical use. Only stable or chemically feasible compounds are
within the scope of the present invention. A stable or chemically feasible compound is one in
which the chemical structure is not substantially altered when kept at a temperature from
about -80 °C to about +40 °C, preferably from about -20 °C to about +40 °C, in the absence of
moisture or other chemically reactive conditions, for at least a week, or a compound which
maintains its integrity long enough to be useful for therapeutic or prophylactic
administration to a patient.

[036] The term "substituted", as used herein, means that a hydrogen radical of the
designated moiety is replaced with the radical of a specified substituent, provided that the
substitution results in a stable or chemically feasible compound. The term "substitutable",
when used in reference to a designated atom, means that attached to the atom is a hydrogen
radical, which can be replaced with the radical of a suitable substituent.

[037] The phrase "one or more substituents", as used herein, refers to a number of
substituents that equals from one to the maximum number of substituents possible based on
the number of available bonding sites, provided that the above conditions of stability and
chemical feasibility are met. Unless otherwise indicated, an optionally substituted group
may have a substituent at each substitutable position of the group, and the substituents may
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(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) mis 1; and
(1)stereochemical configurations depicted at asterisked positions indicate absolute
stereochernistry. 10641In the compounds of formula (/),Rg is hydrogen, halo, -NO2, -CN,
-C(13.5)=C(R5)"-ORs, -5R6, -5(0)R6, -50,R6, -SO2N(124)2, -N(R4)" -NR4C(0)R5

, ANR4C(0)1'(R.4)2, -N(R4)C(=NR5-N(R4)2, -N(124)C(=NR4)-R6, -NR4C03126, -N(R4)50,126,
-N(R4)502N(R4)2, -0-C(0)R5, -000,RS, -0C(0)N(R4)2, -C(0)R5, -002125, -C(0)N(R4)2, 24
-C(0)Nat4)-0R5, -C(0)N(R4)C(=NR4)-N(114)21 -14(R4)C(=NR4)-N(R3-C(0)le,-C(=N12.4)-N(R4),
-C(=NR4)-OR5, -N(R4)-N(R4)2, -N(R4)-0e, -C(=NR4)-N(R4)-Cle, -C(R6)=N-OR5, or an optionally

substituted aliphatic, aryl, heteroaryl, or heterocyclyl. [65] In some emhodiments, Rg.is hydrogen,
C3.6 aliphaficeifhet fmmr@ﬁ&rmﬁﬂgﬂﬁﬁgﬂ‘ﬁﬁf%fﬁf e%%?@ﬁ%%p vﬁ%_re the

variables Rig. Ry, VbRl ldinuR-AbeaYads esag @sciibrtd dtowpultiple instances of a given variable in
a single compound.
[038] An aryl (including the aryl moiety in aralkyl, aralkoxy, aryloxyalkyl and the
like) or heteroaryl (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*,
-CRY=C(R*),, -C=C-R*, -OR*, SR, -5(O)R°, SOR, SONER"),, “N(ER,, -NR'COR,
NR'C(OINR",, NR'CO,R", -O-CO,R", ~OC(OIN(R),, -O-C(ORY, -COR™, -C(O)-C{ORY,
“C(ORE, -C(ON(R"),, C(=NR")-N(R",, -C(=NR")-OR, NRD-NERD,,
NERICENR)-NR),, -NRSO,R, NRSONER"),, -POYRY), “PIOYORY),, -O-P(0)-OR,
and -P(Q)(NR")-N(K"),, 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, forma - to 6-membered 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 heterocyclic xing include, without limitation, those
listed above for the unsaturated carbon of an aryl or heteroaryl group and the following: =0,
=5, =C(R"),, =N-N(R"),, =N-OR*, “N-NEC(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 least one non-aliphatic substituent.

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

[041] Unless otherwise stated, structures depicted herein are meant to include
compounds which differ only in the presence of one or more isotopically enriched atoms.
For example, compounds having the present sbructure except for the replacement of 13.3
hydrogen atom by a deuterium or {ritium, or the replacernent of a carbon atom bya "C-or

Y onriched carbon are within the scope of the inventon.
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[66] re is a C alkylene chain substituted with 0-2 independently selected le or eh, wherein the
allcylene chain optionally is interrupted by -C(R5)--C(R5)-, -C=C-, -5(0)-, -5(0)z-, -50,MR5-,
-N(R4)-, -N(R4)C(0)-, -NR4C(0)N(R4)-, -N(R4)C(tNR4)-1\1(R4)-, -NR)-C(=NR-4)-, -N(R4)CO2-,
-N(R4)S02-, -N(R.4)SO2N(R4)-, -0C(0)-, -0OC(0)N(R4)-, -C(0)-, -CO, -C(0)N(R4)-7
-C(=N14)-N(R4)-, -C(NR4)=N(R4)-, -C(=NR4)-0-, or -C(126)=N-0-, and wherein Ti or a portion
thereof optionally forms part of a 3-7 membered ring. [061In some embodiments, T1 is a Cchain
optionally substituted with one or two groups independently selected from fluoro or a . aliphatic or
fluoroaliphatic optionally substituted with one or two substituents independently selected from the
group consisting of -ORE’, -N(e)(e), -COX", and -C(0)N(e)(R4'). [OWIn certain embodiments, T1 is
a Ci, alkylene chain optionally substituted with one or two groups independently selected from
fluoro, C aliphatic, and C1 [069]Each it independently is selected from the grou conS| yngtgls OH,
-0(C1, alkyfnasTN, -N(RAX 10N B dpphapint tooym siibed Srohe Ef'(é?%{i‘f
-C(O)NI-1(G,4 aliuh: 107936 aﬁhtﬂuf&eﬁmayan @&apummumtmsmuféhmww%ﬁwaﬁsubs
tituents RTh on the same C %e n.atom g&g&é@gg&&%@e&&ﬁgﬁmgeﬁyﬂm}tmm

e

attached, ffHFStGERREMBErE cyc oaI| atlc ring. [0711Each R/ indepen s i
optionally mnmﬂam‘eﬁﬁ‘e@%éﬁﬂﬁ?@“&ﬁﬂ\?gﬁ E[“f,jﬁ'-‘ff’(%@'f ‘?-RE P&@%ﬁﬁ), =
"5(0)2-, -50g ek SW@MW@WWENWW( ZHrzesore () ?55 e
-N(R4)C(=NRd)- ((%ﬁ}éo C(O)N(R R AR M 5o MERASRAN R an e {Elie 2ACINHIRAIAETE(0)-, -003-4

-C(0)N(R4)-, )C(=NR. - =N ( :
-C(=NR4)- N(-Rht}re&e éﬁ "t% F‘%E“%‘?‘%ﬁ%(“ﬁ%% %ﬁﬁ?fent Viis
-N(R4)C(0)u(5141),1¢,mmm@ﬁwmyhmm@ewoxm%ﬁaﬁ? rﬁenf‘s Vil
is - N(R4)C(0 or -N @d&&ﬁ@s&&%@,a@m OlINAtAY .
I0731Each % é%%ﬁ%zg ona ysu ng%%%gssu%eteroaryl heterocydyl, or ’

cycloallpbammxmgea[ﬂ%iﬁédneemm@pém sSRES of %“C(RG)Z _CaC-Rs, -OR".

5RO, [043] Where stereochemical configuration at a given asymmetric center is defined
by structure, unless stated otherwise, the depicted configuration indicates stereochemisiry
relative to other asymmetric centers in the molecule. Where stereochernical configuration is
defined by chernical name, the designations {rel), (R*), and (5%) indicate relative
stereochemistry, while the designations (R), (S), (+), (), and (abs) indicate absolute
stereochemistry.

[044] In the compotnds of formula (), 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 stereochemistry, expressed as a percentage of the

total amount of all diastereamers present.

[045] In some embodiments, stereochemical configurations depicted at asterisked
positions indicate absolute as well as relative stereochemistry. Preferably, the enantiomeric
purity of the compound i5 at least 0%, more preferably at least 90%, still more preferably at
Jeast 95%, and most preferably at least 99%. Asused herein, the term, “enantiomeric purity”
refers to the amount of a compound having the depicted absolute stereochemistry,
expressed as a percentage of the total amount of the depicted compound and its enhantiomer.

[046] Methods for determining diastereomeric and enantiomeric purity are well-
known in the art. Diastereomeric purity can be determined by any analytical method
capable of quantitatively distinguishing between a compound and its diastereomers.
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-S(0)R6, -SO2R6, -SO,N(R)" -N(R.4)2,-NR4C(0)R5, -NR4C(0)N(124)a, -N(R4)C(aNR4)-N(R4)21
-N(R.5C(-=NR4)-R6, -NR4CO2R6, -N(R4)302R6, -N(R4)507N(R4)2, -0-C(0)R5, -0002.126,
-0C(0)N(R52, -C(0)R5, -002R5, -C(0)N(R4)z, -C(0)N(R4)-013:51 -C(0)N(le)C(=NR5-N(R4)2,
-N(R4)C(=NR4)-N(R4)-C(0)R5, -C(=NR4)-N(R4)1, -C(=NR4)-0R5, -N(R4)-Nat4)" -N(R4)-0R5,
-C(=NR4)-N(R4)-0R5, or -C(R6)--.N-OR5. (0751The invention also relates to a subgenus of the
compounds of formula (/)" characterized by formula (//): or a pharmaceutically acceptable
salt thereof, wherein Ring A and the variables X, V. RE', RI, BY, Ra, R., Re, RI, and in have the
values and preferred values described above for formula (1). The invention also relates to a
subgenus of the compounds of formula (/), characterized by formula (111): ora
pharmdéeuiplafoasedpedhiamalaiiehersshogdh srdirde) 1sitqubkimiativr) nugeptHaagnstbles X, Y, Rb,
12.™" RegdendREe epdt;iRIcdpy ANR) hgnvectervatogephyl (Sreferrstiniglhuper thesurilsediabiove for
formulacfijofstdgviphe (bl Baftic Glari knihcdianéiots of tipeuiity entidre telstertiosiibgengranefittienl
compounehaf tapabiladfldign iegiessniedibyficHing het(tiboh) o tdm o) ranahdlis-driyntiomer.

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

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

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

[047] In the compounds of formula (I), X is -C(Rf)2, -N(R?)-, or -O-. Each Rf'is
independently hydrogen or fluoro; or one R, taken together with an adjacent Rf and the
intervening carbon atoms forms a cyclopropyl ring; or one R and one R together form a
double bond. R?is hydrogen, Ci4 aliphatic, or Ci4 fluoroaliphatic. In some embodiments, X is
-CHo>-, -CHF-, -CF2-, -NH-, or -O-. In certain embodiments, X is -CHz-, -NH-, or -O-. In certain
particular embodiments, X is -O-.

[048] In the compounds of formula (I), Y is -O-, -S-, or -C(R™)(R")-, where R™ and R»
are as described above. In some embodiments, R™ is hydrogen, fluoro, -NHz, -NH(C14
aliphatic), -N(C14 aliphatic)z, or Ci4 aliphatic, or R™ and R~ together form =O. In some
embodiments, Y is -O- or -CHo.

[049] In the compounds of formula (I), m is 0, 1, 2, or 3, provided that Y is
-C(R™)(R")- when m is 0. In some embodiments, m is 1, 2, or 3. In certain particular
embodiments, m is 1.

[050] In the compounds of formula (I), R? is selected from the group consisting of
hydrogen, fluoro, -CN, -Ns, -OR?, -N(R*)2, -NR*CO:2R®, -NR*C(O)R?, -C(O)N(R*)2 -C(O)R?, -
OC(O)N(R%):, -OC(O)R?, -OCO:2RS, or a Ci4 aliphatic or Ci4 fluoroaliphatic optionally
substituted with one or two substituents independently selected from the group consisting of
-OR>, -N(R*)(R¥), -CO2R%>, or -C(O)N(R*)(R¥); or R* and R together form =O; or R* and R¢
together form a bond. In some embodiments R? is selected from the group consisting of
hydrogen, fluoro, -CN, Ns, Ci4 aliphatic, Ci4 fluoroaliphatic, -OR>, -NH(R?), -N(H)CO:zR5, -
N(H)C(O)R?, -C(O)NHR?, -C(O)R?, -OC(O)NHR?, -OC(O)R?, and -OC(O)OR®. In some
embodiments, R is selected from the group consisting of hydrogen, -OH, -OCHj, -, Ci4
aliphatic, Ci4 fluoroaliphatic and fluoro. In certain embodiments, R?is selected from the
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or a pharmaceutically acceptable salt thereof, wherein the variables

ables Q,it,, Rh and it have the values and preferred values described herein for formula (1).
[on]One embodiment of the invention relates to a compound of formula (1), wherein it is an
optionally substituted aryl, heteroaryl, or heterocydyl group. In some such embodiments, the
invention relates to a subgenus of the compounds of formula (1), characterized by formula
(110: or a pharmaceutically acceptable salt thereof, wherein: Ring B is an optionally
substituted 5- or 6-membered aryl or heteroaryl ring having zero to three ring nitrogen atoms
and optionally one additional ring heteroatom selected from oxygen and sulfur; and the
variables Q, X, Y, Ra, RDb, 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 0) tioargell glubstituted
furanyl, thigil ByERlhgoinatybsaaRH PRz S FEURICISOEZ B BSGthiazolyl,
oxadiazolyl, triazolyl, thjadiaz.alyl, phenyl, pyridyl, pyridazinyl, pyrirnidinyl, pyrazinyl, or
triaziny!, vATRPEHBTES ing T o

nitrogen atom in le optionally is oxidized. In certain particular
embodiments, Rg is anﬁpt%ngo SuRgtitseeskRRENY), fthid saetyéddirtriatpl group consistng of
0801subiffttaple ring carbon atoms in Ring, B preferably are su@%t_wac@m{
substituents-irggae Anently ColetNpdPRATRIE yrotif G orhals, N2, © 7 -
C(R5)=-C(R5)2.- - <5€0) ~ -DaRAGENCN A)Rbaliphatic optionally
-NateOnRS?ﬁ@%&ﬁ%%ﬁ%ﬁ?N%gggiﬁ%é -%Iﬂl'«l? co'RG-%(Q 02RG: M Néykisting
-o-cmR5,-mbﬂR®¢d@ﬁ®m€mW@(§)ﬁ§?@B’5§Fé§? T%WQE{ ,%%O)N(R4 ‘OR e
-C(0)N(R) Wlﬁé&&é} N (RANH RADNEEHEL0) R R SN SRR Ot bR R 3,

-C(=NR4)-N(R4)-0R (R6)=N-0R5, or an optionally substi ihadie, @manpptionally
substitutecha%')lhem’ﬂa%ﬁ/ﬁ??ﬂeﬁﬁ?ﬁ?ﬁleé?gé%'%errig\ioﬁ a&%%gﬁ%s%lﬁstitueﬁts,stanlzgn together

with the i”@i"%ﬁ%@ﬂw AR SRR, ORI AR SINERCAFE DB MR it
aromatic or Mbn-aromati¢ fing having 0-3 rin I%)e 6&@“&&%@&&@9 st R g asisging
of 0, N, andOIBOGHDBHE eﬁq%%?mfg n%?‘%? IS substituted with 0-2 substityents
independeny;selpgied, i AT be QU Eopsisiafiatd@Ns, Rl R3Y dReRa e HRS
[052] In the compounds of formula (I), 2" is selected from the group consisting of
hydrogen, fluoro, C,, aliphabic, 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 R®, 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.

] . I’
[0s3] - In the compounds of formula (D), R” is selected from the group consisting o

iphatic; or R’ g form =O; or
hydrogen, fluoro, C, , aliphatic, and C, , fluorcaliphatic; or R and R together ;

R, taken together with R® and the intervening carbon atoms, forms a fused cycdlopropane

’ i
which iz optionally substituted with one or two substituents independently selected
aliphatbic; or Y, taken together with R and the intervening carbon atoms,

Iing,
from fhuoro or C,

forms a fused cydopropane ring, which is optionally substituted with one or fwo
sulbstituents independently gelected from flucro or C, aliphatic.

[054) In some embodiments, each of R’ and K 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

ervibodiments, B and R are each hydrogen.
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, -NR-C(0)N(R4)2, -NR4C0212,, -C(0)14(R4)2, -CO2R5, -Ole, or a Cor fluoroaliphatic
optionally substituted with -OR5x, -14(R4r)(C)1 -002.R5x, or -C(0)N(R4)(e)_ The variables
R4, R5, R6, it', R4Y, and le have the values described above for formula (I). [082]Another
embodiment of the invention relates to a compound of formula (7), wherein Rg is
-1.71-T1-Rig, -V1-e, -T1-le, or -TI-V1-R's. e is an optionally substituted mono-or bicyclic aryl,
heteroaryl, heterocyclyl, or cycloaliphatic group. In some embodiments, CA, alkylerte chain
optionally substituted with one or two groups independently selected from fluoro or a C14
aliphatic or C14 fluoroaliphatic optionally substituted with one or two substituents
independently selected from the group consisting of -of, -N(ttxR4Y), -CO2R5% and

-C(O)N(R4)(R.4). In certain embodiments, T;l is a Ci, alicylene chajnpptionally subsgtituted
with one gpggio groupsﬁnde@embemm&té%dfﬁ)ﬁ?lﬁ%% Cfer™ %o%lﬁhge

ic. In some

i S S e sy,

_C(RS)?C&B%MO%eﬁ-R&MﬁﬂEW RN ATERS, E%éﬁglgmin soIrnne

s A A S oo K sopeueomstimlugroe

pharmaceyisaly assopinbie iatdeoré sizwher raabrdard R, 2 or 2825 hafbgen.
{0561 In the compounds of formula (D), each R independently is independently
hydrogen, fluoro, C, , aliphatic, or C, fluorcaliphatic, provided that if X is -0 or -NH-, then
R is not fluoro; or iwo R’ taken together form =C; or two E. taken together with the ::arbon
atom o which they are attached, form a 3-to &-membered carbocycdlic ring; or one B, taken
together with B and the intervening carbon atoms, forms a 3- to 6-membered spirocyclic
ring, which is optionally substituted with one or two substituents indepe;ndmﬂy selected
from fluoro or C_, aliphatic; or one R’ taken together with an adjacent R and the |
intervening carbon atoms forms a ¢ycopropyl ring, which is optionally subsﬁtut:ed with mru:i1
or two substituents independently selected from fluoro or C,, aliphatic; or one R andone R
together form a double bond. In some embodiments, each F' 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 embodimments, each R’ is hydrogen.

[057] I the compounds of formula (1), R® is hydrogen, o C, , aliphatic; or &, taka
together with one R and the intervening carbon atoms, forms a 3- to G~mernbered spirocyclic
ring, which is optionally substituted with one or two substituents independently selected
from fluoro or C, , aliphatic; or R, taken together with B™ 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 ox ¢, aliphatic; or R, taken together with
R and the intervening carbon atoms, forms a fused cyclopropane 1ing, which is optionally
substituted with one or two substituents independently selected from fluoro or C,, aliphatic.
In some embodiments, K" is hydrogen or C, , aliphatic. In some such embodiments, R is

hydrogen or -CH,,. In certain embodiments, R’ is hydrogen.
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R5 is hydrogen or C e is a Cchain optionally substituted with one or two groups independently
selected from Rine or a C1" aliphatic or CA, fluoroaliphatic optionally substituted with one or
-two sub stituents independently selected from the group consisting of -OR51, -N(R.4x)(R4Y),
-Cot, and Ring C is an optionally substituted a- to 8-membered heterocyclyl or cydoaliphatic
ring, or an optionally substituted 5- or 6-membered aryl or heteroaryl ring; and the variables Q,
X, Y, Ra, ICR..", Rd, LB!, Rh, ul, and m have the values and preferred values described
above for formula (I). [084]In some such embodiments, T1 is a Cm allcylene chain optionally
substituted with one or two groups independently selected from fillOW, Cand C14
fluoroaliphatic. (085]Iin some embodiments, Ring C is substituted with 0-22? and 0-2 Rao,
where: each R independently is halo, -NO2, -CM, -C(Rs)=C(R5)2,-0R5, -S -2 (0)JRPY S
-$02N(RAYRE8N(RA)" -Nwwmvmeww%@uﬁ(ﬁ%‘g‘éﬁ%‘ AP SRR .
-N(R4)C(=NI24)-R.6 _%’(‘:@%%?“ME&% sDhie) SeRN (Rety2d-OrapyReane singrdich
40C(O)N(RBFEIRS, BE2T -C(0)14(R4),. -C(O)KR 4)-0R5 -&@gggggéamm@éﬁ,
-KRA4)C(=NRonYicrzi) <CperirBed iR oD A2 éﬁ&%%%gﬂ “Ce-NR5-N(RA)}OR5,
_C(RG):N-%R%%Q&PQHR&QMWWWmmmmﬂh%ﬁfﬁ@& ns a fuse

heterocydyl,"dr heteroaryl groyp: or two R an t AgdHngearbemaiam, taken
together wiFFIRETEBRBB Ao “forR %?%opéw%gl%/ s_uEsti_tuted 3-to 8-[%? ber%dﬁpﬁ%ﬁ}éﬁ@%en
cycloaliphatigqenatatesebetediitpro flupnoaesSce AR A% SFAEIAIH the interverting fing
atoms, form an optignally substituted fsed A t@ 8rnemberesk ai@mmagin.or non- aromatic ring
having 0-3¥frfg-n&&rs: ni% Se Eélcﬁgdgl#

om the group consisting of 0, N, and S; eachit |
independeptiyis selecteg fram.dheelarp GoRsISHRIDS King i prrmtie el RTaI bR SEEVR SRISIETNE
-N(t)(R4Y), or atm, aliphatic or fluoroaliphatic optionally substituted with -Oe, -N(ext), -0021t,
or -C(0)14(@%4x)(R49; and

Hk
| AL e v HLFN * O 7 i P)\EN{‘(H“
R ¢ pa N= N/ N R\ \
oY m ,ﬁé—\(ﬁ ¥ *Q S &
A=l w ¢ e N#N R A" an R
A_EN_<H“ A A Al A" A-iv i A-v ) A-vi .
R
Rl o
Mg’ X
N
Rh
and AW ;
where B5, R, R 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-, -OR’, -N(I{")z, SR®, or an optionally substituted C, , aliphatic group. In some
SO, -OH, -O-(C, aliphatic), -INH,,

or an optionally substituted

embodiments, each R" independently is hydrogen, hala,
-NHAC,, aliphatic), -N(C, 4 aliphatic),, -5H, -5-(C,, aliphatic),

. .
¢, aliphatic group. In certain embodiments, R is hydrogen or chloro. In certain particular

embodiments, R' is hydrogen.

. 5
[061] In the compounds of formula {I), each R independently is hydrogen, -OK’,

MR, -SR®, or an optionally substituted aliphatic, aryl, or heteroaryl group.

embodiments, each R independently is hydrogen, -OFL -0-(C, aliphatic), -NEL,
or an optionally substituted

In some

_NH-(C, , aliphatic), -N(C, , aliphatic),, -SH, -5-(C, , aliphatic),
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the variables le, RdY, and R5N have -the values described above for formula (1). [086]In some
such embodiments, Ring C is a C.3.6cycloaliphatic, phenyl, pyrrolyl, imidazolyl, oxazolyl, eniazolyl,
isoxazolyl, isothiazolyl, pyrazolyl, triazolyl, tetrazolyl, oxadiazolyl, thiadiazolyl, pyrrolinyl,
imidazolinyl, pyrazolinyl, pyrrolidinyl, irnidazolidinyl, pyrazolidftwl, piperidinyl, morpholinyl,
piperazinyl, pyridyl, pyridazinyl, pyrimidinyl, pyrazinyl, or tetrahydropyrirrddinyl ring, any of which is
substituted with 0-2 le and 0-2 R3. (0871In certain embodiments, T1 is a s2 alkylene chain
optionally substituted with one or two groups independently selected from fluoro or a Cm aliphatic
or fluoroaliphatic optionally substituted with one or two substituents independently selected from
the group consisting of -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 benz g; Br O | digwhRe:lng cfo@8)Another
embodimedyt, elitfelitaaton RS ué 0 co ounds of formula (/), characterized

by formula%r %ﬂ%ggﬂgmlggmwwﬂ);@gmm --t%ls,,ll /Ral H2NRb RdRh or a
pharmaceﬁ ally acceptable salt thereof, wherein: T1 is a C14 alkylene c I%mg}stltuted

a
with one qphy groups mqﬁgeaﬂ@auﬁa@témm@flﬁorﬁéﬁé‘@&%‘ahﬂﬁ MOroahphatlc

optionally substituted with one or two ai% ‘ééjents mﬂgg&ﬂQ%gﬂggﬁgﬁem&mﬂgpgugenﬂy
consstmgﬂ@ﬂ%&){ |s a 3- to 8-membered het rogy

cydoaliphaig, armg?gﬁ qléroor(ﬁqnemb:ggeﬂ;&wh@c PetbsotiiHing "-BHWF}NT‘% ig ql}; sébstltuted

’ FRfueRbinenrte: '
\;Vrlntg r?] i:\,;?gqé ahghiﬂg the a\xlxaé&%lﬁg sttt R 80 BEnRE deodf. JdRMeREY | RS,

ts, R is hydrogen.
R" is hydrogen, halo, or C,, aliphatic. In cextain particular embodimen y

[063] In some embodiments, the compound of formula (f) is characterized by at

least one of the following features:
(2) XKis-0O-;
(b) Y is -O- or -CHL~;
(©) R'is -OH;
d K and R® are each independently hydrogen or C,, aliphatic;
(&) R’ is hydrogen, fluoro, or -OR;
{3) B° and B are each hydmgem
(2 each R is hydrogen;
)  each R ishydrogen;
D K is hydrogen or G, aliphatic;
() R is hydrogen, halo, or C,, aliphatic;

() mis1l;and
{0 stereochemical configurations depicted at as terisked positions indicate

absolute stereochemistry.

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

CERY=C(RD),, -C=C-F, LOR, -SF', -S(O)R’, -SOR’, SO,N(RY,, N(R’),, -NK SO,
NECOMNERY, NEICENR)NER), NE)C(=NR)E, NRICOR', -NR)SO, RS,
NERYSONERY,, -O-COR, _OCORS, “OCIOMN(RY),, _C(OR’, -COR, -COMNRY,,
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values and preferred values described above for formulae (/)-(V). [089]In a particular embodiment,
the invention relates to a compound of formula (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 (W.I);-n

RiR1 R OR1V :itanY 1 0=g-4( m Bo N.9",11RB RI' Rd Rh H21%.1 or a
pharmaceutically acceptable salt thereof, wherein: V2 is -N(R)-, -0-, or -5-.; le is hydrogen or C.L.

aliphatic; Ring D is an optionally substituted ary], h il S4ReY 5C whsigeing; and
the variabmﬁ:mﬂ%(W@%cﬁ%%M%’ I%@gﬁg‘ﬁjes ang@( E()e%rre values described

above for for e BrEOG A4, SRS, AR ORISRty NP IrCeBrtant Elbetffents, vz is
o aptionally substituted aliphafic, aryl, heteroaryl, or heterocyclyl.
[065] In sorme embodiments, R is hydmge.n, ¢, aliphatic, G, fluoroaliphatic, }:alo,
R® _R® _T-R*, -T"R%,-V-T-R*% and VTR, where the variables RS, R, VvV, and T
have the values described below.
[066] T'is a C,  akylene chain substituted with 0-2 independently selected K or
R* wherein the alkylene chain optionally is interrupted by -CE®)=CE)-, -C=C-, -O- 5~
S(O), -S5O -SONER-, -NEY-, -NR)CO)- NRCONEK-, NERICENENER)-
NERY-CENRY-, -NERICO,, -NRISO, NRYSON(RY-, -0C(0)-, -OCOINR ), -C(O)-
€O, -CLONRY-, -CENRY)-NR Y- CNRY=N(RY-, -C(=NR)-O-, or CR)=N-O-, and
wherein T or 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 selected from fluoro or a C, , aliphatic or
C,, fluorocaliphatic optionally substtuted with one or two substituents indepemienﬂz
selected from the group consisting of -OR™, NERY(R?), -COE, and -CONRIR")-
[0&8] In certain embodiments, T' is a C,, alkylene chain optionally substituted with
one or twa groups independently selected from fluoro, C,, aliphatic, and
C,, fluoroaliphatic.
[069] Each R* independenily 13 selected from the group consisting of =F, -OH,
-O(C, , alky), “CN, -N(K?), ~CONC,q alkeyD), -COH, ~CO,(C,, alkyl), -C(OINEL, and
-CIOYNFH(C, , alkyD.
10703 Each R™ independently isa C,, aliphatic optionally substituted with R™ or K,
or two substituents R® on the same carbon atom, taken together with the carbon atom to

which they are attached, foxm a 3-to &-membered cycloaliphatic ring-

i . A 1 rine.
[o71] Each B independently is an optionally substituted aryl or heteroaryl ring
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[0921In some embodiments, Ring ID is a mono-, hi-, or ticydic ring system- In some embodiments,
Ring D is a mono- or bicyclic ring system. In some such embodiments, Ring D selected from the
group consisting of furanyl, thienyl, pyrrolyl, oxazolyl, thiazolyl, imidazolyl, pyrazolyl, isoxazolyl,
isothiazolyl, oxadiazolyl, triazolyl, thiadiazolyl, phenyl, naphthyl, pyranyl, pyridyl, pyridazMyl,
pyrimidinyl, pyrazinyl, triazinyl, indolyl, isoindolyl, inclazolyl, benzimidazolyl, benzthiazolyl,
benzothienyl, benzofuranyl, ptuirtyl, quinolyl, isoquinolyl, cinnolirtyl, phthalazinyl, quinazolirtyl,
quirtoxalinyl, rtaphthyridinyl, pteridinyl, tetrahydrofuranyl, tetrahydrothienyl, pyrrolidinyl,
pyrrolidonyl, piperidinyl, pyrrolinyl, tetrahydroquinolinyl, tetrahydroisoquinolinyl,
decahydroquinolinyl, oxazolidinyl, piperazinyl, dioxanyl, dioxolanyl, diazepinyl, oxazepinyl,
thiazepinyl, morpholinyl, quinuclidinyl, tetrahydroquinolinyl, tetrahydroisoquinolinyl, indanyl,

phenanthridinyl,tetrahydgonaphtﬁhyl, indolinyl, bertzodioxanyl, 0dj chrqmgny,

cyclopropypm]clobutyl,Eyéfoﬁﬁqﬁﬁ:@%m shte yaﬁfﬁeyxﬂg cybrg#?;%lm cydt;)fﬁegtyl,

cycloheptew@tﬁ]&n&%q @@Wyngmﬁﬁqm‘pigmhéﬁmmﬂfiﬂ@h‘}@mctanyl In
irhents,; i

certain embo in is an optionally substituted indanyl, teftah hyl, or chromartyl.
1093]Ring-BiR4sthe Wﬁﬂ%ﬁﬂﬁ@&@r@%?bé%%%’ﬁﬁe 'e‘rE éSr’Bg(%(% its component rings,
and the sub {&.@nﬁ ay beherearraarslitagsnt Nmsrtiasieh Jsath SDRiHG(EDIE 324 Rared ring
carbon atonTin ﬁ@ 13’is unsubstituted or substituted with =0, =Sa.:C§nR5).g1, SRR N-0R5,
=N-N1-1C@RR=-NERHICOLRTR HP 166 O BB oS S Ubsstitutable unsaturated
ring carbon ﬁ%@@? % §Eilw@j%ml§lﬂﬁdq@)€@f’.. baenaptsydtutable ring
nitrogen atortin R i5 unsubstittifed or 'substituted withThe arig‘%\%ﬁP dR{P have the
values deseribediteiow, YDB4BERIE QP MAIRIGEMN® aFa‘,‘!%ﬁS' BN ER5j=C(R5)2,-SRS6,
-S(0)R6, -SQ2R6,-NR4 , -NR4gon(E =N(R)c(=NR)-N(B), -N(R)c(a5-R6, -meco2R6,
-N(R.4)802%%%‘§%%}fe4’(%5'?%%(0) 5, -CCO,R6, -0C(0)N(R4)2, -C(0)1C -002R5,
‘C(O)N(R‘?@EE(O)N(RQEQ&?R‘ RANAFEN R PERAN MR B MR ANEIREIE (0)R5 1
-C(=NR4)- )2, -C(=NR,4)-0R6, -C(=NR4)-N(R.4)-0R5, -C(126)--rN-Ole, or an optionally
substitutedketpraselydros SRR S MB&ituted aryl, heterocyclyl, or heteroaryl group; or two RP

on the same saturated carbon ato &&@@%W@MWG@M&@
attached, fdPHFhn option%iaigl/lc')lgabsl.ltl?l'j&#é%§

3-to 6-§nem% red gpirocydig cy. iphaticsings+
g)95_1EaC|:|h J@.t'%qm_‘emmténd ! SSDJBFGE‘QQW?R%(@NW, &%E@)éﬁg&i@%ﬁ% Ff_
optionally substituted yvi ¢[0 218 Rerts, i ently is
selected from¢h cé?&rj%wé ﬁglﬁsﬁgggﬁ'ig%@ aIiphaticE,RC. flugroaliyphati }sﬁ%ﬂﬁrﬁiﬁ-ﬁ%
213-R71'; QrchuORRRY) th@%a@ﬁ:ﬂ@ﬁ%&ﬁ@ﬁ@%@g%gg@ | ¢1=e carbon dfom to
which they ?{\?(RA)C(‘—'NR‘)'N (R COR, -C CNRY-NERY,, -C(=NR") OR®, -NRH-NER),, NR)-OR,
-C(=NRY-N(RY-OF’, or -C(R)=N-OR’-

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

characterized by formula (11):

]
ri Y R Ye,
N €3 digy o'
oI A
0-, Ha“ dH
HoN R® R an

in Ri i XY,
or a pharmaceutically acceptable salt thereof, wherein Ring A and the variables

3T for
BB, LR R, R’ and m have the values and preferred values dezscribed above

formula (I).
[076] The invention also relates to a subgenus of the compounds of formula (),
characterized by formula (IIT):
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attached, form an optionally substituted 3- to 6-membered spirocyclic cycloaliphatic ring, The
variables e, le, and f have the values described below. 109712 is a Cchain optionally substituted
with le or le. 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,
OC(O)N(R.4)" -C(0)1e, -CO2R5, -C(0)N(11.4)" -C(O)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(O)N(t)(t), or a Cor Cis, fluoroaliphatic optionally subsgituted with -of, -N(C)(R4Y), -002R5t or
-C(O)N(R(t); each REP independently is selgcteed from'the_grpup consisting of fiuoro, -of, -N(C)(e),
-0021e, or -C(0)N(It)(t), or'a Cor'Cm flygiraliphape optidnally sulgsituted with -Ole, -N(lex)(R43),
-Oat, or -C(0)N(tth)(R41), provided thgj ps than Yot off-N(R4x)(124Y) when located at a
position adjacent to a ring oxygen gfatf-qhd flrgrer vidédiﬂi\ht when two R5P are attached to
the same carbon atom, one must be delecteB%rgg tia grou nsisting of fluor, -0021e,,

and Cis, aliphatic or C. fluoroalipﬂaﬂ?! optionally substituted with -of, -N(R4,(1e), -OOZl?,I&
--C(0)14.1(t)(114); or two ler) on the same carbon atom togethey form =Q or = X)ZLOlidwo RaP
on the same carbmaibmmt&l@ﬁﬁ@@‘éﬁ'@?’*ﬁﬁﬁ]fﬁ%eéﬁ%%ﬂ Y =e@opaa

&tom Yo which they are attached to
form a 3- to 6-membeted SRIFORY RICHNG, SISH0, ), &%, 3ndrrhave the values and preferred values

T

described above for formula (I).
[077] Various particular embodiments of the invention relate to subgenera of the
- -D), (I0-E),
compounds of formula {I11), represented by formulae (IH-A), (IT-B), (UI-C), (I1I-D), (II-E)
and (TH-F):
Al ne
R o "
Ro o S
,lll‘ —_ N D , N=<
o=5-NH e Dig-NH . e A
Ha AR (II-A) HaN P (ITI-B)
R [=1]
AR..o RO .Y,;_Q
O ‘}:‘ ! \ [e) yuak N‘z;;:\(
0 -/III' N— 0- J h
D=gi h ;F a
HN A F (-C) Hz (I-D)

Ao A

R o e ~
© T v ° ,gollm N~{::\<
HD!*{E R ™ (HI-E) wa o RF (IE-F)

3 - o B Rh
ora pharmaceuﬁca]l}r acceptable salt thereof, wherein the variables Q.R,E,E,

and B have the values and preferred values described herein for formula (I).

[078] One embodiment of the invention relates to a compound of formula (D,
wherein RS is an optionally substituted aryl, heteroaryl, or heterocyclyl group. Insome such
ermbodiments, the invention relates to a subgenus of the compounds of formula (1),
characterized by formula (IV):
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tis 0, 1, or 2; and the variables tx, Rn, R5x have the values described above for formula (1).
(0101]in some embodiments, each le independently is selected from the group consisting of fluoro,
-OR5kK, -N(Rak)(e), -CO2R5x, or -C(0)N(CXe), or a C. aliphatic or Coptionally substituted with
-Olex, -N(CXR"), -CO2R’, or or two leb on the same carbon atom are taken together with
the carbon atom to which they are attached to form a 3- to 6-membered spirocyclic ring; provided
that RsP is other than -of or -N(1t')(12.6) when located at a position adjacent to a ring oxygen
atom; and s is 0, 1, or 2. [0102]Another embodiment of the invention relates to a compound of
formula (1), wherein: re is -N(le)(R9); R6 is hydrogen or C1_4 aliphatic R9 is hydrogen, C.2_,
aliphatic, -'e-R9 or-T4-R; Tb is aCfr6 allcylene chain substituted with 0-2 independently selected
R3a or leb; 14 is a C2, alkylerte chain substituted with 0-2 independently selected R34 or Rsb; R9b
is -C(R5)=C(R5)2, -0C-R5,-S(0)R6, -SO2R6, -S02-N(R4)2, -C(R5:=N-OR5, -CO,R5,
-C(0)-C(0)R5, -C(0)R5, -C(0)N(le)2, -C(=Nle)-N(R4)2, or -C(= -OR5; and R9b is halo, -NO2,
-CN, -OR5, -SR6, -N(R52, -N(R4)C(0)R5 N(R4)C((B RICO2R5, -0-002-R5,
-0C(0)N(R4)2, -0C(0)1C -144(1e)-N(Rg AS(0)2}e AXWN(le)S02-N(R4)2. [0103]In some

B
such embodiments, R9 is hydrogen %aéhpg- ogponall ituted with one or two substituents
independently

_I'l .y c h
D“/S e dF{ =]
HgN R R ‘ av)

or a pharmaceutically acceptable salt thereof, wherein:

Ring B is an optionally substituted 5- or 6-membered aryl o heteroaryl ring having
zero to three ring nitrogen atoms and optionally one additional nng heteroatom selected
from axygen and sulfur; and

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

[D79] In some embodiments, R? is an optionally substituted furanyl, thienyl,
pyrrolyl, oxazolyl thiazolyl, imidazolyl, pyrazolyl, isoxazolyl, isotl'iiazctlyl, oxad.i.az?lyl,
triazolyl, thiadiazolyl, phenyl, pyridyl, pyridazinyl, pyrimidinyl, pyrazinyl, or triazinyl,
wherein one ring nitrogen atom in RF optionally is oxidized. In certain particular
embodiments, R® is an optionally substituted phenyl, smidazolyl, or triazolyl.

(0801 Substitutable ring carbon atoms in Ring B preferably are substituted with 0-3
substituents independently selected from the group consisting of halo, -INO,, -CI*«I,.5
CR)=C(®), -C=CF, -OK’, SR’, S(O)K’, SOR", -SONE,, N, —NR"C(D)R;
NE'CONRY,, NEICENR)-NER,, NEYCENRY-R, NRCOK, NERISOR,
N@E)SO,NRY, -O-C(OE, -OCOR,, _OCOYN(EY,, “COR, -COE, -CONR),,
_CONERY-OR’, -CONRICENR N, NE)CENEY-NERY-CONR, -CENR)-NE,,
-C(=NRY)-OR’, -C(=NRYNE)-OR’, C(R)=N-OR’, or an optionally substituted aliphatic, or
an optionally substituted aryl, heterocyclyl, or heteroaryl group; or two af:ljacent '
substituents, taken together with the intervening ring atoms, form an optionally substituted
fused 4- to &-membered aromatic or non-aromatic ring having 0-3 ring heteroatoms selected
from the group consisting of O, N, and 5.

[031] In some embodiments, Ring B is cubsttuted with 0-2 subsﬁtu;ents i
independently selected from the group consisting of halo, -CN, -N(R""]z, NECOR,
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selected from the group consisting of -ORsz, -N(Rh(R4Y), -O021t5', -C(0)N(Rt)(e). [01041In a
particular embodiment, the invention relates to a subgenus of the compounds of formula (1),
characterized by formula (WI): O Ism 0.g-o ne HaNRh or a pharmaceutically acceptable salt
thereof, wherein: stereochernical configurations depicted at asterisked positions indicate
absolute stereochernistry; and the variables Q, re, Rb, R’, Rd, Rg, Rh, and R' have the values
and preferred values described above for formulae (1)-(VIl).. EO105In some embodiments, the

invention relates to a subgenus of the compounds of formula (VIM, characterized by formula (Villa):
0 0" 0=g-0 /Ra' I-12NRh ,=Q ? 8

NR-C(ON(RY,, NR'COK’, -CONE), COX, -OR’, ora C, , aliphatic or

C,, fluoroaliphatic optionally substituted with OR™, NER™(R™), COR™, or
-C(O)N(R™)(RY). The variables K, X, R, R™, RY, and B™ have the values described above
for formula (I).

[082] Another embodiment of the invention relates to a compound of formula (),
wherein R is -V-T-R¥, -V-RY, .T-R", or -T-V-R'*. K is an optionally substituted moro-
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"), -CO,RE",
and -CON(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' 15 N(RYC(O)-, -NRYCON(R)-, -NR)SO,,
-N(R")SD;N ®"-, or —N(K')(I)z-. In certain such embodiments, V'is -N(R‘) C(O)-or
NRYCONERY-. In other embodiments, V' is -C(RH=CED), -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 (I), characterized by foronula (V):

Ri
Rf wre ):Q
N Ve i

D |\|ll % Fh H"‘ ‘ T

et m G N N
_"g g R b dH \r;
or a pharmaceutically acceptable salt thereof, wherein:

V' is N, -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 Fuora or a C, , aliphaticor C, Auoroaliphatic optionally substituted
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NyiTheN s'rl FrNN nd  or a pharmaceutically acceptable salt thereof, wherein: Rl is -OH; it and
Rd are each independently hydrogen, fluor, or C R, is hydrogen, fluor, or -Ole; Rs is hydrogen or
C14 aliphatic: each RP independently is selected from the group consisting of fluor, -OR5x,
-N(le)(R41, -032R5x, or -C(0)1\1(t)(R4), or a Cor C fluoroaliphatic optionally substituted with
-ORs¥, -N(RNn(R43"), -0021e, or -C(0)N(R.4x)(R4Y); each ReP independently is selected from the
group consisting of fluor, -OR5x, -N(Rdx)(t), -CO2R5% or -C(0)N(Kx)(C), or a C" aliphatic or Cl,
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 quor -0021e, C(O)N(R4x)(e), and C" aliphatic

or C" fluoroaliphatic optionally substltuted wit &;(J&% 9,5 GkNRG.4K) (RAY);
or two le, on the SAIRCBE MR ABRTIYE yF%‘xx IS ydrogen C quoroaIIcyI or Cthe

aryl portion of whmmawwmmmmmM@Ms @ &rogen, CC" fluoroalkyl, C640
ar(C"alkyl, the aryl portion of which may be optionally substituted, or an ?gtlon&OXh st 5- or
6-membered ashgtPieroarptiareizerbeerad fido S RERSREF RS TRREV h the nitrogen

atom to which they, aieiashng sipsaiardptionaiyesuliystid veyl or e8I BEEdMbterocydyl ring
having, in addition to the (b ferred
the variables O, X, Y, K, K, B, R’ RS, R, R, R, and m have the values and preferre

values described abave for formmaila (1)
[os4] 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_, fluoroaliphatic.

o 80 .
[085] In some embodimerts, Ring C is substituted with 0-2 R” and 0-2 K, where:

each R° independently is halo, -NO,, -CN, CRY=C(RY),, -C=C-F’, -OK’, -S&, -S(O)R’,
_SO,R", -SON(R),, -N(K),, -NR'C(O)R, -NR COINRY,, NEICENR)-NES),
NEHC(E=NR" }R®, -NR ‘COR, NRISOR", NERHSO, NER),, OCOR,
LOCO,R’, -OCIONRY), CIO)R, -COR, -C(OMERD,, _COMNEH-OR,
_COMNERHC(ENRI-NERY,, NERHCENR)-NRY)-COR, C(=NRY-NEY,,
C(=NR)-OF’, _C(=NR-N(R)-OR’, -C(RH=N-OR’, or an optionally gubstituted
aliphatic, or an optionally substituted aryl, heterocydly), or heteroaryl group; ot
two R° on the same saturated ring carbon atom, taken together with the carbon
atom, form: an optionally substituted 3- to 8-membered spirocycic cycloaliphatic

or heterocyclyl ring; or two adjacent R®, taken together with the intervening ring

atoms, form an optionally substituted fused 4- to 8-membered arornatic Or Non-
aromatic ring having (-3 ring heteroatoms selected from the group consisting of

O,N, and S;
each R independently is selected from the group consisting of C,., aliphatic,
C, , fluoroaliphatic, halo, O™, NE™E™, or a C,, aliphaticor
C,, fluoroaliphatie optianally substituted with -OR™, —N(Ru)(R Y rCD,FR&‘, or
-C(OMNER™)(ER™); and
the variables R, R, and K™ have the values described above for formula (1)
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nitrogen atom, 0-2 ring heteroatoms independently selected from N, 0, and S; each le
independently is hydrogen, C14 alkyl, C14 fluoroallcyl, or an optionally substituted Cor C,"
ar(Chalkyl; sis 0,1, 2,3,0r4;and tis 0, 1, or 2. 101061Subgenus definitions for Ring A and
variables X,Rb, Re, Rd, Re, and lir described for formula (/) also apply to formulae (n)-(vHD.
Compounds embodying any combination of the preferred values for the variables described herein
are within the scope of the present invention. [0107]Representative examples of compounds of

formula (1) are shown in Table 1. Table 1:El Activating Enzyme Inhibitors / 9 -, of 1-12N-5-0i."
8HanCIH*N
[086] In some such embodiments, Ring Cisa Gy cycloaliphatic, phenyl, pyrrolyl,

imidazolyl, oxazoly], thiazolyl, isoxazolyl, isothiazolyl, pyrazolyl, triazolyl tei:azolyl,‘ -
oxadiazolyl, thiadiazolyl, pyrrolinyl, imidazolinyl, pyrazolinyl, pyrrolidinyl, imidazolidiny],
pyrazolidinyl, piperidinyl, morpholinyl, piperazinyl, pyridyl, pyridazinyl, pyrimidinyl,
pyrazinyl, or tetrahydropyrimidinyl ring, any of which is substituted with 0-2 R* and 0-2 R™.
[087] In certain embodiments, T' is a C, , alkylene chain optionally substituted with
one or two groups independertly selected from fluoro or a C,, aliphatic or

i i i i i ts independentl
C,, fluoroaliphatic opticnally substituted with one or two subs:ttuen indep . 4]:) \

4 =

selected from the group consisting of -OR™, NE®RY, -COR™, and -CONR)(R"), an
Ring C is a C,, cycloaliphatic, phenyl, oxazolyl, or isoxazolyl ring, any of which is
substitated with 0-2 R* and optionally is fused to an aptionally substituted benzeng,
dioxolane, or dioxane ring.
[088) Another embodiment of the invention relates to a subgenus of the
compounds of formula (I), characterized by formula (VI):

Hi
H Re
.ol [1} lg . N
o—s-x R
N RP R (VD)

or a pharmaceutically acceptable salt thereof, whereir:

T is a C,, alkylene chain optionally substituted with one or Two groups independently
selected from fluore or a C,, aliphaticor C, fluoroaliphatic optionally substituted
with one or two substituents independently selected from the group consisting of
OR™ -NER™EY), COR™, and -CONEERYY;

Ring C is a 3- to 8-membered heterocyclyl or cydoaliphatic ring, or a 5- or 6-membered
aryl or heteroaryl ring, any of which rings is substituted with 0-2 R’ and 0-2 R™; and

I mh ] =0 i it iy have the
the variables Q, X, Y, K, B, B, R, R, R, R\ R, R, R, R, R L R™,and m hav

values and preferred values described above for formulae (I)-(V).
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[089] In a particular embodiment, the invention relates to a compound of formula
(VI) or 2 pharmaceutically acceptable salt thereof, wherein:

‘P is a C, , alkylene chain optionally substituted with one or two groups independently
selected from fuoro or a C, , aliphatic or C, , flucroaliphatic opticnally substituted
with one or two substituents independently selected from the group consisting of
_OR™, -NR™)(RY), -COR™, and _C(ONR™(R™); and

Ring C is phenyl, which is substituted with 0-2 E¥ and optionally is fused to an
optionally substituted benzena, dioxolane, or dioxane ring.

[090] Another embodiment of the invention relates to a subgenus of the
compounds of formula (I), characterized by formula (VID="

HoN R® R A" v
or a pharmaceutically acceptable salt thereof, wherein:
V2 is -N(RY-, -0-, 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, R, R, r: R, R, R", ®, and m have the values and preferrec
values described above for formula (I).
[091] In soe embodiments, V* is ~N(R)-. In certain embodiments, V* is —NEL-,

[092] in some embodiments, Ring D is 2 mono-, bi-, or ticyclic ring system. Insome
embodiments, Ring I is a mono- or bicydic ring system. In some such embodiments, Ring
D selected from the group consisting of furanyl, thienyl, pyrrolyl, oxazolyl, thiazolyl,
imidazolyl, pyrazolyl, isoxazolyl, jsothiazolyl, oxadiazoly}, triazolyl, thiadiazolyl, phenyl,
naphthyl, pyranyl, pyridyl, pyridazinyl, pyrimidinyl, pyrazinyl, triazinyl, indolizinyl,
ndolyl, isoindolyl, indazolyl, benzimidazolyl, benzthiazolyl, benzothienyl, benzofuranyl,
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purinyl, quinolyl, isoquinolyl, cinnolinyl, phthalazinyl, quinazoliny!, quinoxalinyl,
naphthyridiny}, 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, benzodioxanyl, benzodioxelyl, chromanyl,
cyclopropyl, cyclobutyl, cyclopentyl, cyclopentenyl, cyclohexyl, cyclohexenyl, cycloheptyl,
cycloheptenyl, cyclooctyl, cyclooctenyl, cyclooctadienyl, bicycloheptanyl and bicyclooctanyl
In certain embodiments, Ring I is an optionally substituted indany), tetrahydronaphthyl, or
chromanyl.-

[093] Ring D may be unsubstituted or may be substitutec on either or both of its
component rings, and the substituents may be the same or different, In particular, each
cubstitutable saturated ring carbon atom in RingDis unsubstituted or substituted with =0,
=8, =C(R%),, =N-NR"),, =N-OF, _N-NHC(O)R®, =N-NHCO’, =N-NH50,R’, =N-K’ or -R".
Each substitutable unsaturated ring carbon atom in Ring I is unsubstituted or substituted
with -RF. Each substitutable ring nitrogen atom in Ring D is unsubstituted or substituted

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

[094) Bach R? independently is halo, -NO,, -CN, CERH=CR),, C=C-R’, -OR%, SR,
SR, -SOR’, -SO,N(R",, -NE®), NE'COR, NE'CONR),, N(RIHCENRY-NRY,,
NERYCENRH R, -NR'COR’, -NRISOR,, NERYSON(RY),, -O-COR’, -OCO,F,
_LOCIO)N(RY,, -COR, -COR’, CONRY,, CONER)-OF’, CC(ONERYC(E=NRY-NERY,,
N(RY)CENRY-NERY-COR, CENRY-N(RY,, -C(=NRH-OF’, C(=NRY)-NE)-OR’,
-C(Rﬁ)zN—ORs, or an optionally substituted aliphatic, or an optionally substifuted aryl,
heterocyclyl, or heteroaryl group; or two RP on the same saturated carbon atom, taken
together with the carbon atorn to which they are attached, form an optionally substituted 3~
to 6-mexnbered spirocyclic cycloaliphatic ring.

[095] Each R” independently is -C(O)K’, ~COIN(R), -COR®, -SOR’, -SON(RY,, or
a C,, aliphatic optionally substituted with & or K.

[096] In some embodiments, each R® independently is selected from the group
consisting of halo, C, , aliphatic, C, ; fluorcaliphatic, R R¥ PRT, and -T-ETortwo R
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on the same saturated carbon atom, taken together with the carbon atom o which they are
attached, form an optionally substituted 3- to é-membered spirocyclic cycloaliphatic ring,
The varisbles RF, 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.

[099] Each R* independently is -NO,, -CN, -CR)=C[R), -C=C-K’, -OF’, SR,

S(O)R’, -SOR’, -SON(RY, N(RY,, -NRK'C(OR’, - ACOMN(RD,, NRHC(ENR)-NERY,,
NRC=NED-RS, NR'COR’, NE)SOR, NEIHSONERY, -O-C(OIR, -OCOR,
LOC(ONRY,, -CLO)R’, -COR’, -CONRY),, _COIN(RY)-OR’, “C(ON(R)C(=NR)-NR),
NEHCENR)NER)-COKR, C(ENRY-N(RY,, C(=NR)-OR, CENRY)-NERY-OR’, or

-CR)=N-OR’.
[0100) In some embodiments, Ring I is selected from the group consisting of:
(AP A"
{R")
/O
(RB); ,  (R®), ; (A%); ;

each B independently is gelected from the group consising of fluoro, -OR™, ~N(R“)(R'“').-
-CO,R™, or _C(OYNR™(RE), or a C,, aliphatic or C,, fluoroaliphatic optionally
substifuted with -OR™, NERIERY), -COR™, or -CONERMERTY;

each R” independenﬂf is selected from the group consisting of fluoro, -OR™,
NERSERY), -COR™, or -C(ONER) (R™, or a C_, aliphatic or C, , fluoroaliphatic
optionally substituted with _OR™, -NR™ER™Y), -CO,R™, or -CONR")(R"), provided
that R¥ is other than -OR™ o -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 fluoro, COR™,
CONERIRY), and C, , aliphatic or C;, fluoroaliphatic optionally substituted with
OR%, -NE™R), -COR™, or ~CONER™(RY); or two R on the same carbon atom
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together form =0 or =C(R5“)z; 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;

5150,1,2,3,0r4;

tis0,1, or2; and

the variables R, Y, B™ have the values described above for formuia (I).

{0101 In some embodiments, each R independently is selected from the group
consisting of fluore, -OR™, -NER )(K"), COR™, or -CONR"™) ®™), or a €, aliphatic or
C,, Auoroaliphatic optionally substituted with -OR™, NER™RY), -CO,R™, or
-C(O)N(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 &-nembered spirocyclic ring; provided that
R¥ is other than -OR™ or -N(R™)(R™) when located at a position adjacent to a ring oxygen

atom; and

sis0, 1, or 2.
[0102] Another embodiment of the invention relates to a compound of formula (1),
whereir

R is NEYER);

R®is hydrogen or C, , aliphatic;

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

R™ is -CRH=C(RY),, -C=C-&, -S(OR’, -SOK, -50,-N(RY,, -CR)=N-OR’, -COR’,
C(O}-C{ONRS, -CORY, -CON(RY),, -C(=NR)-NR), or -C(=INRH-OR’; and

& i halo, -NO,, -CN, -OF’, -SK’, -N(R"),, NER)C(OR’, NERHCOWNE),
NEICOK, -O-CO K, “OCOIN(R?),, “OC(OK’, NRIN®R),, NERHS(O),E,
or -NRY50,-NRY,-
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[0103] In some such embodiments, B’ is hydrogen ox a C, , aliphatic or
C, fluoroaliphatic optionally substituted with one or two substituents independently
selected from the group consisting of -OR™, -NER™(R"), -CO, R™, -CONER™R™

[0104] In a particular embodiment, the inventon relates to a subgenus of the
compounds of formula (3), characterized by formula (VILD:

=

Y=a

- N Re
_‘E_;--O/H ‘,c ?\f.r.\lNr

or a pharmaceutically acceptable salt thereof, wherein:

stereochemical configurations depicted at asterisked positions indicate absolute
stereochemistry; and

the variables Q, R*, R', R, R®, R, R, and R’ have the values and preferred values
described above for formmlae {(T)-( VI).

[0105]) In some embodiments, the invention relates to a subgenus of the compounds
of formnula (VIII), characterized by formuala (VIIa):

N
9 llll \M
073*0 "Hﬂ NN

HoN A™ge R (HBP)S

(Hp)t

(VIIa)
or a pharmaceutically acceptable salt thereof, wherein:

R*is ~OH; -

R” and R" are each independently hydrogen, fluoro, or ., aliphatic;

R is hydrogen, fluoro, or —OR™

R’ is hydrogen or C,, aliphatic;
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each Rf independently is selected from the group consisting of fluoro, -OR™, -NER™(E™,
-COR™, or -COIN(R™(R™), ar a C,,, aliphatic or C,, fluoroaliphatic optionally
substituted with -OR™, -NR*)(E"), -CO,R*, ar -COINE")R™);

each ¥ independently is selected from the group consisting of flucro, -OR™,
NERYERY), -COR™, or -CIONERWEY), or a C,, aliphatic or C,, fluoroaliphatic
optionally substituted with -OR™, -N®R"}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, -CO,R™,
‘C(OYNER™(R™), and C,, aliphatic or C, , fluoroaliphatic optionally substituted with
AOR™, -N(R“YR"), -COR™, or -CONR™)(R™); or two R on the same carbon atom
together form =0 or =C(R™,;

R* is hydrogen, C_, alkyl, C, , fluoroalkyl, or C,,, ar(C, alkyl, the aryl portion of which
may be optionally substituted;

RY is hydrogen, C, , alkyl, C, , fluoroalkyl, C,, ax(C, )alkyl, the aryl portion of which
may be optionally substituted, or an optionally substituted 5- or 6-membered aryl,
heteroaryl, or heterocyclyl ring; or

B* and RY, taken together with the nitrogen atom to which they are attached, form an
aptionally substituted 4- to $-membered heterocyclyl ring having, in addition to the
nitrogen atom, 0-2 ring heteroatoms independently selected fromN, O, and &;

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

$is0,1,2,3, ox & and

tis0,1,0r2.

[01.061 Subgenus definitions for Ring A and variables X, Y, R, R%, RS RL K, and R

described for formula (I) also apply to formulae (II)-(VII). Compounds embodying ary
combination of the preferred values for the variables described herein are within the scope

of the present invention.
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[0107] Representative examples of compounds of formula (T) are shown in Table 1.

Table 1: E1 Achvating Enzyme Inhibitors
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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}-7 H-pyrrolo[ 2 3-d]pyrimidin-7-yl}-2-
hydroxycyclopentyl)methyl sulfarate

I-2 [(15,25,AR)-4-(4-{[2-(difuoromethoxy)benzylamino)-7H-pyrrolof2,3-d]-
pyrimidin-7-y1)-2-hydroxycyclopentyllmethyl sulfamate

I-3 [(15,25,4R)y-2-hydroxy-4-(4- [nlEthyl[(lS)r-l-phenyletl'lyl]anﬁnn}-?H-pymln-
{2,3-d]pyrimidin-7-yl)cyclopentyilmethyl sulfamate

14 [[15,15AR)—2—hydmx)~4~(4-[[(1S)-l-phenylethyl]anﬁnn}-7H-pyrroln[2,3-d]~
pyrimidin-7-ylcyclopentylmethyl sulfamate

I-5 ((1S,25,4R)~4-{4—[(4—ch10r0benzyl)amino]-7H~pynulo[2,3—d]pyﬁnﬁdin—7—-yl]-2-

| hydroxy-2-methylcyclopentyl)methyl sulfamate

I-6 (15,25 AR)-4-4-{(15)-2,3-dihydro-1H-inden-1-yl(methyl)amino}-7H-pyrzolo-
[2,3-d}pyrimidin-7-y})-2-hydroxycyclopentylymethyl sulfamate

17 [(15,25,AR)-2-hydroxy-4-(4-[[(1R)-1-phenylethyljamino)-7H-pyrrolof2,3-d}-
pyrimidin-7-yl}cyclopentyllmethyl sulfamate

I-8 [(A5 ,RSAR)Qahydmxy-éu(é-[[&(hﬂluorom&xyl)benzyllaminn1-?H-pyrrolo~
{2, 3-d]pyrimidin-7-yl)cyclopentyllmethyl sulfamate

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

10 | (15,25 AR)-4-{4-[benzylmethyljamino}-7H-pyrrolof2 3-dlpyrimidin-7-yl}-2-
hydroxycydopentyl)methyl sulfamate

L11 | (18 38) 3-14{(25)- 2,3 dihydro-1H-inden-1-ylamino]-7H-pyrrolo[2,3-d}- i
pyrimidin-7-yllcyclopentyl)methyl sulfamate

112 | ((15.254R)4-{4-](45)-3,4-dihydso-2H-chromen-4-ylamino}-7H-pyrrolo[2,3-d]-
pyrimidin-7-yl}-2-hydroxycydopentylymethyl sulfamate

112 | ((15.25 AR)-4-{4-[(1R)-2,3-dihydro-1H-inden-1-ylamino}-7H-pyrrolo[2 3-d]-
pyrimidin-7-yl}-2-hydroxycyclopentyDmethyl sulfamate

1-14 [(15,25,4R)-4-{4—{[(1S)—S,B-dimel:hyl-?.,B-dihydrn—lH—i.nden—'.l.—yl]anﬁno|-7H=
pyrrolof2,3-dlpyzrimidin-7-yl)-2-hydroxycyclopentyljmethyl sulfamate

I-15 | ((15254R)-4-{4-[(2,6-difluorobenzyl)amino]-7H: -pyrrolo[2 3-d]pyrimidin-7-y1}-
2-hydroxycyclopentylmethyl sulfamate

1-16 {{15,25 AR)+[4—[(3,5-dich1ombenzy1)a:rdnp}?H—pynolo[l,B—d]pyﬁmidjn-?-yl}r-
2-hydroxycyclopentyl)methy] sulfamnate

117 | ((152R,35,4R)-4-{4-[(15)-2,3-dihydro-1H-inden-1-ylaminc}7H-pyrrolof2,3-d]-
pyrimidin-7-yl}-2,3-dihydroxycyclopentylymethyl sulfamate

118 | [(1528 4R} 4-(4-amino-7H-pyrrolof2,3-d]pyrimidin-7-y1)-2-
hydroxycydopentyljmethyl sulfamate
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((15,25,AR)-4-[4-[(2 4-dichlorobenzylyamino}-7H-pyrrelof2 3-d]pyrimidin-7-y1}-
2-hydroxycyclopentyl)methyl sulfamate

1-20

((1R4AR)-4-{4-[(15)-2 3-dihydro-1H-inden-1-ylaminol-7H-pyrrolo[2,3-4)-
pyrimidin-7-ylcycdopent-2-en-1-ylimethyl sulfarnate

I-21

[(15,25,4R)-4-(4-{{(1 R)-3,3-dimethyl-2,3-dihydro-1H-inden-1-yllamino}-7H-
pyzrolo[2 3-djpyrimidin-7-y1)-2-hydroxycyclopentyljmethyl sulfamate

I-22

((15,2R,35 AR)-4-{4-{(4-chlorobenzyl)amino]-7H-pyrrolof2 3-dlpyrimidin-7-y1}-
2 3-dihydroxycyclopentyl)rnethyl sulfamate

-3

(15,25 AR)-4+[6-[(4-chlorobenzyDaming]-9H-purin-9-y1}-2-
hydroxycyclopentyl)methyl sulfamate

1-24

{(15,25.4R)-4-[4-[(3 A-dichlorcbenzylaminol-7H-pyrrolo[2,3-dlpyrimidin-7-yl}-
2-hydroxycyclopentyl)methy] sulfamate

I-25

(15,25 AR)-4-|4-{(cyclopropylmethyl)amino]-7H-pyrrolof2, 3-d]pyrimidin-7-yl}-
2-hydroxycyclopentyl)methyl sulfamate

I-26

((15,25,4R)-4-14-[(1 3-benzodioxol-5-ylmethyl)amino]-7 H-pyrrolo[2,3-d]-
pyrimidin-7-yl}-2-hydroxycycopentyl)methyl sulfamate

1-27

[(15,25 AR)-4-(4~{[{15)-5-chloro-2, 3-dihydro-1H-inden-1-yllamino}-7H-pyrrolo-
{2,3-dlpyrimidin-7-yl)-2-hydroxycyclopentyllmethyl sulfamate

128

{(15,25 AR)-2-hydroxy-4-[4-(2-phenylethyl)-7H-pyrrolo(2,3-dlpyrimidin-7-yl]-
cyclopentyljmethy! sulfarnate

I-29

((15,25 AR)-4-}4-[ (cyclohexybmethyl)amino}-7H-pyrrole[2 3-dlpyrimidin-7-yl}-2-
hydroxycydopentylymethyl sulfamate

1-30

((15,25,4R)-4-14-[(15)-2 3-dihydro-1H-inden-1-ylamino]-7H-pyrrolo[2 3-d]-
pyrimidin-7-yi}-2-hydroxy-2-methylcyclopentylymethyl sulfamate

1-31

1(15,25 AR)-4-[4-(benzylamino)-5-fluoro-7H-pyrroiof2,3-dlpyrimidin-7-y1}-2-
hydroxycyclopentyljmethyl sulfamate

1-32

{(15,25 AR)-4-[4~(benzylaulfanyl)-7H-pyrrolo]2,3-d]pyrimidin-7-yl]-2-
hydroxycyclopentylimethyl sulfamate

I-35

[(18,25,4R)4-(4-{(15)-5-bromo-2,3-dihydro-1H-inden-1-ylJamino}-7H-pyrrolo-
[23-d]pyrimidin-7-y1}-2-hydroxycyclopentyljmethyl sulfamate

1-34

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

I-35

((18,25,4R)-4-{4-[(15)-2,3-dihydro-1H-inden-1-ylamino}-7H-pyrrolof2,3-d]-
pyrimidin-7-y1j-2-hydroxycydopentylhmethyl sulfamate

1-36

[(15,25,4R)-4{4-{[(18)-5-fluoro-2,3-dihydro-1H-inden-1-yljamino}-7H-pyrrolo-
[2.3-dlpytimidin-7-y1)}-2-hydroxycyclopentyl jmethyl sulfamate

137

((1.5,25,4AR)-2-hydroxy-4-}4-[(15)-1,2,3,4-tetrahydronaphthalen-1-ylamino]-7H-
pyrrolof2 3-dlpyrimidin-7-yljcyclopentyl)methyl sulfamate

I-38

((15,25,4R)-2-hydroxy-4-{4-[(1-naphthylmethyDamino]-7H-pyrrolo[2,3-d]-
pyrimidin-7-yllcyclopentylimethyl sulfamate
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139 | [(15,25 AR)-4-(4-anilino-7H-pyrrolo[2,3-dlpyrimidin-7-y1)-2-
hydroxycycopentyl lmethyl sulfamate

140 | {(15,254R)-2-hydroxy-4-14-(methylamino)-7H- pyrrolo[ﬁﬂ-d]pynnudm—ﬂ’-yl]-
cyclopentyllmethyl sulfamate

1-41 | 1(15,25 4R)-2-hydroxy-4-{(4-{[(>methylisoxazol-3-yl)methyi]lamino}-7H-pyrrolo-
(2 3-d]pyrimichin-7-yl)cyclopentylmethyl sulfamate

I-42 | [(15,25,4R)-4-(4-[[4-chloro-2-(trifluoromethyl)benzyljamino}-7H-pyrrolo[2,3-dl-
pyrimidin-7-yl}-2-hydroxyeyclopentyllmethyl sulfamate

I-43 | ((15.25A4R)-2-hydroxy-4-{4-]{Z-methoxybenzyl)amino}-7H-pyrrolo[2,3-4]-
pyrimidin-7-yljcyclopentyDmethyl sulfarmate

I-44 | [(15,25 AR)-4-(5-ethynyl-4-methyl-7H-pyrrolof2,3-d]pyrimidin-7-yl)-2-
hydroxycyclopentylJmethyl sulfamate

1-45 ) ((15,25A4R)-4-{4-[(4-chiorobenzyl)amino]-7H-pyrrolol2, 3-d]pyrimidin-7-y1}-2~
hydroxycyclopentyl)methyl sulfamate

146 | [(15,25 AR)-2-hydroxy-4-(4methy}-7H-pyrrolo[2,3-dlpyrimidin-7-
yDeyclopentyl]lmethyl sulfamate

1-47 | [(15,25 4R)-2-hydroxy-4-(4-([2-(kifluoromethyl)benzyljamino}-7H-pyrrolo-
[2.3-d]pyrimidin-7-y))cyclopentyllmethyl suilfamate

148 | ((15,25 AR)-4-(4-{(4-chloro-2-methylbenzyDamino]-7H-pyrrolof2,3-dlpyrimidin-
7-yi]-2-hydroxycyclopentyl)methyl sulfamate

I-49 {(15,25 4R)-4-{4-(benzylamino)-7H-pyrrolof 2 3-d|pyrimidin-7-yl]-2-
hydroxycyclopentyllmethyl sulfamate

I-50 | {(15,25 4R)-2-hydroxy-4-[4-(2~-methyl-2-phenylpropyl)-7H-pyrrolo[2,3-d]-
pyrimidin-7-yl]lcyclopentyllmethyl sulfamate

I-51 | (15,25 4R)-4-{4-[(3-chlorobenzyl)arnino}-7H-pyrrotof2 3-d]pyrimidin-7-y1}-2-
hydroxycyclopentylimethyl sulfamate

1-52 | [(15,28,4R)-2-hydroxy-4-(4-{[(1R,25)-2-methoxy-2,3-dihydro-1H-inden-1-y1}-
ammino}-7H-pyrrolof2 3-dlpyrimidin-7-yDcycdopentyl imethyl sulfamate

I-53 | [(18.2R,35,4K)-2,3-dihydroxy-4-[4-(phenylsulfanyl}-7H-pyrrolo][2,3-d]-
pyrimidin-7-yllcyclopentylimethyl sulfarnate

I-54 | [(15.,28,4R)-2-hydroxy-4{4-{[(1R,25)-2-isopropoxy-2,3-dihydro-1H-inden-1-yl}-
amino}-7H-pyrrolo[2,3-dlpyrimidin-7-yl)cyclopentyllmethyl sulfamate

I-55 | ((25,355R)-5-{4-{(15)-2,3-dihydro-1H-inden-1-ylamino]-7H-pyrrolo{2,3-d]-
pyrimidin-7-yl]-3-hydroxytetrahydrofuran-2-ylimethyl sulfamate

156 | N-[{(15,25,4R)-4-{4-[(15)-2 3-dihydro-1H-inden-1-ylamino}-7 H-pyrrolo[2,3-d]-
pyrimidin-7-yl}-2-hydroxycyclopentylymethyljsulfamnide

¥-57 | {(25,35 5R)-5-[6-(benzylaming)-9H-purin-9-y1]-3-hydroxytetrabydrofuran-2-yl}-
methyl sulfamate

1-58 N-[((285,35,5R)-3-{4-[(15)-2 3~dihydro-t H-inden-1-ylamino[-7H-pyrrolo[2,3-d]-
pyrimidin-7-y1}-3-hydroxyietrahydrofuran-2-ylymethyllsu farmide
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I-59

2-((15,25,4R)-4-{4-](15)-2,3-dihydro-1H-inden-1-ylamino}-7H-pyrrolo{Z,3-d}-
pyrimidin-7-y1}-2-hydroxycycopentyl)ethanesulfonamide

I-60

(1 5,25,4R)—4—{4-{(1S)-2,3—c1ihyd:o—1H-inden-1—y1anﬁm]-?H—pynuluIE,B—d]-
pyrimidin7-y1}-2-hydroxy-1-methyleyclopentyl)methyl sulfamate

I-61

[(15,25 AR)4-{(4-{[(15)-4-fluora-2,3-dihydro-1H-inden-1-yljamiro)-7H-
pyrrolo [2,3-d]pyrir.njdin-?-yl)-z-hydrOxycyc.lopentyl]methyl sulfarnate

J-62

[(15,25 AR)-4-(4-1[(15)-4,7-difluoro-2,3-dihydro-1H-inden-1-yllaminol-7H-
pyrrolo[2,3-djpyrimidin-7-y1)-2-hydroxycyclopentylJmethyl sulfamate

I-63

[(15,25,4R)-4-(4-{[(1R)-4-chloro-2,3-dihydro-1H-inden-1-yllamino}-7H-
pyrrolof2,3-d]pyrimidin-7-yl)-2-hydroxycyclopentyllmethyl sulfamate

[(15,25,4R)-4-(4-{[(16)-4-chloro-2,3-dihydro-1H-inden-1-ylJamino}-7H-
pyrrolof2,3-dlpyrimidin-7-yl)-2-hydroxycyclopentyllmethyl sulfamate

I-65

[(15,25 AR)-4(4-{[(15)4-brommo-2,3-dihydro-1H-nden-1-yl|amino}-7H-
pyrrolof?,3-dlpyrimidin-7-yl)-2-hydroxycyclopentyl[methyl sulfamate

166

[{(18,25 AR}-4-(4-{ [(15)-7-fluoro-2,3-dihydro-1H-inden-1-yllamino}-7H-
pyrrolo[2,3-d)pyrimidin-7-yl)-2-hydroxycyclopentylmethyl sulfamate

1-67

(15,25 ARy-4-(4-([(15)-5-chlore-3,3-dimethyl-2 3-dihydro-1H-inden-1-
yl]amino}-FH-pyrmlo[.?.,a-d]pyrinﬁdm-?-yl)—2—hydmxycyclopentyl]meﬂ:tyl
sulfarnate

1-68

(18,28 AR)-4-{4-[(15)-2 3-dihydro-1H-inden-1-ylamino}-5-fluorc-7H-
pyrrolo[2,3-dlpyrimidin-7-yl}-2-hydroxycyclopentyl)methyl sulfamate

1-69

1(15,25 4R)-4-(5-fluoro-4-{[(1R,25)-2-methoxy-2,3dihydro-1H-inden-1-
yl]amino}-7H-pyrrolo[2,3-dlpyrimidin-7-y))-2-hydzoxycyclopentyljmethyl
sulfamate

I-70

[(15,25,AR)-A-(4-{[(1R,25)-2-ethoxy-2,3-dihydro-1H-inden-1-yllamino}-7H-
pyrralo[2,3-dpyrimidin-7-y1)-2-hydroxycyclopentylImethyl sulfamate

I-71

[(18,25 4R)-2-hydroxy-4-(4-{[(1R,25)-2-hydroxy-2,3-dihydro-1H-inden-1-
yllamino}-7H-pyrrolof2, 3-dlpyrimidin-7-y)cyclopentyljmethyl sulfamate

1-72

[(15,28 AR)-2-hydroxy-4-(4-{[(1R,2R)-2-methoxy-2,3-dihydro-1 H-inden-1-
yllamino)-7H-pyrrolo]2.3-djpyrimidin-7-yl)cyclopentyllmethyl sulfamate

I-73

(E)-2-((15,25,4R)-4-{4-{(18)-2,3-dihydro-1H-inden-1-ylamino}-7H-pyrrolo[2,3-
dlpyrimidin-7-y1}-2-hydroxycyclopentyl)ethylenesulfonamide

I-74

N-{{(15,25,4R)-2-hydroxy-4-(44[(1R,25)-2-methoxy-2,3-dihydro-1 H-inden-1-
yllamino}-7H-pyrrolof2 3-dlpyrimidin-7-yl)cyclopentyljmethyljsulfarmde

75

N-{((15,25,4K)4-[4-[(15)-2,3-dihydro-1H-inden-1-ylamino}-7H-pyzrolo[2 3~
dlpyrimidin-7-yl}-2-hydroxycyclopentylymethyl}-N-methylsulfamide

I-76

2-{(15,25 AR)-4-14-1(15)-2,3-dihydro-1H-inden-1-ylaminc]-7H-pytrolof2,3-
d]pyrimidin-7-yl}-2-hydroxycyclopentylethyl sulfamate

1-77

(15,2R 4R)-4-(4-[(18)-2,3-dihydro-1H-inden-1-ylamino}-7H-pyrrolof2,3~
d]pyrimidin-7-yi}-2-hydroxycyclapentyl sulfamate
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178 | (1R.25.45)-4-(4-[(15)-2.3-dihydro-1H-inden-1-ylamino]- 7H-pyrrolof2,3-
dlpytimidin-7-ylj-2-hydroxycycdopentyl sulfarnate ]
179 | [(35.254R)-2-hydroxy-4-(4-[[(1R,2R)-2-(methoxymethyl)-2,3-dihydro-1H-inden-
1-ylamino}-? H-pyrrolof2,3-dipyrimi idin-7-yl)cyclopentyllmethyl sulfamate
I-3D [(15,25,4R)-2~hydmxy—4—(4—{[(15,25)-2-(methoxymemyl)—zﬂadjhydrorlH—inden-
1-yljamino}-7H-pyrzolo[2,3-d]pyrimidin-7-yl)cyclopentyllmethyl sulfamate
I-81 [(15,25,4R)—2—hydmxy-4-(4—{[(1R,2R)-2—methy1~2,3-djhydro—1H~inden-1~
Yl]aminn]~7H—py1'rolﬂ[2,3-—d]pyrixnidin-?-yl)cyc:lnpentyl}meﬂlyl sulfamate

I-82 | [(15.25.4R)-2-hydroxy-4-(4-{[(1525)-2-methy}-2 3-dihydro-1H-inden-1-
yllamino}-7H-pyrrolof2,3-dfpyrimidin-7-yl)cyclopentyllmethyl sulfamate

1-83 | [(15,254R)-4-(4-{[(1R,2R)-2~ethyl-2 3-dihydro-1H-inden-1-ylJamino}-7H-
pyrrolo[2,3-d]pyrimnidin-7-yl)-2-hydroxycyclopentyllmethyl sulfamate

1-84 | [(15,254R)-4-(4-{[(15,25)-2-ethyl-2,3-dihydro-1H-inden-1-yljamino}-7H-
pysxolof2,3-dlpyrimidin-7-y1)-2-hydroxycyclopentyllmethyl sulfamate

I-85 [(15,25,4R)—2—hydroxy—4—(4ﬂ{[(lR,ZS)—Z—methuxy-l,?ﬂ,éteuahydmnapht}mlen—
1-yl]Jamino}-7H-pyrrolo[2,3-d]pyrimidin-7-yljcyclopentyllmethyl sulfamate

I-86 (15,25 ARY-4-{4-[(15)-2,3-dihydro-1H: -inden-1-ylamino)-7H-pyrrolo[2,3-
dlpyrimidin-7-yl}-2-methoxycycdlopentylymethyl sulfamate

General Synthetic Methodology

[o1091 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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Schemel:  General route for the synthesis of 4-substituted ((15,25,4R)-2-hydroxy-4-
{7H-pyrrolo[2,3-dlpyrimidin-7-yljcyclopentyldmethyl sulfamates
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[0110] Scheme 1 above shows a general route for preparing compounds of formuta

(7), wherein Ring A has foxrmula A-ii. Those of ordinary skill in the art will recognize that
compounds of formula () wherein Ring A. is other than A-ii can be prepared by the same
general route, beginning with appropriate starting materials analogous toi.

[0111] Methods for the synthesis of chloro-substituted pyrrolopyrimidines such as
forrmula i are known (F. Reigan et al., Bioorg. Med, Chem. Leit., 2004, 14, 5247-5250; J.
Heterocyclic Chert., 1988, 25, 1633-1639). As shown in Scheme 1, conversion of compounds of
formula i to substituted pyrrolopyrimidines is accomplished by coupling with the
appropriately substituted amines or mercaptans (see Pathak, AK,; Pathak, V.; Seitz, L.E.;
Suling, W.J.: Reynolds, R.C., J. Med. Chem. 2004, 47, 273-276) at elevated temperahire in
protic solvents, such as butanol or isopropanel, using an appropriate base, such as DIPEA or
Et,N (Method A). Alternatively, pyrrolopyrimidines i can be coupled with an appropriately
substituted alcohol in TL,O in the presence of a base, such as KOH, at refluxing temperatures
(Method B). Compounds of formula i can also be treated with Grignard reagents in the

55

. HNv -OH



0.N o He 1-71 *.s. HNI'l Rl 0-01-13 a -- N Olir N H2H11:ko.Ci 0 HO: 1-72 HN * Qte* ; Fscf 1-73 *Il "
‘NH N N

presence of ferric acetylacetonate in THF (Method C) to provide carbon-substituted
pyrrolopyrimidines. Compounds iv are prepared from ii by the opening of epoxdde iii with
a suitable base, such as NaH, LiFIMDS, or cesiurn carbonate, at elevated temperatures in
DME (Method D).

(01221 For preparation of compounds of formula (Z), 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 treatment with
chlorophenylthionocarbonate and a svitable base, such as DMAP, 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.

fo113] 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 alcohols of formula viii (Method H). Selective deprotection
of the primary alcohol using a fluoride reagent, such as pyridine hydrofluoride, in a basic
solvent, siich as pyridine, provides compounds of formula ix (Method T). Further treatment
with freshly prepared chlorosulfonamide x affords the penultimate sulfamates xi (Method J).
Acetate removal by treabment 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 synthesis of 4-N-gubstituted ((15,25,4R)-2-hydroxy-4-
{7H-pyrrolo[2,3-dlpyrimidin-7-yljcyclopentylmethyl sulfamates
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[o114] Compounds of formula (T), 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. Asshown in Scheme 2, treatment
of compounds of formula i with benzylmercaptan under conditions described in Method B
provides benzylsulfanyl pyxrolopyrimidines of formula xiii. 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).

[o115] Compounds of formula xvi are then synthesized by treatment of xv with an
appropriately substituted atine using a base, such as DIPEA, in a high-boiling probic
solvent, such as EtOH, at elevated temperatures (Method M) similar to literature procedures
(Lin, X.; Robins, M.J.,, Crganic Lett. 2000, 2, 3497-3499). Removal of the protecting gronp is
accomplished in a manner analogous to that depicted in Scheme 1, using the procedure
described in Method G, to give diols of formula xvii. Methods For the synthesis of tert-butyl
chlorosulfonylcarbamate xviii are known (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-fert-butyl-4-methylpyridine, in a solvent, such as AcCN, to afford Boc
sulfamates of formula xix (Method ). TFA-deprotection according to Method O yields the
compounds of formuta xx. The conversion of compounds xv to xvi has the potential

advantage of being amenable to solution phase 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 xd 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-anisaldehyde
dimethyl acetal provides epoxide iii. Alternatively, TBDPS-protection of the primary
alcohal of xxd followed by PDC oxidation gives the o,f—unsaturated ketone xxii. Addition
of MelLi to the ketone in Et, O gives tertiary alcohol xxiii, and treatinent with TBAF in TEF
provides diol xxiv. Epoxidation and diol protection affords the protected substituted

epoxide xxvi.

Scheme4:  General route for the synthesis of substituted amincindans
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[0117] The aminoindans used for the preparation of 4-aminoindanyl compounds of
formula xxx are either cormmercially 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 borchydride in the
presence of AcOH, gives amino alcohols of formula xxix (Method P). Treatment with lead
tetraacetate, followed by refluxing in HC), gives aminoindans of formula xe (Method Q).
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One skilled in the art will recognize that the use of (5)-2-amino-2-phenylethanol in Method P
can be used to afford the opposite enantiomer of indan oot

Scheme 5: Genetal route for the synthesis of 4-substituted (15,25 4AR)-2,5-dihydroxy-4-
{7H-pyrrolo]2,3-dlpyrimidin-7-yl}cyclopenty)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 formula 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 reaction with chlorosulfonamide x by Methed J,
as described in Scheme 1, affords sulfamates of formula xoxiii. Removal of the
isopropylidene using an acid, such as TFA, in the presence of water yields compounds of
formula xxxiv (II-C), according to Method S. Alternatively, triol xxxi can be selectively
sulfarmoylated at the primary hydroxyl and deprotected as described in Scheme 2, Methods

MN-0O to give compounds of forrmula xoexiv.
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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-pyxrolof 2 3-dlpyrimidin-7-yl}-
cyclopentyl)methyl sulfamates
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[0119] Compounds of formula xxxv are prepared by the methods described in

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

well as amides x3i,
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HIT /IN N r2' 0 IP1)-C143 Nhig 1-86 W1081The compounds in Table 1 above may also be
identified by the following chemical names: Chemical Name I-1
al5,2,5,4R)-4-(4-1(2-chlorobenzyl)arnino)-7H-pyrrolo[2,3-enpyrimidin-7-y1)-2-
hydroxycyclopentypmethyl sulfarnate 1-2
[(15,2SAR)-4-(4-1[2-(difluoromethoxy)hertzy1]alTlino)-7H-pyrro10(2,3-alpyrimidin-7-y1)-2-hydroxy
cyclopentylbnethyl sulfarnate 1-3
E1S,25,4R)-2-hydroxy-4-(4-tmethy1R1S)-1-phenylethyllarninOE7H-pyrrol0(2.3-c]pyrimidin-7-yl)cyc
lopentylltnethyl sultanate
1(15,25.,4R)-2-hydroxy-444-11(18)-1-phertylethyllaminol-711-pyrrolo12,34-
pyrirrddin-7-y1)cyclopentyllmethyl sulfamate

Scheme?7:  General route for the synthesis of 4-substituted (15,25 4R)-4{7H-.pymolo~
[2,3-dlpyrimidin-7-yl}cyclopentyDmethyl sulfamates
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[0120] Compounds of formuda () whezein R" and R’ together form a bond, and

compounds of formula (I) wherein each of R-R’is hydrogen, can be prepared as outlined in
Scheme 7. Triols of formula x1ii are prepared following the procedure in Scheme 5. The
primary aleohol is selectively protected to give the diols of formula xdiii (Method T), which
are then alkylated by 1,1-thiocarbonyldiimidazole in a suitable solvent, such as DMF, o
yield dioxole-thiones xliv (Method U). Treatment with 1,3-dimethyl-2-phenyl-1,3,2-
diazaphospholidine in an appropriate solvent, such as THF, affords alkenes of formula xlv
{Method V), which are exposed to the conditions outlined in Methods I-] 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 xlvii
{(Method W).

Scheme 8: Synthesis of 5-fluoro pyrrolo[2,3-dlpyrimidines
('f“'c: A P
! | ““' N F=BF Feg—F F
£ F =
— N

N
AcOH xivill

{0121} Compounds of formula (f) wherein R" is other than hydrogen are prepared as
outlined in Schemes 8-9. Conversion of i to fluore chloro pyrrolopyrimidine xlvii is effected
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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)-4144(15)-2,3-dihydro-11-1-inden-1-y1(methyl)aminol-71-1-pyrrolo(2,341pyrintidin-7-y1
)-2-hydroxycyclopentyl)rnethyl sultanate 1-7
[(15,2SAR)-2-hydroxy-4-(4-(R1R)-1-phenylethyllarnino)-71-1-pyrrolo[2,3-11-
pyrimidin-7-y1)cyclopentylknethyl sulfarnate 1-8
[(15,25AR)-2-hydroxy-4-(4-1[4-(trifluororriethyl)benzyllarninol-7H-pyrrOl0[2,3Apyrimidin-7-y1)cyclop
entyl]tnethyl sulfamate 1-9 f(1.5,2SAR)-4-(4-(acetylamino)-71-1-pyrrolo(2,3-cipyrimiclin-7-yli-2-
hydroxycyclopentylknethyl sulfamate 1-10
MS,28,4R)-4-(4-(benzyknethyl)aminol-711-pyrrolo(2,3-d]pyrirnidin-7-y1)-2-

hydroxycy. ope tyDm te1JM

(s 5oy 3 P Hasn i SRR chlomomettyl 4 Buor .4 disgoniabicyclof2.2 2loctane
pyriratdin- b:y(myg@mﬂm@@ M fa AcCN. Compound xdviii is then substituted with the
((1.5,25 4@%@&%%5&8%WWWMIM erohedlyceoto [@Bymiipydnitiin-7-y11-2-h

ydroxycydp %%ti %aéwag&l 1

(0$25,4R)-1- 1H mdlen 1- ylamlno] -7H-pyrrolo[2,3Apyrimiclirt-7-y11-2-hydroxyc
yclopentyl r:nketh sulf ate

5 -2- -4-{7H-
[(1S,2SA 15)%%'”@%“ lg"; ?gg?gp [(1 gggshy 1{0(2 %’-a llpyrimidin
-7-yl)-2- hydroxycyclopenly | sulfan
mh A2
/ln Malhnd x Merthod Y A
[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 coupling conditions, such
as Sonagashira coupling (Cul, PACL(FPh,),, DIFEA, R'C=CH, Method Y). Following the
methods shown in Scheme 1, compounds of formula § are converted to final compounds of
formula (I). '

Scheme10: Synthesis of ((25,35,4R,5R)-5-(4-(alkylamino)-7H-pyrrelo[2,3-dlpyrimidin-7-
yl}-3,4-dihydroxy-tetrahydrofuran-2-yl)methyl sulfamates
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((1S,2S,4R)-4-(4-[(2,6-difluorobenzyparnino]-71-1-pyrrolo[2,3-cilpyrimidin-7-y1)-
2-hydroxycyclopentyl)methyl sultanate 1-15 1-16
((15,25,4R)-4444(3,5-d1chlorobenzyl)am1n9]41-/-pynol012.34]pyrn-7-y1}-
2-hydroxycyclopentypmethyl sulfarnate 1-17
((1,5,2R,35,4R)-4-14-[(15)-2,3-dihydro-113-inden-I-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-e

{](118yzl)5m4F£I ?%xltfln(itg) ?31 i metﬁyf Eogj‘(ﬁw ﬁlj mHgnEl- Cy’ﬂ%?ﬂ.ﬁo fﬁ%’ﬁ&%‘%@%ﬁg‘;ﬂdﬁqu
-y1)-2- hyd}wyc%mmgiﬁgmgff@ﬂa Iviii is reported in the literature
((15,2R, 354R) cAndebi{ Ao Al raRany Y Is3 Rinaif k- pyemp (s, dvpyKopictio, Ty RMM@XMDGHW
prethyl sYfanate L 28 nem., 2008, 46, 4750-4760), and is outlined in Scheme 10. Methods for the
conversion of D-ribose to il are known (Inokawa, S.; Kitagawa, H.; Seo, K.; Yoshida, H
Ogata, T., Carbohydr. Hydr, Res., 1973, 30,127-132). Hydroboration-oxidation using borane-
THE cormnplex affords 1iii, which is globally deprotected nsing sulfuric acid. Tetraol liv is
protected using 2,2-dimethoxypropane and subsequent protection of the primary alcohol
using TBDMS-C1 gives alcohol Ivi. Selective chlorination using CCl, and HMFT in toluene
affords the single enantiorner vii. Glycosylation using compounds of formula i gaves
intermediates of formula Iviii, which can be further elaborated as described in Schemes 1, 2,

and & above.

Scheme 11:  Syathesis of 2-((15,25 4R)-4-4-{(15)-2,3-dihydro-1H-inden-1-ylamino}-7H-
pyrrulu[2,3-:1]pyn:mdm—‘?-yl-z-hydmxycyclupentyl) ethanesulfonamide
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[0124] Compounds of formula () wherein X is CIH,, can be prepared from

compounds vii. As shown in Scherne 11, diol vii is protected as a bis-TBDMS ether lix using
TRIMS-Cl. suitable base, such as triethylamine, and 4-DMAP (Method Z). Selectve
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((15,25,4R)-4-[64(4-chlurobenzypaminoi-9H-purin-9-y11-2- hydroxycyclopentyl)methyl sulfarnate
1-24 ((15,25,4R)-4-(4-[(3,4-cliehlorobenzyl)aminoi-7H-pyrrolo[2,3-cilpyrimidin-7-y1)-
2-hydroxyeyclopentAmethyl sulfarnate 1-25
((15,25AR)-4-144(cyelopropyltnethyl)aminol-7H-pyrrolo[2,3-dipyrimiclin-7-yl)-
2-hydroxycyclopentyl)methyl sultanate 1-26
((15,2S,4R)-4-14-(1,3-benzodioxol-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
-hydroxycydopentylimethyl 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- exylx I Thl-711- QL2 3ARVEMICIRs/ Ak -2-
hydroxycy F& rtﬁ‘f/%?ﬁe ﬁ?ﬁ‘éﬁ% ate%éﬁp%w&é@ﬂ@eguﬁ% MEB R/l

01S,28, 4 Reeehparftus vsthid At el i isoitaford by pridation of gl rhom e 9E T34 droxy -
2-rnethyleyglopeniibresahat faeie VD (method AB). Treatment of aldehyde Ixi with
1(15,25,410-444-(benzylaming)-5-fluore- £1 1-0yrroj jcli =3 ;

oy oy eSO D il S R S Bl S RSB o AC) gives

1(15,2-5, 4RYsgneAdbarBida i HniPR FAduEA SIS b eHRTHHL #5718 2 RRI RS eV ERp R R inethy !

sultanate k18 as sodium borohydride in ethanol (Method AD). Hydrolysis of the former ester using
TBAX under microwave conditions (Method AE) gives sulfonic acid Ixiv, which is
transformed into protected sulfonamide Ixv vig inteamediate sulfonyl chloride (using thiortyl
chloride and then ammonia in dioxane, Method AF). TBDMS deprotection using a suitable
reagent, such as TBAF in THE (Method AG) affords sulfonarmide 1xvi.

Scheme 12: Synthesis of (E)-2-((15,25 AR)-4-{4-[(15)-2,3-dihydro-1H-inden-1-ylamino}-
7H-pyrrolo[2,3-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 kxi. As shown in Scheme 12, tert-
butyl{[(diphenylphosphoryl)methyllsulfonyljcarbamate is treated with n-Buli and the
formed reagent is mixed with aldehyde Ixi (Method AH) to give protected vinyl
sulforamide Ievi. The Boc group is deprotected using a suitable Lewis acid, such as ZnBr,
{Method Al to afford Ixvii. The final deprotection of a TBDMS group is carried out using 2
suitable reagent, such as TBAF in THF (Method AJ) to give Ixviii.

64



[(15,25,4k)-4-(4-W1S)-5-brurno-2,3-dihydro-11-/-inden-l-yliamino.1-7H-pyrrolo[2,3-d]pyrimtdin-7-y1
)-2-hyciroxycyelopentylimethyl sultanate 1-34
((1S,2S,4R)-4-{4-[(4-chiorobenzyl)oxyj-7H-pyrrolof2,3-d]pyrirnidin-7-yl)-2-
ktydroxycyelopentyl)methyl s-ulfarnate 1-35
((18,28,42?)-4-14-[(15)-2,3-dihydro-1H-inden-l-ylamno]-7H-pyrrolo12,3-djpyclin-7-y11-2-hydroxycy
cloperxtyl)rnethyl sultanate 1-36
1(15,28,4R)-4-(4-{[(13)-5-fluoro-2,3-dihydro-ili-inden-1-yllamine)-7H-pyrrolo(2,3-alpyxixnidin-7-y1)-
2-hydroxycyclopentyllmethyl 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)s2n@uik @3- 4@@4&5@%@@@&%@@9%&%@@{;&&@@% By diciopentybr

ethyl sultanate  1-39 [(1$baiidindyGHRAHGE(EAr RS PEABaa]RIEMIdIN-7-y1)-
11ydroxycyclopentyllmethyl sulfamate 1-10

((152S,4R)-2- hydroxy-144-@@yamino)-?lf-pyrrolo[Z 3-dipyrizng 1)- eyelopentyl)raethyl
sultanate 1-41 2 nm
[(15,25,4R)-2-hydroxy-1-(1- ([ 5- |Thyllsoxazol 3- yI)rnethyI]arnlnoIil?yrrolo[z ,3-alpyrirnidn-7-Ac
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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 is treated with N-Boc-sulfonamide under
Mitsunobu conditions, such as iphenylphosphine and DEAD in ethyl acetate under
elevated termnperature to afford protected sulfamide Ixix (Method AK). The TBDMS group is
deprotected using a suitable acid, 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 Ixxd.

Schéme 14:  General route to 4&-substituted ((15,25,4R)-2-hydroxy-4-{7H-pyrralol2,3-d]-
pyrimidin-7-yllcyclopentylimethyl N-methyl sulfamides
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[0127] Compounds of formula (7) wherein X is —IN(CFL)- can be prepared from

compounds bdx. As shown in Scheme 14, sulfarnide Ixix is reduced with a suitable agent,
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1(15,25,4R)-1-(4-114-chloro-2-(trifluonmethyl)benzyliaminol-7H-pyrrolu[2,3-1-
pyritnidin-7-y1)-2-hydroxycyclopentyllmetkiyl sultanate 1-13
((13,2,5,4R)-2-hydroxy-/-[4-1(2-methoxybenzyl)amirm]-7H-pyrrolo[2,3-4-
pyrimidin-7-y1)eyclopeutyl)methyl sulfamate 1-14
1(13,2S,LIR)-1-(5-ethyny1-4-methyl-7H-pyrrolof2,3-alpyrimidin-7-y1)-2- hydruxycydopentylmethyl
sulfamate 1-45 ((1.5,25,1R)-4-(4-[(4-chlorthenzybarnino)-7H-pyrrolo[2,3-dipyrimidin-7-y11-2-
hydroxycyclopentyprnethyl sulfamate 1-16
[(1.5,2SAR)-2-hydroxy-1-(4-nethyl-7H-pyx-rolo(2,3-41primidin-7- yl)cyclopentyllmethyl sulfamate
1-47
[(13,23,4R)-2-hydroxy-4-(4-([2-(trifluoromethyl)benzyllamno)-7H-pyrrolo[2.3-4pyrinendin-7-y1)eyclo

pentylJmethy] Sult Fﬁ&%ﬂ'ﬂfafmz levated ature to afford protected N-methyl sulfamide
((15,28AR)-£ 4-2[€l .-C Idrlcl)l-z-nlei%ﬂgl%reen%%a.rﬁ?ﬁm )%H-pyrrolu(2,S?C/Ipyrimidin7-y 1-2-hydroxycycl
204

opentyl)methgisiiiehabAR oThe TBRMIgraun inseprolrRfc B SHRIG 2SR AR alverA |- 2-
hydroxycyclepgxidinyat gl sl tanaterixhf
1(15,23,41R)-2-hydroxy-441-(2-methyl-2-phenylpropy1)-77-1-pyrrolo[2,3-d]-

pyrimidin-7-yligygluaenty peihydis WiaAaieslaR.2-{[text-butyl(dimethylsilylloxyl-4-(4-1(25)-2,3-
((15,25AR)-1444(3-chloraimpayparindes lyhyelo[2B-ghapisiziadfpy iy din-7-
hydroxyeyelopentyl)methylleytfapeatylapdhyl methanesulonate
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{01281 Compounds of formula (f) 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,
stich as mesylate Ixxix, using methanesulfonyl chloride and an appropriate base, such as
triethylamine in DCM (Method AQ), The formed mesylate is displaced with a nitxile group
using a suitable nucleophile, such as sodium cyanide in DMSO under elevated temperature
(Method AP) to afford nitrile bocx, which is reduced to aldehyde Daxxd using a suitable
redudng agent, such as DIBAL in DCM (Method AQ). Further reduction of Ixxxi using a
suitable reagent, such as sodium tetrahydroborate in methanol affords alcohol hoodi
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[(15,25,4R)-2-hydroxy-1-(1-(DR,25)-2-methoxy-2,3-dihydro-1H-indert-l-yllarninol-71-1:pyrrolo[2,3-d
1pyrimidin-7-y1)cyclopentylinethyl sultanate 1-53
1(13,2R,3S,4R)-2,3-dihrzttoxy-441-(pktenylsulfartyl)-7H-pyrrolo[2,3Apyrimidixt-7-ylicyclopentylimet
hyl sulfarnate 1-54
f(1S,28,1R)-2-hydroxy-4-(4-1[(11Z,25)-2-isopropoxy-2,3-ciihydro-111-inden-1-y11-
amino)-7H-pyrrolo[2,34pyrimidin-7-y1)c-yclopentyllmethyl sultarnate 1-55
((2$,33,5R)-5-14-[(15)-2,3-dihydro-113-indert-1-ylarnino]-7H-pyrrolo[2,3-d]pyrirnidn-7-y1)-3-hydrox
ytetrahydrofuran-2-y1)methyl sultanate 1-56
N-g(15,25,4R)-1-11-[(13)-2,3-dihydro-lii-inden-1-ylamino]-711-pyrrolo[2,3-dipyrirnidin-7-y1)-2-hydro
xycyclopentypraethylisulfamide 1-57

((23,3.9,5R)-516- mino)-9H:purin-9-y1 1-3-hydroxytetrallydroftizan- 2eylimet te
1-58 N-f((zé%ég,gﬁég{y/- efél}‘-%f ?(leﬁ%%&}o- H?n%’ﬁ%%ﬁ%?k\%/ yr(o|§g$5-d]- AR
pyrhnidin-73gRtanHyiR & iatearRes 8F A APRTONFa T bRreH IR ﬁéﬂeﬁggﬂ“ﬂe affords protected
2-((1S,25, 4 Ryiaikthid LopRiMdéiyeda) I FBIDNES véritavaling yrédahopt 0itB 2 3dd-such as
pyrimidin-7 )2 Ougroxy, ﬁ%?ﬁ&?%@ﬁﬁ“g%%%&l@ﬁelds compounds of formula
((15,25,4.R)-4- 441.5 ’2,3-tihydro-1H-Mden-I-y arnirgq-?H-pyrrololZ,S,gl-
pyrimidin-73PFRZ-hydroxy4-inethyleyclopentyl)methyl sulfamate 1-61

Scheme 16;:  Synkhesis of Diasterecisomeric mixture of (15,2RAR)-4-{4-[(15)-2,3-dihydro-
1H-inden-1-ylaminol- 7H-pyrrolo]2,3-dlpyrimidin-7-y1}-2-
hydroxycyclopentyl sulfamate and (1R,25,48)-4-{4-[(15)-2,3-dihydro-1H-
inden-1-ylamino]-7H-pyrrolo[2,3dlpyrimidin-7-yl}-2-hydrexycyclopentyl

sulfamate
thod AT Method AU
o = O —
&) \GH:! — H
Iaxzv honcvi HQ\rN'r
N-..*yh
Dxxvii

=\ H Method AV = Method AW
ON%N-.(Q et Hn..g%ﬂ..gj atho
Nz Nigr

HG
Ixxcxvili e
Q\x D, M H; HO"Q’Q\(H"p
Habl" % Q— - ' * - N k
Al N q.\‘_:..\/d ~
xc HaN 0 wcl
{0129] Compounds of formula (I) wherein X is O and m = 0 can be prepared from

3-cyclopentene-1-ol (Ixooav). As shown in Scheme 16, alcchol Looxv is activated by
transformation to a suitable leaving proup, such as mesylate boxvi using methanesulfonyl
chloride and an appropriate base, such as pyridine and DMAT in DCM (Method AT).
Treatment of mesylate xxcvi with base Ixocvii in the presence of cesium carbonate in DMF
under elevated temperature (Method AU) affords boaoviii. Treatment of alkene booviii with
an appropriate chiral dihydroxylation agent, such as AD-mix- (Sigma-Aldrich) in tert-butyl
aleohol (Method AV) gives diol booxix, 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(15,25AR)-4-(44(1.5)-4-fluom-2,3-dihydro-1H-inden-l-yllaminol-71-1-
pyrrolo[2,3-d]pyrimidin-7-y1)-2-hydroxycyclopentyllmethyl sulfarnate 1-62
f(15,25,4R)-4-(4-([(15)-47-difluoro-2,3-dittydro-1H-inden-1-yllaminoi-7Hpyrrolo[2,3-dhprimidin-7-y1
)-2-hydroxycyelopentyllmethyl sulfamate 1-63
f(15,25,4R)-4-(4-{[(1R)-4-thloro-2,3-dihydr0-111-inden-1-y1]alninOIl-7H-
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-y
1)-2-hydroxycyclopentyllmethyl sulfamate 1-67 o .

RIS, 2.5,4R01801_([(15)-Fasinrsrdiondiawrprovideomietis intgcrediates useful for the

yliarnin0)- 7irepyaaiaboBddnyinpidindg of lpa-ua (D leyaie periytinetiy Huuifaraiorlpsovides a
((15,25AR)-4-(44(1.5)-2a3-Cli -1H-inden-1-ylarrdnol-5-fluoro-7Hpyrrolo[22-d1pyrirnidin-7-y1)-2-
hydroxycy&%%‘gﬁéﬁ%gﬁ/ﬁu g‘rr}r%te 1-69

r(15,25AR)-4-(5-fluoro-411(1R,25)-2-rnethox ?Zpﬁ.ﬂgwydno-ll-l-inden-l-
yIiamino)-?l-1-pyrro|o[2,3-d]primin|in-7-y1)-2é‘r§t1£939@pentylImethyl sulfamate

Haa__‘
O O““

RY? )
wherein:

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

™ and R™ are each independently hydrogen or 2 hydroxyl protecting group, or K™
and R together form a cydlic diol protecting group; and

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

formmla (I).

{0131] - Asuzged 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 protected
substrate; i) is stable to reaction conditions to which the protected substrate will be
subjected; and iii) is removable from a protected substrage to liberate the hydroxy) 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.G.M. Wuts,
"Protective Groups in Organic Synthesis”, 3xd Ed., John Wiley & Sons Inc., NY (1999).

(0132} In a particular embodiment, the compound of formula (VIII) is represented
by the formula:

wo
HaC

Clus?

H



1-70 [(15,25,4R)-4-(4-11(1R,15)-2-ethoxy-2,3-dihydro-111-inclen-1-yllJamino)-71/-
pyrrolo[2,3-dipyrimidin-7-0)-2-laydroxycyclopentylimethyl sulfaxnate
[(15,25,4R)-2-hydroxy-4-(44[(1R,25)-2-hydroxy-2,3-dihydro-11-1-inden-1-
yliaminol-7H-pyrnalo(2,3-d3pyrimidin-7-y1)cyclopentylknethyl sulfaxnate 1-71 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’-y1l)cyc10penlylknethyl sulfamate 1-73
(E)-2-((15,25,4.R)-4-(44(15)-2,3-dihyclro-1H-inden-l-ylamino]-7Ef-pynolo[2,3-
d]pyxiraklin-7-ylf-2-hydroxycyclopentyl)ethylenesulfOnamide 1-74
NQq[(1.5,25,4R)-2-hydroxy-4-(4-([(1R,25)-2-methoxy-2,3-xlihydxo-1H-inden-lyliaxnino)-7Wpyxrolo|[2,
3-d]pyrimiclin-7-yl)cyelopentyljmethyl)sulfatMde

N-W15,25, 3@*4((15).&1&3 -dihvdro-1H- fp&gagsxg@m DOl R YH AR R):

dippin-Licli J-2-hydrox-ycyclopentyl)methylW-methylsulfamide 1-75 1-76
24(1.5,2SAR)-4-14-1(15)-2,3-dthydro-1F1-incl pﬂl l},4[_,;aun|nol -71-1-pyrrolo[2,3-
4lpyrimidin-7-y1)-2-hydroxycyclopentyl)ethyl ZI 77
(15,.2R,4R)-4-(44(15)-2,3-dihyciro-ili-indg#.yl ninol “‘qurrolo[Z,B-
d]pyrimiclin-7-y1)-2-hydroxycyclopentyl sulfan%te?-“

= RY
th (X)

wherein:

depicted stereochemical configurations indicate absolute stereochernisiry;
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; and

the variables R®, B B®, and R’ have the values and preferred values described above
for fornala (7).

(0134} Tn one embodiment, the compound of formula (X) is characterized by

formula (Xa):
H R®
S

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

(Xa)

[0135] In certain particular embodiments, the compound of formula (Xa) is selected
from the proup consisting of:

(o Q: o w " Yo

o” CHy and HO b, ;

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

[0136] The invention also provides a compound of formula (XT} or forrmula (XTII):
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1-78 (1R,7-5,45)-4-14-n1S)-2,3-dihydro-11-1-inden-I-ylamthol7H-pyrrolo[2,3-
alpyrirnidin-7-A-2-hydroxycyclopentyl sulfarnate 1-79
[(15,25,4R)-2-hydroxy-4-(4-1E(1R,7_R)-2-(rnethoxyrnethyl)-2,3-clihydro-11-i-inden-
1-yliaminol-7H-pyrrolo[2,3-dIpyrimidin-7-yl)cyclOpentyllmetlyl sulfamate 1-8D
[0.5,2SAR)-2-hydroxy-4-(4-(R1S,25)-2-(methoxyrnethyl)-2,3-dihydro-11-1-inden-
1-y11amino)-71/-pyrrolo[2,3-dippimidin-7-ypcydoPentylimethyl sulfamate 1-81
R1S,25,4R)-2-hydroxy-4-(4-1[(1R,2/2)-2-rnethy1-Z3-dihydro-11-1-inden4yllatuino)-7H-pyrrolo[2,3-d
ipyrirnidin-7-371)cyclopentyl3methyl 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-gOR,2R)-2-ethyd=2,3-clihydro-111-inden-1-yllamino)-7Hpyrrolo
y1)-2-hydroxycyclopeqtyllrnethy farnate 1-84 ¢ B me
t(lS,25,4R)-4-(41[ﬂ'#S -ethyp ,3-dihydro-ll-l-inden-l-yllamin(ﬁgj.p L
t

1pyrimidin-7-

[X
N
H
e
<
=
N
S,
o
?
N

y1)-24ydroxycygi@pepyhtiiy

ulfarnate 1-86 RbE,
[(1.5,25,4R)-2-hyd?tﬁy-%g X

' g&@-z-methoxy-l,2,3,4-tetrahydrona

d
R R (XD R (xm
wherein:

depicted stereochemical configurations 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 cydic diol protecting group; or

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

Ring A and the variables R®*, RY R°, and R’ have the values and preferred values

described above for formutla (I).

[0137] In some embodiments, the compound is characterized by formula (XIa) or
(XIa)
f
F{'>’H Re
o
o 4
(Xda) Ar re B (XTIa).
(01381 In certain embodiments, the invention relates to a curr;pcund selected from

the group consisting of:
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1-yliamino}-71-1-pyrrolof2,3-dipyriraidin-7-y1)cyclopentyliznethyl sulfarnate 1-86
((15,25,4R)-4-(4-R1S)-2,3-dihydro-111-inden-l-ylarnino]-7H-pyrrolo[2,3-
d]pyrimidin-7-y1)-2-methoxycyclopentyl)methyl sulfamate General Synthetic Metividology
[01091The compounds of the present invention can be prepared by methods known to one of
ordinary slcill in the art and/or by reference to the schemes shown below and the synthetic
examples that follow. Exemplary synthetic routes are set forth in Schemes 1-10 below, and in the
Examples. Scheme 1:General route for the synthesis of 4-substituted 013,25,4M-2-hydroxy-4-
17H-pyrrolo(2,3-dipyrimidin-7-yncyclopentyl)methyl sulfamates Sixn [0110]Scheme 1 above shows
a general route for preparing compounds of formula (1), wherein Ring A has formula Those of
ordinary skill in the art will recognize that compounds of formula (1) wherein Ring A is other than
A-ii can be prepared by the same general route, beginpiag with appropr ate starting materials
analogous tol. (011 thods for th thesis of chl ubstituted p opyrintidine h as
formulai are Relgan |OOrg Alled m. Lett.4 44, 5247-52
Heterocycl;gsg\e 1988, 25, 639). Ag}h@ g@chem

s q0Nversion of ¢ ounds of
formula | to®ubatitut&d pyrrdt pyrlmldlrtes is AccomPrished by Coupli

Hewith.the afBropridely
substituted amines or mercaptans (sPathak AK; Pathak=\(.; Seitz, L.E.; Suling, W.J.; Reynolds,
R-C., J. Med. Che (14, 47, 273*%+0) at elevated tempy ure in protic solvents, such as
butanol or |sop.rﬁusin@éﬁ opriate basemcsﬁif DIPEA or Et311 (Method A).
Alternativel{f® x ppirnidirtessi§afohe coupled withad! I_{flpproprlately substituted alcohol in 11.40
in the presengé of a base, such as OHrat%‘ﬂuzmg tempaeratures (Method B). Compounds of
formulaic 0 be tr ted ith Grignar. the rese fer te in
TI-IF (Metho to provide %o%gﬁﬁu@g%yrr opyrlm mesri%ge rrﬁ%%é%%%ﬁ%%%%g%gred
from ii by tFROBIERBRTER EFEIRSERith a suitable base, such as Nall, LIHMDS, or cesium

carbonate, at elevated temperatures in DIVIE (Method D). [0112]Fqr preparation of compounds of
formula (/), wherein 13.” and Rd are each (4) -

el Ho'
Col f' o“‘
E\“ o éﬂﬂcHﬁ L
R®  and R%

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

[01440] In certain other embodiments, the invention relates to 2 compound selected
from the group consisting of:

2, "t &9 "o’ an

. R L'

AR o GHa
C

H o.s.\ HG™

r

and

O tn,

Lo ;

wherein R™ and R™ are each independently a hydroxyl protecting group. In some
embodiments, R** and R are selected so s to allow selective protection and deprotection.
In certain embodiments, R™ is an acyl protecting group, and K™ is a silyl protecting group.
In a particular embodiment, R is acetyl or substituted acetyl, and 1'1“ is tert-butyl-
dimethylsilyl or tert-butyldiphenylsilyl.

71



hydrogen, deoxygertation can be effected at this stage. Thus, alkylation of compounds of formula iv
to provide xanthates v is effected by treatment with chlorophenylthionocarbonate and a suitable
base, such as DMA?, in DCIV1 (Method E). Deoxygenation of compounds of formula v is achieved
by treatment with a radical source, such as Bu3Snl1-1, and a radical initiator, such as AWN, in
refluxing toluene (Method F), Subsequent deprotection with an aqueous acid, such as Ac01-1
(Method G), provides compounds of formula vii. [01153The primary alcohol of the diols of formula
vii is selectively protected, e.g., with a bulky silyl protecting group such as TBDMS. Subsequent
treatment with acetic anhydride affords the protected alcohols of formula viii (Method H). Selective
deprotection of the primary alcohol using a fluoride reagent, such as pyridine hydrofluotide, in a
basic solvent such as pyridine provides compounds of formula ix (Method 1). Further treatment
with freshly p fonamide x affords the penultimate sulfarnates xi (Method J).
Acetate remova by treatme t with a base, such as ammonia, in Ivle01-1 according to Method K
yields comigaarids of forifhs andipototeof ¢hzs Adiematenaut edaultichilittheefEd edzyrs dxdtitiye d

((15,25 4Rif?pmﬁtﬁgé¥ el PRI 43 il @4@3?915& MM&QQ@MX&XMEYMM%
(01141Compaunds o f formula (é}_‘ wherein R I\‘}S%?%& b an alterﬁqatlve
procedure A RS Bt L S %% ﬁ%‘gf/‘fe Hﬁ ﬁr%et"‘fﬁsuc a sulfone is
directly drmwa@mmm:amﬁreramm (reseeiudeop, qfe&rme%%ﬁ*ﬁsbwﬁfsoer
formula i M{&@m&m&@mm&a&@m@m@iﬁm@m&e& by Mstthagugapisyiges/oe radlasalfanyl
pV”O'OPV” &%%%%fréz&% P%P Sg%%@gt%%i%&ﬁ Hre-aandiipnseuilinggdnMateds

D-P affordS com ula xiv. Compounds xiv are reacted with an oxrdrzrng %ugnt such

as m- CPBF@PH@WXHWR&%@%‘BF& BEQEASHRR AR Tty s o ulfories of
formula xvigivistiionl MﬁyFWAﬁWaiﬁpnﬂmﬁiqrwﬁMhﬂ&:emmmbwwmm of xv

Witlh arl ey g E1QI-], H?HU@Q% dr lgwﬂ?ﬂ (Meth Bﬁﬁ&?elt trg S IC(L
solvent, sucn as a valte emperatures e 0 sSimilar, 1o literatyre S n,
AL R A S G S

X.; Robins fa¢ ing group IS

accomplusﬁmmw@m%ﬂmmﬂwmﬁwmmxﬁe wrseed Mareslribed
in Method fadifegivendiats:ahiar bt dasxyi o ttheasrdanm BB iscbiitiblduiybsess inhibition

Ch'OfOSU'f%ydmﬂréwu@@ﬁ%&é{@@rmlawpw%ﬁnﬁ%1%9 it 09"

1523), and this reagent IS reacted selectively w fi the primary alcohol using a hindered base, such

as 2,6-di-teRARIS LS rRRRIe peEEN Y beaTassat BResl i g B‘B&"Qﬂ%ﬁﬁ"&fbs of
formula xixivetktes (. ,ﬁﬁnemgpgmd.m,mmgdwumw@wmmmmmmma

xX. The copyersiaR R HeRINRAHSR MR o R ih SRR 3LAMARIGH 6 §f, RRIPtARGShI2
solution phase library synthesis. Scheme 3; %nthe&s of substituted (y)oxrgjg& 101163 ethods

for the syritHRSZHRES ReEmmsiaRem i nte BB T KA RSB R R RV ES AR 8 R ucleic
Acids, 2005 665 E2inbiptivtreathsehstvith sRICRBAI(© Ry XEETen wsgs 65 DB tportet

Subsequee&aya%@mﬁ&b&é&e&wm& sRifisakielyde dishatby hacedrbpruideseparide il
Alternativ qECtI%ﬂcf the %m %%%E%fpf rd followed by roc oxidation gives the
a,B- unsatura’feﬂrﬁﬂ?one r on R ne in Etp gives tertiary alcohol xxiii, and
treatment puite] BAF in Sriéepinyinaealiofnudintpmidatiniardaiohyeircionaboristhe
protected substitited pROxide 36N meGens aLIAY ' for iR syahRsls R aubstituted

amninoindans .
pharmaceutically acceptable carrier. Itwill be appreciated that the compounds of this

invention may be derivatized at functional groups to provide prodrug derivatives which are
capable of conversion back to the parent compounds in vivo. Examples of such prodrugs
include the physiologically acceptable and metabolically labile ester derivatives, such as
methoxymethyl esters, methylthiomethyl esters, or pivaloyloxymethyl esters derived from a
hydroxyl group of the compound or a cartbamoyl moiety derived from an amine group of
the compound. Additionally, any physiologlcally acceptable equivalents of the present
compounds, similar to the metabolically labile esters or carbamates, which are capable of
producing the parent compounds described herein in vivo, are within the scope of this

invenHton.
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OH se:yrir% (RD) OH MelhoS9_ MthOtl P C01171The aminoindans used for the preparation of
4-aminoindanyi compounds of formula :our are either commercially available, or they are prepared
through the literature methods highlighted in Scheme 4. Appropriately substituted indanones of
formula xxviii are treated with (R)-2-amino-2-phertylethanol to provide the desired intermediate
mine. Subsequent reaction with an appropriate reducing agent, such as sodium borohydride in the
presence of AcOH, gives amino alcohols of formula nix (Method P). Treatment with lead
tetraacetate, followed by refluzing th HO, gives aminoinclans of formula xicx (Method (2). One
skilled in the art will recognize that the use of (5)-2-amino-2-phenylethanol in Method P can be
used to afford the opposite ertantiomer of indart ?oaf. Scheme 5:General route for the synthesis of
4-substituted f(15,75,4R)-2,3-dihydroxy-4- 17if-pyrrolo(2,3-dlpyriraidin-7-yncyclopentyl)methyl
Smfamates[ﬂl-l'\g? thud J %f;:l}l\gx%]iage)t(ltll:cl y'\/gl?:ggg%b 8 Qﬁg{,‘?% compounds of the invention are

utilized in these compositions, the salts preferably are derived from inorganic or organic

acids and bases. For reviews of suitable salts, see, e ., Berge et al, |. Pharm. 5Sci. 66:1-19

(1977) and Remington: The Science and Practice of Pharmacy, 20th Ed., ed. A. Gennaro,

Lippincott Williamns & Wilkins, 2000.

[0144]) Nonlimiting examples of suitable acid addition salts include the following:
acetate, adipate, alginate, aspartate, benzoate, benzene sulfonate, bisulfate, butyrate, citrate,
camphorate, camphor sulfonate, cyclopentanepropionate, digluconate, dodecylsulfate,
ethanesulfonate, fumarate, lucoheptanoate, glycerophosphate, hemisulfate, heptanoate,
hexanoate, hydrochloride, hydrobromide, hydroiodide, 2-hydroxyethanesnlfonate, lactate,
maleate, methanesulfonate, 2-naphthalenesulfonate, nicotinate, oxalate, pamoate, pectinate,
persulfate, 3-phenyl-propionate, picrate, pivalate, propionate, succinate, tarteate,
thiocyanate, tosylate and undecanoate,

[0145] Snitable base addition salis inctude, without limitation, ammonium salts,
alkali metal salts, such as soditon and potassium salts, alkaline earth metal salts, such as
calcium 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 sormne embodiments, the invention relates to an acid addition salt of 2
compound of formula I formed by protonation of a basic moiety in the molecule. n certain

such embodiments, the invention relates to a hydrochioride salt of a compound of formula I.

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

[0148] Also, basic nitrogen-containing groups may be quaternized with such agents
as lower alkyl halides, such as methy}, ethy), propyl, and butyl chloride, bromides and
iodides; dialkyl sulfates, such as dimethyl, diethyl, dibuty} 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.

73



54:1 rall [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 (3). Protection of the two secondary alcohols with
2,2-climethoxypropane and an acid catalyst, such as p-TSA monohydrate, in acetone affords
isopropylidertes 70CXii (Method. R.). Further reaction with chlorosulfonamide x by Method J, as
described in Scheme 1, affords sulfamates of formula :coat Removal of the isopropylidene using an
acid, such as TPA, in the presence of water yields compounds of formula XXXiV (H-C), according
to Method S. Alternatively, triol xxxi can be selectively sulfarnoylated at the primary hydroxyl and
&protected as described in Scheme 2, Methods N-0 to give compounds of formula rociv. Scheme
6:General route for the synthesis of 4-amino and 4- acylamino substituted
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hydrogen iAgRES presence 0 as palladium on carbon, in EtOAc gives saturated
sulfarnateg@fggrmula xlvihfMathadMy Sebpritdcyhifzabia niay-beosediybistXCapraiimines
include, but are not limited to, ion exchangers, alumina, alumitnim stearate, lecithin, serum
proteins, such as human serum albumin, buffer substances such. as phosphates or
carbonates, glycine, sorbic acid, potassium sorbate, partial glyceride mixtures of saturated
vegetable fatty acids, water, salts or electrolytes, such as protamine sulfate, disodium
hydrogen phosphate, potassium hydrogen phosphate, sodivm chloride, zine salts, colloidal

silica, magnesium trisilicate, polyvinyl pyrrolidone, cellulose-based substances,
polyethylene glycol, sodium carboxymethylcellulose, polyacrylates, waxes,
polyethylene-polyoxypropylene-block polymers, polyethylene glycol and wool fat.

101521 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 inhalation spray, topically, rectally, nasally, buccally, vaginally or via an
implanted reservoir. The term “parenteral” as used herein incdludes subcutaneous,
intravenous, intraperitoneal, intramuscular, infra-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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[01211Compounds of formula (1) wherein Rk IS other than hydrogen are prepared as outlined in
Schemes 8-9. Conversion of i to fluor chloro pyrrolopyrimictine xlvii is effected by treatment with
SelectfluorTM (1-chloromethyl1-44luom-1,4-diazoniabicydo[22210ctane bis(tetrafluoroborate)) and
AcOH in AcCN. Compound xlviii is then substituted with the appropriate substituents according to
Methods A-C and carried on to compounds of formula (1) according to Scheme 1. Scheme
9:Alternate route to of 4,5-disubstituted (06,25,410-2-hydroxy-4-17H-pyrrolo-
[2,3-d]pyrintiditt-7-ylicyclopentyliniethyl sulfamate_s FPIRh NN N*I -.--1 o,,.0 ----b- 0 Method
X.0..0 --gib-Method Y teCr

long-acting. Still further, compounds can be administered in a local rather than systemic
means, such as administration (e.5., by injection) at a tumor site.

[0153] 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 oil, cottonseed oil, corn oil and olive oil. Suspension
preparation may also conitain esters of fatty adds such as ethyl oleate, isopropyl myristate,
fatty acid glycerides and acetylated fatty acid glycerides. Suspension formulations may
incdlude alcohols, such as, butnot limited to, ethanol, isopropyl alcohel, hexadeeyl alechol,
glycerol and propylene glycol. Ethers, such as but not limited to, poly(ethyleneglycol},
petroleum hydrocarbons such as mineral oil and petrolatum; and water may also be used in
suspension formulatons.,

(0154] Sterile injectable forms of the compogitions of this invention may be agqueous
or oleaginous suspension. These suspensions may be formulated according to techniques
known in the art using suitable dispersing or wetting agents and suspending agents. The
sterile injectable preparation may also be a sterile injectable solution or suspension in a
non~toxic parenterally acceptable diluent or solvent, for example as a solution in
1,3-butarediol. Among the acceptable vehicles and solvents that may be employed are
water, Ringers solution and isotonic soditumn 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 including synthetic imone- or di-glycerides. Fatty acids,
such as oleic acid and its glyceride derivatives are useful in the preparation of injectables, as
are natural pharmaceutically-accepteble oils, such as olive il or castor oil, especially in their
polyoxyethylated versions. These oil solutions or suspensions may alsa contain a long-chain
alcohol diluent or dispersant, such as carboxymethyl cellulese or similar dispersing agents
which are commonty used in the formulation of pharmaceutically acceptable dosage forms
including emulsions and suspensions. Other comwnonly used surfactants, such as Tweens,
Spans and other emulsifying agents or bioavailability enhancers which are commonly used
in the manufacture of pharmaceutically acceptable solid, liquid, or other dosage forms may
also be used for the purposes of formulation. Compounds may be formulated for parenteral
administration by injection such as by bolus injection ar contiraious infusion. A unit dosage
form for injection may be in ampoules or in mult- dose containers.
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[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),, DIPEA,12.1C-"01, Method 'r). Following the methods shown in Scheme 1I,.
compounds of formula li are converted to final compounds of formula (1). Scheme 10: Synthesis of
((2,5,36,4R512)-5-(4-falkylarninol-ni-pyrrolo12,3-Apyrirnidin-7-
y1)-3,4-dihydroxy-tetrahydrofttran-2-ylhnethyl sulf-aroates Ilviv [0123)Compounds of formula (/)
wherein Y is -0- can be prepared from compounds lviii. The synthesis of compounds of formula Mil
is reported in the literature (Igarkar, B.G.; Caste/lino, A.J.;Dalte, J.S.; Ramirez-Weinhouse, M.;
Kopcho,N.; Rosengren, S.; Erion, M.D., J. Med. Client., 2003, 46, 4750-4760), and Is outlined in

Scheme 10£#%10ds forﬂwl ny EE%%%& H% %L%b?%gﬂ%ﬂ%ﬂ%%&ﬂ@tagaw& K;

See, K.; Yo H.; Ogata, Car r, Res.,1973, 30, 127-132). . ul
Hydroboratlmf%ﬂ%%ﬂ%’r?éﬁﬁBtﬁ%ﬁiﬁig&ffﬁFﬂ‘s‘ﬂﬁh\mﬂﬁh Yt SRS B SRR § sing

sulfuric acidabledaajibes mmemmammmmmumm@ﬁw of the
primary alcqhol #aing;0e RsrRRINGS @mﬁwm&qﬂgﬁﬁh@mgggpuﬁmg@@mﬂﬁ detdbdfrdain

toluene affords the single €enantiorner lvii. ation using com nds. of for. H;%:&éég
intermediatE& ST &ﬁ]‘i’eﬁmc%ﬁ“@ %gef‘t%ora}’e ag’ dg‘sgélrl & In &ch emesl g°and6

above. Schmﬂﬂm%lmm%@smyﬂﬂmﬂdﬂﬁ%@mmﬁﬂ%ﬁﬁ
PYrrolo[2.3 fd3ming]iaivis Sl shoeoeyalape aiyl ﬁﬁaﬂeﬂﬁmtﬁe:m[ﬁ&ﬂﬂa}ammﬁmungs of

formula (1) wh elg‘{?1 a%{é%%@emg_g reRaredtem I\ﬁ@g@gﬁ)}pg@& L DIERRR be aBsMe kL, diol
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(E)-240SAS,410-44440. 8) -2,3-dihydro--1H-inden-1.-ylamino3- 7H-pyrrolol2,3- d) yr|m|d|n -7- O-C%
[0157] The pharmaceutical compositions of this invention may als

topically, especially when the target of treatment includes areas or organs readily accessible
by topical application, including diseases of the eye, the skin, or the lower intestinal tract.
Suitable topical formulations are readily prepared for each of these areas or organs.

[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 vintrment containing the active
component suspended or dissolved in one o more carriers. Carriers for topical
administration of the compounds of this invention include, but are not imited to, mineral
oil, liquid petrolatum, white petrolatum, propylene glycol, polyoxyethylene,
polyoxypropylene compound, emulsifying wax and water. Alternatively, the
pharmaceutical compositions may be forrmulated in a suitable lotion or cream containing the
active components suspended or dissolved in one or more pharmaceutically acceptable
carriers. Suitable carriers include, but are not limnited to, mineral oil, sorbitan meonostearate,
polysorbate 60, cetyl esters wax, cetearyl alcohol, 2-octyldodecanol, benzyl alcohol and

wiaber,
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hydroxycyclopentyllethylenesulfonamide 1-614" TeDroscf bmi Method pal Nd sip ti2N"
[01251Compounds of formula, (1) wherein Xis -CH= can be prepared from compounds bd. As
shown in Scheme 12, tert- butylladiphertylphosphoryl)raethyllsvif onylicarbalna is treated with
n-BuLi and the formed reagent is mixed with aldehyde Ixi (Method ATI) to give protected vinyl
sulfonamide Ixvi. The I3oc group is deprotected using a suitable Lewis acid, such as Zrd3r,
(Method Al) to afford Ixvii. The final deprotection of a TBIDNIS group is carried out using a suitable
reagent, such as TBAF 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 isfr, .e

[0159] Far ophthalmic use, the pharmaceutical compositions may be fermulated as
micronized suspensions in isotonic, pH adjusted sterile saline, or, preferably, as solutions in
isotonic, pH adjusted sterile saline, either with our without a preservative such as
benzylalkonium chloride. Alternatively, for ophthalmic uses, the pharmaceutical
compositions may be formulated in an ointrnenit such as petrolaium.

[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 pharmacentical formulation and may be prepared as solutions in saline,
employing benzyl alcohol or other suitable preservatives, absorption promoters to enhance
bicavailabitity, 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, inflatnmatory, neurodegenerative disorders). Preferably, the
composition is formulated for administration to a patient having or at risk of developing or
experiencing a recurrence of the relevant disorder being treated. The term “patient”, as used
herein, means an animal, preferably a mammal, more preferably a human. Preferred
pharmaceutical compositions of the invention are those formulated for oral, intravenous, or
subcutaneous administration. However, any of the above dosage forms containing a
therapeutically effective amount of a compound of the invention are well within the bounds
of routine experimentation and therefore, well within the scope of the instant invention. In
certain embodiments, the pharmaceutical composition of the invention may further
comprise another therapeutic agent. Preferably, such other therapeutic agentis one
normally administered to patients with the disorder, disease ox condition being treated.

[0162] By “therapeutically effective amouni” is meant an amount of compound or
composition sufficient, upon single or multiple dose administration, to cause a detectable
decrease in El enzyme activity and/or the severity of the disorder or disease state being
treated. “Therapeutically effective amount” is also intended to indude an amount sufficient
to treat a cell, prolong or prevent advancement of the disorder or disease state being treated
(e.g., prevent additonal tumor growth of a cancer, prevent additional inflammatory
response), ameliorate, alleviate, relieve, or improve a subject’s syrptorns 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

77



..N'N 142N" 1130z. aMhz +BDMS (0126)Compounds of formula (I) wherein X is NH can be
prepared from 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 +lcing a suitable reagent, such as TEA in methylene
chloride (Method AM) to give bud. Scheme 14: General route to 4-substituted
((18,2SAR)-2-hydroxy-447H-pyrrolor2,3-dlpyrimichr. L-7-yucyclopentyllmethyl N-methyl sulfaxnides
10127ICompounds of formula (I) wherein X is --N(C153)- can be prepared from compounds bdx.
As shown in Scheme 14, sulfamide bcix is reduced with a suitable agent, 65 such as LiAllis, in

THF under efey dieokm TesatHe maﬁer&@@mmtm@awma@@mabsmm n (be

TBDMS grouyp. gﬁE’ERES d g@@gl Cld suc eous to.afford bait
Scheme 15: Syn heS|s on%gLSEZS 4 R |ftert ;7] ?Sagﬁgy H% Srthe
dihydro-IH- |ﬁ'3 C GRS R ecﬂﬁ?r ﬁbﬂ?ﬂf‘} Aigseéthnate

[0128]Com ppamy,dirfwmi mt&t(&?mhamrratsﬂ amleﬁnﬁ, wngammtﬂpaﬁedd‘,rﬂm judgment of the
treating physician, and the severity of the particular disease being treated. In certain aspects

where the inhibitor is administered in combination with another agent, the amount of
additional therapeutic agent present in a composition of this invention typically will be no
more than the amount that would normally be administered in a composition comprising
that therapeutic agent as the only active agent. Preferably, the amount of additional
therapeutic agent will range from about 50% to about 100% of the amount normally present
in a cornposition comprising that agent as the only therapeutically active agent.

[0163] One embodiment of the invention relates to a method of inhibiting or
decreasing El enzymme activity in a sample comprising contacting the sampie with a
compound of this invention, or composition comprising a compound of the invention. The
sarmple, as used herein, includes, without limitation, saniple 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 (2.g., blood, serum, saliva, urine, feces,
semen, tears) or extracts thereof, Inhibition of El enzyme activity in a sample may be

carried out in vitre or in vivo, in cellulp, or in situ.

[0164] In another embodiment, the invention provides a rnethod for treating a
patient having a disorder, a symptom of a disorder, at risk of developing or experiencing a
recurrence of a disorder, comprises administering to the patient a compound or
pharmaceutical composition according to the invention., Treaﬁr;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 vitra or in vive, or otherwise reduce capadity of a cell or tissue {e.g., an
aberrant cell, a diseased tissue) to mediate a disorder, e.g., a disorder as described 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 metastases
and does not necessarily indicate a total elimination of growth.
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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 nihile group using a suitable
nucleophile, such as sodium cyanide in D/v80 under elevated temperature (Method Al') to afford
nitrile bocci which is reduced to aldehyde trod using a suitable reducing agent, such as DIBAL in
DCM (Method AC)). Further reduction of bcxxi using a suitable reagent, such as sodium
tetrahydroborate Jr' methanol affords alcohol hood" (Method AR). Treatment of bcceli with a
sulfamating reagent, such as chlorosulfonarnide in acetonitrile in a presence of an appropriate
base, such as triethylamine affords protected sulfatnate ba.xiii (Method J). T13DMS removal by
treatment with an add, such as HEpyridine, in pyridine/THF according to Method AS yields

compounds ghggmula boﬁi&é &%@ﬁ@f@&éﬁ%‘%@%ﬁ@iﬁ%&?ﬁﬁ%&%m
(15,21ZAM-444-103)- 3 d|h ro; -mden 1rylant|nol -7H- pyrrolo[Z? pyrlttldl 7-yil-2-

hydroxycyclSPEHTF Ao Ry ive) 30 L9F 5 SRR 6 ioesoed cols o e e,
inden-1- yIamnib]ﬂ%ﬁ@f@l@%ﬁ%ﬂ%@@&bﬁ%@%d@ﬂﬁ@@b@m,
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dihydroxylation agent, such as AD-mix-a (Sigma-Aldrich ;‘% tert-butyl alcohol’(Method AV) gives

diol Ixrdx, wikga&hpon sulféwnetempithnotierds nffdwcimreetizxe desosifatimbivdetnent bafisroidens
diastereoisomes eI EMIaIR SIIRERAIEN Sirih AR BhlfMBHIRA AN, &lesmﬁlm\@qm fyther

provides synthetic in ediates usef Ifor the reparation of the co formula.(1). In one
embodiment the in mv%Lh[ﬁg‘n%pt%w esacﬂ“#ﬁm c%“}da OI(WPE"E] rEgé%'gtg%' ol
stereocherrﬁ&%mﬂammmmw 1 therisrasectate-alipRatic, or C14
fluoroaliphaiigethodSon ek RRraiereaehiiadape adeniyit vl disaaas abidiedywip wiaeiiagegioup, or
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"hydroxyl projeliagtiyityips-r&ierB sotivithdinEdctvity, SAE activity). Relevant disorders include
proliferative disorders, most notably cancers and inflasamatory disorders (e.g., theumatoid .
arthritis, inflarnmatory bowel disease, asthma, chronie obstructive pulmonary disease
(COPD), osteoarthritis, dermatosis (e.g., atopic dermatitis, psoriasis), vaseular proliferative
dizorders (e.g., atherosclerosis, restenosis) autolmmune diseases (e.g., multiple sclerosis,
tissue and organ rejection)); as well as inflatnmation associated with infection (e.g., immumne
responges), neurcdegenerative disorders (e.g., Alzheimer’s disease, Parkinson’s disease,
motor neurone disease, neuropathic pain, triplet repeat disorders, astrocytoma, and
neurodegeneration as result of alcoholic liver disease), ischemic injury (e.g., stroke), and
cachexia (e.g., accelerated muscle protein breakdown that accornpanies various physiological
and pathological states, (e.5., nerve injuty, fasting, fever, acldosis, HIV infecHon, cancer
afflicion, and certain endocrinopathies)).

[0167] The compounds and pharmaceutical compositions of the invention are
particularly useful for the treatinent of cancer. As used herein, the term “cancer” refers to a
cellular disorder characterized by uncontrolled or disregutated cell proliferation, decreased
cellular differentiation, inappropriate ability to invade sirrounding tissue, and /or ability to
establish new growth at ectopic sites. The term “cancer” includes, but is not limited to, solid
tumors and bloodborme fumors. The termn “cancer” encompasses cliseases of skin, Hssues,
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group that i) reacts with a hydroxyl functional group of a substrate to form a protected substrate; ii)
Is stable to reaction conditions to which the protected substrate will be subjected:, and Hi) is
removable from a protected substrate to liberate the hydroxyl functional group under conditions
that are compatible with other functionality present in the substrate. The hydroxyl groups of 1,2-
and 1,5-diols may be individually protected or maybe jointly protected with a cyclic diol protecting
group. Examples of suitable hydroxyl protecting groups and diol protecting groups may be found in
T.W. Greene and PC.M. Wuts, "Protective Groups in Organic Synthesis", 3rd Ed., John Wiley ex
Sons Inc., NY (1999). tonalln a particular embodiment, the compound of formula (Viii) is
represented by the formula: Fe" HaC a 01-1 [0133]The invention also provides a compound of
formula (X): (X) wherein: depicted stereochernical configurations indicate absolute

stereochernigiyndtis:y dh0g8p 0 bR, X yepiste dingaro e Hishlis: epdooygensers priyarpxyl
protecting groa{p' %SFéa n andeF;_pb together form a cyclic diol protecting group; and the
variables RB; H‘}Er, an Rave the values and preferred values described above for formula (1).

[01341In ongggbodimennh doe s ertpaiinab faibactGsia aitit antecz Sdnlioitngex@ples of
solid turnors 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 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.g., progressive epithelial or
primary peritoneal cancer; cervical cancer; gastric cancer; esophageal cancer; head and neck
cancer, including, £.g., squammous cell carcinormna, of the head and neck; melanoma;
neuroendocrine cancer, including metastatic neurcendoczing tumors; brain fumors,
including, e.g., glioma, anaplastic oligodendroglioma, adult glioblastoma multiforme, and

adult anaplastic astrocytoma; bone cancer; and aoft 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 Iymphocytic leukemia (CLL);
Hodgkin's disease (FHID); non-Hodgkin's lymphoma (NEL), including follicular lymphoma
and mantle cell lyrnphoma; 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 embodiments, the compound or composition of the invention is used
to kreat a patient having or at risk of developing or experiencing a recugrence in a cancer
selected from the group consisting of colorectal cancer, ovarian cancet, lung cancet, 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,

fo171] Depending on the particular disorder or condition to be treated, in some
embodiments, the E1 enzyme inhibitor of the invention is administered in conjunction with
additional therapeutic agent or agents, In some embodiments, the additional therapeutic
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(7(a) wherein Ar is an optionally substituted aryl group. In some embodiments, Ar is an
optionally substituted phenyl group. In certain embodiments, Ar is para-methoxy-phenyl. [0135] In
certain particular embodiments, the compound of formula (Xa) is selected from the group
consisting of: 0.?HO ni"™a0 HOezo AelteAr)Thf CH3HO , and01-13 wherein Ar is as described
above for formula (Xa). 101361The invention also provides a compound of formula (XI) or formula
(10-1): WS Re Rbb, " 110Rbb --..0 Ons™ 0,_fl . kl Rb R Rb R R" wherein: depicted
stereochemical configurations indicate absolute stereochemistry;

agent(s) is one that is normally admiristered to patients with the disorder or condition being
treated. As used herein, additional therapeutic agents that are normally administered to
treat a particular disorder or condition are known as “appropriate for the disorder or

condition being treated.”

[0172] The F1 inhibitor of the invention may be administered with the other
therapeutic agent in a single dosage form or as a separate dosage form. When administered
as a separate dosage form, the other therapeutic agent may be administered prior to, at the
same time as, or following administration of the E1 inhibitor of the invention.

(01731 In some embodiments, the E1 enzyme inhibitor of the invention is
administered in conjunction with a therapeutic agent selected from the group consisting of
cytotoxic agenis, radiotherapy, and immunotherapy appropriate for treatment of
proliferative disorders and cancer. Non-limiting examples of cytotoxic agents suitable for
pse in combination with the E1 enzyme inhibitors of the invention include: antimetabolites,
including, ¢.¢., capecitibine, gemcitabine, 5-fluorouracil or 5-fluorouracil/ leucovorin,
fludarabine, cytarabine, mercaptopurine, thioguanine, pentostatin, and methotrexate;
topoisomerase inhibitors, including, e.g., etoposide, teniposide, camptothecin, topotecan,
irinotecan, doxorubicin, and daunorubicin; vinca alkaloids, including, e.g., vincristine and
vinblastin: taxanes, including, 2.g., paditaxel and docetaxel; platinum agents, incdluding, e,
cisplatin, carboplatin, ard oxaliplatin; antibiotics, including, e.g-, actinomycin D, bleomyein,
mitomycin C, adriamycin, daunorubicin, idarubicin, doxorubicn and pegylated liposomal
doxorubicin; alkylating agents such as melphalan, chlorambucil, busulfan, thiotepa,
ifosfamide, carmustine, lomustine, semustine, streptozocin, decarbazine, and
cyclophosphamide; including, e.g., CC-5013 and CC-4047; protein tyrosine kinase inhibitors,
including, e.g., imatinib mesylate and gefitinib; proteasome inhibitors, including, e.g.,
bortezomib, thalidomide and related analogs; antibodies, including, e.g., trastuzumab,
rituximah, cetuximab, and bevacizumab; mitoxantrone; dexamethasone; predrisone; and

tetnozolornide.

[0174] Other examples of ager{ts the inhibitors of the invention may be combined
with inc:lud;e anti-inflammatory agents such as corticosteroids, TNF blockers, N-1 RA,
azathioprine, cyclophosphamide, and sulfasalazine; immunomodulatory and
immunosuppressive agents such as ¢yclosporine, tacrolimus, rapamycin, mycophenolate
mofetil, interferons, corticosteroids, cyclophosphamide, azathioprine, methotrexate, arnd

81



ei is hydrogen or a hydroxyl protecting group; and Rbb is hydrogen or a hydroxyl protecting group;
R" i5 hydrogen or a hydroxyl protecting group; or Rad and Rbb together form a cyclic diol
protecting group; or C and te together form a cyclic diol protecting group; and Ring A and the
variables Rb, Rd, it and RE have the values and preferred values described above for formula (/).
[01373In some embodiments, the compound is characterized by formula (Ma) or (X114) [0138]In
certain embodiments, the invention relates to a compound selected from the group consisting of:
[01391In certain other embodiments, the invention relates to a compound selected from the group
consisting of:

sulfasalazine; antibacterial and antiviral apents; and agents for Alzheimer’s treatment such
as donepexzil, galantamine, memantine and rivastigmine.

[0175] In order that this invention be more fully understood, the following
prepazative and testing examples are set forth. These examples are for the purpose of
lustration only and are not to be construed as limiting the scope of the invention in any
way.
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wherein RnA and Ir are each independently a hydroxyl protecting group, or R" and e together form
a cyclic diol protecting group. [0140)In certain other embodiments, the invention relates to a
compound selected from the group consisting of wherein le and leb are each independently a
hydroxyl protecting group. In some embodiments, le and Rbb are selected so as to allow selective
protection and deprotection. In certain embodiments, le is an acyl protecting group, and leb is a
silyi protecting group. In a particular embodiment, r is acetyl or subsiituted acetyl, and 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 promoting effects of El enzymes in ubl conjugation to target proteins
(e.g., reduction of ubiquitination, neddylation, styyoyategy reduce intracellular signaling mediated
by ubl conjugation, and/or reduce prcrteolysis mediated by ubl conjugation (e.g., inhibition of
cuIIin-depe%g Ugg&lgnation and proteolysis (e.g., the ubiquitin-proteasome pathway)). Thus, the
compounds of thisTmvention may be assayed for their ability to inhibit the EI enzyme in vitro or in
vivo, or in calls or animal models accorgimgcttiviesaais=provided in further detail herein, or
methods kngwsgh the art The compougdgmaybe assessed for their ability to bind or mediate El
enzyme act%i: irectly. Alternatively, tarégta ivity of compounds may be assessed through indirect
cellular assays, or assays of downstream %?f‘ects of El activation to assess inhibition of downstream
effects of EAEbition (e.g., inhibition ot AFRPHSSEHEERRITG Uitinatiort and proteolysis). For
example, a®evity may be assessed by ertbotimyaibbhdonjugated substrates (e.g., ubl-conjugated
Vs, neddylaggehgullins, ubiquitinated syhigiistemeaphiiaeylated substrates); detection of downstream
protein sub stabilization (e.g., stahilization qf jlization of hcB); detection of inhibition
of -LIPP actilg/%{%etection of downstre‘?_r% ot g%‘t’?t#ﬁ%gt mglgfl_inhibition and substrate stabilization
(e.g., reporBBALays, e.g., NRCE repdifispaayiglurgssmbydiide csays). Assays for assessing
activities ar®EEsribed below in the EXpatidiieorabpetfibylamiior are known in the a.rt. [0142]One
embodimenggiAhis invention relates toencamRIS{HONeRIFEIdge compound of this invention or a
pharmaceuti acceptable salt there&;&hgﬁg,ﬁ&m?geutically acceptable carrier. It will be
appreciated that the compounds of this inverition may be derivatized at functional groups to provide
prodrug de s which are capable W6 S 0on back to the parent compounds in vivo.
Examples d€idh prodrugs include thetbhwslologically acceptable and metabolically labile ester
derivatives,gaich as methoxymethyl estessidaathylthiomethyl esters, or pivaloyloxyrnethyl esters
derived fror’i]l a hydroxyl group of the cpmpound or a carbamoyl moiety derived from an amino
group of the compound. Additionally, any physiologically acceptable equivalents of the present
compound<< i to the metabolicall@qﬁﬁﬁ'é'@sﬁ??lﬂ‘o@é?‘ﬁamates, which are capable of
producing th&fsE&nt compounds desciibiid HaehrtasrARI ERaGHERRTEYS cope of this invention.
[0143]If phatmmgesstically acceptable sadbsueh tis(samueysiidabiide invention are utilized in these

compositior,lg_,d;%ﬁ J&alts preferably are %;&y&ﬁ&&g@mm organic adds and bases- For
ta

reviews of suitable salts, see, e.g., Berge et at J. Pharm. Sci. 66:1-19 (1977) and Rerningtufe The
science an¥ B dice of Pharmacy, 20 E'ém d. A. Germain Lippincott Williams & Wilkins, 2000.
[0144]Nortlimgheg, examples of suitableragdestiditionlfotdts include the following: acetate, adipate,
alginate, aspggtate, benzoate, benzeng.ghifanate, bisulfate, butyrate, citrate, camphorate, camphor
sulfonate, %%opentanepropionate, C”%ﬁg&& decylsulfate, ethanesulfonate, fumarate,
lucoheptanoate, glycerophosphate, hemisulfate, heptanoate, hexanoate, hydrochloride,
hyclrobroirdf®hydroiodide, 2-hydroxyBtfEtetffsrrditeRate, male ate, thethanesulfonate,
2-naphthalé¥®sulfonate, nicotinate, oxdéatdoparvioairddpectinate, persulfate, 3-phenyl-propionate,

piacate, pivigte propionate, sucdnateviagmidmtionyanaie-dagglate and undecano ate.
[0145]Suitarbtle base addition salts inC'%QSh‘Q!J}QBH}am}Qa“OW arrunonium salts,

TBAF tetra-n-butylammondium fluoride
TBAI tetra-n-butylammonium iodide
TBDMS tert-butyldimetivylsilyl

TFA frifluoroacetic acid

THF tetrahydrofuran
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alkali metal salts, such as sodium and potassium salts, alkaline earth metal sails, such as calcium
and magnesium salts, salts with organic bases, such as dicyclohe.xylamine salts,
N-methyl-D-glucarnine, and salts with amino acids such as arginine, lysine, and so forth. [01461In
some embodiments, the invention relates to an add addition salt of a compound of formula .1
formed by protonation of a basic moiety in the molecule. In certain such embodiments, the
invention relates to a hydrochloride salt of a compound of formula T. [0147]In some other
embodiments, the invention relates to a base addition salt of a compound of formula | formed by
deprotonation. of the sulfarnate (X =0) moiety, the sulfamide (X = NH) moiety, or the sulfonamide
(X = CI-12) moiety, as applicable. In some such embodiments, the invention relates to a sodium or
potassium salt of a compound of formula I. [0148]Also, basic nitrogen-containing groups may be
quatemizedigpsuch agents as lower @iey falidesmemeiepdngiRehgathyl, 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
iodi(_jes, aralkihialides.coueb eieazyl and phenethyl bromides and others. Water or oil-soluble or
dispersible products are thereby obtained. (0149)The term "pharmaceutically acceptable carrier" is
used hereinfl@8%@fer to a FradrmPEREIacoRHERIeTm L Sk Slibpact 4t a1eraBlaTheSAmal,
more preferkiehylathRaeRayEHET S0t He Dy eV b g ina6] ihagan thetholiarge! sitdietilaout
terminating the activity of the agent. The toxicity or adverse effects, if any, associated with the.
carrier preferably aﬁ‘é"‘@ﬂﬁﬁﬁ@t‘ég‘&ﬁ{ il Sendanin A sieniiEle AORIAIBIRG 48R IRLPRIBEFERS OF the
active agent. W150) Ihenphatidircauti®al compositions of the invention can be manufactured by
methods well known in the art such as conventronal ranulating, mixing, dissolving, encapsulating,
lyophilizing, or emEANYPrLASERIE, sg %Gﬁ 6%?6’5%&‘?%%6%
forms, including gmm,lﬂmbmaéeymtpartrculates powders, including freeze dried, rotary dried
or spray dried powders, amorphous powders, tablets, capsules, syrup, suppositories, injections,
emulsions, Ekxitgpleispei@inasak sli4Hins)-EpiDibiaitonshsieoftiphaliychtbpyswlblized; pH
modifiers, surfactants, sommmﬁﬁgﬂgéh%hbﬂmmﬁnmmﬂénﬁwmth%@e

I01513Phar§gaceutrci!{)ﬁ;g;g rrjers thart:h }é,me %sed i coon itions include, but
are not limi ré%ga%g%mﬁ proteins, such as

human serygyz#pumin, bp_[f ﬁﬁﬁb@g@h@%@tﬂ@@@g glysdmewsaerbic acid,
potassium sprb %CP@IWYP&’ aPﬁ%% [Led Ve Eé‘qu‘dagbtﬁt’% Bl allS o7
electrolytes, su‘g}t %te disod |tu ydrogen b%{i)sp Ej

rotamine sul ate, potass im hydrogen
phosphate, (gﬁﬁ'@%gl”o'!‘?&‘@ ﬁﬂ%%&t@%’&‘ﬂmﬁ’éﬁ WsGhEmsa A FiSrdle Wﬁ%ﬂaﬁ%rolidone,
cellulose-basetpietbstaveedopoiditaden@ @ ceds seldiedntba ot sthy lepitiusated dly deypkates,
waxes, polyGiavRRG-RAMAVRIARLENE BIQEK ROMDEES RANE RUR 1 ARk 3P G WARIFRIEIOAC

101521Accordin to a pre erred embodiment, the com osrtrons of this invention ﬁare formulated for
pharmaceutft s sREpRAYEG Wﬁﬁaﬁ%’)altﬁ% Byt fRalidétical

compositiomﬂﬂrﬁ)present invention may be administered orally, parertterally, by inhalation spray,
topically, rectally, nasally, buccally, vagrnally or via an |mplanted reservorr The term parenteral

as used hemip iBCludERS Ra8)6A8) A WIS VDR exibipe r fay ptiflar,
intra-synovial, mtraste[ﬂrﬁ.&mmhecal mtrahepatrc mtralesronal and mtracranral mrectron or

infusion techniques. Pref the com trons are administered intrayenqusly,
subcutaneo@%@ The for gﬁ%&r‘%g § %%‘B'ﬁe?}%tg g&% 2%8 210
fast-releasrWlbwﬁwmm&ﬂwm@aamm% atocal rather than
systemic Mgainse hRPrasRFUNEABb faEnd R 07aAtipe. Bbdrtl wasiedtd b Biha Biaceutical
formUIatlong m%@&n@ eﬁﬁjggegﬁ}&%% &'iéo%o ﬁ'lg‘? QTIQ' 19:1:101) The mixture was stirred at rt

overnight. TLC indicated cornplete conversion. The reaction mixture 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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solutions using a liquid, such as, but not limited to, an oil, water, an alcohol, and combinations of
these. Solubilizing agents such as cyclodextrins maybe included. Pharmaceutically suitable
surfactants, suspending agents, or emulsifying agents, may be added for oral or pazenteral
administration. Suspensions may include oils, such as but not limited to, peanut oil, sesame oil,
cottonseed oil, corn oil and olive oil. Suspension preparation may also contain esters of fatty adds
such as ethyl oleate, isopropyl myristate, fatty acid glycerides and acetylated fatty add glycerides.
Suspension formulations may include alcohols, such as, but not limited to, ethanol, isopropyl
alcohol, hexadecyl alcohol, glycerol and propylene glycol. Ethers, such as but not limited to,
poly(ethyleneglycol) , petroleum hydrocarbons such as mineral oil and petrolatum; and water may
also be used in suspension funnulations. (0154]Sterile injectable forms of the compositions of this
Gy AQUNEILSRE SiEhmiead risdensio anarslsiidrdionirmidiv-dcfomaulated
according to techniques known in_the art using suitable dispersing or wetting agents and _
suspendindWj&hts. The e midtRErrlflerFimmirnitipsidd be ?&é’?ﬁ@ﬁﬂ‘gﬂfﬁfé@ﬁﬂ?&}br
suspensionbintanobedkicl) areh el iiscpepleiylioene (. 30mbnE0D mrerabwie addedolution in
1,3-bulaneqmio&msg(ﬁ)&@%ﬂﬁ%&ﬁaﬁh&ﬂ%ﬁﬂﬁ%@m@thmaﬁ@mlﬂmﬂsmr,

Ringer's so utiggland if%fo IC sodiumg oride solution. In additi n, ét?eﬂéeé fiﬁg oilsdarew
conventionarlﬁl erﬁbfgﬁee SEEREVERROF si?sop‘éﬁr%ﬁﬁv AU For thi pﬁrbose,lgﬁy Biand fixed oil
may be emplsjaetinEnsHisysalsinematogmashy chitgonii e gradinptad @do 400k BsQdsiindefedMand its
glyceride desiyatye srarad i ie@renaiaig) etinasiables. AS-AeRABNALAA standard).
pharmaceutically-acceptable olls, such as olive oil or castor oil, especially in their polyoxyethylated
versions. TRESSON SQUane A AHGRENSIANS. PAAlR-EHNAINBN CIAN ARV MON Of
dispersant, such as ¢ RSR.SHIRRI HRS-AI SRS ARIENSNIGER{IYRPNlY used
in the formulation of pharmaceutically acceptable dosage forms including emulsions and
suspension§1&her comMdétig = Pihwdoe it indsuch dd- Thprmoledamidpamianadiref-aminsiing
bl i e e A ey e Aoy
pharmaceutic ta | id, ok other e forms may.a I rposes
of formula:%)%&lé)%gp‘%sn s%ﬁ%@ﬁ%%%%&g? %Czét?r‘g%1t'les}:,aﬁng[i(?%in|sstrsai;[ﬁl(l‘)f)ﬂrf{e ggiﬁjde(({:%%%qguc as by

bolus injectiB §BE Astamselvingu Haf1bRaaf GaShid rddeermhendheralyeamarattfs or in
mu Iti_- _dosec@qmpd’ﬁe{ﬂ,z[ﬂ]lﬁﬁlimﬁiﬂh amgﬂjﬁcaimmm;siﬂ@m me I(Ménmm wia\atdedradly
administergg J0 A0y Sl ¥ ACERPIRPIE A8SAELAR-RE NI RAL Il 40: HaRsKiEs: JaRlets,

agueous suspensions or solutions- When aqueous suspensions are required for oral use, the
active ingr&HRIRE S VT BHFRERATEM EHEHSRS AAUSSHS TORMY RIS SH OB Y Bemfifracted
sweeteningwitaEHDrg- (& <hivi]), degedteaylghc) ittesdeshdovaqialpahinddr diighnacamapsule
form, useful.diluents.include | S r nstarch..In the I
carriers th%gggb%?n%n f%us?g %ﬁﬂ‘j‘%ﬁ%ﬁggﬁ én %’ r%%%%ﬁ%&%?%%ﬁgeﬁﬁ%c a(sm
magnesiunfiRes indexpacs|io afforddy e conponnd 99 ay99%usbE A Riarib B origuBSo 569;
e.g., to magk fastgdaraffect the site of dissolution or absorption, or to prolong drug action_
Coatings may be applied to a tablet or to granulated particles for use in a capsule.
[01563Altematively, thephaunaeouial LOMMRASIROPMOfIERII inyention yiayhe aemipisiased in the
: pivaniTISiNation midiese Piaw ithprehedecthlopeinddiicddientrwith a

form of suppositories|foz-i SHB) AYIHhE ] i
suitable non-irritatingydk@gpéy om temperature but liquid at rectal temperature

and therefqre will melt in therectu : _? rI e the dryg. Such materials include cocoa butter,

beeswax ao['ﬂ}?}élyethyleﬁ;é’%%g Tﬁﬁﬁ?@%ﬁéﬁ? (':HTIEB%’F[%JST’ %ﬁg’bg]'@%g?mﬁbn may

also be adi@ifidipratnshieil)-Edgauvriipyhbentieadedetaetimataldldddbiodredoldd 8fpins

readily afcsmiﬁﬁybﬁbfm%@?mwﬂi@mgwmwﬁaﬁ Akt Bvee Hﬂﬁr?@rﬂlﬂaﬂﬂ the lower

intestinal tragt. Suitable tqpical for i0 re readily prepar. re of these areas or organs.
%E?\gtﬁﬁ]ﬁféa |0@Bﬁﬁ%ﬂw‘|ﬂ'ﬁr§ﬁ e & e??e%?ga%%y phe

[01581Topical ap er intestinal tract may I'in"a recta suppository
formulatiortidew Eerpaionaie SaRa sl-chthmrnsiin (ke Srixfepivany drsdaiien bhttfe Ihtay

also be usedlvieat i@picahapiplinetion sathue phd posicidt va s gebdbos arupr Apth formtitgl edthna
suitable oifme/l¢ 3P4 NGJICERSINGCAINBROCHN 3 SORGRAGHOLLIRSPIVRH 13,018\ 0h ROLEERITErS.

Carriers for topical administration of the compounds of this invention inclyde, but are not limited to,
mineral oil GHErpEhS R ARSI SR A SovIAfE Byt bBib ke fiinéhé, standard).
polyoxypropylene compound, emulsifying wax and water. Alternatively, the pharmaceutical
compositions may be formulated in a suitable lotion or cream containing the active components
suspended or dissolved in one or more pharmaceutically acceptable carriers. Suitable carriers
include, but are not limited to, mineral oll, sorbitaht inanostearate, polysorbate 60, cetyl esters wax,
cetearyl alcohol, 2-octyldodecanol, bertzyl alcohol and water. 10159)For ophthalmic use, the
pharmaceutical compositions may be formulated as micronized suspensions in isotonic, pH



10162]By "therapeutically effective amount” is meant an amount of compound or composition
sufficient, upon single or multiple dose administration, to cause a detectable decrease in El
enzyme activity and/or the severity of the disorder or disease state being treated. "Therapeutically
effective amount” is also intended to include an amount sufficient to treat a cell, prolong or prevent
advancement of the disorder or disease state being treated (e.g. , prevent additional tumor growth
of a cancer, prevent additional inflammatory response), ameliorate, alleviate, relieve, or improve a
subject's symptoms of the a disorder beyond that expected in the absence of such treatment. The
amount of EI enzyme inhibitor required will depend on the particular compound of the composition
given, the type of disorder being treated, the route of administration, and the length of time required
to treat the dlsorder It should also be understood that a speC|f|c dosage and freatment reglmen for
any particulgtep B ibikvainod] Fhhieine Glaif\ORIAaS0-1Hd-5 phney 13

compound employed hitwaiy | ! el .-.— AR
administration, rate of ex dgm of he atin ypicia and the
severity of tmgbﬁartlcular ? Eé‘gé'lés%(g%’%?{ggfgﬁ 5czg]aﬁl)r%H gsgpe rils}w Cfere]; eé inhibitor |gyrrhl
administerel?hdppriimdiior-yiita- %Mﬂﬁg@%lﬁb%ﬁﬁﬂdﬁ?@f%ﬂmﬂﬁé@&ﬁ%ﬁd@&nt present
ina compos[itteﬂy@tﬂmm\@atm Doicalke withi wesraeEIhaielasme(TEdthal yaderaormally be

administere QMRPQsition com n fgﬁ@ a w
Preferably, dtm %elfﬁt: o%d‘%ﬁﬁ%rﬁ“{ﬁ Lﬁsl oy nﬁhﬁﬂage%%;\% rangehfr%?tr? abou %ﬁ&%%ﬂo O%do of
the amount‘i’ib?{%aﬁﬁ?’ﬁ’é DthEHSRRHEAR Wae Bl tHe SRR

active agenh{m&&]@ﬁmmmdmehd@fcﬂm |ttmemﬂ|mnte+aves>t@@meﬂdd Hrinhibitdibesesidsreasing
El enzyme eiivity {61 SRR TR SIAGSRRIRG) BRI SAmRI Gk~ 6pg0RBUDOE DA #MentioN,

or composition comprlsmg a compound of the invention. The sample, as used hete %udes
without limit¥eRes Besierd Shedis ryparmed Gri &k pmf%%&ﬁ%g“& éyg elfs or
extracts of gedhaukdies; biopsied cells or fluid obtained from a mammal, or extracts thereof; and
body fluid (e g., blood, serum, saliva, urlne feces semen, tears) or extracts thereof Inhibition of El

e ' idin Pedhyicdes K -;au".s: a pat|nt havmg a dlsorder a
symptom of a dlsorder at risk of develo in erie I fa sord prises
admlnlsterlrtﬁlﬁg’]the patlezﬁ't[ asé&ﬂd%’ﬁ'ﬁ%%glgéﬁ%ceﬁ %@aﬁéﬂ ;ﬁ%'zea%cor%‘ ??:] ention.
Treating cahmmumdhpmtm]é;mhe@ﬂ]éffépmﬁ@ﬂywmw,(ﬁﬁﬁrﬂ}\f@’@r affect
the disorderyigrpwanipmsheldbetisofdes ﬂ%ﬂ&&dﬁm&iﬂgaﬂﬂmmwﬂﬂ4 Whhitgynot

wishing to be bo tgg Hy eory, Ereatinag iﬁrtx)- ¥eg to ause % 8{1?% r@ag%tabﬁ.téon or
a aC|

killing of a cef6AtiSShe in'vitro or m Vivo, or F 6therwise feduce ¢ cell or tissue ‘e .g., art

aberrant cefnistusamcrpriestieytas h‘ﬂﬂ’aféda‘ﬁfétﬁ‘ﬁé{"“@dn%%% P%%’%%BB‘HB%@J'H&% tﬁ@ﬂ

proI|feratlvecamdmrg:e;gxyalﬁaﬂgemmﬂ@mmmdlﬁmmwmﬂsad)ﬁuemafmlﬁmrtgﬂme grovvth

or |nh|b|t|on of é g tl %ag g {E%%( g_,1a4groltfe5§+\§%§e§_‘4g@q&ﬁasue) refers to slowing,
stin tBPopin

Interrupting ar gors its growth‘and metastases and does not necessarlly |nd|cate a
total elimination of growth. 01659 isease lic th ) |n Iudle those disofd bition

of El enzynﬁ@&éﬁvﬁy%ﬁ Mg 0 siylosulunetly

_ Y AR O X R A e St A alste U oo uUe (8.9,
cells axe sensitive to%’ IDIION" Of Elactivity disrupis diséase mechanisms; reduction of

El aclttlwty Slr?;dﬂes prﬁmmﬁgmm?ﬁhwmm&pmm%ﬂg
results in in ? é ya a_L §W§n§ ﬂ.{m Pﬂﬁﬁﬁ%@@ Gaions
I%Hﬁto’L

are also inténde ISease or_condition which requwes eff ctive c nd/or

ubiquitinatidt-A&FAER Rygidkine 469 g FafyaeP e‘ﬁ%‘%qei%? fvd[)'/n(e J., NAE,
UAE act|V|t)@ﬂ[ﬂ)ﬂrﬁﬁ]ﬁmimpmwmlfs\tﬁmeﬂmeﬁﬂghmm uosiobited tathientot-disorders

involving ceﬁH cﬂ;@ﬁg{ﬁﬁg}pﬁﬂﬁlﬂl(@@tmﬂmm iR e Wi GhiX A e B éerive
cullin- dep at cﬁca%%{j Qrot?e(%é/ss ‘P%?Wa %acg ublqsl.(lgll'?ll%] rpé%gaag_p;gm“ay)

for malnten e an I progression 0 e dlsease State. e me e Invention are useful

in treatmentakelios rodivmddinde sl éitaTh) Exiusigd Al EtoAc S Flplarrigdwith
p21/"PlaP1 ﬂ%ﬁ@“%ﬂé@zﬁ\%&@%@ﬂhﬂ@&ﬂﬁ&ﬁ&g Qﬂ@&ﬂﬁxﬁhgm&ﬁgmﬁ%ﬁcaﬁﬂﬂﬁy highE

activity, SAE act|V|ty Relevant disorders i ro Ive, |so rs and
inflammator{AaRtR gu&eé Sﬁ%ﬁmﬁtﬁ[‘f % ‘B‘ﬂ%ﬁ‘;@&t&g ng_jﬂg%tbir# ﬁpﬂfr%mc
obstructive pitinderadydivetnsg ?@@weylﬁat%dmwﬂ@a&mhwstsw&nat@p% Bchippach) and
psoriasis), vascular proliferative disorders (e.g., atherosclerosis, restenosis) =tofu-amine diseases
(e.g., multiple sclerosis, tissue and organ rejection)); as well as inflammation associated with
infection (e.g., immune responses), neurodegeng?atlve disorders (e.g., Alzheimer's disease,
Parkinson's disease, motor neurone disease, neuropathic pain, triplet repeat disorders,
astrocytoma, and neurodegeneration as result of alcoholic liver disease), ischemic injui-y (e.qg.,

=




[0169)In some other embodiments, the cancer is a hematologic malignancy. Non-limiting examples
of hematologic malignancy include acute myeloid leukemia (AML); chronic myelogertous leukemia
(CML), including accelerated CIVIL and CIvIL blast phase (CML-BP); acute lymphoblastic leukemia
(ALL); chronic lymphocytic leukemia (CLL); Hodgkin's disease (1113); non-Hodgkin's lymphoma
(NHL), including follicular lymphoma and mantle cell lymphoma; B-cell lymphoma; T-cell
lymphoma; multiple myeloma (MM); Waldenstrom's macroglobtdinemia; myelodysplastic
syndromes (MOS), including refractory anemia (RA), refractory anemia with ringed siderblasts
(BARS), (refractory anemia with excess blasts (RAEB), and BARB in transformation (RAEB-T); and
myeloproliferative syndromes. (0170)In some embodiments, the compound or composition of the
invention is used to treat a patient having or at risk of developing or experiencing a recurrence in a
cancer selectedifretttiengiioppyeiliais(ing. @i doiSctallLaree Higndviahit giyeRink(N).0arCrsndreast
cancer, 9astgg, GARRRI PSR 1GRa BAAARGLSAIR GO TSR i GRU AL RIEIRH S POIBAGIREN'S,

the cancer is _sele from the group conS|st|ng of Iung cancer, colorectal cancer, ovarian cancer

and a hematDS G ERH e RIPRSESEN ATt B Fre SRR URe O aS F O RETHRAPES 5. TRSHRER in
some embodiheartiiuhavad puvifisvbviaiiice zef cherinyiogiiaphy cdtngwtehadgredienhnidfida 66tk
additional thefapEUHG 2051k 04 SO6H ind LA NR-HRRAEIENLS sk38 2HE HORARINI AP GUICRaTeRI(S)
is one that is normally administered to patients with the disorder or condition being treated. As
used herein éﬁbﬁ?&ﬁé‘f’ erapeutlc agents that are normally administered to treat a particular
disorder or condition are known as aproprlate for the disorder or condition being treated.”

[0172]The EF¥Roite =~'- '-~‘ platfchh -2 Rt ydag: *‘- REpNr R sRldirRrERalde-8gent in a
single dosage form or'gs a separate -“ .‘ FEHR eyl RETHIRTSIET et as a separate dosage form,
the other thqraggutic agemg'@_gm@p gmg.@s[(pgﬁ@mm.
admlnlstrathn_lofgre EI 'Phlbl r.of the m’?f%gr !01 o mbo ntg% t@qgi e}éﬁ/me
inhibitor of the TVeNton 15 & mst%’i’“c? 'ijj]lllj ction WI |ca5'§en:t gtéd from the

group consistmydragdisudved e FE 6didindang B}T@Iﬂiﬁ@r{ﬁh@m&éﬁ? appedinate for treatment
of proluferatry:@lgip@ggeéaeaﬂdleaaaaa SnniARocexed esaf pﬁmﬂﬁw@ﬁﬂﬁcﬁm&qblﬂfaﬂyse in
com b'_r‘?t_'onQ‘ﬁ’Em%ngn?;Q A ed diop rBlcgllEé gidhgd ﬂn‘ﬁﬂﬂ%%&c&gﬁ {Ablles Hucludl

capecitibine, gerncitabine, 5-flu or 5-fluorottracil/ leucovorin, fludarabine, cytarabine,

mercaptopuffife! ﬂ‘ﬁ(’ﬁj’ﬁ’a‘?ﬁ‘ AerRudesintoamiPhiEaRRf éﬁﬁfﬁt?@p?ﬂ%ﬂ't‘é qﬂ?#b??é?é‘“ﬁ?@lm
e.g., etoposiee) te&taeﬁden&amomtemotﬂwmammww mﬁrumﬁmtca{tdrdﬂﬁwmblcm

vinca alkaloids mchrldlngd vrncur&ngandsmlpbl : taxartas, nC|lf Alaxel P&d
“T aa'trﬁe carigopil % O%

docetaxel; platingim agens NGOG, &.g., Cie a oxall Iat|n aﬁ'f I0tICS,
including, e.tp 18%tiePEiGin QWIMWMWWWMEGW%WMdh =i@&uoieinES”
doxorubicirt@jaqmgm;ﬁgc{gposornal doxorubicin; allcylating agents such as rnelphalan,
chlorarnbucil” busulfan, thiotepa, |fosfam|de carmustine, lomustine, semustlne streptozocin

decarbazirtayg . I-Q-tﬁlf‘ 8§Iile

kinase inhibi orsllnc AN R0 HIRS ) 6 , ' : YAy ganhibitors, including,
e.g., bortezomib, thalidomide and related analogs; ant|b0|es inc ud|ng e.g., trastuzurnab,

rituxirnab, cé%ﬂéinab anéﬁéﬂ%ﬂﬂﬁ&@r@ﬁ%ﬁ%@hﬂ%ﬁé&ﬁﬁ@ﬂm%ﬂw

temozolomiea 3T H0 D Wa&maﬁﬂw@h&hﬁo@&eﬁ@mimﬁEﬂQﬂg&a&m@ned

with include QBH r‘{laéggator}i .181:{;'}5 such as cgredR?g%r s ThlP blockers, n.-1 RAH_azathlopnne
ato

cyclophospnaml e,’an e R URornot ry anodlmmunosﬁ%%]? gt agents such
as cyclospormeturgdvad snlislifiad afe§aN (22-hmdp eascldds dn Sletite smliire moistion migokti toidend

cyclophosphaﬂgdgmgammm}&eﬂmggygggm@n@masﬂltasalazine; antibacterial and antiviral
agents; and agents for Alzheimer's treatment such as donepezil, galantarnirte, mernantine and

rivastigmind 071751 In Gk8_FHA-His I RibRibadroildifiigeorkiziauod]-tHé pumhalep-1-
preparative pRei@SHIT-AanRiasaieseyNEidhess Name e3aLs soshel) wanseseivasiation
only and are,nalie Be PP SHE IR AT PR HNG 529 36005 QLGN RN D AW cocted to 0 °C
and a 2.00 M solution of chlorosutfonamide in AcCN (5.38 mL, 10.8 mmol, as prepared
above) was added. The mixture was stirred at rt for 45 min. TLC indicated 50% conversion.
Additional 2.00 M chlorosulfonamide in AcCHN solution (5.38 mL., 10.8 punol) was added
and the mixture was stirred at rt for 15 min. At this ime, TLC indicated complete
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EXAMPLES Abbreviations AAammonium acetate Acal-lacetic acid AcCNacetonitrile
AIBN2,2'-azobisisobutyronitrile Boctert-butoxycarbonyl DCMclichloromethane DEADdiethyl
azodicarboxylate DB3ALdiisobutylalurninum hydride DIPEANN-dlisopropylethylamine
DMAPN,N-dimethy1-4-arninopyridine DMFdimethylformarnide ROAcethyl acetate EtOHethanol
FAformic add hours KO-t-Bupotassium tert-butoxide LC/MSIliquid chromatography mass spedrum

conversion. The mixture was quenched with MeOH (3.00 mL), and the solvent was
removed in vacuo. The residue was purified via silica gel chromatography eluting with a
gradient of 0 to 10% MeOH in EtOAc to afford the title compound (245 g, 94%). LC/MS5: R,

= 1.68 min, ES' 486 (AA standard).

idin-7-yl)-2-hydroxycyclopentylymethyl sulfamate (Compound 1-35)

[0188] (15,25,4R)-2-([(Aminosulfonyl)oxy]methyl)-4-{4-[(15)-2 3-dihydro-1H-inden-
1-ylamino]-7H-pyzrolo[2,3-d]pyrimidin-7-yllcydopentyl acetate (2.45 g, 454 pamol) was
dissolved in a 7.00 M solution of ammonia in MeOH (108 ml) and the muxture was gtirrad at
rt for 5 days. The solvent was removed in vacuo, re-dissolved in DCM and the filtered
residue was purified via silica gel chromatography eluting with a gradient of 0 to 10%
MeOH in DCM to afford the title compound (1.80 g, 90%). "H NMR (CD,0D, 400 MEz, 8):
8.16 (s, 11D, 7.26-7.12 (m, SH), 6.63 (d, ] = 3.6 Hz, 1H), 5.85 (dd, J = 7.6, 7.6 Hz, 1H), 5.46-540
(m, 1E), 4.50-4.47 (m, 1H), 437 (d, ] = 7.6, 9.6 Hz, 1H), 419 (dd, ] =7.4, 9.6 Fz, 1H), 3.08-3.02
(m, 1E), 2.96-2.87 (m, 1E1), 2.85-2.75 (m, 1H), 2.67-2.59 (m, 18), 2.37-2.20 (m, 3H), 2.07-1.97
(m, 2H) ppm. LC/MS: R, = 1.54 min, ES 444 (AA standard).

Step 1: ((15,25 ARY-4-{4-[(15 )-2,3-Dihydro-1H-inden-1-ylamino]-7H-pyrrolof 2 3-dlpyrirmidin-
7-vl}-2-hydro 1 hyl sulfamate, Fotassi
[0189] ((lS,ZSAR)-ﬂ-[+[(1S}-2,3-Dihydm—1H-inden—1-y1a:rﬁno]—7H—pyrrolo[2,3-d]-

pyrimidin—?—yl}-2-hydroxycydupentyl)me Fhyl sulfamate (2.64 g, 5.66 mumol) was dissolved
in MeOH (43.0 mL) and a 1.002 M solution of potassium hydroxide in water (5.64 mL, 5.65
mmol) was added at rt and the mixture was stirred for 1 hour. The solvent was removed in
vacuo and the solid residue was dried under high vacuum to afford the title campound {2.87
&, 100%). "H NMR (CD,0D, 300 MHz, ): 8.16 (s, 1H), 7.26-7.12 (m, 5H), 6.62 (d, ] = 3.9 ¥z,
1H), 5.85 (dd, ] = 7.8, 7.8 Hz, 1H), 5.50-5.40 (m, 1H), 4 51-2.48 (m, 1H), 4.22 (dd, J = 8.6, 10.0
iz, 1H), 4.05 (dd, ] = 6.6, 10.0 Hz, 1H), 3.10-3.00 (m, 1H), 2.96-2.85 (m, 1H), 2.81-2.71 (m, 1H),
2.68-2.58 (mm, 1H), 2.37-2.13 (m, 3H), 2.07-1.94 (m, 2H) ppm. LC/MS: R, = 1.54 min, ES' 444
(AA standard).
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LikiMDSlithium bis(trimethylsilyBamide m-CPBAmeta-chloroperbenzoic add Me01-1methanol
MOO,magnesium sulfate minminutes MSmass spectrum MWImicrowave irradiation
NIBN-iodosuccinimide NMN-methylmorpholine-N-oxide rtroom temperature
TBAFtetra-n-butylarnmoniurn fluoride TBAIltetra-n-butylaramonium iodide
TBDMStert-butyldlinethylsilyl TEAtrifluoroacetic acid TI-IFtetrahydrofuran
TPAPtetrapropylanutionium penuthenate Analytical LC-MS Methods [0176]Spectra were run on a
Phenominex Liana 5pm C18 50 x 4.6 ram column on a Hewlett-Packard HP1100 at 2.5 mL/mm for
a 3 minute run using the following gradients:

Example 2:  ((15,25,4R)y4-{4-[(1R)-23-Dihydro-1H-inden-1-ylamino]-7H-pyrrolo[2,3-d}-
pyrimidin-7-y1}-2-hydroxycyclopentyl)methyl sulfamate (Compound J-13}

Step a: 4- Isulfany])-7H-pyrrolo]2,3- irniding

[0190] To a round bottomed flask with a stir bar was added 4-chloro-1H-pyrrolo-
[23-d]pyrimidine (5.07 g, 33.0 mmol), 1.00 M of KO-#-Bu in THF (49.5 mL, 49.5 mmol), and
benzenemethanethiol (5.81 mL, 49.5 mumol) in isopropy! alcchol (350 mL). The reaction
mixture was heated to reflux at 85 °C under an atmosphere of nitrogen. After 48 h, the
reaction mixture was cooled and solvent was removed In vacuo. To the residue was added
water (300 mL) and the solution was filtered to collect the resulting white solid. The solid
was washed with diethyl ether and MeOH and dried under vacuwm to afford the product as
a white solid (6.29 g, 79% yield), LC/MS: R, = 1.68 min, ES' 242 (FA standard). Reference:
Pathak, A. K., Pathak, V., Seitz, L. E, Suling, W. ]., Reynolds, R. C. J. Med, Chem., 2004, 47,
273-276.

inethoxyphenyhhexahydrocyclopentald][1,3]dioxin-7-ol

{0191] A round-bottomed flask under an akmosphere of argon was charged with 4-
(benzylsulfanyl)-7H-pyrrolo[2,3-d)pyrimidine (194 ing, 0.804 mmeol),and DMEF (5.00 mL)
followed by a 1.00 M solution of lithiurn hexamethyldisilazide in THF (0.603 mL, 0.603
mmol). The reaction mixtire was heated to 60 °C. After 10 min, (1a5,1bR,5a5,6a5)-3-(4-
methoxyphenyljhexahydrooxirenof4,Sicyclopental1,2-d]{3,3]dioxine (100. mg, 0.403 zmol,
as prepared in Example 1a-b) in DMF (2.00 mL) was added and the reaction was heated to
110 *C. After 6 h, the reaction mixture was cooled to rt and saturated aqueous sodivm
chloride solution (50.0 ;L) was added. The aqueous layer was washed with EtQAc (2 x 50
mL). The combined organic layers were washed with water (2 x 100 mL), dried over MgSO,,
filtered and concentrated in vacuo. Purification via silica gel chromatography eluting with a
gradient of 0 to 100% EtOAc in hexanes afforded the title compound as 2 white solid (197
mg, 93%). LC/MS: B, = 2.07 min, ES" 490. (FA standard).

Step ¢ O-[(4a5.6R, 75, 7aR)-6-[4-(Be Isulfany)-7H-pvirolo]2 imidin-7-y1{-2-{4-
meth henyDhexa clopenta xin-7-yll O-phenyl thiocarbonate
[0192] To a solution of (4a5,6R,75,7aR)-6-[4-(benzylsulfanyl)-7H-pyrrolo[2,3-d]-

pyrimidin—?’—yl]ﬂ—(4-methoxyphenyl)hexahydmc:yclopenta[d] [L3]dioxin7-0l (990. mg, 2.02
mmol) in DCM (57.0 mL) was added 4-(dimethylarmine)-pyridine (748 mg, 6.07 mmol} and

89



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 was concentrated to dryness and was purified via silica gel

chromatograpéy Elin@ withc-glagdiset(0Ee5tmL0N84 K erideDa\ tto@fibectheniittegeorand trd

(2.750, 760/%5}8(%/3%%%& WQS%Z[,{%!%‘ ggﬁl (9 SN HAE e RERP Biution was d@u:iﬁed via silica

llasS,IblOas; 14-Methoxy hexahydrooxireno[4.51cyclopentall,2- 3 e
(017811 B PR AT B PR a7t RS 5 BT DD A
dissolved in@aird piertytad ovittte 186 B4 s ass lwtkfiredihd tifle compound as a yellow o
(Dirnethoxyq?@}lglgﬁj; r Qt&%gﬂ;@@%?ﬁ@t@@&gr&gm%s added followed by pyridinium

p-toluenesulfonate (530. mg, 2.11 mrrtol). The mixture was stirred at rt overnight. TLC indicated

complete cgge&ion.ﬂ'&eﬂgg&gﬁ&gﬂ%ﬂ Yre.was concenfrated in vacuo.and th Idye.wasipyrified
¥ Bl N

via silica g T Q) ¢ In he:tanes to afford the
title compound (4.10g. 0). 1,C,iIVIS: R = 1.68 min, ES. 249 (AA standard).

[017914-CHisaws1L H-pyrrote[2 Sripymichici@2,6F07 8,7 B)ec i bbnrpsudiaspl-&t-pytrolnitadl-(60.0
mL) and NIl dij ¢ S VeI {Jik—.e% Fpaionasadgediinimetydyo phenyl
(S)-(+)-1-a‘r]%ﬁ§1%%{r?%§%@%%@%%%ﬁt{. Th%écié%fﬂ as hegj?t:leg]&ozreflu Ior 68 lie Eooled
down tort aRiFRERBIE L As AR BTR D52 Fff]‘g?s.# & 7eSige Was bdﬁﬁﬂe% Via silica gel
chromatogriaphytptatiitie €7.2 madiént ook asbss Eiprriin brdnds Gidrmnté tRhaemhpBiss
(2.729. 80%h MeDAphdRd ok idrbpih. BheyalidviALl sliondass heated to reflux at 140 °C. After 2 h, the
ch(4a5,6R,7S,7aR)-6-14-1(1S)-2,3-Dihydro-411-inden-1-vlarainal-7H-pyrral e |
pvrimidin-7fﬁit}%ﬁt%eo&ﬁgﬁgﬁ%gh%%ﬁ rb‘%@é:ﬁ;“e %#faxﬁﬁk%%ﬁ%gﬁg%gﬁﬁ% oy
[01801N4( B3 sebrbgRrstopARbE AT B tof oA ARG At ARImbeeRs 8ff9ehand)
was dissolvig EuPMmfASHm ) wifeska po0eaR Wm0 iy bR R, Saditminyddr45E8 mg, 13.6

mmol) was added and the suspension was stirred at 70 C for 10 min to give a clear solution.

(1a5,1bR,55 ) =3-(4-Methoxyphenyl)hexahydrooxirerto[4,53- cyclopenta[1,2-d][1,3]dioxine
(2.82 g, 11.4 mmol) dissolved in DIM (35.3 int) was adde : jon
aqueous sodium chloride sofutior (30 L), exiracted L), dried with MgSO4,

filtered, anggwaporated gaderhighbmruned AR vadidueiniae prsfiideddiesegsllfanyl)-7—

compound (RO AH: fﬁﬂ%ﬂ%@%?ﬂ%%%ﬁﬁé@%*@g?ﬁ%mﬁw -
j Be1ae aminol-

e:04(4a5,6 7W§; [‘(ﬁ_%)%glﬁﬂw(?ﬂ@il_%%{_ _-S5,| H!Byrlr%%%mte (400 mg,

12,3-dlpyrimithirrioel) weas @idedt Friloppvbby Shistetopirberaiparith (794 me-pRé ayeRasdhsonate
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 MpS0,, filtered and concentrated in vacuo. Silica gel chromatography
eluting with a gradient of 0 to 100% EtOAcin hexanes afforded the product as a white solid

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

he r nitald1[1,3]dioxin-6-yl]-7H= 1o[2.3-dlpyrimidi amine

[0195] In a 0.5-2 mL microwave vial, 4-(benzylsulforyl)-7-[(4a5,6R,7a5)-2-(4-
methoxyphenylhexahydrocydopentald][1.31dioxin-6-yl]-7H-pyrrolo[2,3-d[pyrimidine (100
mg, 0.198 mumol), (R)-(-)-1-aminoindan (0.127 ml, 0.989 mumnol), and DIPEA (0.172 ral, 0.989
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[0181](4a5,6R,7S,7aR)-6-14-[(1,9)-2,3-Dihydro-IH-inden-1-ylairtino]-7H-pyrrolo-
[2,3-d]pyrimidin-7-y1)-2-(4-metho>cyphenyl)hexahydrocyclopentard][1,3]dioxin-7-ol (4.00 g, 8.02
mmol) was dissolved in DCIVI (169 mL) under an atmosphere of argon and 4-
(dimethylainino)-pyridine (2.94 g, 24.1 mmol) was added followed by phenyl chlorothionocarbonate
(2.22 mL, 16.0 nunol). The mixture was stirred at rt for 1 hour. The solvent was concentrated in
vacua and purified via silica gel chromatography eluting with a gradient of 20 to 100% EtOAc in
hexartes on a column pre-treated with 1% TEA in hexanes to afford the title compound (5.00g.
99%). LC/MS: Ft, = 2.34 min, ES. 636 (AA standard). Step
f:N-f(151-2.3-Dihydro-14-i-inden-l-y11-74(4a5,6R,7aS)-2-(4-methoxyphenyn-
hexahydrocyclopentardift.3]dioxin-6-y11:7H-py_rrolof2,3-dipyrimidin-4-amine

018210-{(435:63,453 BBl Gblod Rl Hhi P sylosaiasih By on0 -
[2,3-d]pyrimidin- éll- -(4- m tonwhetRX Qexa gﬁyclgg %@H%@%@LWEM&HW'

thiocarbonafe rrun )Was ssorfc ntoluene 150 mL) underant%mosphere of

nitrogen andwﬂﬁﬁ@mylmhmm&? 5 W&TW&&&%@B e

2,2'-az0-bisHspivioniila (Re Prdtfict SR GRA e LI EDILIQN7BES. hﬁlﬁ&ﬁtm{eﬂmﬁmlrﬁmﬁmn the
mixture was cooled down, the solvent was concentrated to 30 rot and the residue was purified via
silica gel chﬁﬁﬁﬁ@?ﬁﬁﬁf%ting with a gradient of 30 to 100% EtOAc in hexanes to afford the title
compound (3.00 g, 79%). LC/MS: R 2 12 m|n ES 483 AA sta dard ep

H-inden;1-yvlamino]-ZH-pyrrolo(2 3-d]-

0:(18,265.4REREL44 (S0P AP AL oo 2, Sr
pyrimidth-7-y11-2- ‘:ﬁ.‘!ﬁt&ﬂhﬂ NE D 0 :ﬁ}éﬁi!,,_ﬁ

LOlSCﬂNd[(l @F?sf) D'hydrﬂ-ﬂ(&kﬂ@@ﬁhﬁzﬂrMW@RJZ&&PQ(@AMMYPMGWPMWD- )
exahydrocyclopentald][1.3]c I0e:(3:0090.0 80 WA
was dlssolvgofrf’r?1 *‘?’E%{]i[l Jn %’%xﬂxlmésr%( %A%:% (34. rr %w (re d%ed The
mixture waHeRAvaE Pt“’tﬁ‘ﬁéé?éﬁ%ﬂﬂﬁ%ﬁﬁé@ @réﬁ% %qﬂxﬁﬂh as ¢ ncen?’afgrd
under reduerr assu T dlitoresigusimes 2 utifted days tickrpdiaihgoeraerjraisth e iagHeg- with a
aradient of 0 Q3 elsb D A oGk g Hincr AU WA SO i etel 4
15
i

ruin, ES' 365 ;AA standard). 4R1-2- Of

iy (R AT ATR B AL S5 Ry . S 365 (°A standiard)

inden-1- vlamlnol TH- pyrrolof2 3 4Ipyr|m|d|n -7- yllcyclopenlyl acetate
‘ 5i5 #8._mMoi-7H-pyrrolo[2,3-dI-

pyrimidin- 7 11- -(hyclro ent y i g9, 24.7
mmol) and XD&? ethylam nc§’) pyrl§r¥1e '(1%88 ?n@‘%’%f%‘ rrlrﬁoﬁ %g%séggg]ﬁr?ggMF (90.0 ml..)
under an atirasehe @5 sdn aneterbaBlashveaaddridatdul 2leb )ﬂ@‘ﬁﬂjﬁ‘ﬁf?)nde
(124 9, 8. 23&6&%@&\#&8@6&9&1 wiikhe ﬂﬂiﬂﬂsfﬁuwaﬁfaﬁﬁegeﬁt rafesr2 b, ﬂﬁm&me{m'asswutﬁﬂplete

conversion. T, ]6 actlorl Wﬁg@g %mmmmm@o ralL),
extracted with Et Kc O rnL drled with MgSO4, filtered, and con ntrated in Jnyaguo. T The
remaining DN} Erér%%%}é‘d En & Vacution de

(1S,2S,4R)-Raadten- mwmwmm@mewmpmaﬁmy@swwaww TEYRPRARCY H-py

rrolo[2,34pyimidin: LNEHICRERIANOI 3 4.0 2P R0 Lan thrt A e R msaGh-ny i a Gr0E,
mg, 0.818 mol) were dissolved in pyridine (70,0 mL) and acetic 3\n}£¥dnde (4.66 mL, 49 4 mmol)

was added. SHReppii S AEE RirrSP2R ripy BRI (FHsEsizR BRI Bmaining

pyridine Wa%;g,g]g)f&g RSS! J06D) MpabIsbe residue was purified via silica gel chromatography
eluting with a gradient of 10 to 66% EtOAc in hexanes to afford the title compound (3.66 g, 86%).

LC/MS: R, %553 min, 555 52ilifAvs standasd) ((1R)-2.3 Dihydro-1H-inden-1-ylaminol-7H-pyrrolo-
[2,3-dlpyrimidin-7-yl}-2-hydroxycydopentylymethoxylsulfonylicarbamate
[0198) (15,25,4R)4-[4-{(1R)-2,3-Dihydro-1H-inden-1-ylamino]-7H-pyrrolof2,3-d]-
pyﬂﬂﬁdin—?—yl]-Z{hydrqunmthyl)cydapentanol (27.6 mg, 0,117 mmol) and 2,6-di-fert-
butyl-4-methylpyridine (48.5 mg, 0.236 mmol) were suspended in AcCN (1.57 L) and
cooled to 0 2C. fert-Butyl (chlorosulfonyl)carbamate was added and the mixture was
allowed to warm to rt overnight. The reaction was quenched via addition of MeOH (1.00
mL) and concentrated in vacuo. Silica gel chromatography eluting witha gradient of 0 to
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Step i:as.25,410-4-14-ros)-2 3-Dihyaro-ur-inci?rn-1-yiaminol-mi-pyrrolor2,3-dl-
pyrimidin-7-y11-2-(hydroxyrnethyl)cyclopentyl acetate
(01851(15,25,4R)-2-(iftert-Eutyl(dirnethyl)silylloxylmethyl)-4-444(15)-2,3- dlhydro-
1H-inden-l-ylaminol-7H-pyrrolo[2,3-d]pyrimidirt-7-Acydopentyl acetate (3.66 g, 7.03 mmol) was
dissolved in THE (31.3 inL) and pyridine (31.3 mL, 387 nuriol) in a polypropylene vial and the
solution was cooled to 0 C. Pyridine hydrofluoride (8.61 niL, 95.6 mmol) was added dropwise and
the mixture was stirred at rt for 1 hour. The resulting solution was added clropwise into a solution of
saturated aqueous sodium bicarbonate (150 mL), extracted with EtOAc (3 x 50 at), dried with
MgSO4, filtered, and concentrated in vacua. The residue was purified via silica gel chromatography
eluting with a gradient of 0 to 10% Me013 in DCM to afford the title compound (230g. 80%).

LC/MS: 17, 15 %@Sﬁ‘nﬁﬁcﬂ%&%&é&tﬁ{%‘iﬁ@oﬁf&nd (152 mg, 37%). LC/MS: R =129 min, ES’
1:(1528,4R1-2-WArnirtosolfonyOoxylmethyll-4-14-11151-2,3-dih dro-1H-inden-I- lardirtte 03186JA
2.00 M soluttif itArsrgatonarnide in AcCN was prepared as follows: PA (2.30 int., 61.0 nurtol)
was added dropW|se Wlth stlrrlng to chlorosulfonyl |socyanate (520 mL, 59 7 rnmop under nltrogen
at 0C. After e&Ps ghiRae EBh il bl &k J BRI 7 :

The resultlng solutlon 7t

oytiticlin T o ‘4d1r‘15‘)rn'_‘§i‘*3’? “ﬂ“%’*y’*ﬁ?d%%%a?e’@?f?ﬁﬁ‘ @4“&‘3 ﬁé’.’s&ﬂ%‘a AN
(108 raL) aré’%f}é%%f%ex?% %?d]o%%y%({ﬁfﬁ%% Flg’ﬁ%%%l?ﬁ%wg ﬁ Befe Ghd %% 0o
M solution oﬂéﬁ?@rﬁﬁmﬂémﬁfﬁéﬁﬁhﬂé@ﬁ@@ﬂ%ﬂ?mmg%rﬁ?@ﬁwe@é%ﬁ% whsl@dded. The
mixture WaSﬁi'HiEEﬂu% rﬁ&a&&5mﬁsoﬁﬁidﬁdiﬁataﬂﬁa% QOHAY QESfih, t@ishié DeDigkORkdAirated in

chlorosulfon@mﬁ%e :}% Llrun%ﬁ,e @Hﬁ%ﬂﬁ’aﬁ-&%jﬁ@ﬁﬂg Jp& Jgg(%e was stirred

at rt for 15 min. At thls time, TLC indicat te _conversion, The mixture was quenched with

MeOH (3.00HS=BRRFER Qammfhgﬁré?ﬂéeé&mcﬁ%ﬁ%@@%%%émﬂma gel
chromatogragbliyre withya gthdiegt ik tat 16770 M6 QO AnNREING affdrdad dlie Wik cdrtiyertiid CaMpasind
(2.45 g, 940/913#—“&4%@8115 30%1@%5%&%? é’%étﬁﬂﬂaﬁb P18Rm, K1), 664 (4,235 Ha, 11D,

k:((15,28AR1-4-14-1(151 Dih ydro *TH-inden- l-y [aminoi- 713-pyrrolof
pyrimidin-7-9 €66« A5 r@ﬁéﬂ@p@i&ﬁ%@ﬁyllﬁﬁéﬁa@?é&nﬁﬁuﬁaﬁ@f 75 9.8 Hz, 1H), 4.21

[0188](15, ZE&RIQKWIMWWWMQW%IB&31@”34956&1’5'%;15’!} 2.68-2.60 (m,

1-ylarnino) I Acy: 24 IS oI d in
a7.00M soﬁ?tll)gr% é?lg%rjn}ﬁ%% T—?{ (8% ﬂ%o)ggn the’mixture was stlrreégc"::[agl’r2 35535‘_\7?
solvent was removed in vacuo, re-dissolved in DCM and the filtered residue was purified via S|I|ca
gel chromatG§TapHS Biutid W@ﬁ@&%@é@%ﬁ%’f tfine
compound (1.80g. 90%). B RO WD BY: 12t {PPoERd 5550, 5H), 6.63 (d, J
= 3. s ; ; - B AR WIiklidd, 4.50-4.47 (in, 114), 4.37 (d, J =

7.6, 9.6 Hz, 1H) 419(dd J=17.4,9.6Hz, 114) 3.08-302
foz To a solution of 4—chlom—1H-pyrmlo[2,3—d]pynnudm& (1.69 g, 11.0 mmol) and

TEA (4.60mlL, 33.0 m:mnl) in 1-butanol (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 ok
and concentrated in vacuo. The off-white solid was purified by silica gel chromatography
eluting with a gradient of 0 to 35% EtOAc in DCM to afford the product (2.29 g, 92%).
LC/MS: R, = 1.55 min, ES® 226 (FA standard).

Stepb:  (4a5.6R.75,7aR)y2-(4-Methoxyphenyl)-6-[4-(phenylsulfanyl)-1H-pyrrolgl3,2-c]-
idin-1- o dro openta[d][1 . 31dioxin-7-ul

02011 A mixture of 4-(phenylsulfanyl}-7H-pyrrolo{2,3-dlpyzimidine (895 mg, 3.94
momol) and NakH (148 mg, 3.69 mmol) in dry DMF (12.0 mL) was stixred at 60 °C for 10 min.,
Then (1a8,1bR,525,6a5)-3-(4-methoxyphenylhexahydrooxireno[4,5leyclopental,2-d][1,3]-
dioxine (611 mg, 2.46 mmol) was added and the mixture was heated to 110 °C for 5h. The
reaction mixture was then cooled to 1t , quenched with saturated aqueous sodinm chloride
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(in, 114), 2.96-2.87 (n, 114), 2.85-2.75 (m, 114), 2.67-2.59 (n, 114), 2.37-2.20 (m, 314), 2.07-1.97
(m, 2H) ppm. LC/MS: R, .= 1,54 min, ES' 444 (AA standard). Step 1:
((1.9,25,4R)-4-144(1.5)-2,3-Dihydro-111-inden-I-vlaminol-714-pyrrolof2,3-dluvrimidin7-711-2-4ydro
xycyclopenWImethyl sulfamate, Potassium salt
[01891((15,25,4R)-4-(44(15)-2,3-Dihydro-1H-inden-l-ylaminciPH-pyrrolo(2,3-61-
pyriaddin-7-y1)-2-hydroxycyclopentypmethyl sulfarnate (2.64 g, 5.66 mmol) was dissolved in
Me013 (43.0 mL) and a 1.002 M solution of potassium hydroxide in water (5.64 mL, 5.65 nunol)
was added at rt and the mixture was stirred for 1. hour. The solvent was removed in vacuo and the
solid residue was dried under high vacuum to afford the title compound (2.87 g, 100%). 1H NMR
(CDs0D, 300 MHz, 8): 8.16 (s, 114), 7.26-7.12 (m, 511), 6.62 (d, J= 3.9 Hz, 1H), 5.85 (dd, J = 7.8,
7.8 Hz, 114308150050 the soluipruns exirpetasd tviigs wilhcEtdicy Thg eombipad Lraaniys a6 (dcl, 1 =
6.6, 10.0 Harkklgv3ddndalQ £005ate] et Gndl @oridonttdid) 2 8dcdol T8 chukll) pPof8eP hbiimne 114),
237-2.13 (), SO0 S0 £ R M R 2B il e A0 AP RORAI)
Example 21 ((15.25,4R)-4 444r(%R) >*3-Din /1inden-1 ammo] 7H-pyrrolo(2, 3./

pyrimidin- Wmtﬁy&mﬁwy&@séﬁmmgﬁ@émﬁf@? R FI =By 476 (FA
a:4-03enwigilfaiyly711-pvuolol2,3-d1pyrintidMe [0190]To a round bottomed flask with a stir bar
was added 4-chloro-1H- pyrrolo [2 3- d]pyrlmldthe (5.07 g 33 0 mmol) 1 00 M of KO-t-Bu in TI-IF
(49.5 mL, 4§ X RZR RO - % apil )15 3 ol (350

h, the reaction mlxture was cooled and solvent was removed in vacua. To the residue was added

water (300 H#9hind the Igiamehisasohitselld-Oomet: 188 reasiinEHREQMP TR 58 was
washed witfodies gl pitner aiaid d4H; Wmn&mwmm-aﬁa@mwmm&whlte

lid (6.29 T%g,h%/&a; }c@gé}m ﬁ-ti'n@l IC.,
Ii(;;hafk V., &é‘{é’,ﬂi}; uling, W jll.Zeltlgleynol RPgﬁggdﬁ\/led Chem 2004, 4%633?%36 Stlelp
b: 145, 6R. ToE SEIE POIORL I35 R e 1 1 494 4 iR SD SRR 7 g

mettloxyphe'mﬁM&WWM&W&WM@WM&@MW%%M%@@EM& an

atmosphere, of A0qR Y5 & Rl aad with,du @ aedau%w L& ARy ROloj A3 :ClRyBensiaerA 94 Mg,
0.804 rnmol),and EWE (5.00 int) followed byqa 1.0 soﬁ}tlon of Ilthlum hexamethyldisilazide in
'HE (1160345 H03 nunol). The reaction mixture was heated to 60C. After 10 min,

(1a5,1b.R.5a5,6a5)-3- (4 methoxyphenyl)hexah drooxwenof4 51cycloenta[1 2-d [1 3]d|mdr|e

(100. mg, O2B%randlias.god olon?] dotaiit A e o m e ‘, 173 YL e [EEUGIERS ~tion
was heated to 110 C. Tnplletes A CHETI R L TS O v saturated aqueous
sodium chliggiggsolution ((M)S a5 Asdlad gg Iﬁﬂ s Qég](,z x 50
raL). The combined arganic Iayers were wa d Wlth W ter %é?o over IVI

filtered ancPOBHEHRA AR RRaRslfedie %Ra*sﬁneg SEOEHRIATY r%d.em

of 0 to 1oowewummm@ammmm|mbmmn@mmmesmm@ ee%)
LC/MS: Ri QigsBi-éRith seetoft® @ domItpactb sl ABA R ghia RhetOke Fisbaoh vasqerididdhen
Hte al -O:%qil(\) rsaa;%rateci sodium bicarbonate solution and approximnately half the solvent was

removed in vacuo. The resulting residue was diluted with water and extracted with DCM

{3x). Combined organics were dried over sodium sulfate, filtered, and concentrated in

vacuo to afford the Gitle compound as a whike foam (35.5 mg, 99%), which was used without

further purification. LC/MS: R, =1.72 min, ES' 389 (FA standard).

Step e: {(3aR AR 6R 6a5)-2,2-Dimethyl-6-[4 (phenylsulfanyl)-7H-pyrrolof2 3-djpyrimidin-
=yl O entald][1.3]dioxol-4-ylimethvl sulf;

[0204] A solution of {(3aR 45,6R,6a5)-2,2-dimethyl-6-[4-(phenylzulfanyl)-7H-pyrrolo-
[2,3-dlpyrimidin-7-yljtetrahydro-3aH-cyclopenta[d][1.3]dioxol-4-ylimethanol (35.5 mg,
0.0893 mmol) and pyridine (0.0325 mL, 0402 munol) in dry DCM (1.00 mL) was cooled with
an ice bath. To this solution was added a 2.00 M chlorosulfonamide solution in AcCIN (L1738
mL, 0.356 mmol, as prepared in Example 1j) and the reaction was allowed to warm tott and
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(0192]To a solution of (4a9,6R,75,7aR)-6.-(4-(benzylsulfanyl1)-7H-pyrrolo[2,34-
pyrimidiat-7-y11-2-(4-methoxyphenyl)hexahydrocyclopentald1[1,3]dioxisi-7-ol (990. mg, 2.02
mmol) in Davi (57.0 niL) was added 4-(dimethylarnino)-pyridine (748 mg. 6.07 rrirnol) and phenyl
chlexothionocarbonate (0.565 rriL, 4_04 mol) under an atmosphere of nitrogen and the yellow
reaction was stirred at rt . After 12 h, the dark yellow solution was purified via silica gel
chromatography eluting with 10% EtOAc in hexanes, and then 10% MeO11 in DCM on a column
pre-treated with 1% TEA in hexanes to afford the title compound as a yellow oil (1.77 g, 97%).
LC/MS: R, 247 min, F.S. 626 (FA standard). Step
d:4-(Bertz-visulfanvl)-7-1(4a5,6R,7a5)-2-(4-methownhenvllhexahydrocyclopentardl- 1 di

1 01 ffi..,clyl'W:11Sadine [0193]To a solution of

0'1(435,6RSE5£¥1&R)E@4'4 heraiyisuttonyd JilitedwiittoP(3M Iwashed with water, and extracted with

pyrimidin- 7@;&@?(73& mmxmsm%@éﬁﬂ@uﬁmpmmﬂmwmmm
thiocarbonate (1.77. g, 1. 98 mmoII In toluene (91 Q mL) was added 2 bISISO%utyI’Of%EI’H% (67.7

mg, 0.404 H#hBY: éFﬂfﬁ‘?shﬂBﬂ%ﬁﬂhW :’[?Hf_cacg ¥t °§ﬁ%f’erya?1 e RS E B Nitrogen.
The yellow swmmﬂwaﬁmmwhmma ﬂ)em@emmmnedreaeﬂ@h:mawe(%ém&é@ silica

gel was adqed hespivent wasrepoyedinaaguo. Silica gel chromatography eluting with a
gradient of O to 100 b EtOAC i hexanes afforded the title compound as a semi-solid (800 mg,

85%). LC/ - : ( g 35,2 J:S%r-lgz? h%%te sulfapyl}-7H- lof2. 3-dlpyrimidin-
e:4-(Benzytifory Tﬂhr Aol [ 10@%‘%%5&5%1’-]'@&_
1131dioxin-6-v11-7H-pyrrolo[Z-3-dlpvrirnidine 0 [94]T0 a'round bottomed flask with a stir bar was
added 4- (bemm]sulfanylj(HaR 4R,6R 6a8)-2,2-Dimethyl-6-[4-(phenylsulfanyl)-7H-pyrrolo[2,3-dl-
1(4aS,6R, 735k 2a(famey ahuspeniiapentatalali3AdiexinayiEin ety roleg23841 pyri

midine (69\‘/'6‘@8%’ 1.32 mrpo anld C 3%‘%%& Sodl m bl.c bon%é4%q1raﬁlt47l§le§%&¥¥1@s

added follo ?ﬁ‘or%perbe Zoie%a reaction mixture was stirred

for 12 h. Tm%mmmammmmwww%ﬁ@m&%mm
solution, exgiaaigghwildalpeddiandtise sorotinEsONg anieayessoeferd tectitlearopSond, (ﬁlf@red and

B e e R A L TN

standard). S@9(d; N<{@ARHZ, E‘DJIE}HF&Q&MNMBHQ%&@HI(MS6[%%5‘)@»@7\‘&%{%@%&@&&
hStclopentaiilid SLHioH-§ae 432 %@éﬁ'%mﬂ&@%mi%%}m&m
microwave vial, 4- (benzyfsulfortyl) 7- [(4a5 6R,7a5)-2
methoxyphéﬁﬂmﬁ@éﬂ@dy&mﬂa[d)lll 31clioxin- 6 y11 -7H-pyrrolo[2,34Ipyrirnidine (100 mg,
0198 ramol), (R)-(-)-1-aminoindan (0.127 n0, 0.989 aurtal), and DIPEA (0.172 mL, 0.989
Exampled:  [(15,254R)-2-Hydroxy-4-(4-{[{(1R)-1-phenylethyl]amino)-7H-pyrrole[2,3-d]-
pyrimidin-7-yl)cyclopentyllmethyl sulfamate (Compound 1-7)

[0206] The title compound was prepared following the procedure described in

Example '.l.a.-k using R-(+)}-c-methylbenzylamine in step ¢ "HI NMR (400 MHz, CD,OD, &):

8.05 (s, 1H), 7.41-7.38 (mn, 2H), 7.31-7.26 (m, 2H), 7.21-7.16 (m, 2H), 6.71 (d, ] = 3.5 Hz, 1H),

5.46-5.38 (m, 2H), 4.50-4.46 (m, 1H), 438-4.34 (dd, [ = 7.5, 9.8 Hz, 1H), 4.21-4.17 (dd, J =73,

9,8 Hz, 1H), 2.84-2.74 (m, 1H), 2.35-2.15 (m, 3H)}, 2.06-1.98 (m, 1H), 1.59 (d. J = 6.2 Hz, 3H)

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

Example 5:  [(15,254R)-2-Hydroxy-4-(4-fmethyl[(15)-1-phenylethyllamino}-7H-pyrrolo-
12,3-dlpyrimidin-7-yl)cyclopentyllmethyl sulfamate (Compound I-3)

[0207] The title compound was prepared following the procedure described in

Example 1a-k using (§)-(-)-N,o-dimethylbenzylamine in step ¢. "H NMR (CD,0D, 300 MHz,

5): 8.16 (s, TH), 7.34-7.20 (m, 6H), 6.64 (d, ] = 3.6 Eiz, 1H), 6.41-6.34 (m, 1H), 5.54-5.43 (m, 1H),
4.51-4.48 (m, 1H), 4.24 (dd, ] = 9.6, 9.6 Hz, 1E), 4.07 (dd, ] = 6.9, 9.6 Hz, 1H), 3.03 (s, 3H), 2.80-
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mol) were dissolved in ethanol (1.22 mL). The vial was sealed and heated to 110C overnight. The
solution was then concentrated in vacuo and the resulting material was purified via silica gel
chromatography eluting with a gradient of 20 to 50% EaDAc in hexanes to afford the product as an
orange oil (70.0 mg, 73%). LC/MS: R, = 1.42 mm, ES* 483 (FA standard). Step
0:(1Sa5AR)-41-14-1-C1R1-2,3-Dihydro--1H-inden-1-ylarninol-71-/-pyrrolof2,3-dI-
pyrimidin-77y11-2-(hydroxyrnethyl)cyclopentanol
[01961N4(1R)-2,3-Dihydro-1H-inclen-l-y11-7-[(4aS,6R,7aS)-2-(4metho3cyphenyl)-
hexahydrocyclopentald1(1,3]dioxin-6-y1]-7H-pyrrolo[2.3-d]pyrimidin-4-amine (70.0 mg, 0_145
mind) was added to a solution of AcOli (0.742 mL, 13.0 mmol), Tk3F (0.235 mL) and water (0.261
ml.). The solution was stirred at rt for 4 days before being concentrated in vacuo. Silica gel

chromatograpihel Ut sRE. sagraien) nHD 168 e/ IMEA16Y e D OV Ratarsklithe il eviRRnd

(27.6 mg, 520/) LC/ S 0.94 S' 365 (FA standard). Step h:tert-Butyl
(chlorosulfojh W‘FA tirred solution of ddorosulfonyl isocyanate (320 m.1" 36.0
rnmol) in benzene (15 O mI .) in a water bath at it was added tert- butyl alcohol .50 nalL, 36. 2

mmol) dropﬁﬁ%’é‘ﬂ]&%ynr@%‘;ﬁﬁﬁ)#ﬂ?{ 5?1‘{5?@6 fh‘ F?Y‘% iﬁi

with ttexanes (30_0 xnL)PARENU E30 R erme praepsnidmay: @%ﬁdﬁﬂﬁ%ﬁg xanes
(ax 20 mL). The collected soli s dried in a vacuum desiccator under house vacuum for 10 Min
to afford the title compound a ite solid (5.08g. 65%). The product was stored under nitrogen
in a freezer. 1H NMR. (300 M DC13, 8): 8.44 (bra, 1H), 1.57 (s, 91-1) ppm. LC/MS: 121=
0.939 min, ES + 215 (AA Sta) dard) Reference: F. Hirayarna et al., Biorg. lvied. Chem, 2002, 10,
1509-1523. [0198]( R)ﬁf-14 R1R)-2,3-Dihydxo-1H-inden-1-ylamino]-7H-pyrrolo[2,3-clJ-
pyrimidin- 7-,y|&.§-_@yd efﬁyl)cydOpentanOI (27.6 mg, 0.117 rranol) and

2,6-di- terbbutyl’.’a4 -medylpyridine (48.5 mg, 0.236 xximol) were suspended in AcCNI (1_57 mL)
and cooled to 0 C. t&H- Butyl (chlorosulfonyl)carbamate was added and the mixture was allowed to
warm to rt §0light. Thmmﬂmmasmghewpﬂmlmmwﬂmm%ﬁdm

concentratge R yacHOL ki eﬁaﬂo&mﬁx ﬁlgi’gﬂa&"\"t@ﬁm@t@tﬁi Qé@nﬂ%d}"g%ﬁ In
DCM afforded the title compound 15 37% LC/ =L29 rain, ES. 544 A standard)
Step j:.3(155%41¢21(d-4 1 ERbia ) Eiﬂrna%?x %ﬁﬁﬁ&?ﬂ%ﬁ%&[ Thh- 4-530

pyrimidin- 7mm}mmgmmﬂmmmw=smm(mmm1m@m 421 (dd =76,
(0199)tert-Butyll((hsp. 23 R Rh A7 R)38.2 b vd iR isindend AN O B vvin, BS” 460 (A

standard).

Example7:  ((15,254R)-4-14-[(2,6-Difluorobenzylaminol-7H-pyrrato[2,3-dpyrimidin-7-
yl]-2-hydroxycyclopentyl)methyl sulfamate (Compound I-15)

[0209] The title compound was prepared following the procedure described in

Example 1a-k using (2,é-difluorophenylymethanamine in step ¢. "H NMR (CD,0D, 300

Mz, 5): 8.17 (s, 1H), 7.39-7.29 (m, 1H), 7.16 (d, ] = 3.6 Hz, 1H), 7.00-6.94 (m, 2H), 6.60 (d, ] =

5.6 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 Hz, 1),

419 {(dd, J = 7.2, 9.6 Hz, 1H), 2.85-2.72 (m, 1), 2.36-2.00 (mn, 411) ppm. LC/MS: R, =1.42

min, ES™ 454 (AA standard).

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

[0210] The tide compound was prepared following the procedure described in
Example 1a-k using benzylamine in step ¢ "H NMR (CD,0D), 400 MElz, 8): 8.12 (s, 1H), 7.36-
7.20 (mm, 6H), 6.62 (d, ] = 3.6 Hz, 1H), 5.49-5.40 (m, 15), 4.76 (s, 2H), 4.50-4.48 (m, 1H), 4.37
(dd, J = 7.6, 10.0 Hz, 1H), 4.20 (dd, J = 7.6, 10.0 H=, 1H), 2.85-2.76 (m, 1), 2.36-2,19 (m, 313),
2.08-2.00 (m, 1H) ppm. LC/MS: R, = 1.20 min, ES" 418 (FA standard).
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pyrrolo[2,3-d]pyrirnidin-7-y1)-2-hydroxycyclopentyDroethoxylsulfonylicarbamate (31.0 mg, 0.0570
rnmol) was dissolved in nem (0-803 mu and trinuoroacetic acid (0.803 mL, 104 nal) was added.
The solution was stirred at Et for 15 min before being concentrated in vacuo. The residue was
taken up in Me01-1 (5-00 Ea), treated with solid sodium bicarbonate (300 mg) and stirred for 10
min. Filtration and silica gel chromatography eluting with a gradient of 0 to 10% MeOH in DCM
afforded the title compound (7.20 mg, 58%). 'Hiciv18. (400 MHz, CD,OD, 6); 8.17 (8, 11-1),
7.27-7.14 (m, 51-1), 6.64 (d, J = 3.5 Hz, 1H), 5.86 (t1 = 7.5 Hz, 1H), 5.49-542 (li,, 1H), 4.51-448 (in,
11-1),4.38 (dd, 1 = 7.5, 9.8 Hz, 11-1), 4.21 (dd, J = 7.3, 9.8 Hz, 11-1), 3.10-3.03 (m, 111),
2.97-2.88 (in, 111), 2.86-2.76 (m, 1H), 2.68-2.60 (in, HI), 2.37-2.21 (m, 311), 2.08-1.97 (m, 211)
ppm. LC/MS: R1 -= 1.16 min" Es' 444 (FA standard). Example 3:

((15,2/225,4R)-2,3-Qjhy T )| | & dayRiRy3tahino}-7H-pyrrolo[2,3-d]-
pyrimidin-?f%/%g‘)@g%ént : '%@wsmMMmCompomd I-2)
a:4-(Fhertylsulfany11-7H-pyrrolof2,3-dlptrimidine [0200]To-a solution of hed i
4-chloro-1HgaInblo[2, 34 P itlictepoisgl grasperaskd fol s ine ANpmRRAr 395 SaaRAT in
1-butanol (25,014 Wag ggq%%@@%ﬂﬁgmy@a%memolﬂmmmeummm@wﬁmed
at 140 C overnight. The reaction was then coaled torf ﬁiﬂgg epd&[f\_,yaﬁi VaeHo, Thesoft-white
solid was p@ear Wbiﬁ@&'&@%ﬂrérﬁgﬁﬁﬁﬁw’&ﬁﬁhﬁ a%ﬁ’a ient of g’%(?%%’%' EtbAc in DC/vI to
afford the pragjucy3.26-5390% RECAMS4. BT 5155\ - BRdgTs i Sttt $apt17 (o

b:(4a5,6R, 7588922 (A MethaxvoReny s knb-deef; fmyenyissiiany)) 1161-npo¢ih 18, 2.4 Hz, 3H) ppm.
pvridirt-1-yllnexah drocyclope:ntaiaj,31dimrin-7-§lgégﬁ101lA mixture of

4-(phenylsuliEYS- Ayt onin BafSaifidy g, 3.94 mmoD and Nall (148 mg, 3.69 mmol)
in thy MEE (12.0 m1,) was stirred at 60C for 10 min. Then s oo in

(1a5,1bR, 5 30am 30(4-(HRAGARHe I Tearaimebrie T aRlie 611
mg, 2.46 mmol) was addEIERPFE RRRAFDR ¢ or 5 h. The reaction mixture was

then cooledd&{h quenchgd, with [AIRH RAYBALH SACINIRWHE HRe pesdedian dsskitedsalution was

extracted twice with EtOAc. The combined.organics were dj ver sod| %%gét%seﬁ'ﬂ]d

concentrateBrimmpleds:  Pring AlaRS S BGRERARIRE %5'§E)ﬁriﬂgg"%9§@dg§zéhromatog’rab y eluting

with a gradient e 57194309 &0%ED) 7 DA (0, 3D 8. sacitic GANDHEUHST 96,5 g 5908 C/VS:

Rl =1,95 mip, EC 476 (fﬁé’sé%q%g‘rf)r 16, 60508, Sredy; BB (4/1RDE.60b.4 Fiz, 113), 3.35 (s, 3HD, 2.77-
'l%p(e anég-1,;2-diol | [

pyrimidin-?-ﬁ?gﬁ% 0202170 a solution of Ac01-1 (1.04 ruL, 18.3 rnmol), THE
(0.330 ML), 2ol (waldi)Q. 268 SFilryu® poed.C/MS: R = 1.51 min, ES" 432 (AA standard).
(4a5,6R,75,7aR)-2-(4-methoxypheny1)-644-(phenylsulfany1).1.13- o

pyrrolca, 2-dpysisipr-fihexainesaryclopd@aftlfiSiindaiiob 96l DmploPysdnrénidind iéktton
solution was stirred at rt foyd@vpiyelrperrbmeswbsiiomare (Gerereetitihy oil was purified by silica

compound (BE8Fing, 44900t LR HE ST Siek PO dat el RRSRRER G bR (e
Example 2a-j using 2-chlorobenzylamine in step £. TH NMR (400 Mz, DMSO-d6, §): 8.10 (s,
1H), 8.03-7.94 (m, 1H), 7.48-7.42 (m, 1H), 7.38 (s, 1), 7.36-7.24 (m, 4H), 6.65 (d,] =32 Hz,
1H), 5.36 (dt, | = 8.9, 14.2 Hz, 1H), 4.89 (d, ] = 3.9 Hz, 1H), 476 (d, ] = 5.2 Hz, 2F), 4.36-4.30
(m, 1H), 424 (dd, ] = 7.0, 9.7 Hz, 1H), 405 (dd, ] = 8.1, 9.5 Hz, 1K), 2.77-2.66 (m, 1H), 2.24-

2,02 (m, 3F1), 1,99-1.89 (m, 1H) ppra. LC/MS: R, = 1,51 min, ES® 452 (AA standard).

E le12: {(15,254R)-2-H dmxyrél-[n?«—(r:mﬂwlaminﬂ)-FH—pyrrolo[z,S-d]Pyﬁmidjn-'}’—yl]-
e f:(yclopentyl}me{hyl sulfamate ancd ((1525,4R)-&-{4—[(}S)—2,3-dxhydm-1H~
im:len-l-yl(meﬂlyl)anﬁm:]-TH-pyrmlo[Z,S—d]pyrmidJn-?-yll-Z-
hydroxycyclopentyl)methyl sulfamate (Compounds 1-40 and 1-6)

Step a: tert-Butvl (15)-2,3-dihydro-1H-inden-1-ylearbamnate

[0214] To a solution of (8)-(+)-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-buryldicarbonate (2.07 g, 9.22
o) and the mixture was stitred wnder 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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standard). Step d:l (aRAS,6R,6a5)-2,2-Dimethyl-6-14-(phenylsulfany1)-711-pyrrolof 2
,3-dipyrimidin- tarahydro-3aH-cyclopentard1[1.31dioxpl-4-yllatethanol
[02031(15,2R,35,5R)-3-(Hydroxymethyl)-5-P4-(phenylsulfanyl)-7H-pyrrolor2,341-
pyrirnidin-7-ylkyclopentarie-1,2-diol (320 mg, 0.0895 mmol), 2,2-ditriethoxypropane (0.0549 rnL,
0.446 mmol), and p-toluenesulfonic acid monohydrate (17.0 mg, 0.0895 mmol) were dissolved in
acetone (2.2(YM.L) and stirred at rt overnight Then the reaction was quenched with saturated
sodium bicarbonate solution and approximately half the solvent was removed in vacuo. The
resulting residue was diluted with water and extracted with DC/V1 (3x). Combined organics were
dried over sodium sulfate, filtered, and concentrated in vacuo to afford the title compound as a
white foam (35.5 mg, 99%), which was used without further purification. LC/MS: R1 =1.72 min, EC
389 (FA standatd)y Si8Ro 20% E1OAC in hexanes to afford the title compound as a white solid (202 g,
e:1(3aRAR,6R 6ar) 2,2-Dimethyl-644-(ohenvisulfanyll&H- pyrrolorg 3-dlpvrimidin-

7- vIItetrahyMa!:q/ %I&eﬁ%%&@%x@ﬂ(&mﬂ%@ifarnme [02043A solution of

(3aR,45,6R 6a5) -2,2- dlmethyl 644 (phenylsulfanyl) 7H pyrrolo-
(2,3Apyrirnigige b i [ SH2c3cAibyyel B3 i Higneanate| (35.5 mg, 00893
rnmol) and pyridine (O 0325 ml 0 402 mmol .?{ 'l%{l k\ as £o with, a bath.
To this solu %ﬁ‘ﬂ/as added & BRR ehtsrs &f% %1%‘%% ‘igon in \ﬁ@ﬁf(éa mLt%) $mol,
as prepared#0Eanipie THRGS- ok aodenanatmapmibed &5 EPm AR GRIAS arRs BR% E‘I"? g
mixture wasgHsecitimaMiEEsag, with walsl) autiadapetisiivaClicviide Gambiaed
organics were rle%i ouar sodipm - sulf te f| QH@EE fg@ﬁgﬂ%@gd&gmm%on was

purified by si &heage chromatogra y e utlng with a gradient of 50 to 70% EtOAc.in hexapes to
afford the tifi8 srmahts T Frrs oo ps Aumayendery i gdiitien of a8 1aA AREPRRF EA

standard). chllotidyshlpgaty{inetiod) sufawtateofCantretudritl 1a§8). The mixhure was then

(0205){(33%52&1%@%\3&%@”5@{}&6 151.:.54'1(9 WQQHCMJ&X&%@ H@&@% t8er was extracted
pyrimidin-7- yIItetrahydro 3aH clopen ald111,3Jdigxol-4-ylli net Ifamﬁ 4 mg 30.2

uunol) was ¥fifrdd 976@/% Nii S o ﬁvﬁ sofver?t’ was then
removed in mﬁtmwﬁihewmulaﬂg piirifis] byrefise pyl mummmr@wmngxmtw

gradient of @9@/19%&91%&%&%&%&%@@ bR Hdsha0mR el (E16ARMBE% 5, MsMMR
(400 MHz, CD3013, 5): 8.45 (s, 111% 7.66-7.36 (in, 21- 1) 7.51-7.41 (m, 411), 5.92 (d, J 1. 3.8 Hz,

111), 5.13-5-6€¥E: §,713.22 seuESE 148 (44 standrslly, 113), 4.42-437 (dd, J = 8.0,9.8 Hz, 111),

418-4.14 (m; 213), 2.92-2.82 (m, 1H), 2.24-2. 08 (m 21.1) ppm. LC/MS: R,
Step & (15)-N-Methylindan-1-amine, hydrochloride salt

[02161 To a solution of tert-butyl (15)-2,3-dihydro-1H-inden-1-yl{methyl)carbamate
(1.84 g, 7.44 mumol) in MeOH (50.0 mL) under an atmosphere of nitrogen was added
hydrochloric acid (6.00 mL, 72.4 mmol) and the mixture was stirred overnight. The reaction
was concentrated in vacuo to afford the title compound as a white solid without further

puxification (1.35 g, 99%). LC/MS: R, = 0.85 min, ES" 148 (AA standard).

Step d: tert-Butyl {[((15254R)-4 14£(15)-2,3-dihydro-1H-inden-1-yl(methyl)arnino -7H-

eolof2,3- imidin-7-vi}-2-hydro clopentylme sulfonyllcarbarna

[0217) The title compound was prepared following the procedure described in
Example 2a-i using (15)-N-methylindan-1-amine, hydrochloride salt in step £. LC/M5:R, =
1.55 min, ES™ 558 (AA standard).

operntylimethyl sulfamate and (1525 4R)-4-[4-[(15)-2,3-dihydro-1F-inden-1-

l{methylamino]-7H- 1o]2,3-d imidin-7-y1]-2-hydro clopentylimethy]
sulfamate (Compounds §-40 and 16)
(02181 To a solution of feré-butyl (£((15.28,4R)-4-{4-[(15)-2 3-dibydro-1H-inden-1-

yl(meﬂlyl)anﬁno]—?H-pyrmlo[fZ,Sud]pyrﬁ-rﬁdin—'?-yl]uznhydroxycyclnpentyl)methoxy]-
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1.38 min, ES™ 437 (FA standard). Example 4:
[(15,25,4R)-2-Hydroxy-4-(4-1[(1R)-1-phertylethynamino)-714-pyrrolol2,3-A-
pyrimidin-7-yl)cyclopentylimethyl sulfa.mate (Compound 1-7) 10206)The title compound was
prepared following the procedure described in Example la-k using R-H-a-methylbanzylamine in
step c¢. 'HNIVIR. (400 MHz, CID,0D, 8): 8.05 (s, 1H), 7.41-7.38 (m, 2E1), 7.31-7.26 (m, 214),
721-7.16 (an, 2H), 6.71 (d, | = 3.5 Hz, 113), 5.46-5.38 (in, 213), 4.50-4.46 (rn, 1H), 4.38-4.34 (dd, J
=7.5,9.8 Hz, 113), 4.21-4.17 (dd, J = 7.3, 9.8 Hz, 114), 2.84-2.74 (m, 113), 2.35-2.15 (n, 3H),
2.06-1.98 (m, 111), 1.59 (d, J= 6.8 Hz, 311) pprn. LC/MS: R = 116 min, ES* 432 WA standard).
Example 5:

[(1,5,25,4R)-2-Hytiroxy-4-(4-(ntethyl[(15)-1-phenylethyllamino)-711-pyrrolo[2,3-d]pyrimidin-7-y1)cyd
opentxéllme?ﬁkéﬂymﬁx(_b s &@@I@.@.%%iéﬁ)slﬂma m@mwmnﬂm#mmwddmﬂng the
rocedure agscriped in a-K USI 3 (-, =0T VA F\ﬂ]ﬁﬁa Iﬁhﬁn NM&]
E)CD?,OD, 3TYRES Iggﬂﬁgaﬁ%%ﬁgﬁfﬁ%’({#%ﬁﬁgﬁ%@i %@6 Hz, ﬂag , 6.4%16& 4(m.,
114), 5.54-3hesptesenepofibgth produgtsi ang themixture Jagoprges ‘,’*“Héﬁaﬁ'.’(?f")(‘g&? V. 6.0-9.6 °
Hz, 113), 3 §8dsgaldiotRDeraphy choting Wwitidy gatileofIHp, WHMEGH! (MELQAS to glogd beth 72
Hz, am pilay, bE(MS 35 LBAMUD. A 7896 ANSANGIG D ATples Bectvely). Analysical

((15,25,4R)-4-14-[(48)-3,4-Dihydro-2H-chromen-4-ylaminQl-ZH-pyr e
pyrimiclin-79A5- LAY e g&wf@)ﬁfﬁ%@ﬁ“ﬁﬂ}ﬁ%a e égﬁﬂ'gﬁ%é{?%ﬁ%&%%y 8? -Ha
[0208) The tifjelopanpginetima s itepare (Cotpwinmgl the0p ERBMR MR A EReMitd Sk ting
(45)-chromay4-gming | - 1Y 1R {GR30R2R, 0:sMiEn S)i8 281547/ d), 13k g, 3.6
Hz, 114), 7%6@?ér%,%e%ﬁgi%gg%én%3m g%%- A4 Xn %I?% 4-5%%%1?01;%6 (4.54-4.49
(in, 1H), 4.367@, 92 Fa g 442 @M,-‘n.s%?ﬂ@z(ﬁﬂﬁ)% ?ﬁ% P08 17 113) 2.00-2.80
(m, ill), 2.3%21)% 6Mm2684npeH), .0INI8s Rn, TH)Fipmal ZSISAB=(AP8 stimE 42 (AA standard).

Analytical data for ((15,254R)-4-14-[(15)-2,3-dihydro-1H-inden-1-y)l(methylamino}-7H-

pyn'olo[2,3-d]pyrimidin-7-y1}-Z-hydmxycyclnpentyl)rneﬂmyl sulfamate (Compound I-6): 3!

NMR (400 MHz, CD,0D, 5): 8.28 (s, 1H), 7.54 (d, ] = 3.8 Hz, 1H), 7.39-7.21 (m, 48, 7.02(d, |

= 3.8 Bz, TH), 626 (dd, ] = 7.5, 7.5 Hiz, 1H), 5.58 (ddd, | = 5.2, 8.9, 17.9 Hz, 1X)), 5.47 (s, 1X)),

451 (dd, ] =3.3, 3.3 Hz, 1K), 4,38 (dd, ] = 7.4, 9.8 Hz, 1H), 4.20 {dd, ] =7.5,9.7 Hz, 1H), 3.23-

2,96 (m, 6H), 2.93-2.79 (m, 1H), 2.76-2.59 (m, 1H), 2.42-2.05 (m, 6H) ppm. LC/MS: R, = 1.89

min, ES" 458 (AA standard).

Example 13: {(15.25,4R)4-[4-(Benzylamine)-5-fluoro-7H-pyrrolo[2,3-d]pyrimidin-7-y1] -2
hydroxyeydopentyljmethyl sulfamate (Compound I-31)

Step a: __4-Chloro-5-fluoro-7H-pyrrolof2 3-d]pyrimidine

[0219] To a stizred solution of 4-chloro-1H-pyrrolof2,3-d]pyrimidine (3.00 g, 19.5
munal) in AcCN (148 mL) was added Selectfluor™ (1-chioromethyl-4-fluore-1,4-
diazoniabicydo]2.2.2]octane bis(tetrafluoroborate)), 104 g, 20.4 mmoly and AcOH (29.8 mL,
524 mumol), and then the mixture was allowed to stir for 26 hrs at 70 °C under an atmosphere
of nitrogen. After cooling to rt , the mixture was concenixated in vacuo and the mixhire was
co-evaporated with dry toluene (2 x 30 ml). The residue was dissolved in a salution 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 (122 g, 36%). LC/MS: R, = 1.51 min, ES’ 243 (AA standard),
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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,0D, 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), 236-2.00 (m, 411) ppm. LC/MS: R, = 1.42 min, ES. 454 (AA standard).
Example fit | (15,25,4R).414-(Benzylamino)-7H-pyrrolo[2,3-dIpyrimidin-7-y1]-2-
hydroxycyclopentylhnethyl sulfatnate (Compound 1-49) [ono]The title compound was prepared
following the procedure descrlbed in Example la- k usmg benzylamlne in step C. 111NMR (Cl) 01)
400 MHz, 53 1t dit 11y

(s, 214)450448( bidréX 76 100Hz 114)

2.85-2.76 (in, 114), 2.36-2. 19 (m 313) 2 08 2. 0 |-} /|V|S d 1EZCP E% 418 (FA
standard). %W\ple 9: [(ﬁ%ﬁ/ﬁ?’?ﬁ%?&%ﬂf é’fﬁ%‘l E}BP‘%“% Vgt a‘f‘rrnno Ef pyrrolo[23 -4-
pyrimiciin- 7WMMMMM%MW@EWTMW

prepared foJlo r%gqs:;ﬁr@eg@gx%pﬁbaﬁ‘gg gﬁ%@ﬁ)ﬂmﬂmﬂﬁ?ﬂMIne in
step c. NMR (4 MHz CDBOD 8. 8.05 (

5114)741739%“ 76,Hz. 210) 731 7%%
214), 7.22- TRy, DAY 2 2 Hz BB AS0-PrR (1, 2605405 40T 51 35D 4484 5/ D415 (Fa 7
(dd, J = 7.6] Q g a5, ¥, LA71Ad N =T14)9.2 Bd, TIH 181-172 (n2 111},2228(#&8&&)1 5, 89454 (m,

111), 1.61- 3P M5 BAvr@Neard)séxanple 10:
(13,25 4R)Jlfi?4éf§e‘%’z%%§ %3%8 ?—%9%%%0[2 e dipyrlmldlﬁyl) 5 A
hydroxycycEgesty(nreshddarfdmate (Compound 1-10) [0212]The title compound was prepared
following the procedure described in Example 2a-j using N-methylbenzYlarriine in step f. 11-1NMR

(400 MHz, RMa@te6aS) (&@4.9(&12?44%[?%Mﬁy@me&w#ﬂﬂﬂl—?fﬂ-ﬁb(ﬂnlamdﬁ?mdmﬁ*4)
5.49-137 (n, 114), 5.04 (elnmyma@;@wapﬂjnwﬁewsul&m@eMOwiﬁ% 01 (deb., = 8.0,

9.6 Hz, 111), 3.35 (s, 31-1), 2.77244 (m 111), 2.22-1. 8 m. LC L min, ES+
432 (AA staaﬁa%mj) Exa e compound asprepare Q,:?B A 2 aeribed
((13,25,4R)Echfighie ﬁh&e@hga?glbamut@iﬂd&mlﬂmiﬁ%sthpmmwgugm, CD,OD, 8): 8.08
O A D dle 508008 1C 1) 245519, 843 Greg s pienss

following thé®procedire descri
436(dc1 7=76, 93Hz,1}1),419 (dd, ] = 7.3, 9.8 Hiz, 111), 3.35 (br s, 1H), 3.3¢ (br 5, 2E1), 3.32
(be s, 1H), 2.85-2.72 (ma, 1H), 2.36-2.15 (m, 3H), 2.01 (ddd, ] = 4.9, 9.2, 143 Hz, 1H), 1.88-1.60

(m, 6H), 1.36-1.15 (m, 3K, 1.06-0.91 (m, 2H). LC/MS: R, = 1.60 min, ES® 424 (AA standard).

Example 15; ((15,2R,35,4R)—4—14-[(1S)—2,3-D1hydro-1H—mden—1-ylammn]-7H-pyrmlo[2,3-d]-
pyrimidin-7-yl)-2,3-dihydroxycyclopentyl)methyl sulfamate (Compound I
17)

imidin-7-y1}-5-thydrox thyDcyvelopentane-1,.2-diol

[0z22] To a solution of (4:;\5,6R,7R,7aR)-6—l4—[(15)-2,3—dﬂiydro—lH—inden—l—ylaﬂﬂIm]u
7H-pyrrolof2,3-dpyrimidin-7-yl)-2-(4-methoxyphenyl)-7-methylhexahydrocyclopenta{d)-
[1,3]dioxin-7-ol (312 mg, 0.594 mmol), as prepared following the procedure in Example 1a-d,
using ($)(+)-1l-aminoindan in step ¢) in THF (1.17 mL) and water (1.17 mL) was added
AcOH (3.51 ml, 61.7 mmol) under an atmosphere of nitrogen. The mixture was stirred ai 1t
overnight. The solvent was removed in vacuo and the residue was purified by silica gel

chromatography eluting with a gradient of 0 to 10% MeOF in DCM o 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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Example 2a-j using 2-chlorobenzylarnine in step f. 11-1NM12 (400 MHz, DMSO-d6, 8): 8.10 (s,
111), 8.03-7.94 (m, 1H), 7.48-7.42 (m, 111), 7.38 (s, 111), 7.36-7.24 (in, 411), 6.65 (d, J= 3.2 Hz,
1H), 5.36 (dt, J = 8.9, 14.2 Hz, 114), 4.89 (d, J = 3.9 Hz, 111), 4.76 (d, J = 5.9 Hz, 2H), 4.36-4.30
(in, 1H), 4,24 (dd, J = 7.0, 9.7 Hz, 1H), 4.05 (dd, J = 8.1, 9.5 Hz, 111), 2.77-2.66 (in, 111), 2.24-
2.02 (in, 3H), 1,99-1.89 (m, 1H) ppm- LC/MS: RI = 1.51 min, ES' 452 (AA standard). Example 12:
1(1.5,25,4.R)-2-Hydroxy-4-14-(methylarriino)-7H-pyrrolo[2,3-dlpyrimidin-7-y1]- cyclopentylimethyl
sulfamate and ((1.5,25,4R)-4-[44(15)-2,3-dihydr0-111-
inden-1-yl(methyl)amino)4H-pyrrolo[2,3-dIpyrirriidin-7-y1]-2- hydroxycydopentyl)rnethyl sulfamate
(Compounds 1-40 and 1-6) Ste a;tert-Bul 2 ih ro-1H-inden-1 Icarbamate [0214]To a solution of
(5)-(+)-1- arrdnorndart (1 24 g 9 22 rnmol) in THE (20 0 mL) was added TEA (1.42 niL, 10.1 ramol)

atmosphere ofnltrog iAok TR Enditmethplismbyden ekiscyisiopests 2 SO E
chromatography eIutrﬁgmﬁtb@%radrent of 0 to 20% EtOAc in hexanes to afford the trtle compound

as a white iﬁ/} rcriz .02 g, %4%2:‘ LCIMS: 12, gﬁamat 5%1?% gg{g)@&p P;}ﬁ%ﬁ\:ﬁyl

(2.3):a3-dih 11/-indér- y"f(‘r’nn?hﬁ 0a solutl n of tert but
(15)-2,3-dirgdreymataitedipyiearin G Gy dommer tndsionsrss b Rimgporss

atmospherex@hange aplittaddesaopmsodingg mididsmuriol) ial atteed 310 ,rﬂIAD anavbdedpel the
suspension,was allgwe %Ectgaﬁa&mnt&glcﬂm S IR SQ HYH dﬂ%@}%@%&ﬁﬁ%ﬁ&ﬁg‘—ﬂé réshiiReh was

added and the mixture was stirred overnﬂi%et The reac'tion W uenche via addltlogflof

saturated aRRASTHYASTHESGSL LB Cf‘fﬁﬁoéh‘dﬁgge tl'r‘fv EFFRE mixture was
then partrtrdned&mﬂbewlu/aatef%%m@ﬂ)ﬂaddl‘@@Mm*dﬁéﬁﬁl@aqmu%%ﬂ%@&racted

with DCM (iR Rtth WARCLABIREERIG AR IRYRAS. WRER sHiBEheY OF MG Rfedillosasiwasinabntrated
in vacuo and, unflﬁ'{ t?é‘smca O%gl c%‘rom%t&(?gaggxlﬁ %yu 0@&@&1&%@[&3@ 2% QA8 in
asac

hexanes to af e%ompoun ear, colo sso 95%). LC/MS: Rla.- 2,21 min,
ES' 248 (ARCRemwRiaT nrepracs Thy resfdug hinadysite Wrréhr?ﬁ 3%??8&’%’5? % E S ution

of tert- butylﬁﬂ)ﬂi‘u,&ﬂlmd@%}Emﬂhﬂmﬂtybi&maﬂlm@(tm@mﬂﬁmmbﬂqﬁ‘ﬁl@(’@ L% (50.0
rrtL) under an a}wfp{]& Etroﬂféﬁ%ﬁdﬁgdﬁ)@&m&i acid (6.00 mL, 72.4 rrunol) and the

mixture was girred overni Et The reactlon was concentrated in vacua to afford the title compound
as a white solid Wlthout further ifi ) C/MS B = 0. Ei5zi_}1|n ES+. 148 (AA

:_ At § . r _-_-, ‘._. l; #Tr O | 7H

Rty dr &%Hjém o 0 -

standard). &
[0224] To a suspension of ((3aR 45,6R 6a5)-6-{4-{(15)-2 3-dihydro-1H-inden-1-
ylamino]-7H-pyrrolo[2,3-d]pyrimidin-7-y1}-2,2-dimethyltetrahydro-3aH-cyclopentald1[1,3}-
dioxol-4-yl)methanol (45.9 mg, 0.109 nunol) and pyridine (0.0180 mL., 0.222 mmol) in AcCIN
(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 L, 0.220 pamol, as
prepared in 1j). The suspension was stirred for 2 h and more 2.00 M of chlorosulfonacride in
AcCN solution {0.150 mL, 3.00 mmol) was added. After 5 min the reaction was quenched
with MeOH (1.00 mL) and the solvent was removed in vacuo. The residue was purified by
silica gel chiromatography eluting with a gradient of 0 to 10% MeOH in DCM to afford the
title compound as a white solid (23.1 mg, 46%). "F{ NMR (400MHz, CD,0OD, §): 8.36 (s, 1F),
7.62 (d, ] = 3.1 Hz, 1H), 7.43-7.33 (m, 48), 7.04 {d, ] = 3.0 Hz, 15), 5.67 (br 5, 1H), 5.25-5.20 (m0,
1H), 4.61 {dd, ] = 3.8, 9.3 Hz, 1H), 448 (dd, | = 2.0, 9.9 Hz, 1H), 4.27-4.22 (m, 2H), 3.74 (5, 1H]),
3.27- 3.20 (m, 1H), 3.13-3.05 (xn, 1H), 3.02-2.90 (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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pyrrolof2,.3-cfhoyrimidin-7-y1l-2-hydroxycycloRentyl')rnethoxylsulfonyllcarbarnate [0217]The title
compound was prepared following the procedure described in Example 2a-i using
(15)-N-rnethylindan-1-amine, hydrochloride salt in step f. LC/MS: 1.55 min, ESP 558 (AA
standard). cyrlopentylfrnethvl sulfamate and alS2S,4R1-4-14-f(15)-2,3-dihydro-H-1-index-t-1-
y1l(meth_y_parrtinol7H-pyrrolor2S-dlpyrimidin-7-y11-2-hydroxycyclopenWilmethyl sulfamate
(Compounds 1-40 and 1-6) 102181To a solution of tert-butyl
(R(15,25,4R)4-144(15)-2,3-clihydro-111-inden-1-
y1l(methyBamin01-7H-pyrrolor2,341pyrimidin-7-y11-2-hydrox-ycyriopentyl)mettioxyl-
sulfonyl)carbamate (97.9 mg, 0.176 mmol) in LICIvi (5.00 mL) under an atmosphere of nitrogen
was added trifluoroacetic add (5.00 mL, 64.9 rnmol). LC/MS after 10 min indicated the presence of
both produc dhe: Mpdeerpas LANSeRBadad troa elinadas Iyt ofid ibgar gl 2,3-]-
chromatogrio@&efilutmg Mm%m%mpmmmmgmmmmmwwhs
clear, colorless oils (920 Bigydilgedranids: 28T

ditgsdranidiHods:
((15,25,4R)-2-Hydroxy-4 44t prepiyRerRu ;EPWFBMB%QFI%I 27 1 cyclopentyl)nethyl
sultanate (Ggmpound ]; (A0 NHZ ] ; &ikz, 1H),
624(dJ—§*%EE?§_,1‘l’lﬁLs%qy§ S %1 35 Iehctopentd iHH)419

(dd, = 7.4, 9.7 Hz, 111), 3‘3[ (s, 31- 1) 3 14 (brs 311) 2 90-2.75 (m, 111), 237-2.18 (m 31-1),
2.12-1.96 (ifgzas) ppm. Lsmmﬂ(m&%w&@%(@ﬁk%aﬁa%%m&a -7H-

(15, 25AR)-§?%1$@25 &b&(ﬁﬁ@hﬂﬁ?&lﬂ?bﬂwﬂfmﬂﬁ Qi v Faydglo-hy
droxycyclopent mata%%far% C)Io? Buggl -6): MA{Q&J@; 0%4E230RH)1828 (S,

111), 7.54 (&5 J - 3.8 Hz, 11- %2926 5‘55 7.5
Hz, 11-1), Sisades @4@125,9 éﬁﬁmﬂk é%P@Ll‘s&sei’df?fi_ 0&1137“%1 8 (dd, J
= 7.4, 9.8 Haithdgn 4/ 00a{Cith addischal @rﬂu:tymﬂr&w@mﬂymmg (GHW m@@@r(wci)mas
276-2.59 (41@5% Ert%%r% OBl AN RUR LN B Br. TROrBki IS AR A Sl apmiaisid sample

13: (15,25 0z Iarnlno -5-fluoro-7H-p rroI012 3-d]pyrimidin- d
hydroxycyd&ﬁgﬁmﬂﬁ@{ﬂ’yﬁ R MJ%‘I. g‘ wx}er and saturate

a:4-Chloro- Mhmibﬂmdimd@mbwwdmed mmmgm#e@ééramﬁq #id concentrated in
4-chloro-114-pyisolei2 R HRN TG RPN IH0a BB of silica gel eluting with 60% EtOAcin hexanes

to afford the title compound as an off white solid (179 mg, 83%). LC/MS: R, = 1.51min, ES"
495 (FA standard).

cyclopentaldl[1 3jdioxole-2-thione
[0226] To a solution of (15,2R,35,5R)-3-({[tert-butyl{dimethyl)silylloxy)methyl)-5-{4--
[(1S)—2,3-dihydro—lHﬁi.nden-luylanﬂno]—7H-pyrmlu[2,3-d]pyrimidin—7—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 runol) 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 to afford the title compound (158 mg,

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

[0227] To a solution of (3aR,45,6R,6a5)-4-({[ter+-butyl(dime thyl)silyljoxy)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 mrunol) in THE (0.860 mL) at 0 °C under an
atmosphere of nitrogen was added 13-dimethyl-2-phenyl-13,2-diazaphospholidine (0.147
ml., 0.793 mmol) dropwise. The solution was stirred for 10 min at 0°C and then at rtfor 5h.
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nunol) in Acal (148 mL) was added SelpctfluorTM (1-chloromethy1-4-fluoro-1,4-
diazoniablcydol12.22]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 O 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, ES*
243 (AA standard). Step b:l
(1,5,25,4R)-4-14-03enzylarnino)-5-fluoro-7H-pyrrolo12,3-dloyrimidin-7-y11-2- h dren Imeth Is
ornate ConThenokedt 40226k dveditad the paihd:was preiiartbyfolliowipa) threomasogtimiey deidnbed

in Example gk ysiag:Ransiayting erolad-ahieieousflupsaott Ry Halodang60R Mrmmmﬁtep c.2H
NMR (400 MHz, CD30D, 8): 8 09 gs 1112 7.37-7.32.(m, 213), 7. 31 7.26 11), 7.23-7.19 (m,

111), 7.06 (@79% Bt ELT e 487 AU NE B T 2 PaiED A7 T sl 11-T), 4.34 (dd, =

7.8, 9.8 Hz, 1H), 4.17 (dd, J —72 9.8 Hz, 111) 281272(m 111),229(ddd J=1.5,8.0 Hz,

14.0 Hz, 1%&-}22.95_2@ R4} dihydrosihlinden)-play LpYmagiq41t 56 min, ES+
936 (AA standard). EREHH

§/(1115 5 ii(i)gg%gg;(li)ypcel%}}%qgrﬁgw gﬁ%&?@%mﬁﬁ[ﬂnd 1-29 Ci%; f,T og I oung.was
)é'é)'cfﬁ‘ré ﬁ% ?lfgv t%g'ﬁr%%ﬁme h

[

prepared f Xt B'é@f s e
step a 11- 1%@3@9% CPSREnd):i8 Qﬁ(@ntm SO0ER(Hand mﬁﬁqqmiu)@s@ W@urdg gHz,
111), 5. ?7 Eﬁﬁé BheddobhifkSpdrthvdSs diddd B ofhved geridine b dfbftidnide ().0500 Safd @, 535&&)),9 .8
Hz, 114), 3.35 3.34 8 1-1
2.01 (ddd, é B‘sﬂ V2'?"Hz ‘I(PB“‘SE"B%E‘%‘?BQ(“%T‘%‘T{%% ?’%sz?%éﬁ%’ﬁ]fu% (§§ fr?l'é@ .
LC/IMS: R S2hgetasadnegus sadinm Bisaharaje solshiend diluted with he! alfers were
((15,2R 35S@M{M#EWMWWMEWME@WQMWW141-2,3-
dihyd rOXy CYCIORENURSHYL JHIArBALE dS iR otRstd 1illeR P2t dfkerlBdQIX iAWacuo. The

residue was purified by silica gel chromatography eluting with a gradient of 0 to 5% MeOFH

in DCM to afford the title compound as a white solid (~70% purity, 35.7 mg, 41%). LC/MS:

R, = 1.03 min, ES" 347 (FA standard).

Step e {(1 éﬂ!~4—]4—| (15 tZ‘S-Dﬂwdru-lH-mden-l-ylanunn |-ZH-pyzxrolo[2 3-d]-
7 ent-Z-en-1-yvlimethyl te (Cormnpound I-20
[0229] To a solution of ((1R,4R)-4-(4-{(15)-2,3-dihydro-1H-inden-1-ylamino]-7H-

pyrrolo]2,3-d)pyrimidin-7-yljcyclopent-2-en-1-ylmethanol (35.7 mg, 0.103 mmol) and
pyridine {0.0417 mL, 0.515 mmol) in AcCN (1.00 mL) at 0 °C under an atmosphere of
nitrogen was added dropwise a 2,00 M golution of chlorosulfonamide in AcCN (0.260 mL,
0.520 mmol, as prepared in 1j). The solution was stirred for 1 hour. The reaction was
quenched with sahurated aqueous sodium bicarbonate solution and partitioned between
water and EtOAc. The layers were separated and the aqueons layer was extracted with
EtOAc (2x 20 mi). The combined organiclayers were washed with saturated agqueous
sodium chloride solution, dried over sadivum sulfate, filtered and concentrated in vacuo.
The residue was purified by silica gel chromatography eluting with a gradient of 0 to 5%
MeOH in DM to afford the title compound as a solid (28.9 mg, 66%). 'H NMR (400MFz,

CDCL, 8): 8.36 (s, 1H), 7.35 (d, ] = 7.2 Hz, 1H), 7.30-7.18 (m, 3H), 6.8 (d, ] = 3.6 Hz, 1H), 6.32
(d, ] = 3.5 Hz, 1), 6.14-6.12 (m, 1H), 6.04-5.97 (m, 2H), 5.89 (br 5, 1H), 4.19 (dd, ]= 1.2,6.0
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Hz, 2H), 3.43-3.37 (m, 1H), 3.09-3.01 (m, 11), 2.98-2.90 (xn, 1H), 2.77-2.69 (m, 1H), 2.46-2.39
(my, 1ED), 2.07-1.93 (m, 3H) ppm. LC/MS; R, = 1.24 min, ES" 426 (FA standard).

7-yllcvelopery ethyl sulfamate {Co und 1-11

[02301 A suspension of ((1RAR)-4-14-[(15)-2,3-dihyrdro-1H-inden-1-ylamino]-7H-
pyrrolo[2,3-d]pyrimidin-7-yl]jcyclopent-2-en-1-yl)methyl sulfamate (17.3 mg, 0.0406 Tmol)
and 10% palladium on carbon (8.60 mg) in EtOAc (0.500 mL) was put under an aknosphere
of hydrogen. After 3 h the flask was purged with nitrogen and the suspension was filtered
through Celite eluting with EtOAc to afford the title compound as a white solid (10.8 mg,
62%). 'H NMR (400MHz, CDCL,, 5): 8.36 (s, 1H), 7.36 (d, J = 7.3 Hz, 1H), 7.29-7.15 (m, 3H),
7.00(d, J =3.4 Hz, 1H), 633 (d, ] = 3.4 Hz, 1H), 5.91-5.87 (m, 1¥), 5.41 (brs, ZH), 5.23-5.15 (m,
2H), 4.26 (dd, ] = 5.8, 9.8 Hz, 1H), 4.18 (dd, | = 6.2, 9.8 Hz, 1H), 3.09-3.02 (m, 1H), 2.99-2.90
(m, 1H), 2.36-2.27 (m, 2H), 2.21-2.12 (i, 2H), 2.09-1.93 {(ra, 3H), 1.66-1.57 (m, 1H) ppm.
LC/MS: R, =1.24 min, ES" 428 (FA standard).

Example 17: [(15,28,4R)-2-Hydroxy-4-(4-{[(5-methylisoxazol-3-y])methyllamine]-1H-
pyrrolof2,3-dlpyridazin-1-yl)cyclopentyllmethyl sulfamate (Compound 1-41)

b a: N-[5-Methylisoxazol-3-ylimethyl]-7H- 102, 3-d irmidin-4-amin

10231} 4-Chloro-1H-pyrrolo]2, 3-d]pyrimidine (1.14 g, 7.43 mmol), (5-methyl-3-
isoxazolylymethylamine (1,00 g, 8.92 mmol) and DIPEA (1.94 mL, 11.1 mmol) were added to
1-butanol (9.13 mL). 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 oil. 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/MS: R, = 0.63 min, ES" 230. (FA standard).

olo-

2 idazin-1-yl)cyclopentyl 1 sulfamate (Co und 1-41
[0232] The title compound was prepared following the procedure described in
Example 1d-k using N-{(5-methylisoxazol-3-yl)methyll-7H-pyxrolo[2,3-d]pyrimidin-d-aming
in step d. H 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, 1L1), 5.55-5.44 (m, 1H), .81 (s, 2E), 4.59 (br 5, 1H), 4,42 (dd, ] = 7.6, 9.6 Hz,
1H), 4.25 (dd, ] = 7.4, 9.8 Hz, 1H), 2.91-2.79 (m, 1H), 2.41 (s, 3H), 2.40-2.22 (m, 3H), 2.15-2.04

(m, 1K) pprn.
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LC/MS: R, = 0.89 min, ES' 423 (FA standard).

Example 18: [(15,254R)-4-(4-Anilino-1H-pyrrolo[2 3-dlpyridazin-1-y])-2-
hydroxycyclopentylJmethyl sulfamate (Compound 1-39)

10233] The title compound was prepared following the procedure described in
Example 172-b using aniline in step a. "H NMR (400 MHz, CD,0D, 8): 8.18 (5, 1H), 7.62 (. J
=7.6 Hz, 2H), 7.31(dd, ] = 7.5, 84 Hz, 2H), 7.23 (d,] = 3.7 Hz, 1H),7.06 (t, ] = 7.4 Hz, 1H),
622 (4, ] =37 Hz, 1H), 5.50-5.39 (m, 1H), 446 (br 5, 1H), 4.34 (dd, J = 7.6, 7.6 Hz, 1F]), 4.16
(dd, [ = 7.4, 7.4 Hz, 1H), 2.89-2.73 (m, 1H), 2.37-2.15 (m, 3H), 2.09-1.97 (m, 1H) ppm. LC/MS:
R, = 1.03 min, ES" 404 (FA standard).

Example 19:  [(15,25,4R)-2-Hydroxy-4-(41[2-(trifluoromethy})benzyllamino)-1H-pyrrolo-
[2,3-d]pyridazin-1-yl)cyclopentylJmethyl svlfamate (Compoumnd 1-47)

[0234] The title compound was prepared following the procedure described in
Example 17a-b using 2-(trifluoromethyl)benzylarmine in step a. 'H NMR (400 MHz, CD,0OD, -
&): 8.08 (s, 1H), 7.66 (d, ] = 7.7 Hz, 1H), 7.47 (d, ] = 4.0 Hz, 2F]), 7.42-7.34 (m, 1H), 719 (d, J =
3.7 Hz, 1H), 6.60 (d, ] = 3.2 Ez, 1H), 5.50-5.36 (m, 11), 4-94 (s, 1H), 4.45 (br 5, 1FD), .34 (dd, |
=~75,7.6 Hz, 1H), 416 (dd, ] = 7.4, 74 Hz, 1H), 3.27 (g, ] = 1.6, 3.2 Hz, 1H), 2.94-2.73 (m, 1H),
235215 (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-[(Cyclopropylmethylamine]-7H-pyrrolo[2,3-dlpyrimidin-7-
yl}-2-hydroxyeyclopentyl)methyl sulfamate (Compound I-25}

Step a: {15,254R)-4-{4 [(Cyclopropylmethyl Jaminol-7H-pyrrolef2 3-dlpyrimidin7-yl}-2-
(hydroxymethyl)cyclopentanol

[0235] The title compound was prepared following the procedure described in
Example la-g using cyclopropylmethylamine in step e. LC/MS5: R, = (.90 min, ES' 303 (FA
standard).

Step b 7-[(1R,35,45)-3-([tert-Buty)(dimethylsilylloxvl-4-(([tert-butyl{dim ethylsilylloxyl-
methvDevdopeniyl {-N-(cvd Tmethyly-7H- olol2 rimidin-J-ari

[0236] (15,25 AR)-4-{4 [(Cydopropylmethyl)amino]-7H-pyrrolo{2,3-d]pyrimidin-7-
yli-2-(hydroxymethyl)cyclopentanol (280. mg, 0.523 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-(dimethylamino)-pyridine (10.0 mg, 0.0818 mynol). The reaction
was stirred for 1 h then diluted with water and extracted with EtQAc (3 x 15 mL). The
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pyrimidin-7-y11-5-(hydroxymeth_yl)cyclopentane-1,2-0101 10222]To a solution of
(4a5,6R,7E,7aR)-644-[(15)-2,3-dihydro-111-inden-l-ylamino]-
7H-pyrrolo[2,3-dlpyrimidin-7-y11-2-(4-methoxypherty1)-7-methylhexahydrocyclopentaid]-
[1,3]dioxin-7-0l (312 mg., 0.594 mmol, as prepared following the procedure in Example la-d, using
(S)-(41-arninoindan in step c¢) in THF (1.17 mL) and water (1.17 mL) was added Ac01.1 (351 mL,
612 rranol) under an atmosphere of nitrogen. The mixture was stirred at rt overnight. The solvent
was removed in vocuo and the residue was purified by silica gel chromatography eluting with a
gradient of 0 to 10% Me01-1 in DC/VI to afford the title compound as a white solid (182 mg, 76%).
LC/MS: It, = 0.85 miii, ES' 381 (FA standard). yOmethariol [0223]To a suspension of
(1R,25,3R,55)-3-141(1.5)-2,3-dihydro-1H-inden-1-yla1flin01-

7H- pyrrolol&%ﬂﬁmy& Haé- a&écﬁo@yﬂngsmﬁlr&mmﬁsmmaiaaﬂ%éas &H&e&ﬂiﬁﬁfgmﬂnol)
and 2,2-dimet xyproparte (0.203 mL, 0. 838 r mggl in acetone (2. 10f[nclrL é‘f
ptoluenesulfSHEERAHAH NG vaa['éu('ﬂ ﬁvﬁﬁ’ggtl FAmon it &t S resulting
solutlonwaschmmaﬂsrerrhghtum%ﬁwmd?aet@@@H@Héd@ﬁtﬁéﬁﬁ?ﬂﬂ%ﬂ‘aﬂﬁeﬁﬂ@f@@m&ﬁe
bicarbonate.ggiy gglqcﬂzg_g)dg%@:laﬁsi the MatRe-was feruestam (e laddigaolution was diluted

with water and extracted with EtOAc. The comblned organic layers were washed with saturated

hl fijt
e S R L R

hexanes to afford the tifle compound as a white solid (49.6 mg, 70. %) LC/IVLS: F.1=1.16 min, ES.
421 (FA stalitdartl). Step 7-[(1R 35 45)-3-{[tert-Butyl(dimethyl)silyloxyl-4-([[tert-buty)(dimethyDsilyl]-

c:alS,2R 35&%&,4&;&5;& P 8cbheboaRs b HACRpRUDtS BugaRdn teamine 10

pyriinidin-7- t\:xgl clill Sjroaglgxsglg)legg% i&ﬁf &nﬁ'”adtsy@?a%ne%‘éﬂ&' lLJIq,Yﬂde
hydroﬂuonde (7 drops) was added and the reaction was stirred for 5 h. Additional pyridine
hydrofluoride (3 drops) was added and the reaction was stirred for 2 h befare being
quenched with saturated aqueous sodium bicarbonate solution. The aqueous layer was

extracted using BtOAc (3 x 10 mL), and the combined organic extracts were dried over

MgSO,, filtered, and concentrated in vacuo. The residue was purified by silica gel
chzoratography eluting with a gradient of 0 to 50% EtOAc in hexanes to afford the tide

compound (47.0 mg, 50 %). LC/MS: R, = 1.53 min, ES" 417 (FA standard).

Step d: 1595 -2V tert-Butyl{dimethyDsilyllox A-J{cyclopropylme arminol-

ZH-pvrrolol2 tmidip=-7=vl entvlimethyl sulf;
[0238] (15,25 AR)-2-{[fert-Butyl(dimethyl)silyl]oxy]-4-{4—

[(cyclopropylmethyl)amino]-FH-pyrrolof2,3-d]pyrimidin-7-yllcyclopentyl)methanol (74.0
myg, 0.178 mmol) was dissolved in AcCIN (3.50 mL) and cooled to 0°C. TEA (0.0500 mL,
0.355 mmol) was added followed by a 2.00 M solution of chlorosulfonamide in AcCN (0.178
mL, 0.356 runol, as prepared in 1j). The reaction was stirred for 2 h, quenched with MeOH
and concentrated in vacuo. The material was taken on to the next step without further -

purification. LC/MS: R, = 1.51 min, ES" 496 (FA standard).

hyvdraxveyvelopentylmethyl sulfamate (Compound 125

[0239] ((15,28 AR)-2-{[tert-Butyl(dimethyl)silyl]oxy)-4-{4—
[(cylopropylmethyljaminol-7H-pyrrolof2 3-dlpyrimidin-7-yljcyclopentymethyl sulfamate
(88.0 mg, 0.178 mxnol) 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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[02241To a suspension of ((3a.12,45,6R,6a5)-6-(44(15)-2,3-dihydro-1H-inden-1-
ylarnirtol-7Ff-pyrrolo[2,3-dipyrimidth-7-y1}-2,2-dimethyltetrahydro-3aff-cyclopenta[d][1,31-
dioxol-4-yl)xnethanol (45.9 mg, 0.109 nunol) and pyridine (0.0180 mL, 0.222 mmol) in AcC'N
(1.10 inla) and DCM (0.500 ml.) at OC under an atmosphere of nitrogen was added dropwise a
2.00 M solution of chlorosulfonarnide in AcCN (0.110 InL, 0.220 xrunol, as prepared in 1j). The
suspension was stirred for 2 hand more 2.00 M of chlorosulfonamide in AcCN solution (0.150 mL,
3.00 mmol) was added. After 5 min the reaction was quenched with Me01-1 (1.00 raL) and the
solvent was removed in vacuo. The residue was purified by silica gel chromatography eluting with
a gradient of 0 to 10% MeOI-1 in DCM to afford the title compound as a white solid (23.1 mg, 46%).
1H N MR (400MHz, CD,0OD, 8) 8.36 (s, 11-1), 7.62 (d, J = 3.1 Hz, 1H), 7.43-7.33 (m, 411), 7.04

(d,J=3.0 ?1 ANEC)) 75@5 5&%&&%%@%@&%@ 3r8e Aqudbtis Lyl w48 (dd,
J=2.0,9.9 7 113, 4 274,22 27 320 %alcls%éxé 3,0 (101 11),
SEISAT ’1 el o sL

3.02-2.90 (FFHIEES 4 min, ES* 460. (FA

standard). E@mmﬂ@eﬂmﬂmm&q@sm@Mh@madmmpmﬁmw&ﬁ}rmlop 3-d]-

pyrirnidin-7- %\4%9@%@“;,% %ﬁmg‘ﬂ&w@ﬁ%m«%ﬁ s5dAnk3Ras re-punﬁedvmsxhca
In -y mlno)

2,3-dihydro- 1 H-pyrrol ri 7 te
(Compound%ei%gﬁd"ﬁiaﬁ v pEigespthyl PL é}%{"ibr% gr&l‘ﬁig% % rgx-‘\é B
1H-inden-1-yleua)inel- KRy A 0i243; tripgmma)mmtmmpmmmammomsmé@&ﬂﬁﬁwlﬁz

(1R,25,3R, % in 76Hz, 1 ,415dd
pyrrolo(Z3- %%r%%@@%%yﬁgﬁ et gﬁgﬁopentgir%%ag cﬁgf _%L%?%Gé? > SHJ e
prepared mE?érﬁrﬂﬂSHﬂté&Wdﬁﬁ@ﬁ?l gﬁ‘n% |rn|gﬂazo e (44.6
mg, 0.654 nimli,MlM\(Iﬁ;m,nmg)owqﬂllmﬁpﬁﬂemmmspmmEﬁ)géﬁ (Ptetapdard)-

additional tert-butyldimethylsilyl chloride (6.00 mg, 0.0365 mmol) was added and the solution was

stirred for 1 four re RENBIESLS TR AsHRs Bt BaAGdkE Apmbined
organics were w s‘rl{glj Wi g%gﬁr;;‘ﬂ R%tgq &wﬁwmymﬂﬂaﬁlunon dried over

sodium sulfate, filtered, and concentrated in vacuo. The residue filtered through a plug of silica gel
eluting with 60% EtOAc in he afford the title compound as an off white solid (179 mg,
83%). LC/MS:111= &} FA standard). Step b:(3aR,45,6R,6a5)-4-(1

ftert- Butyl(dlmetgybsnyll yl)-6-144(15)-2,3-dihydro-

1H-index-t- IM%\TETHOI- pyrrolof2.3-dipyrimidin-7-ylltettahydro-3a14-

flpentafdIfl, 31d|oxole;a thione (02261To a solution of (15,2R.,35 5R) -3-(f

[tert- butyl(dlmethyl)snynox Imethyl)-5- 14- e

E(15)-2,3-divEE PR e P clopentane-1,2- diol (179

R S
lIocaroony Pg?!&) Z0 e SO |OH% g {
SR

The solvent ¥ ity was puri sifica chromatography eluting with a
gradient of CEFSERERABwHeskines tH-arsdaRrile %ﬁﬂﬂiﬂﬁ BBy oSOy neAtede o4

min, EC 53%£%étﬁrﬂﬁﬁ£@)wlslmfﬁbtehdwmmﬂld&meth Aditional MG RySplibgyiongiamelen-1

-v11-71-1- p%{gg LovaisRidinz4-amine: 22 AlkRA SR o 115 °C avernight. The
(3aR,45,6R 62S)F4-| ater ut I(dlmethyl)3|ly1Jox %gaeth

|
f44(15)-2,3-ERAGHTD YRR AT ¥ I@ﬁr%?dl n-uﬂf/f PE i ?ﬂﬁchyct}bpentaW
1,31dioxole I THer2x} bas m@,\@@ﬁy m@mmmewammw&%%ﬁﬁﬁ%ﬁ@%ﬁ

nitrogen wagradad,} Badinaibyid ARy TRe3-alining anshh el erae f0xita by siica@@lrarriol)
dropwise. The. Sg[gttg,g,a"\ﬁsé“ﬁﬁg&% 10 mig: a1 0% SRAHIL B AL IRTRAM to afford the product as

a white solid (210 mg, 25%). LC/MS: R, =1.72 min, ES” 260. (FA standard).

Step b: 1525 AR)-4-[4 orobenzyloxyl-7H- olo[2 imidin-7-
hydroxycyclopentylimethyl sulfamate (Compound 1-34)
[0241] The tifle compound was prepared following the procedure described in

Example 1d-g and then Example 2i+, using 4-[(4-CRlorobenzylyoxyl-7H-pyxrolo[2,3-d]-
pyrimidine in step 1d. "H NMR (400 MHz, CD,0D, 8): 8.35 (s, 1¥), 7.51-7.34 (mn, SH), 6.56 (d,

106



The solvent was removed and the residue was purified by silica gel chromatography eluting with a
gradient of 0 to 20% EtOAc in hexanes to afford the title compound as a clear oil (-70% purity, 81.9
mg, 48%). LC/MS: R, = 2J0 min, ES+ 462 WA standard). Step
d:((IRelR)-4-14-1(1S)-2,3-Dihydro-1H-inden-1.-ylaminol-7H-pyrrolo[2,3-4-
pyrimidin-7-ylicyclopent-2-en-120rnethariol [0228]To a solution of
7-[(1.12,4R)-4-(iftert-butyl(dirnethyl)silylioxy)-
methyl)cydopent-2-en-1-y1]-N-[(15)-2,3-dihydro-1H-inden-I-y1]-7H-pyrrolo[2,3-dipyrimidin4-amine
(81.9 mg, 0.178 mmol) in pyridine (0.800 mL) and THE (0.800 ml.) at OC under an atmosphere of
nitrogen was added dropwise pyridine Itydrofluoride (0.0500 raL, 0.555 mol). The solution was
warmed tort and stirred overnight. The reaction was quenched with saturated aqueous sodium
bicarbonatey sohgine, ary, disEes 2 £ 56 The 1HYSIveds eaptifiedatitiie aqueo0slayer was
extracted wi Iz%f(éé 29 bk ﬂ%%%&%%@&%ﬁﬁj%ﬁ%%(&dmﬁﬂ@ﬁ SeUHMBEY,

filtered and co centrate in'vacuo. The fésidue was purified by silica geI chromatography elu ng
with a gradibRYd® Fo5l¢MebrER BohEArIdad-title compound as a white solid (-70% purity,

35.7 mg, 41%). LC/MS: = 1.03 min, ES. 347 (FA standard). Step
&:((IR, 4/0-4 Exdbp i P2 3-SR )}H-is Reemdg aitaimgl)-7Hrpyrrollol 233 Rvrinidin-7-y1}-2-
pvrimidirt-7--y|icyclopentlyéwmwwﬁﬁﬁﬂt@%@md@ﬁﬁ‘m%ﬁ ¥32»9]To a solution of

((1R,4R)-4- 5)-2,3- -1H- mden Iamln 7
pyrrolo[2,3-d]pyrimidin-7 cyc openggl-m 1 mgflﬁa%'gﬂgg%nﬂw Br%%dm ESCﬁ %%/#Pdlne
(01)417 mLE@ameﬁma:)wigﬁ.c mmﬁagnﬁ@rﬁanssﬁﬁeeﬁﬁb@éﬁwﬁﬁ@@e%%ded

Tf%'se a ?tﬂo(M §ﬂ}:@q% @g ?T%ramf?r@r@ﬂﬁﬂaegwm ML:@;S@@?mmnaame@aeed in

j e solution was stirred for 1 hour. The reac ium
bicarbonatd $Stdfontand 'ﬁ%rﬂﬁ'gn%ago@ﬁv&r? v?ra%g ?ﬁéﬁfﬁ%&%@@%re Separa (y%s%s"h%dthe
aqueous layat, BEY 2XEA0OR ¢ KEOAC (2RISR THeaonfineh (Fdesiimdandrs were washed
with saturated aqueous sodium chloride solution, dried over sodium sulfate, filtered and

concentrategkifngeys: T(@3e8jarpayasuriieshbyrsiifacabi O PRQUS BRI ¥)-2-
gradient of 0 to 5% MeOHhjrliaGH-ttoptiod tnettifibsotfampauiGasmenild-¢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), 682480 J= 3 5 The dHe rprappumsd vasRreprred DlRY S the PIoSCRIBERETRed I 4 19
(1d1ci1 )32 }162 TR ﬁ%&ﬁﬁ@ﬁ%ﬂ&%ﬁ@%&% £m1-nmizmmam am,_an:x,)a)zsmaﬁg)(m,
Step f: aIS3é§g-9§ﬁﬁ%%ﬂﬁ%§l @143 indert- -)h;%mlnol %—T p)e/gro glgﬁsﬁpyr%rr%éﬁlé'sfﬁ?%g

7-yllcyclopeltZiMetit& i 4l Corh it 83 PFOEB R 4 edkibn ©f 10.0 Hz, 1H), 3.35-
((R,4R)-4- 14:591@ Eﬁytﬁmdwﬂ(ﬂrlmﬂgmﬁwﬂ_ammﬂ-m—t 26-2.15 (m, 2H), 2.02-1.96 (m, 1H) ppm.

pyrrolo[23 - el n-1- | sulf ate 7.3 mg, 0.0406 mrnol) and
Eogr% %8 % mfé%ﬁ% Bvas tﬁdig

10% palladit mg)’n ut under an attnosphere of
hydrogen. After $ h the flask was pur ed Wlth nltogen and the suspensmn was filtered. throu h

Celite elutirfGHmRIERS: A w Eien ATV TRIMR
(400MHz, (DC13, 8): 8.38YE %Y ‘7‘%’@?‘&’ 2 iﬂ’j‘ §9PPENTEY 1) ™7 00 (d J= 3.4 Hz,
1H), 6.33 (debaB.4 HZ, iié)hﬂe%lﬁﬁ;ﬁ%ﬂﬂ,wléﬂ}eﬁa&éd(hm&ﬁﬁé)% PacdiSrditeskibed 86 (dd, J =
5.8, 9.8 Hz, 111), 4.18 (dd,J =~ 8 H 111 3093 9:2.90 (n,.1
2.36-2.27 (FroHF1 31 5108 ﬁ‘gﬂfﬂg"i‘ﬁ’é% %W% C?D‘% B2,

1H), 7.44-7.31 {m, 5H), 6.78 (d, ] = 3.6 Hz, 1}5{),55&54& (m, 1H), 482(5,21-1),456—452(1:1,

1H), 4.42 (dd, ] =75, 9.8 Hz, 1H), 4.25 (dd, ] = 7.3,9.8 Hz, 1H), 2.92-2.83 (m, 1H]), 242-2.26

{m, 3H), 2.15-2.08 (m, 1H) ppm. LC/MS: R, = 1.51 min, ES' 452 (FA standard).

Example 25:  ((15,25,4R)-4-{4-[(4-Chloro-2-methylbenzyl)amino]-7H-pyrrolo[2,3-d]-
pyrimidin-7-yl}-2-hydroxycycdopentylymethyl sulfamate (Compound I-48)

[0245] The title compound was prepared following the procedure described in
Examnple 2a-j using 4-chloro-2-methylbenzylamine in step f. 'H NMR (400 MEz, CD,0D, &):
8.12 (s, 1H), 7.26-7.21 {m, 3H), 7-14-7.11 (m, 1H), 6.66 (d, ] = 3.5 Hz, 1H), 5.49-5.41 (m, 1H),
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LC/MS: R, =- 1.24 min, ES" 428 (FA standard). Example 17:
[(1.5,25,4R)-2-Hydroxy-4-(4-([(5-methyliso>cazol-3-yl)methyllamino)-1Bprrolo[2,3-alpyridazin-1-ync
yclopentyllmethyl suliarnate (Compound 1-41) Step
a:N-115-Methylisoxazol-3-_ynmethyl1-7H-pvrrolo[2,341pyrimidin-4-amine
10231)4-Chloro-1H-pyrrolo12,3-tijpyrirnidine (1.14 g, 7.43 mmol), (5-methy1-3-
isoxazolyl)rnethylarnine (1.00 g, 8.92 mmol) and DIPEA (1.94 mL, 11.1 xrunol) were added to
1-butanol (213 mi.). The mixture was heated at 190 C for 1600 seconds using MWI in three
batches. The combined reactions were concentrated in vacuo to give a brown oil. The residue was
purified by silica gel chromatography eluting with EtOAc to afford the title compound as a yellow
solid (122 g, 72%). LC/MS: B1 = 0.63 min, ES+ 230. (FA standard). Step

b:[(15a5,4R) 25 §< Iygyoxundddy HiSrmptinlisaxazol-3 nethuiisainnidl-pyx sk Bigl. (H) s16s- -
Isulfaiate Ott! und 1-41 (02321 The title compound was prepared_following.t _Ii;E)C_eP re described
in Example3tﬁ<(9§ii‘@l\l%:?é-ﬁa%I@%&glf@ﬂ%@%ﬁifﬂﬂ%%ﬁ,%&%gn|dTn-ZEaFr'11irr‘1’e in
step d.NIVLRA400 M D, 8): 8.22 (s, 111), 7.26 (d, j = 3.61-1z, 11-1), 6.63 (d, = 3.6 Hz,
11-1), 6.14 (s, 111), 5.55-5.44 (in, 111), 4.81 (s, 2H), 4.59 (Ins, 111), 4.42 (dd, J 7.6, 9.6 Hz, 111),

11|42)5 p( S rclj‘l J@ﬁéf‘ﬁﬁ%@ﬁ%ﬁ%ﬁ%&:ﬁ 240 A APk biny ilatreA-fi-piAsblo,3292.04 (M,

%1 %6331;@:;@ eckB8pound I-43)
1(15,25,4R)-4-(4-Anilino-1frityrrolo(2,3-d1pyrldazin4-y1)-2- hyclroxycycloperityllmethyl sulfarnate

(Compound@88) 10233]Metiiteonpmudeasy 2sepapd ol Tuing g R SHUte tRiE Bel Fibed in
Example 1485l g, 3LRG WaslRosy ety NMRAAOQ I FERRI NG R COIOD) B 80K, =
7.6 Hz, 211), 7.31 (dd,J = 7.5, 8.4 HZ, 2H), 7.23§9_9I= ./ Hz 11]?),77.%6%(%26%4 H‘Z]’—J:Q'S 6.22
(d, J = 3.7 AT 28798655 34D G616 7 48 Wi TH0 83 Gh {7 DPL 7 B2 EME S 43 dd g =
7.4, 7.4 Hz 131)) 5278945 (3. (MHDHY.72 87 BN FO-A3B10m218D, 285 (. 1 H 7 Fphs Be/id: |12 @éd min,

uoromethyl)benzyllarmnino)-1H-pyrrolo(2,3-d]pyriclazin-1-y1)cyclopentylknethyl s-ulfamate
(Compound4-4 32’34];‘%%“&'\1%% 45 %V%Eﬁl?epared following the procedure described in

Example 27; ((1S,ZS,QR)-4-{4-[(3,4~Dichlorobenzyl)anﬁnn]~7H~pyrrolu[2,3-d]PYrinﬁdjn-7-
yll-2-hydroxycyclopentyl)methyl sulfamate (Compound 1-24)
(0247] The title compound was prepared following the procedure described in
Example 2a+ using 3,4-dichlorobenzylamine in step £. "H NMR (400 Mz, CD,0D, 8): 8.15
(s, 1HD), 7.51 (d. J = 2.0 iz, 1H), 7.46 (d, | = 8.5 Hz, 1H), 7.30-7.27 (m, 2H), 6.65 (d, ] = 35 Hz,
1HD), 5.48-5.41 (m, TH), 4.74 (s, 2H), 449 (t, ] = 4.0 Hz, 1H), 4.37 (dd, ] = 7.5, 9.8 Hz, 1), 420
(dd. J = 7.5, 9.8 Hz, 1H), 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,4R}-2-Hydruxy—4—{4—[(15)-—1,2,3,4-tetrahydmnaphthalen—l-ylarm'no]—
P 7H-pytrolof2 3-dlpyrimidin-7-yljcyclopentylymethyl sulfamate (Compound I

37)
[0248] The title compound was prepared following the procedure described in
Example 2a-j using (5)-(+)-1,23,4-tetrahydro-1-naphthylamine in step £. "H NMR (400 MEEz,
CD,OD, 8): 8.16 (s, 1K), 7.26-7.07 (m, 5H), 6.63 (d, ] = 3.5 Hz, 1H), 5.56-5.50 (m, 1H), 5.49-5.41
(m, 1ED), 450 (m, 1H), 438 (dd, J = 7.5, 9.8 Fiz, 1H), 420 (dd, ] = 7.3, 9.8 Hz, 1H), 2.93-2.76 (m,
3H), 2.37-2.20 (m, 3H), 2.17-1.82 (m, 5H) ppm. LC/M5: R, =1.29 min, ES" 458 (FA standard).
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Example 17a-b using 2-(trifluoromethypbenzylamine in step a_ 1H NMR (400 MHz, CD30D, 8):
8.08 (s, 11-1), 7.66 (d, J = 7.7Hz, 111), 7.47 (d, J= 4.0 Hz, 211), 7.42-7.34 (m, 11-1), 7.19 (d,1=
3.7 Hz, 1H), 6.60 (d, j= 3.2 Hz, 1H), 5.50-5.36 (m, 1H), 4.94 (s, 111), 4.45 (br s, 1H), 4.34 (dd, =-
7.5,7.6 Hz, 1H), 4.16 (dd, J = 7.4, 7.4 Hz, IH), 3.27 (9, J = 1.6, 3.3Hz, 111), 2.94-223 (m, IH),
2.35-2.15 (in, 31-1), 2.06-1.96 (in, 1H) ppm. LC/MS: R = 1.25 min, ES" 486 (FA standard).
Example 20: ((15,25,4R)-4-14-1(Cyclopropylmethyparnino]-7H-pyrrolo12,341pyrilnidin-7-
y11-2-hydroxycyclopentypmethyl sulfamate (Compound 1-25) Step
a:(152.5.4R)-444-1(Cyclopropylmethylarninol-7H-pyrrolor23pyrirnidin-7-y1)-2-
Thydroxymethypcyclopentanol [0235]The title compound was prepared following the procedure
described in Example la-g using cyclopropylmethylarnine in step c¢. LC/MS: Ri = 0.90 min, ES +
303 (FA stapdard),. Step %15;;;{,35 4R)—4—{4—[(4—Ch10m!b9myl)amno]‘YH-pYrmlD[Zﬂ'd]PYmI“dm’?‘

b:71(1R,3.9,45)-3-Iftert-1pyach g iouiyieladPad)siyiad2)
inethyl)cyclopentyll-N-be Propylrnethyl) -7H-pyrrolof23- Bﬁvrlmldln -4-axnine

(0236)(15, 29248)-4-14-1 (Byctslerepmpaesvasrirerred B ABiBp e s 1HTR figssribed in

et By e o e (O, 54 i e ACeg olonec by Wogdagoa
ert-Butyldimethylsilyl chloride mg ir 0 mg,
2.08 ramol)aaﬂae/ eWa%(f ﬁlﬁqgf’i}& r?r(’z\]\_%"éggl%em|no) d%eg%je{&t%o@h W%é stlrrltgﬁ for 1
h then dlluteéwﬂﬂ&&ﬁexb]ﬁéﬂﬁﬁbﬂeﬂwﬁﬂl B6(A% 130 438138 PR DAL Brdid- el over
MgSO4, f||t gl acqqﬁmngQ@AmMﬂ under high vacuuna

overnight. T e reS| ue was pun ied by silica gel chromatography eluting with a gradient of O to 15

% EtOAC Iin hexarkes to fi ndb 203ma. 4% o). | CINS. ﬁ% 2.16 min, ES+ 531
1

(FA standarfj*SR5 &: ﬁ%@%} ﬁ 5 Jé]%)hpomd 133)

1-444- F(cYcIoProPyImethvnam n t 7-1 cIo eatothan 1

1023717- 1(|1u§5315 45)-3- |Mwwme@mpmpww€w@medwawﬂbed in
oxylmethyl)gx EFé‘iX'an mﬂ ey 4y ;grgmm@aqmnq,&ﬂ& img;eﬁ 188
ISSO

mmol) was ved in THE (0.900 inL and ridine (0.900 mL. c% ps)
was added ¥ad %@Mﬁéﬁ%% SHAEW 1R ﬁd%ﬁ&l‘l&f e r\é?d é{ﬁﬁ ops

added and thq)rqggt@mmagﬂqe@ tBEé?, IEDeioe (Hajg-quB B Ed, Wi, séﬂjﬂ@léﬁmqﬁﬂo%@?s%éﬁjm
bicarbonate solution. The a cted uging, el combined
organic extribtdWerc? G’ﬁe%?% %égzvﬁ?i ﬁﬁpconcentrat %ln vacua. The %gglg%% was
purified by s{maigel)chromatography eluting with a gradient of O to 50% EtOAc in hexanes to afford
the title compound (47.0 mg, 50 %). LC/MS: Rt -= 1.53 min, ES 417 (FA standard). '

Example 31:  [(15,25,4R)-2-Hydroxy-4{(4-methyl- 7H-pyrrolo[2,3-d]pynm1dm-?-
yheyclopentyllmethyl sulfamate {Compound I-46)

Step a: 4-Methyl-7H-pyrrolof2 3-d idine

[0251] | A 3.00 M solution of magnesiumn chloride in THF (13.0 mlL, 39.0 mumnol) was
added dropwise to a stirred solution of 4-chloro-1H-pyrrolo[2,3-d]pyrimidine (2.50 g, 16.3
mmol) and ferric acetylacetonate (700. mg 1.98 mmol) in THE (30.0 mL) under an
atmosphere of argon. The resulting reaction mixture was stirred at rt for 8 h. The mixiure
was poured onto a mixture of ice (100 mL) and ammonium chloride (1.00 g) and the mixtare
was extracted with chloroform. Volatiles were removed in vacuo, 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).

Step b: 15 28 AR)-2-Hydroxy-4-(4-methyl-7H-pyrrolo[2 3-d1pyrimidin-7-ylcyclopentyl}-
1 sulf. be (C und I-46

[0252] The title compound was prepared following the procedure described in

Example 1a-k using 4-methy}-7H-pyrrolo[2,3-d]pyrimidine in step c. Y NMR (CD,0D, 300

MEz, 8): 8.69 (s, 1H), 7.68 (d, ] = 3.6 Hz, 1H), 6.82 (d, ] = 3.6 Hz, 1H), 5.63-5.51 (m, 1H), 4.53-
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St d:1-2- tert-Eu 1ox4- do ro hneoamin - 7H-Ryrro1g123-d1pyrimidin-7-vlicyclopentyl)methyl
sulfarnate [0238]((15,25,4.R)-2-f[tert-Butyl(dimethyl)silyljoxy1-4-14-
[(cyclopropylmethyl)arnino]-7H-pyrrolo[2,3-4pyrixnidirk-7-ylicyclopentyl)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 a 2.00 M solution of chlorosulfonarnide In AceN1 (0.178 mL, 0.356 mmol, as
prepared in 1j). The reaction was stirred for 2 la, quenched with lvle01-1 and concentrated in
vacua. The material was taken on to the next step without further purification. LC/MS: 121.= 1.51
min, ES' 496 (FA standard). hydroxycyclopentylimethyl sulfarnate (Compound 1-25) [0239]((I
5,25,4R)-2-1[tert-Butyl(dimethyl)silylJoxy]-4-(4-
[(cyclopropylmethyl)arninol-7H-pyrrolo[2,3-d]pyrirnidin-7-ylicyclopentypirtethyl sulfarnate (88.0 mg,

e R L 3 R U LS

drops) was a e reaction was guenched using saturated
aqueous so@T{sbiEaxbRE08 Gotiehl) Mpre- bt MR Fayd)- S0 anin K ctet (s trrdail3 x 10 mL),

and the combined organic extracts were dried over MgSO4, filtered, and concentrated in vacua.

The residuepyasaplarified Ry sifcaryeHytmatadmyhelutiatyijirbyy Ma ol P Gkidine-yl}-
compound was re-purifiestydamiiczl et ot el fog e (Fymahming W% 10% Me013 in DCM to afford

the titl d (3.00 mg, 4.4%). 'H NMR (400 MHz, CD30D, 8): 8.05 (s, 114), 7.15.(d, J 3.6 Hz,
11y 6.0 (BERlS 0 s il chimpousnd s pcbsriy folowin e pcedite qbeibgid ° 56 17
7.6, 7.6 Hz, el Sl {elbchsie eilloro@ip e dleth A frkeSiansi8 dizp 2HFINBERAG,0R, 80,
235-2.08 ol 3) -1. i 335 3 - i, ﬁg\/lﬁ{) ==0.85
min, ES+ (?,%%A}Dszt%%%gsrg)%gam ;ejsfsfjg %(% PoF%s giz-éﬁp é%](hppghidk Ve85
(15,25, 4R) 310 A8 SO, 235 (40 For 3. 2.6 TED. 418 619) 558, 36 s dhBomethy
sulfamate (Gompouwish,bBH)33teR.aa4n( A1) eezesUb0 Kb 28y onoted 258 g ItIMEIR240] To

a 0.375 M solution of agueous potassium hydroxide (26.2 mL, 9.83 mrriol) was added
(4-chloroph&r§gFhetFgn 81 {464 51879258 rruntpl) and the mixture was heated to 80 C for 30 min.
Then 4-chloro-1H-pyrrolo[2,3-dipyriliidine (500 rag, 3_26 nano was added and the mixture was

refluxed at Esosapiafar 61 SRR ') ribiEBey oy y b 70 PRl w8 added

and the solution was heaRFR 7Y %ﬁlﬁm&ﬁ %ﬁ%ﬁ?ﬁi#@diluted with

water. The Tgi_ggg)n was thep @Qfé@ﬁ%&‘ﬂﬁ‘x@@ﬁx‘é 2Pk Hle(Z0cethieCamRiBad arganic
ie

layers were dried over sodium sulfate, filtered, and concentrated in vacuo. The re;ulting crude oil

was purifiedEssramestsbPamipa e pipmr R i RyRdisesr s dnstedath afford

the product gg g, \Wite okl §2QNER5 YL MSHIR, 745 P2, B 2657 BAvsiard g @lel5

S 4R -4-4-orobenz"din-7 hydroxycycloperitynmethvl sulfanaate 6(Com1_;i)zound 1-34) (10241]il'1[be title

compound HER B AR A GO B AT d 7 -6 Fis 19D, £ 2417 (o 16,
2.93-2.87 (m, 1H), 2.89-2.80 (mn, 1H), 2.31-2.12 (m, 3H), 2.07-2.00 (m, 1H), 1.43 (s, 6H) ppm,

LC/MS: R, = 1.59 min, ES” 445 (AA standard).

Example 34:  [(15,28AR)-4-[4~(Acetylarnino)- 7H-pyrrolol2.3-dlpyrimidin-7-y1]-2-
hydroxycydopentyljmethyl sulfamate and [(15,25,4R)-4-(4-amino-7H-
pymolof2,3-dlpyrimidin-7-y1)-2-hydroxycyclopentyllmethyl sulfamate
(Compounds 2 and I-18)

[0255] A solution of N-(2 4-dimethoxybenzyl)-7-[(4aS,6R,7a5)-2-(4-methoxyphenyl)-
hexahydrocydopentald)[1,3]dioxin-6-yll-7H-pyrrolo[2,3-dlpyrimidin-4-amine (123 mg, 0.238
mmol, prepared following the procedure described in Example la-f using 2,4
dimethoxybenzylamine 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 2 gradient of 0 io 10%
MeOH in DCM afforded the title compound (43.0 mg, 73%). LC/MS: R, = 0.15 min, ES" 249
(FA standard).
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Example 1d-g and then Example 29, using 4-[(4-Chlorobenzyl)oxy1-7H-pyrrolo[2,3-dIpyrimidine in
step 1.d. '13 NMR-(400 MHz, CD30D, 5): 8.35 (s, 113), 7.51-7.34 (in, 513), 6.56 (d, = 3.5 Hz, 1H),
5.55 (s, 21-1), 5.54-5.46 (m, 11-1), 4.524.48 (in, 111), 4.37 (dd, J= 7.8, 10.0 Hz, 11-0, 4.20 (dd, | =
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-(Benzylsulfanyl1)-711-pyrrolo12,3-d]pyriraidin-7-y11-2- hydroxycyclopentyljrnethyl
sulfaraate (Compound 1-32) 10242)The title compound was prepared following the procedure
described in Example 2a-d and g-j. 1H NMR (400 MHz, CD,OD, 8): 8.54 (s, 1H), 7.45-7.36 (m,
31-1), 7.28- 7.14 (in, 311), 6.47 (d, 1 3.6 Hz, 111), 551-5.43 (m, 1H), 4.58 (s, 211), 4.49-4.45 (In,
113),4.33 (dd, J=7.6, 9.7 Hz, 11-1), 4.16 (dd, J 7.3, 9.7 Hz, 1H), 2.87-228 (in, 1H), 2.62 (s, 211),

2.32-2.15 (SheBit), 2. Q&MM&H&M@?H@JM&IM&M@ standard).
Example 23: ((15,25,4E it p anodolo[2,3-4pyrirrtidin-7-A-2-

hydroxycyclg entypmet nat om oun 3]The oundyv repared

following thg]% glcedure 1P 6455*}'%515 &"(:7 orSben %f}r%iﬁ) "RSep f F 'NKR
Z, i 0 19

(i =5, 1001 sqéﬁ%g’s ; %%%gg S o S B bt P2 15

21-1), 2. 02]217918?11}191 pprrt 5 mln 'f standard, long purity method)

Example 24ligpelxescnpestar end sxCRRIE D i She FREbirsh renmissnmhianera fusd

hydroxycyciaee MyDS tiryke! tn i ezomRaunt dndd jolRA4 INb e déleaqrpRag b agspEeRared
following the procedure described in Example 2a;j using 3-chlorobenz élarnlne in step E 1H NMR

(400 MHz, ¥BsB03 takeroop withput futhes pupifisstion &G4 M Fe=3 8 7 26888 (in, 1hH),
4.82 (s, 214bmndim@.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 (|n 31 1), 2.15-2.08 (|n 11- 1) ppm LC/MS Rt a151 min, ES + 452
(FA standagidpxamp AR AHR i : . phoeing -AHprolo[2,3-4-
pyrimidin-7-y11-2-hydratpiciokathemisiby 7] phacekate 1 - 48) [0245]The title
compound repare oIIo ing the Q d e descrlbedg Exarq(égl% sin

4-chloro-2- ma‘%@lbenzylaﬁ’tmﬁvﬁﬁ%?nﬁ f ﬁ%&%ﬁ gofﬁ" %Yfﬂ%dj?%ﬂ)f?il (m,
311), 7.14- ﬂttqtcbmmmtbﬁlmlmlgwm@ﬂmpﬁlmmolmzm 0343 rognol) Fopyriing{2991),
4.36 (dd, JmL)EtB‘Q:WasJaaa)adflaé& Frifid (380141, 1183 oty 20F6 dbiluatidilyrad .&ﬁz(éi:l 2l1),

233-219 (m 31@@_}5él n_%)x MG R ﬂ

Example 2 1 S H oxy- - ﬁ%smetﬁgxy enz arr#\o yrrgq%%; 111-

pyrimidin- 7%%@@%@@%?%&7@%% et 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).

7Ed

hvdro ethvl)cyclopentyl aceta

[0258] To a solution of (15,254R)4-[4-(acetylaming)-7H-pyrrolof2,3-d]pyrimidin-7-
yll-2-{{[fert-butyl(dimethyD)silylJoxy}methyl)cyclopentyl acetate (47.0 mg, 0.105 mumol} in a
mixture 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
stirred 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 MgS0O),, 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, 83%). LC/MS: R, = 0.76 min, ES" 333 (FA stzmdard).
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[0246]The title compound was prepared following the procedure described in Example 2a-j using
2-methoxybenzylandne in step f. NMR (400 MHz, CD30D, 8): 8.08 (s, 1H), 7.24-7.18 (n, 31-1),
6.96 (d, J = 7.8 Hz, 1H), 6.85 (dt,J= 0.8, 7.3 Hz, 111), 6.61 (d, J = 3.5 Hz, 1H), 5.47-5.39 (in, 11-1),
4.72 (s, 211), 4.50-4.46 (in,436 (dd, J = 7.5, 9.8 Hz, 11-1), 419 (dd, J -= 73, 9.8 Hz, 1H), 3.87 (s,
311), 2 84-2.75 (in, 113), 2.35-218 (m, 3M2.06-1.99 (n, 114) ppm. LC/MS: R 1.16 min, ET 448 (FA
standard). Example 27; ((15,25,4R)-4-14-[(3,4-Dichlorobenzypamino]-7H-pyrrolo[2,3-c)pyrimidirt-7-
y11-2-hydroxycycloperlyl)methyl sulfarnate (Compound 1-24) [02471The title compound was
prepared following the procedure described in Example 2a-j using 3,4-dichlorobenzylamine in step
f. 111 N1VIR (400 MHz, CD30T:1, 8): 8.15 (s, 1H), 7.51 (d, J = 2.0 Hz, 1H), 746 (d, J = 8.3 Hz,
1H), 7.30-7.27 (in, 2H) 665(dJ 3.5 Hz, 111) 548541(n 111), 474(s 2H), 4.49 (t,J = 4.0 Hz,
113), 4.37 (gd.=.7- b al) & by PAAOH [}, 236-2.20 (m,

‘ T A fryciopdnGrAR G e standard) Example 28
((15,25,4R)- 2 Hydroxy 4 144(15) -1, 2 3, 4 tetrah dronapl kthalen 1-ylarninQl7H rrpIQ yr|m|
din-7- yllcy&m?éntyl)mefhﬁpglﬂm{és(é%ﬁﬁ? RIS 8%%1”["@? as pr red
following thg.m ﬂiyrﬁdi@&mb&@mﬁmml& Ea@wgiﬁ)@bliwmr&hya@mmmne
in st)ep L 495),1\;%%0 Bgra,n&)g)%;@ﬂ%edua) 1826t %mm%m@m (d,J=3. 5)sz0
1E1), 5.56-5.50 (n, 1E1), 5.49-5.41 (in, 113), 4.5 11-1), 4. 7.5 4
(dd, J=7. sigarqguit opAmids %"?(i {0244 L Qflg’nﬂﬁ‘l"rlf‘)’i WFE&J’Q) w“ﬁ%ﬁ# LC/MS:
R, = 1.29 ikl 4BS(EN mmmynﬁmﬁmemuﬁmﬂude solution (0 72 ml,
((1.5,2R, 35 4 R) A A AaGRIGRAHR Y Bifi el i D HoRI0 [ 212- edpittisniclins Then concentrated in
yl1l1-2,3- dlhﬁdroxy lrggent rnet I sugla é‘glt%ﬁ%g %%tggl) wgﬂg%uﬁp‘pg}@@@ﬁgdyas

usin

prepared fo owmg e proce Ure desert R Example 2a-d an 4-chlorobenzylamine in

step f. 21-1tN M6 (FeONIRLDCH 1o piaA the Hifls compowmnd {75 EWQ@{ G B %111,
5.06-4.97 (qgd %‘ ﬁgg‘éﬁz%ﬁ) 4.51 (dd, J = 3.6, 92 Hz, 111), 4.40 (dd, J 8.0, 96Hz 114)
4.18-4.14 (m, 2 (n, Ni), 2.23- 2.02 (in, 211) ppm. LC/MS: R=1.46 min; ES. 468 (AA

standard). Exam Ie 30: ( 1 2 4R 416 4Ch| SNZyRAinol- ALt éiﬂ9 y )22-
hydmxycyc%ﬁ%%w A -r“ﬂ, "r" e I e - vasasarcd
following the proceduis dascrtaehin EXNBOIR Ed !,luﬁ Grédrteliitsn r..n dalisine

7 13

and 6-chloro-9H-puringyinisigyp Ic. 14 MR( 00 MHz CD,0D, 8): 8.23 (s, 114) 8. 14 (s, 114),
7.35-7.25 (in, 414), 5.31-5.22 (m, 111), 479é 211), 4.51 449(brs 114 )= 55, 9.6 Hz,
111), 4.23-49280m, 1H), Tenest 15@H AR A 14 @sey’ PFThPYTE ’B m. LC/MS: R
= 1.42 min, f@mdS e eIrngiittihyl cycopentyl acetate (78.0 mg, 0. 190 mm.ol) was added a7 M

sohuition of ammonia in MeOH (5.00 ml) was stizred 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 {(15.25 AR)~4-{4-
(acetylamino)-7H-pyrrolo[2,3-dlpyrimidin-7-yl}- 2-hydroxycyclopentylimethyl sulfamate
(0.900 mg, 1.3%) and [(15,28 4R)-4-(4-amino-7H-pyrrolo[2,3-dlpyrimidin-7-yl)-2-
hydroxycyclopentylJmethy! sulfamate (6.50 mg, 11%). Analytical data for [(15,25,AR)-4-[4-
(acet'yla.m.ina)-?’H—pyrmlc[2,.3-d]pyrimidh—?—yl]-z-hydmxycydopentyl]rnethyl sulfamate
(Compound 1-9): "H NMR (400 MHz, CD,0D, 8): 8.48 (s, 1H), 7.47 (d, ] = 3.8 Hz, 1H), 6.82 (d,
] = 3.8, 1H), 5.65-5.48 (m, 1E1), 4.60-4.45 (m, 1H), 440-4.27 (m, 1K), 424-4.11 (m, 1H), 2.98-
2.80 (m, 15D, 2.42-2.13 (m, 6H), 2.18-1.93 (xn, 1H) ppm. LC/MS: R, = 0.98 min, ES” 370. (FA
standard). Analytical data for [(15,25,4R)-4-(4-amino-7H-pyrrolo[2,3-d] pyrimidin-7-yl)-2-
hydroxycyclopentyllmethyl sulfamate (Compound I-18): "H NMR. (400 MEz, CD,0D, 8):
8.09 (s, 1H), 7.30 (d, ] = 3.8 Hz, 180, 6.66 (d, ] = 3.5 Hz, 1H), 5.51-5.41 an, 1H), 4.51-4.48
(m,1ED), 4.39-4.33 (m,1H), 4.21-4.16 (m, 1H), 2.85-2.79 (m, 1H), 2.33-2.18 (m, 3H), 2.09-2.00 {m,
1H) ppm. LC/MS: R, = 0.85 min, ES" 328 (FA standard).
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Example 31: [(15,25,4R)-2-Hydrcory-4-(4-methyl-7H-pyrrolo[2,3-d]pyrimidin-7- yl)cydopentylimethyl
sulfamate (Compound 1-46) Step a:4-Methy1-7H-pyrrolor2,341p7rimicline [0251)A 3.00 M solution
of magnesium chloride in THE (13.0 mL, 39.0 ounol) was added dropwise to a stirred solution of
4-chloro-1H-pyrrolo[2,3-d1pyrl11Tidilte (2.50 g, 16.3 mraol) and ferric acetylacetonate (700. mg
1.98 inmol) in THE (30.0 mL) under an atmosphere of argon- The resulting reaction mixture was
stirred at rt for 8 h. The mixture was poured onto a mixture of ice (100 mL) and ammonium chloride
(1.00 g) and the mixture was extracted with chloroform. Volatiles were removed in -yam, and C-18
column chromatography eluting with a gradient of 0 to 60% AcCN in water with 0.1% AA afforded
the title compound (1.50 g, 69%). LC/MS: R 0.94 min, ES+ 134 (AA standard). Ste b-15 S -2-H-4-
4-meth I-7Hol 2 d methyl sulfamate (Compound 1-46) [0252]The title compound was prepared

following th e ibeghi e ladausi TRy ARy P pRatdldpysatidine in
step c. 1H Igl\,}/%lgg%ggg% m&%&gﬁmmﬂgﬁmﬁéwaﬁm gﬁ%ﬁ@nﬁi@@ Hz,
1H), 5.63-5.51 (m, 111), 4.53- dro 4.49 (m.114), 4.37 (dd, J 7-- 7.5, 9.9 Hz, 1H), 4.20 (dd, J= 7.5,
9.9 Hz, 1H)[9263-2.80 (nFheriflexompennp yvs geepaysd follening e Prosrfste descoberss min, Es*
VAN &5 et o e e T R i SR R i Y
.9,28,4R)-2-14ydroxy-444-(2-phenylethyl)-71-1-pyrrolo[2,3-Apyrimidin-7-y11- cy nmethy
sulfamate (EBLRIBMELDE) }éﬁSééfrl}r/fbliﬁg-éd?ﬁpﬁh&ﬁé%‘f&r’é‘%ér%%(fbﬂﬁw?n%ﬁ%éggggé%yu(r%n y
described in-Exerapielass using eldeie(2mhenyieliprix aagicstum, TEHiapsa (S REMRHNSAEZ0D,
300 Mz, 1,585 Gadidh 1080615 30 nd o 1194 99140, B S ot 1 942 11,

5.555,46 (in, Y 46 (nn, 11 (dd,J-=7.8,9,6 1-1z, 1;;12, 4.18 (dd, J ---- 7.5, 9.6 Hz,
114), 3.28-220 @y, 3HNP- 031024 (04 THD pEmy, BCRAE G4 i 0T myve B 408 et m. LC/MS: R,
1.56 min, ES. 417 (AA standard). Example 33:
f(1.5,25, 4R)ERabiydlecay- 4SS pRERMHP e bt iyha B{P)3reizo)-7H-pyrrolol2.3-dl-
pyrirnidin-7-y13cydopentyinteddm-styiecierectbmsth subonatoErrpradd-e8npound was
prepared following the procedure described in Exampl e sHISTeTo] dure described i
chloro(Z-XJ(@hgyi/i-z-pheny p%%/ﬁmgaﬁlé%s?ﬁﬁﬁ ﬁ'lr%?g% %a§ ‘%—IPOMA (408%2?%D%%1 lE8‘%’:]'%.62 (5,
1H), 7.37-7 Bdtnple 243 26 72k pplathy))metenaninrinstey f6 TENMR (490 Mig G900 Pi 14),
4.49-4.48 (3 1105 %3165 drim 165,726 V184 dd e, 2574d. T BAkd) a8d), 7.52-7.43 (m, 3H),
7.42-7.35 {m, 1H), 7.15 (d, ] = 3.6 Ez, 1H), 6.56 (d, ] = 3.3 Hz, 1H), 5.45-5.37 (m, 1¥1), 5.19 (s,
2H), 4.48-4.42 (m, 1H), 434 (dd, ] = 7.6, 7.6 Hz, 1H), 4.17 (dd, ] = 7.3, 7.4 Hz, 1H), 2.83-2.71
(mm, TH), 2.35-2.15 (m, 3H), 2.06-1.96 (m, 1H) ppm. LC/MS: R, = 1.24 min, 468 ES" (FA
standard).
Example 37: [(15,25,4R)—2—Hydroxy—4—(4—l[4—(triﬂuoromﬂﬂlyl)bmzyl]amim]—?H—pyrrolo—
[2,3-dlpyrimidin-7-yl)cycdlopentylmethyl sulfamate (Compound I-8)
fo2e3] The title compound was prepared following the procedure described in
Example 2a- using 1-{4-(trifluoromethyl)phenyllmethanamine in step f. "H NMR (CD,0D,
400 MHz, 5): 8.08 (s, 1H), 7.56 (d, J = 8.2 Hz, 2¥I), 7.48 (d, | = 8.2 Hz, 2H), 718 (d, f = 3.5 H=,
1H), 658 (d, ] = 3.6 Hz, 1H), 5.43-5.34 (m, 1H), 4.80 (5, 2H), 445 (br s, 1H), 433 (dd, =21,
7.6 Hz, 1H), 4.16 (dd, ] = 2.3, 7.4 Hz, 1H), 2.81-2.72 (m, 1F), 2.31-2.10 (i, 3H), 2.05-1.97 (m,

1H) ppm. LC/MS: R, = 1.33 min, ES" 486 (FA standard).
Example 38: [(15,25,4R)-4-(4-{ [4-Chloro-2-(trifluoromethyl)banzyllamino}-7H-pyrxolo-

[2,3-dlpyrimidin-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-(trifluoromethyl)phenyllmethanamine in step £. HNMR
(CD,0D, 400 MHZz, 5): 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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2.93-2.87 (in, 1H), 2.89-2.80 (m, 114), 2.31-2.19 (m, 3H), 2.07-2.00 (in, 111), 1.43 (s, 611) ppra.
LC/MS: Ic = 1.59 mirt, ES* 445 (AA standard). Example 34:
(15,2S,4R)-4-[4-(Acetylamino)-7H-pyrmlo[2,3-dIpyrisnidin-7-yll-2- hydroxycydopentyilmethyl
sulfamate and
[(18,7-5,4R)-4-(4-amino-7Hpyrrolo[2,3-d)pyrirradirt-7-y1)-2-hydroxycyclopentyl3methyl sulfamate
(Compounds 1-9 and 1-13) Step a:(15,25,4/1)-4-(4-Amino-71-1-pyrrolo[2,3-dIpyrimiclin-7-y1)-2-
(hydroxyrnethyllcvelopentanol [02551A solution of
N-(2,4-dimethoxybenzyl)-7-[(4aS,6R,7a5)-2-(4-metho3Cyphertyl)-
hexakrydrocyclopentald3[1,3jdioxin-6-y11-714-pytrolo[2,3-41pyrimidin-4-amine (123 mg, 0238
mmol, prepared following the procedure described in Example la-f using 2,4

dimetnoxyFLIATIe 1 8hekand A0 43400 tilp LS (Hpbinae Gll3-099 Piand i

(0500 raL) wére overni e reaction mixture was concentrated in vacuo and
purification b304fel gt 87 ST QAP & G o P £80) B B B
afforded thq@g}mqqp_q&gﬁﬁ@.%o@%}tggﬁm; R1=0.15 min, Es 249 (FA standard). Step
b:(18,25,4R)-4-(4-Amino-7H-pyrrolo12,3-d1pimidin-7-v1)-2-aftert-

butyl(dimethyDsilyloxy! ' AR R RNNOP#f pyrrolol2,3-dlpyrimidin-7-
(1.5,25,4R)%%%EﬁbW&%ﬁ%%mmﬁiﬂmwwm&ﬁmo| (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-buty|dieé(m_ﬁw|sny| ctfiﬁét@gwm nﬁ}ﬁ%@ﬁiﬂﬂdﬁ%@gﬂmgﬁgg andb_ |
concentratgg, ig VACHQ; hECRIGUE MRS TS BRA e XER Gl SH itk pombine
organic extracts were %iried over MgS0O4, tiltered and concentratedﬁin vacug to aff %tpe igirée
compound MHE Acs-52 6 A Tk Tt e BOPHCATERY LOYE @)= 238 min

ES+ 364 (FhesIdfasl-530¢m, 1), 4.92-4.74 (s, 2H), 449 (br s, 1H), 437 (dd, f =2.1,7.6 Hz, 1H), 419

C:(1.5,26,4R)AL4- (OB ANG) 24 -Pyi 843, sllmsinpidin sty L1 2-( i, 1H) ppm. LC/MS:
hutyl(dirnethylfsil Iloxyhrielt%g%ggg%ntyl acetate [0251To a solution of

(1.5,25,4R) B4 d-35HB- R T WYrimidin-7-y1)-2-
(Wert-butyl(dimethyl)silylloxylrnethypcyclopentanol (125 mg, 0.345 trawl) in pyridine (2.00 rriL) at
0C was ad@dmh@an%ﬂﬂ&m-mmww&mﬁ&? e d IRy RBHRT g ht.
The reaction mixture wadSRrsdimrcraneatdhmatir! Tiémet (CRBREEAELd and the aqueous

ayer was exgiggied with falh. THE.SARAA SAANG RIRSNP IR IBCNE: MaSd: flered and

concentrated in yarn. The residue was purified ca gel chromatograph elulgif%? with a gradient
of 0 to 5owﬁm3mwﬁnaéﬁmmm§m&ﬂm%ﬁﬁ? 198y 15821488 min,
S 447 (FOSIPBAAIE) (51001535 AR 8 ely a0 il Loy @) P2 lipm gy sy 12
ydroxym C entyl agetat 58 lon of =2.4,7.
(15,25,4R)3§é?’(‘§§é%5(é£né¥n(8)- i%ﬁ%’&éﬁﬁﬁﬁfiﬁ 7.6 Fe 1), 416 (A4, T =24, ”fz’
1H), 2.85-2.72 (m, 1), 2.38-2.13 (m, 3H), 2.07-1.94 (m, 1H) ppm. LC/MS: R, =1.38 min, ES
488 (FA standard). '

Example 41:  {(15,254R)-2-Hydroxy-4-(4-[ [(1R,25)-2-methoxy-2 3-dihydro-1H-inden-1-y1]-
armino]-7H-pyrrolo{2,3-dlpyrimidin-7-yl)cyclopentyljmethyl sulfamate
(Compound 1-52)

[0267] (1R,25)-1-Aminoindan-2-ol (1.83 g, 12,3 mmol) was dissolved in DCM (700
mL) and TEA (3.42 mL, 24.5 mmol) was added. Di-fert-butyldicarbonate (2.81 g, 12.9 snmol)
was added at rt and the reaction mixture was stirred for 5 h. The solution was concentrated
in vacuo and purified via silica gel chromatography eluting with a gradient of 0 to 100%
EtOAc in hexanes to afford the title compound (3.12 g, 100%). LC/MBS: R, = 1.55 min, ES’
250. (AA standard).
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y11-2-(atert-butyl(dimethyl)silynoxylrnethypcyclopentyl acetate (47.0 mg, 0.105 nunol) in a mixture
of ITIF (2.00 rriL) and pyridine (2.00 mL) was added pyridine hydrofluotide (10 drops). After 2 h,
additional pyridine hydrofluoride (15 drops) was added and the solution stirred for an additional 2 h.
The reaction was quenched via addition of saturated aqueous sodium bicarbonate solution and
extracted with EtOAc (2 x 50 InL). The combined organic extracts were dried over MgSO4, filtered
and concentrated in vacuo. The residue was purified via silica gel chromatography el-uting with a
gradient of 0 to 10 % Meal in OCNL1 to afford the title compound (29.0 mg, 83%). LC/MS: Ic = 0.76
rain, ES + 333 (FA standard). Step
e:(15,25,410-444-(Acetvlarnino)-7H-ovrrolof2,3-apyrimidin-7-v11*
InarmnosuIfonyflordrnethyl)cyclopentyl acetate (0259)A solutlon of

(13,25,4R)-drii4-facetyinnmng ALY 1 etk

acetate (63.0 mg, 0.190 mrnol) and pyrldlne (O 0800 inL, 0.989 nunol) in ACCN (5 O0OmL)at0C
was stirred #3685 min. A@W%M%ﬁ%&ﬁﬂ%ﬁ%@ﬂy@?ﬂ{ﬁﬂﬂe@wﬁ rrunol, a
prepared incdfpavaséiest agelads o) ANRIE 41 2 poihekpoikeRdibdotslongs sionamidy solution
(0.72 int, 0. é??-’um YR 3}@%6 N apclan e SHIRE psdhusy Shedepallanasnen

concentrated in vaclio and e residue was purified by silica gel chromatogra elut| with a
gradient of BYESYEYE1 VrelO4F Wéﬁﬁ?&ﬁﬁ’éafﬁfé% W?MU%@“T%@%VLH@ R pL
0.81 min, B&aﬂhl@c{@mhtandaf@)adiﬁrﬁ HEarYonhtevoel s ZH8 tiedinithAEhx oy dogamoidorrathy |
sultanate apgld (AR it V80); dricalbiel Jdid iyt dowddndrivdrmsdyensylimethy|

sulfarnate ounds 1-9 ancni. 26
(15 26 ar ST A S & A raphy el with gradient of 0 to 50%
(E(aminosUBEHt)xdyerraes M fERncaie fitle came s Hig mug1 2w e M BratiiddmiriSs ol ution

of ammoniadg MaQkl{2.0@ 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. dihg reactigr 5 _%m@ggﬁﬁt_@.}ggein vacuo and the residue was purified by
reverse phase chromatography o affor .25,4R)-444-

(acetylamirf036B1 - 1-pyrrdlo[2r3d LB RE) 2-pddtRekycl 8:diby dapbititident byl kaHeamate (BF®00 mg,
1-3”%) a?d X f‘:'%}i@ﬁﬁa&@e&l@dmlmi{ﬁ%%bf &Efé@ﬂoﬁd@&&uhmr@mlmmﬂmethyl
sulfamate mg,.11% nal far

(acetylamlr(i‘ Gipaka] ?‘fiﬁ‘aﬁa& Ty il y@y‘ﬁopsrl?hlflme?ﬁhfsﬂ?amme (Compound
1-9): 1H NMRHWZDGBE@G@ J@)vm@a%dswvapm(fa qlpenery Ao @iwiideg 1H),
5.65-5.48 (sa1d]wihich %ﬂﬁéﬂ%dﬁ@fﬂeﬂoﬂ@%{ﬂhﬂﬁéﬂﬁfmﬁ&ﬁ)pﬂ 96vix 8adied b,

242- 213( L},;‘ 4893 4‘Tma fRR W MRt 9 ﬁﬂ*ymlﬁgeﬁzeq(s%&ﬁﬂm@me

Analytlcal 15 25,4R rnino-/H-pyrrolo[2 in-7-y1)-2-
hydroxycyawéﬁfﬁme%@m?ﬂ%%swowmﬂ Wmﬂ (GRRRTENS 19308 787°).00 (s,
1H), 7.30 (tl AVBS8R 12 0088 InfnSBS{tl64 gad Stakzddrd)., 551-5.41 (m, 1H), 4.51-4.48 (m,1H), 439-4.33
(m,1H), 4.21-4.16 (|n 11 1), 2.85-2, 79 (m, 1H) 2 33-2.18 (m, 3H), 2.09-2.00 (|n 1H) ppm. LC/MS:
R., = 0,85 &in, & kA v : ]

((15 25,4R)-4- (44(1 MUHWMWFWWHW&E@QE
pyritnidin4-ylj-2- hydr&;m;mmédﬂiﬁlnethyl sulfamate Compound (1-26) [0261]The title compound
was prepar Iowmg rocedure described in E Ie 2a-j. usin oo
1-(1.3-ben£%% 01-5-y1 OB SRR er’tPﬁeﬁfF %ﬁﬁ‘b‘fﬁ‘éﬁ?@‘b@(’é‘, 1H), 7.15
(d,J = 3.6 Hzpiiple BaGlingl (1 E)2.6PB Aok ioxBrilae] mem:w HM(IIAQIB.S@QG@EZ 3.6

Hz, 111), 4 42 6, Z, um,

2o oo, 33 PRSI AETR LY é‘“‘&ﬂ% LR LR

LC/MS: RI% fﬁ?%‘lééféﬂdf(ﬁﬁe&% P e £, 30 <de1’ 73,97 He, 15, 5.51-

(0.5,25, 4R P29 iy I 2184 105 (- 20 T8-SV ) AT GJ37 2R YmacsB, 2.08:-2-00 (em, 1H) ppin.
LC/MS: R, = 1.46 min, ES” 474 (AA standard).
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pyrimidin-7-yllcyclopentypxnethyl sulfarnate (Compound 1-38) [0262]The title compound was
prepared following the procedure described in Example 2a-j using 1-(1-naphthypmethanarnine in
step f. 11-1NMR (400 MHz, CD30D, 8): 8.13 (s, 11-1), 8.11-8.05 (in, 114), 7.89-7.84 (in, 1H), 717
(d, f=8.2 Hz, 1H), 7.52-7A3 (n, 3H), 7.42-7.35 (m, 1H), 7.15 (d, J = 3.6 Hz, 114), 6.56 (d,J = 3.3
Hz, 1H), 5.45-5.37 (m, 114), 5.19 (s, 211), 4.48-142 (n, 114), 434 (dd,j = 7.6, 7.6 Hz, 114), 4.17
(dd, j=73, 7.4 Hz, 113), 2.83-2.71 (m, 1H), 2.35-115 (in, 31-1), 2.06-1.96 (m, 11-1) ppm. LC/MS:
Ri = 1.24 min, 466 ES+ (PA standard). Example 37:
[(16,25,4R)-2-Hydroxy-4-(4-([4-(trifluoromethyl)benzynamin” ob7H-pyrrolo-
(2,3-d1pyrimid2n-7-yl)cydopentyllmethyl sultanate (Compound 1-8) (02631The title compound
was prepared foIIowing the procedure described in Example 2a-j using

144-(trifluor et ert 1Y {2 DE4 AR Mt RInthO87(5; 114),
7.56 (d, j 8. H@ﬁhﬁﬁ (ﬁﬁaﬁ%’i@& d}mﬁcgd@eﬁmhr&ﬁgl(ﬂﬂmnﬂc@m 1H),
5.43-5.34 (in, 111) 4 80 1@&9,441)45 DG RDH)F4i33 0yl 2,3 ily 6 Hiixde g—h B%Feotr?f'fzs 7.4
Hz, 114), 2.81-2.72 (in, 1psitomB32A G amidnygshydpyaydarsppime MR 33 min,
ES+ 486 (FA standard). Hkampieggs I-14 and I-21)

[(15,25,4R)- é£4 1[4- C_lﬁ‘-rgog -2- g\rrfllingotnleg%]ggg{gyl]ammo) -71-/-pyrrolo(2,3-d]pyrimidin-7-y1)-2-h
ydroxycyclo ompound T- 42) [0264]The title compound was prepared
following thgggpgedure desciratbriuBpitntahylisiday-1-one (1.16 g, 7.21 mmol) and

Lad-chioro 2.4 (gf'uogmsamggﬁia SRHDPLR I SIRR Ml OANAIB (EPARDacER it 11

(s, 111), 7.7 " 2H), 7,23 (d. J.= 3.6 H 1 N
5.48-5.39 (aPf ERGIAThY, m ’Iﬁ‘()‘ ol) inYater oy ?7)6'%12 %ﬁj‘]"’zr %bé(lg[gmw%ssﬁ? 4
Hz, 111), 2.8C-8:74 I@nm@_@pemmr(waamx)m@weﬂ wr%ﬁueﬂﬁlppmw Retyseen DEMin

ES' 520 (FA standai) msamplecy erwasseparated and concentrated invacuo to afford the title
((1.5,25,4R)-4-144(2,4- Drchlorobenz pggr rrfé'i%[f'% p¥ ﬁ#{‘gtandard)

y1)-2- hydromﬂf%ﬁl?ﬁw@[‘n{;}r?ﬁ’ nat ompou 51The title compound was
prepared followrng the procedure descrrbed in Example 2a-j -using
1-(2,4-dichlofiBnydemimathylindanglaming) 1 \\vR (CD,0D, 400 MHz, 5): 8.10 (s, 114), 7.46
(5, 110), 7:33fdt= 83 Hoy b Gtadh g s 24% 3 F6hirlblwhd dscblbdtiaMeni 14),

4.92-4.74 440 (ST metdan J-=2.176 1
2.88-2.72 E?r@@i)zﬂllé 5 ‘(ﬁﬁ‘%%“@gﬂ‘ PHEHT lg"“r]#r’?dm]%’ e hgs%\r%’nz"%s;' &Zrdé'éi I):A

standard). ETaepiactifo @asmmmd@wﬁnwmﬁbéhﬁwmﬁé@r% SHERI Ve 'aﬁ%‘fﬁn%?‘&ﬁr-?-
mixtire was fhen filtered throngh Celite, washed through with WMeOH and the filirates

concentrated in vacuo to afford the product as a grey oil (112 g, 100%). 1L.C/M5: R, = 1.04

min, BS' 162 (AA standard).
-A-(4-{[{15)-3,3-Dimethyl-2
olo[2,5- iridin-7-y1}-2-hydroxyeyclopentyllmethr lsulfarx:nateand-
15,25 44 (4-{[(1R dimnethyl-2 3-dil 1H-i -1-vl]laminol-7i-
olo[2 imddin-7-y1)}-2- clopentyl]methyl sulf

{Compounds 1-14 and I-21)

[0273] The title compounds were prepared following the procedure described in
Example 1a-g and then Example 2i-] using 3,3-dimethylindan-1-amine in step 1c. The
mixture was separated into its componext diastereomers via chiral HPLC (Chiralpac ~AS5-
RET, 20 mm ID x 250 mm, 5 micton column eluting with 55% water in AcCNwith 0.1% AA
at 6 mL/minute): Peak A —21.4 min, [(15,25,4=R)—4~(4-[[(1R)-3,3-dimeﬂiyl-2,3—dihydro-1H-
indmul-yl]amino]-7H—p}m:olo[Z,B-d]pyrimidin—%yl)-Z—hydmxycydopentyl]meﬂlyl
sulfamate, R-enantiomes (Compound 1-21), Peak B — 22,6 min, [(1525,4R)H4-(4-{{(15)-33-
dime&yl-!,?:—c_ﬁhyd:u—]ﬂ-inden—l—yl]anﬁno]-?H—pyrmlu[2,3—d]py1:imidin—?’~yl)-2-
hydroxyeyclopentyllmethyl sulfamate, S-enantiomer (Compound I-14). 'H NMR (CD,0D,
300 MLYz, 5): 8.16 (s, 1EY), 7.28-7.10 (e, 5E1), 6.63 (d, J = 3.6 Hz, 1H), 5.93 (t, ] = 8.1 Hz, 1H),
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y1)-2-hydroxycyclopentyl)rnethyl sulfamate (Compound 1-16) 102661The title compound was
prepared following the procedure described in Example 2a-j using :
1-(3,5-dichlorophenyarnethanamine in step f. IHNIVift (CD,0D, 400 MHz, 6): 8.10 (s, 114),
7.35-7.23 (m, 311), 7.19 (d, | = 3.6 Hz, 114), 6.58 (d, J= 3.6 Hz, 11-1), 5.49- 5.35 (m, 1H), 4.69 (s,
211), 4.45 (br s, 1H), -433 (dd, | = 2.1, 7.6 Hz, 1H), 4.16 (dd, 1 = 2.4, 73 Hz, 111), 2.85-2.72 (in,
1H), 238-2.13 (m, 3H), 2.07-1.94 (m, 114) ppm- LC/MS: Py r. 1.38 min, ES 488 (FA standard).
Example 411
[(15,25,4R)-2-Hydroxy-4-<4-1[(1R,25)-2-methoxy-2,3-dihydro-111-ind.en-1-yllarninol-7H-pyrrolo[2
,3-clipyrimidin-7-yOcyclopentyll1Ttethyl sulfamate (Compound 1-52) Step a:tert-Eutvl
faR2S):2-hydroxy-2A-dihydro-1K-inden-17ylicarbanate [0267](1R,25)-1-Aminoindan-2-ol (1.83 g,

EZf frt"got') 982 ﬁ'bs%selgfeﬂzuggt%tﬂr(z Q8 mbY angl jFEM%a—;@g@;;ﬁ@maor)wm added 1H), y
i-tert-butyldicarbonate ol).w 1 ixtur or
5h. The so%ﬁ%ﬁ%%&%%éé n\%}’cég a gﬁ(?é%%/éﬁgﬁ hgg%f ro{néggo)grag é’I;\/@eglus;lttlér}t’g-}Wlth
a gradient ofie, THYO09s @l 4e Mhexsitds ﬂcﬁafma 8Hhld-28 Mmpddhept. 106/ Yo B = ECAvS™11, =

135 min, Ersﬁ zsﬁ%ZSAA s andard). Step b:tert-Butyl
[(AR2,5)-2 2t y% 1H inden-1-ylicarbamate [0268]A mixture of tert-butyl

[(1R,25)-2- gdrox -2,3- cuhydro 1H |nden 1- 1 carbam e ( 0 73 ru DMF 1 mL),
barium mon mglhsri@ ﬁﬂﬁﬁgﬂ thane
(2.70 mL, 27-3 trump Wa sta?tln aterial. The reaction was

guenched via addition of a sa rated solutron of sodrum brcarbonate and was extracted wrth DCM.
The organiccigy Aghiet] ST ‘ a n-3riilming : i

vacuo. The resrdL.Je Was purlfled via srlrca eI chro - ato raph a ien - 50%
EtOAc in hel8%T8% to affortPRETMELLTR aéﬂ‘fi“ﬁl? Xﬁggéﬁ%vg% m%‘?aﬁ mlneé}ét)264 (AA
standard). SihangIAR25L BMetigo®dih daml}anmiee[@;zﬂg P‘F@Ttbwﬁﬁ agled p-toluenesulfonic acid

[(1R,25)-2- r&%ﬂ aZaMsh %@%éaylmmrm%mdeeeaﬂmmm added a 4.00
M solution o g-é r ch c add | n% deioxang (.00 q’tﬁg M{H{SM%&MJ&QJ&H&Q@H%@EV

which a whif¢ Tas e&roﬁf e suspension s concentrated in vacuo a orated
with toluenetedgfio 00 wikhe TeniminHreTReY atbed vath frwmind wgﬁw&“%‘a‘%‘% &8 to pH

10 via additigshaiceadidwaarbThaiagihie My veasasthomnEdiactechwithdibe et eEs x 30 mL)
and the orgapig, mmw SRPRES AitatasbisdRvacio alfarh the (itle £aBR{IP riigadts).

LC/MS: RI = 0.85 min, EC_ 164 (AA stan Step

d:111.5.25 Apowred 9/’& WPZPTP&%% g%lmtﬁ‘hoxyniﬂ?” Hlﬁng%eﬁ—ela (relnwla)s/fgowedm

arnino)-7H-pyeroiofosBeutpyightd BhE ydybysi srrsmeikitiensd emmwaﬂﬁﬂmtﬁteezaq‘fﬁ%me

title compouRdiyasHarabaraeiiawing e pIgsatusedloa ldedditrated 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).

S z 15 =Dj dan-l-aming

[0275] A solution of (2R)-2-[[(15)-3,3-dimethyl-2,3-dihydro-1H-inden-1-ylJamino}-2-
phenylethanol (1.44 g, 5.13 ranol) in MeOH (40.0 mL) wag added to a stirred solution of lead
tetraacetate (3.75 g, 8.08 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. DCM (200 mlL) was
then added and the layers were separated. The aqueous layer was exiracted 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 16 h. The
cooled reaction was concentrated in vacuo and partitioned between water (150 mL) and

diethyl ether (50.0 mL). The agqueous Iayer was adjusted to pH 10 via addition of sodium
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Example 2a-j using (1R,25)-2-rnethoxyindan-1-amine in step f. 113 NMR (CD30D, 400 MHz, 8):
8.20 (s, 11-1), 7.27-7.14 (in, 5H), 6.67 (d,/ = 3.6 Hz, 1H), 5.90 (d, J =5.2 Hz, 1I-1), 4.49 (t, f=3_5
Hz, 1H), 4.37 (dd, J = 7.6, 9.7Hz, 1I-1), 4.31-4.28 (m, 113), 4.20 (dd, J = 73,9.7 Hz, 11-1), 3_31-
3.29 (m, 41-1) 3.19-3.05 (m, 2I-1), 2.85-2.77 (in, 1H), 2.37-2.20 (in, 313), 2.08-2.00 (in, 113) ppm.
LC/MS: R1 =- 1.46 min, EC 474 (AA standard). Example 42:
[(15,25,4R)-4-(4-([(16)-3,3-Dirnethyl-2,3-dihydro-11-1-inderi-I-yllamino)-7/1-
pyrrolo[2,3-dipyrimidin-7-y1)-2-hydroxycyclopentylhnethyl sulfamate and -
[(15,25,4R)-444-(10R)-3,3-dirnethyl-2,3-dihydro-114-inden-I-yllaminol-7Hpyrrolo[2,3-c]pyrimidixt-7-
y1)-2-hydrOxycyclOpentylimethyl sulfamate (Compounds 144 and 1-21) Step a:
3,3-Dimethylindan-1-one oxime [0271]To a solution of 3,3-dhnethylindart-1-one (1.16 g, 721

mrlnol) an? Mﬂw@m&hﬁdmwmn?ﬁ%}; BinkB @ molhr]n)l\/tg@t&u%h&%m biloWd3 R edueae
solution of s n wat m e mixture ted to
$0 C for 2 hggﬁe cooggéga%%zo%%v@a%ﬂé‘oan en a%?‘lh".n%a%u’é‘*?“%'ﬁa‘gﬁt‘bnéﬁa %ﬁ We}e%ﬁgﬁ?and
water. The W%Mé@%drﬁ&d@@mmﬂtm@mhwﬂm Rl MR &1 HAMEBNd as
an oil (123 )Ellféﬂ%b ls@t"ﬁ('/ﬁizB -3 DLy n'?§1—i’; MS3aNda), f'e‘ﬁ%" 7.1.12.4 H 103),1.73

3,3-Dimethylindart4-amine [0272]3,3- Dlmethy n 1-ohe oxime (1.2 6.96 mmolj was
dissolved in ®fet &P (%éQf‘?FM 'aﬁﬂ Gglﬂaﬂ@#@ﬂ Wi PeletboH BaP®n, 50% water wet, 148
mg) was added. The reactron was placed under an atmosphere of hydrogen and was stlrred
overnight. THERH d ytzve tardiidnlod ahaa v itihgdreniSiind snithyiag

filtrates concentrated iFEvac
min, ES' 162 (AA stantardj:

c:c(1.525 4Fll)24’fﬂ4 1(15)- Sl%.tme&g{balﬁ | | desmbedm
pyrrolof2,3 r clOpen su J(15,25

AR1-4-f441( (? grgeaﬂgﬁf%% “%’d%ré#{;ﬁ mo? '?ai"r%‘%iﬂo &Jflnecfm'i’fl[e
(Com poundiﬁ 1shA Uﬂdfﬁmmﬁl@wﬁbo@ ﬁﬂ%%reeérfép%wdﬁbi HRsikgahS-procedure

described inAmsiypat dats ideatibe rofExample &1 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 2555Hpls %créﬁ%%@dﬁ@%@é%@ﬂﬁw e rylamin) YL /minate
Peak A -21.4 min, [(15,2 gﬁ-ﬂ]pymmdm~?-y1)~2—hydroxycydopenty1]methyl sulfamate, )

([(1R)-3,3-dimethyl-2,3-di y ro w?dte(n-i-yﬁarnlrlo)% pyrrolo[2,3Apyrimidin-7-y1)-2-hydroxycyclo

p((antylknethWMI]‘amate mw&w@am@p@&ﬁ}oﬁmga@&m&m described in
1(15,25,4R

dimethy1- Z)S%%ﬁédé J?)%%ﬂd delﬁniﬁx ?mﬁnnzsﬁl'}ﬁm[%/rraﬂ fi |pyr|rn |nn:'75§}7243 aand (15)-5-
hydroxycydSPHeRiNARmHySinein step 2 cRepnerrsriasalipveantprres) alaimERiaBoetug00 MHz,
8): 8.16 (s, aaﬁlﬂea&\mmwmaﬁ@ OB Govaitd) 59837 ks A ErP AokF b, 2916338 (M,

1H), 4.48 (i 5,437 (49, J5of 0.3 7 HZ, LA:d) ﬁﬁ% §;4d(q'd_;7 46018 118 0 a8 (e s, 1H), 4.37
(dd, | = 7.6, 9.7 Hz, 1H), 4.19 (dd, ] =74, 9.7 Hz, 1H), 4.09(q, ] = 7.1 Hz, 1H), 3.05 (ddd, ] =
3.3, 8.6, 159 Hz, 1H), 2.98-2.71 (i, 24), 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:  [(15,254R)-4-(4-([(15)-5-fluoro-2,3-dihydro-1H-inden-1-yllamino}- 7H-pyrrolo-

5’26,)34]p}’ﬂrmdmw?—yl)-E-hydroxycyclopentyI]metl‘tyl sulfamate (Compound I-
[0278] The title compound was prepared following the procedure described in
Example 44 using 5-fluoroindan-1-one. "H NMR (CD,0D, 400 MHz, §): 8.17 (s, 1), 7.25-
7.19 (m, 2F), 6.99-6.85 (0, 2H), 6.63 (d, ] = 3.6 Hz, 1H), 5.81 (t, ] = 7.5 Hz, 1), 5.49-5.41 (m,
1H), 449 (4, ] = 3.6 Hiz 1H), 4.37 (dd, ] = 7.6, 9.7 ¥z, 1H), 4.20 (dd, ] = 7.4, 9.7 Hz, 1H), 3,12-
3.02 (mn, 1H), 2.95-2.87 (m, 1H), 2.84-2.75 (zn, 1H), 2.69-2.61 (m, 1H), 2.36-2.19 (m, 35), 2.10-
1.97 (en, 2EY) ppm. LC/MS: R, = 1.56 min, ES’ 462 (AA standard).
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2.88-2.72 (m, 1H), 2.47 (dd,J= 7.3, 12.4 Hz, 1H), 237-2.19 (m, 3H), 2.03 (ddd,1 4.5, 9.2, 13.9 Hz,
1H), 1.93 (dd, J =9-1, 12.3 Hz, 111), 1.42 (s, 314), 1.27 (s, 3H) ppm. LC/MS: R, = 1.66 min, ES+
472 (AA standard). Example 43:
[(1.5,2.5,4R).4-(4-(((15)-3,3-Dirnethyl-2,3-dihydro-1H-indert-I-ylJaminoj-7Hpyrrolo[23-d]pyrimidirt-7-
y1)-2-hydroxycyclopentylknethyl sultanate (Compound 1-14), Chiral synthesis 2.- 15Dim th 1-2 dih
dro4 ndert-1min -2- Itit lethartol [0274]To a solution of 3.3-dimethylindan-1-one (925 mg, 5.77
irunol) and (R)-(-)-2- phenylglycirtol (893 mg, 6.51 mmol) in toluene (10.0 mL) was added
p-toluenesulfonic acid mortohydrate (62.5 mg, 0328 mmol). The reaction was heated to reflux
under an atmosphere of nitrogen for 90 min. At this point, the mixture was cooled and diluted with
toluene (10.0 inL). The mixture was washed with saturated aqueous sodium bicarbonate solution

and water. The cl aiaddhe resideewag gdina@ped-n TI-LF
(100m|)aTr'§=h pte toéﬁﬁ%&%ﬁ‘e %}ﬁ% wm%wmmmuum

borohydride (251 mg, 6.6¢4 Gaspokisa reaction was allowed to warm tort overnight. The mixture
was partitioned between ECM and saturated aqueous sqQdjum blcarbonate solu f[lon .Th organlc

layer was coPhtrated aRer iR LHRRTRH O GFSBRG LAY WRE Fgﬁ‘fer‘ftr% 50 35% EtOAC in
DCM affordegd g iia GSmpsBrenibidfaa-174fe). HIWER RTODIDIMIES)-297 (AARdhE(E).

Step b:(15)-3.3- D|rneth lindan-1- 0 ti
(2R)-21(1. 51 De7 i wszléiéﬂf}%%l%ggy -Sig‘f/lfra‘gr)n%anﬁ-i- Sh%ﬁlzreltﬁgnsoﬁ{th ?%Hz ththol)
i MEO1-1 (5025 e BRI & SHVCABSAsicT ST et A rka
MeOH (60.03pk)saj1Q4, ﬂrgpﬂmmﬁhaQm;m%fwmlmmﬁﬁmhmmmmched
via addition of a 10% soluflon of te in \é@tgﬁggg Mﬁ% the mixture was stirred

for 10 min. e ayers Were separated- The aqueous layer was

extracted Wlth DCM (50. 0 ml. The comblned organic layers conc ted i in va 14he
residue Was%ﬁ‘@%m T‘P UL ﬁa Rgﬁi%i g o‘%llﬁz%g

hydrochloric add (5 70 ra}:l ré?u mlxlﬂre was then heated to reflux for 16 h.
The cooled egggtic : (B by htydepe 1) mL) and
diethyl ether (50.0 ml.). The aqueous Iayer was adjusted to pH 10 via addltlon of sog%
carbonate af@9ktracted Witk sibubiprehdS@ SEpdexyred: VBT

concentratemdeﬁm@ogsulmmrﬁﬂammﬁmwmm@}mm &@m%MéGH in
Dal to afford the fitle.compqund as ella o 2. mﬁog,oaﬁal Hz,
8): 7.34-7.14GH° {itefi‘ 2?%%257 (“n 82%3% dd,| (ﬂ&%fagz%kﬁﬁ 1@5 1- 733353 2H). 1.60 j(\(/lzld J
~'3.7. 12.4 rsstdged a@d@sw@fg@w BTt ety T4 R UB T ORI A 0 Bt eeth
1-2"3- duhvclwmummmmadm@(mwnm mzlh)q@mejiﬁwme‘-'@(sﬁfpm
was preparesql{gll%y@g‘msp Ec@s@fmahﬂmmdﬂmcﬁmm@emm@
(15)-3,3-dimethylihdan-1-arnine |n step Ic.” Chiral HPLC showe L compound
Xam

synthesized thetggsprpaprd %%%‘%ﬁbl}t@%aﬁ‘d?e%% ample 44;
[(15,25,4R)- 4 (4 {[(15)- 5 Chloro 2, 3 dlhydro 1H |nclen I- yI]amlno) 7prrro|o[2 pyrlmldln -7-y1)-2-hy

vesprese ‘Lﬁ'ﬂ?éﬁ%ﬁ@%’ %ﬁf@f?&% S ste% i Thg?'jiyé%tgfﬁﬁ?

was formed lcHibmmeeapivsdvad add é@ﬁ”é&)ﬁﬂ gevrdigin
8.17 (s, 114)wzsz.acvaa,om rAlebd 1625 (dirk iy pt g Bas WMPWE%@ indicptest, j = 4. 6
8.3 Hz, 11-I),4 g%é ;ﬁgn4%ze(ggxanems&?uua,v¢&ﬂ)o¢m@d B FiteRd 4ria, 1H), 4-09 (g,

|=7.1Hz, 11° dcid, 1 =- 3.3, 8.6,.15.9 Hz, 1H), 2.98-2 71, 77,
11.2 Hz, Z11 qyneengate ﬁwc%?m B T“Ztgﬁc’%%]ﬁ’z %ﬁi‘?pﬁﬁ? %8/?\%% %gdﬂ%?éwrm%s +

478 (AA stangmidid the title compound (400, mg, 79%), LC/MS5: R, =2.42 min, ES' 351 (AA standard)

Step o {1555 }5-({{ fert-Buty{diphenylsilylloxy lmethzl]-1-meﬂ1¥1gdogent—2-en-1-ol

[02821 A solution of (55-5-( [tzrt—butyl(diphenyl)sﬂyl]oxy}mel:hyl)cyclopent—2—en—1—
one (250. mg, 0.713 mmol) in diethyl ether (10.0 mL) under an atmasphere of nitrogen was
cooled o -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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Example 45:
[(1.5,2SAR)-4-(4-([(19)-5-fluoro-Z3-dihydro-lii-inden-l-ynarnirio)-7.14-pyrrolof2,3-Apyrimidin-7-y1)-2
-hydroxycyclopentylimethyl sulfarnate (Compound 1- 36) [0278]The title compound was prepared
following the procedure described in Example 44 using 5-fluomindan-1-one. 114NIVIR. (CD/3D,
400 MHz, 8): 8.17 (s, 114), 7.25- 7.19 (m, 214), 6.99-6.85 (in, 2H), 6.63 (d, J = 3.6 Hz, 1H), 5.81
(t,/ =7.5Hz, 1k1), 5.49-5.41 (m, 111), 4.49 (t, J= 3.6 Hz 114), 4.37 (cid" J = 7.6, 9.7 Hz, 114), 420
(dd, J=7.4,9.7 Hz, 114), 3.12- 3.02 (in, 114), 2_95-2.87 (n, 114), 2.84-2.75 (m, 111), 2.69-2.61
(m, 1H), 2.36-2.19 (n, 311), 2.10- 1.97 (rn,21-1) ppm. LC/MS: RI 1.56 min, ES" 462 (AA standard).
Example 46:
R15,25AR)-1-(4-a(15)-5-bromo-2,3-dihydro-1H-inden-I-yliaminol-7Hpyrrolo[2,3-dipyrimidin-7-y1)-2-
hydroxycydopen net [farn ng@gm,gg]q o4 (Y Thaikle ngaaﬁuﬁd prepared
following thegprgt(l:%%ure é%c%nb%raaﬁéxample 44 us?r%iS bromoindan4- &z?—'f Iglg D30D, 400
MHz, 5); 8. EFrfsonium) chiorde(50p. MY exdrpgted ity OAR(S <404 BL) 4 AT %d’ |-=3.6
Hz. TH). 5 8lecl aﬂcﬁcb%eﬂ&ﬂéd%&ﬁl {cal ), chrérogaphiy mswﬂmm@emof@ H-1),
420 (dd, I = 3.08- ( S hefenibrditioy of the
ég%%@% E%an afi Qdciind Iﬁ‘be%z%ﬁﬁvm {Rodkid )y HE5 Re &

2.67-2.59 (rﬁ'D , 2.084.99 (m, 2 )Cp/% LC/MS Rl 1, 647[18|n Es' 524 (AA
standard). Epxaiystond: confirmed using ROESY analysis. L

((15,2.5,4R)- é&(ﬁ.ﬁgf} Chlorobenzyl)amino]-71-1-pyrrolo[2,3Apyrimidin-7- yl} -2-

hydroxy-2- methylcyclopentyl)methyl sulfamate (Compound 1-5) Step a:(15,551-541f
tett-ButvI(digher A alol Reltrgk{RR i@ asalation of

(2.9,55)-5-(hyd roxyrrlet cyc opent en4 OI (1. 14 g" 9.99 nunol) in DM (50.0 mL) was added
TEA (4.18 r@h2830.0 mmommm(wg&&(ﬂtmm@rpwwmﬂwm 56d to 0 C,

tert-butylchlgrogi @ﬁﬂyﬁgylm@lﬂﬁ {5k0 ﬁ@,& Baﬁlﬁx\{w&ﬂdﬂ&dﬂﬁjﬂw anixt(reasasiderrbalbivkt for

2h.TLC |nd|cated C te conyersjon, ?ﬁl?ﬂw.ﬂ’%@%% eqhy Adaiianat Mierid 41.00
mL). ConceREHiEH" 3?'&1/ cFuo an‘ay tiica geﬁlC[::hromatography eluting wF’?h angdle t of 0 to 10 %9

EtOAC in hexafmszéﬁetuéﬁchu@imé*@cﬁﬁlﬁeﬁhﬂmacan% 95 L ENS 2R Wi B
standard). ﬁﬂoﬂiﬁ@:ﬂﬁhﬂféﬂmy&ﬂﬂylgmﬁimmmwﬁ%twlﬂ&%ﬂﬁm

[0281](15,5.5 i ert diphen llo peRt 10t {450\ ANGardd3EHnMol)
was dissolv ﬁﬁ%&e\ﬂ fl%‘é‘ : Kic)ﬁ)élﬁilnlu? dlcEromﬁle (61%%@31'3}%11 rnmol) was addﬂe1d The

chromatogr 'utmg v&@aosa@uwo@t%sspa:m&mmm@m@mmmm mg,

79%). LC/M 2.42 ES+351 AA dard | th
-1- rn)emeth i%@]&toé)@énlﬂl?lmlkﬁ n) ar;:\s)ac}get? soﬁg ﬂbﬁﬁ%(ﬁkﬂ@,ﬁé%ﬁ

(5S)-5- artermdw@mmlmwnm#ﬁemy@c%&bﬁrﬁw Fﬂéﬁ&?ﬁ%é‘ﬁh‘é‘fﬁpﬁ’fm‘r’nof} i diethy!
ether (10.0 rpighunger, @gmieg&ptﬂaaeéﬂtrﬁgmmamdam fior 406 Thensbby a6 a9 repla e of

rnethylllthlurn in dle yl.ether (Q.579 mmglm% s Or oA BN HEDTDS
stirred at -40" & 1t (o4 ﬁwd catmafl '?oLger%ﬁe %&i

afforded the title compound (200 mg, 98%). LC/MS: R, = 0.52 min, ES" 145 (A-A standard).

tep f: 1a5,1bR a5)-2-(4-Methoxyphenyl)-1b-methylhexahydrooxdrenol4
cydopentaf1 2-d1[1 31dioxine
[0235] To a solution nf(lS,?_R,SS,SS)-.?r-(hydmxymeﬂxyl)—l—meﬂxyl-ﬁ-nxabicyclo[3.1.0]-
hexan-2-ol (200 mg, 1.39 mmol) in DCM (13.0 L) at 0 °C was added dimethoxy(4-
methoxyphenyl)methane (0.709 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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complete conversion, and the reaction was quenched via addition of saturated aqueous ammonium
chloride (5.00 mL), extracted with EtOAc (3 x 100 mL), dried over MgSO4, filtered, and
concentrated in vacua Silica gel chromatography eluting with a gradient of 0 to 50% EtOAc in
hexanes afforded the title compound (190 mg, 73%). Stereochemistry of the product was
confirmed using ROES? analysis. LC/MS: 1 = 2.55 min, ES+ 367 (AA. standard). S d-15 5droth 1th
| clo ent-2 1-o0l [0283]To a solution of (15,55)-5-({[tert-butyl(cliphenyl)silylloxylmethyl)-1-
methylcydopent-2-en4-ol (560 mg, 1.53 mmol) in THE (29.5 mL) at 0 C was added 1.00 M of
tetra-n-butylammoniurn fluoride in THE (3.06 ml.., 3.06 mmol). The mixture was stirred at rt for 2 h,
at which point the solvent was concentrated in vacua and the residue was purified by silica gel
chromatography eluting with a gradient of 50 to 100% EtOAc in hexanes to afford the title
compound € : ' Jpenai Oprimi

e:(15,2R,35.5 5) "3 (Hietooosrieine: b Gemethipl eyl 1V RS -u._.i,. a solution
of (15,55)-5-(hydroxyn- tethyl) -1- methylcydopent -2-en-|- oI 0 181 , 0. 00141 m %CM (18.0 mL)
was added K58fIm blcar%ﬁ%e&@?%@“‘%‘g?ﬁﬁ?ﬁﬂf%q é’WéFsd%% ™o this
mixture waEaacpte 3sbhtain9a@@mﬁm&;ﬁdﬁ%mﬁgﬂ@@@mmmlaﬁdmm&y#wmmd atrt

for 4 h. The.g I A de\t of
010 100% IR I e e L 126,980 S R T B

145 (AA, stiidard) 8@ fs, TH), 746 (d, ] = 3.6 Hz, 1H), 73?(5 ,682(d,]=3.6 Hz, 1H) 5485
f:(1a5,11A, 551885 38 (45} aoxvalac ylle Lip.oEt) yiHp ety e god Eenadd, Bz, 1H), 2.69-2.64

cyclopentaf e [Q285 ution

of(15,2R,3 ?5?— -(ﬁgﬂroxy&%’%@ﬁf—ﬁ; ye?hy- -g;(r"blcydhﬁ {{'01 exart’- ?'ol‘ig ﬁfémlt%g%mol)
in OCN1 (13.0at 0OC was added dimeth 4 methox p meth ne 913 ml., 41 ]g

followed by YRR k@_ﬁf 7’@_’%@ ed at rt

overnight. TLC showed cgﬁlca ge rﬁgto aphy tlng WI a gradlent of 0
to 50% EtOAc in hexanes affotded the tltle compound (215 mg, 59%). LC/MS: Rtr- 1.72 min, ES +

263 (AA stongianl). 10286k THie hﬂmpampbuadpm}mmépaledlﬁgldwmgxhélpmdukeﬁescnbed in
Example 1d;

| Usi NMR ( s,
(1aS,1b12,52 r%)%%é%%?jbheltﬁd b- mettﬁylﬁeghydroo%?%:r‘%ﬁu%i\gﬁ A 2 1111
1 31d|0X|nelﬁﬂﬁﬁfﬂofﬁb%ﬁiﬁalmn%?rﬁ‘g%})(@r 4501 Riff(dchzéi¢ oo k2635558 &‘2@ PR- 746
(d, J = 3-6 I92a3Xh) 1118 4.49.(44,1) =%.821(0 #1= 36 Ha 51, p4&-040.01]= 1H), 4. 18330 El'hllﬂ) 41

(ad, J.= 6.0, 199 i 1ih) 2443 Bl iy, 16, 2563 6 o/ g, 45360980 pom. Le/M5: R = 157

min, ES' 458 (AA standard).

Example 49; [(15,25,4R)-4-(4-{[2-(difluoromethoxy)benzylJamino)-7 H-pyrrolo[2,3-d]-
pyrimidin-7-y1)-2-hydroxycyclopentyllmethyl sulfamate (Compound I-2)

[02a2] The title compound was prepared following the procedure described in
Example 2a, using 2-difluoromethoxybenzylamine in step £. M NMR (CD,0D, 400 MHz,
8): 8.10 (s, 1H), 7.35-7.26 (m, 2H), 7.22 (d, ] = 3.7 Hz, 1H), 7.17-7.13 (m, 2¥1), 6.87 (t, ] =742

iz, 18), 6.62 (d, ] = 3.6 Hz, 1H), 5.45-5.20 (m, 150, 4.80 (s, 2F1), 4.49-2.47 (m, 1H), £.36 (dd, ] =
7.6,9.7 Hz, 1H), 419 (dd, ] = 7.3, 9.7 Hz, 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).
Example 50;  [(15,254R)-4-(5-ethynyl-4-methyl-7H-pyrrolof2 3-dlpyrimidin-7-y1)-2-
hydroxycyclopentylJmethyl sulfamate (Compound I-44)

Stepa:  _5-iodo-7-[(4aS,6R,7a5)-2-(4-methoxyphenylhexahydrocyclopentald)f1 3]dioxin-6-
1-4-methyl-7H-pyrrolof2,3- itnicine

[D289] To a solution of 7-[(4a8,6R,7a5)-2-(4-methoxyphenylhexahydrocyclopenta[d]-
[1,3]dioxin-6-y1]-4-methyl-7H-pyrrolo[2 3-dlpyrimidine (363 mg, 0.995 mmal, as prepared in
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(n, 111), 2.39-2.16 (m, 411), 1.47 (s, 311) ppm- LC/MS: k= 1.55 min, ES* 466 (AA standard).
Example 48: (15,25,4R)-4-144(15)-2,3-Dihydro-1H-inden-1-ylarrthio]-711-pyrrolo[2,3-1-
pyriraidin-7-y11-2-hydroxy-2-rriethylcyclopentyl)rnethyl sulfainate (Corripmind 1-30) [0287]The title
compound was prepared following the procedure described in Example 47 using
(5)-()-1-aminoindan in step g. 1H NMR (CD30D, 400 MHz, 5): 8.25 (s, 111), 7.48 (d, J = 3.6 Hz,
111), 7.34-7.23 (m, 411), 6.89 (d, J= 3.6 Hz, 111), 5.61-5.56 (n, 111), 5.50- 5.43 (n, 111), 4.42 (dd,
= 6-0, 10.0 Hz, 111), 4.15 (dd,8.0, 10.0 Hz, 11), 3.18-3.10 (m, 1H), 3.03-2.97 (in, 111), 2.75-2.64
(n, 11-1), 2.39-2.07 (n, 511), 1.48 (s, 313) ppm. LC/MS: 1?..1 = 1.57 min, ES+ 458 (AA standard),
Example 49; 1(15,25,4R)-4-(4-(12-(difluorornethoxy)benzyljaminol-7H-pyrrolo[2134]-
pyrimidirt-7-y1)-2-hydrox-ycyclopentylpnethyl sulfamate (Compound 1-2) [0288]The title compound
was preparembitping-iawosedse :elewﬂaedwe&mm&euzad;mﬂe @56 me, 1.14 mmol),

o). 795 (o G BESIENAEY S50 dhully diepsl et oRteR il e BlEY
5.45-5.20 (m2ote g cintyemaes abordne i_msyﬂmc@mmmiﬁ!ﬁﬁ@@ F204)., LEIME: Ry<ddd) =

7.3, 9.7 Hz, Hﬁ)ﬁ%’} E&Q{&n@x}ﬁ 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;

L1025 ) e AR O N

suliamate (Co LB e thylsilylethynyll-7H-pyrrolo[2,3-d)p
a:5-iodo-7-1(4a3,6R, 73 methoxyphenyphexahvdrocyclopentafd ; IOXII’] -6-

y11-4-methy(DZBBil-pyrrolofPedeipyientidinof SORA01T-Pl@as@R ) (4-methoxyphenyl)-

7-1(4a5,6R,7a c(14(:) 9 ggﬁh R, el
[1,3]clioidn-6- ¥11 -4- |ne |- 7ﬁT_ rro%iggs dlgilrlmlti?.lr?e gl %md%mmgg%ﬁp(g?gﬂn

Example la-} defded Wﬁo%&%ﬁ&’é?}%ﬂﬂﬂg}ggbﬂﬁ& Y IRRETPIRY the
mixture wasryﬂhéetmﬁ)dﬁéﬂmﬂ Sitdargedl ishRECEAaS AR inling AFithraol) B3VFFARO.S tal) 00%
EtOAC in hexagesaidaraieghiietideucnsnpas (b42R3, Mol 2eR6)) Add MS niRa2@ Ay BiES] 404 (AA

standard). S
H ch d ddi e
b:74(4aS,6R %gm]'ﬁl Z?herﬁegt (?)? mﬁmﬁ“ﬁvg%éw Vi rogyc F'ﬁ%ntar’rl(? aog%fl |o§|ndg‘%}lfﬂs sodium
bicarbonate solutiort and Extracred w:lth tOAc. The combined organic layers were dried

over MgSQ,, filtered, and concentrated in vacuo. Silica gel chromatography eluting with a
gradient of 0 to 75% EtOAc in hexanes afforded the title compound (314 mg, 99%). LC/MS:
R, = 2.38 min, ES’ 462 (AA standard).

Step ¢ Sethynyl-7- [(435,613,7;15 )=2=-(4-metho mhenﬂ lhexahzdrocxdggem]gll 31-
ioxin-f-yll-4-methyl-7H-pyrrolof{2.3-4 dine
{0291] Potagsium carbonate (191 mg, 1.38 ramol) was added to a solution of 7—

[(4a8,6R,7a5)-2-(4-methoxyphenyl)hexahydrocyclopenta[4][1,3]dioxin-6-yl]-4-methy)-5—
[(trirnethylsilyDethynyl]-7H-pyrrolo[2 3-d)pyrimidine (314 myg, 0.680 mmol) in MeOH (100
mlL), and the mixiure was stirred at rt overnight. The reaction mixture was diluted with
EtOAc, washed with saturated aqueous sodium bicarbonate solution, dried over MgS0O,,
filtered, and concentrated in vacuo o afford the title compound as an oil (215 myg, §1%).
LC/MS: R, =1.94 min, ES" 390 (AA standard).

Step d: [(15 25 4AR)-4-(Fethynyl-d-meihyl-FH-pyrrolo[2,3-dipyrimidin-7-yl)-2-
h clopentyllimethyl sulfamate (Compound J-44

[0292] The Htle compound was prepared following the procedure described in
Example 1g+, using S-ethynyl-7-[(4a5,6R,7a5)-2-(4-methoxyphenyhhexahydrocyclopentald)-
[1.3]dioxin-6-yl}-4-methyl-7H-pyrrolo[2 3-dlpyrimidine in step g. 'H NMR (CD,0OD, 400
MKz, 5): 8.63 (s, 1H), 7.87 (s, 1H), 5.47-5.58 (m, 1H), 4.51-4.47 (m, 1H), 436 (dd, J=7.5,9.5
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rnethyl-541trixnethylsilynethynyll-7H-pyrrolor2.3-dlpyrimidine [0290]To a suspension of
5-iodo-74(4a5,6R,7a5)-244-methoxypheny1)-
hexaktydx-ocydopenta[d][1,31dioxin-6-y1]-4-methyl-711-pyrrolo[2,3Apyrimidine (337 mg, 0.685
nernol), copper(1) lodide (26.0 mg, 0.137 mrnol), dichlorobis(aiphenylphosphthe)- palladiumn
.(48.0 mg, 0.0684 mrnol) and EMMA (0.240 InL, 1.38 minol) in DIVIP (20.0 ml.) was added
ethynyltrimethylsilane (188 mg, 191 mmol) and the mixture was stirred at rt overnight. The reaction
mixture was quenched via addition of saturated aqueous sodium bicarbonate solution and
extracted with EtOAc. The combined organic layers were dried over Mg304, filtered, and
concentrated in vacuo. Silica gel chromatography eluting with a gradient of 0 to 75% EtOAc in
hexanes afforded the title compound (314 mg, 99%). LC/MS: R, = 2.38 min, ES+ 462 (AA

standard). Step g&yeﬁ_ﬁymaﬁ 174@W%Z§55r eh@fgp@@wnggtfygrgggq@pﬁniﬁg%m

d_ioxin-6-y1 thyl-7 %E), 3-dIpyrimidine (0291]|Potassium carbonate (191 xng, 138
mrool) WaS ,%%35% Ellt f‘.}/ (m, 1H) ppm. LC/MS: R, =1.16 min, ES" 351 (

[(4a5,6R,7a5)321€(!l¥dr).ethoxyptlenyl)hexahydrocyclopenla[dJ(1,3)d|0X|n-6-y1]-4-methy1-5-
Ktrimethylsilyi)ettlyny11-7H-pyrrolo[2,3-d]pyrimidine (314 mg, 0.680 mmol) in ivfeOH (10_0 mL),
and the mixtExamsie Stirredis2s ANpINgLK1IThe RactioB ik aE diser pNiEK) A¢r washed
with saturated aqueous seuimnidbiciipyriss diotfivih2chisttopey ot fisthetndfonatn centrated
in vacuo to afford the tltle(&ﬂﬂ’@%‘ﬁ& K81n oil (215 mg, 81%). LC/MS: R, = 1.94 min, ES* 390 (AA

standard). S{gpysy1115, 251\4: eégmlﬁ thvl 7g| ‘%%%lé{éﬁs (joge%mld 7 ]éZiZ'
mate

hydroxycyclopentylimethyl su ompou & compoun Was prepared
following theEPauladadl vsise il ehiorerdipidibydrasbifinden-1-yl amine in step £. "H NMR

5-ethyny1-7 (#2816 RobAvnaz; 6 W@Q&mh?ax' Xaﬁﬂfﬁﬁyﬂ?ﬁ?%%){%bs@ov SN EYS

(1,3jdiorin- 6 1)°4- methyl 7H-pyrrolof?,3-cilpyranic ne in'step g

663 (o, 1) I 702 o Ly 50 0, 035 Wi v, T3 6750 Ly 6921 6 oS 361
4.19 (dd, J ﬂ&;(rmmelm,szmes B 3KD, 132{d3AB=346, Mo FA4113) 1 3: B Idd= b176) 7490165, 3H),
2 33 2.20 (i) 4 o200 &, A1) sTob) N 1165 MR- 7778 (L6 418 0B85 B2 Il RpHRTD: Fr@mple

[(1S 2SA.R)- thé}s](?(wmoro@%-a?ﬁf}afg)lH inden-1-yllarrdnoj-7Hpyrroio[2,3- d]pyrlxnldln -7-yD)-
2-hydroxycyclopent IJmeth | sulfamate Co ound 1-61 02931The title compound W repared
following theﬁﬁ%«’?g '4# ‘%ﬂig 42 ‘ﬁ‘?uﬁ?di'él 1 -yl
amine in step L'H NAIR ( gﬂlﬁg - 15 ﬂz ai}'330 7.24
(In, 114), 7.15(d, J .= 7.5, 114), 7.02 (t, J = 8. 64, 8.64 Hz, 114) 6.86 (C| J=2.93 Hz, 111), 5.67 (t,
J=6.99, 69914 111), 5B Sk Sgmpdiid) %@ré;ﬁ&ﬂﬁpﬂb&;ﬂg&ﬁdﬁﬁbuéﬁ&&&am, 114),

419 (0, 5 il 4 % o3 23R ubd a0, 2325%20; 4

2.38-2.04 (n-t, 5 5Rt—110m|n S--462(FAst dar
[(117,2R,459@4@?[(%)%@&%%@,3@@&@1&&% 1)lamhGh D, 6.89 (m, 11-1), 6.60 (d,

pyrroloe2,3ydlaysignctery o8& Py eneyaiapsasidethyhefamaie (Comeauns ¥ 88kaq, =
7.5,9.8 =, 1H), 419 (dd, J = 7.3, 9.8 Hz, 1), 3.20-3.11 (m, 1), 2.96-2.89 (m, 1H), 2.84-2.75
(tn, 1H), 2.70-2.60 (0, 1H), 2.35-2.20 (mn, 3H), 2.19-2.09 (m, 1H), 2.07-1.99 (m, 1H). LC/MS: R,

= 1.07 min, ES" 480 (FA standard).

Example 53: [(15,25,AR)-4-(4-{[(1R)-4-chloro-2,3-dihydro-1H-inden-1-yljamino)-7H-
pyrrolo[2,3-d]pyrimidin-7-y1)-2-hydroxycyclopentyllmethyl sulfamate
(Compound I-63)

[0295] The title compound was prepared following the procedure described in
Example 2a-j using (R)-4-chloro-2,3-dihydro-1H-inden-1-yl amine in step £, "H NMR
(CDLOD, 400 MHz, §): 8.18 (s, 1H), 7.24-7.12 (m, 4F), 6.64 (d, ] =3.6 Hz, 1H), 591 (. J=8.1
Hz, 18, 5.51-5.39 (m, 1H), 449 (t.  =7.2 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, 1F), 2.72-2.60 (mn, 1H),
2.38-2.17 (m, 3H), 2.11-1.98 (m, ZH). LC/MS: K, = 1.16 min, ES” 475 (FA standard).
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[02941The title compound was prepared following the procedure described in Example 2a-j using
(S)-4,7-difluoro-2,3-dihydro4H-inden-1-y1 amine in step f.11-1/NBAR (Cosa), 400 MHz, 6): 8.17 (s,
114), 7.17 (1, Jr 3.8 Hz, 111), 6.99 (in, 114), 6.89 (m, lli), 6.60 (d, J 3.5 Hz, 114), 6.05 (t, J =- 5.5
Hz, 114), 5.48-5.41 (n, 111), 448 (t, J = 6.8 Hz,111), 4.36 (do, | = 7.5, 9.8 Hz, 114), 4.19 (dd, J =
7.3,9.8 Hz, 111), 3.20-3_11 (in, 11-1), 2.98-2.89 (in, 114), 284-2.75 (m, 113), 2.70-2.60 (iii, 1H),
2.35-2.20 (m, 3H), 2.19-2.09 (in, 114), 2.07-1.99 (in, 114). LC/1V1S: = 1.07 min, E.S. 480 (FA
standard). Example 53:
[(1.9,25,4R)-444-1[(1R)-4-chloro-2,3-ciihydro-1H-inden-1-yliarnino)-7Hpyrrolor2,3-d]pyriaddin-7-y1)
-2-hydroxycyclopentyllmethyl sulfarnate (Compound 1-63) [02951The title compound was
prepared following the procedure descdbed in Example 2a-.j using

(R)-4-chlor@sydslidrsair o ({13, a50R) -4- MU (SRS b SBB-HiHs i N RGO Dy WdGrM-AL6): 8.18 (S,
111), 7.24-7.12 (in, 414)pgrédoid, B Ay Honidindyyd Gihplr@captlopantylzeihgl selfgmatel 4), 4.49 (t,
f=72Hz, 114), 4.37 (dd?fmppweleﬁﬂz 113), 4.19 (dd, 1 7.3, 9.8 Hz, 111), 3.18-3.07 (m, 1H),

25825 gk, 2 o4 AR ST SR R bR

LC/MS; R= 1 rrtin, Es' 4
((1S,2S 4R¥ﬂ@(§8}%ﬁb@?@dﬂﬁ&&iﬁ%%ﬁ%hﬂ%%mé EIDMR . idin-7-yH-2-

hydroxycy (=i u ared
following tf??&g:%{d%ge desc%éléagar@éx@r?% %pr ﬁnﬁa?ﬁ 4- CF:II—XS% egﬁrr?g(%o V%g]g? -yl

amine in st&P-RHEMARURYCERE); 466 W iz 35, 88071 A 19 @b &3 B Fzsbh. 38m, 314),

6.93 (br s, 31115 (ﬁxaﬂ-li, SOYMOR (rh) 18D 4210872 67 (b )FH, 3By 1 e, 718), 2 80HZ0A (el FED, 10 (dld, 1

7.3,9.5 Hz, ! ‘.;Ig'inguhééql) 7%%1;?3?6 mfd}M) 2.92-2.82 (m, 11-1), 2,82-2.71 (m, 1H),
C M

2.40-2.06 (m 511 R=1.64 min, Er 478 (AA standard). Example 55

[(15,2S,4R)-4-(4- MlR)4 romo -2,3- dlh}/d ro 1H inden-I-yljarn rt0| rrolo rﬂ}ldln -7-yll-2-h
ydroxycyclGHRRBH AReti '_éd'% ALI¢ m_ 35 @'f en‘ epared
following the procedure Eéf";é{ dngxpample 22738 an 1 one -NIVIR (400 MHz,

MeOD, 8): 8.17 (s, 1H), 739 (d, J=7.9 Hz, 11-II, 7.22 (d, f=7.5 Hz, 111) 119 (d,1=3.7 Hz, 111), 7.08
(t, J=7.7 HI02PD), 6.62 (Bod i@ Mapdind whsqBepaded/fellewing thy, Frobedme tesribeddr(t, J=3.5
Hz, 114), 483404, Msﬁlg@b%&.ldﬁéa}\ el (AT 0B M) Widtm 16} 1807 004019 o 2 HZ
9.1 Hz, 16.3 Hz, 114), 2.88 (td, {=8.4 Hz, 16.6 Hz, 111) 2591a, 2765 (dtd,, 33Hz OHz

Hz, 114), 2@?%#%1@, 72%‘5%7‘?2@% 17 % Efs: @EMAA%MrBFE}%;ﬁ

(1R 2R, A5)- 444115, 500009-2,8 Hi ) B4 LD, aS DT A L2 Gl iy -1).2-
hydroxycyclongntyiimeiiy gyitar rﬁé&‘—ﬂ%“f@ﬂ?‘:ﬂﬂ? SRR R cOm RRYAGah H gpared

following the procedure descrl ed in Exam us |n 7-fllioroindan-1-one.1 CD3OD 400

MHz, 8): 8 4% (5B, 1okt 130 7191(15" 883 (ﬂl i‘é"ﬁﬂfﬁ“ﬁd&(ﬁ 1%)#22 1%), 6.86
(t,..1= 9.0 HH)1A.85,(6h FEILIY S K|z 160 n6r) ES, 24 (B M atahtihyd$.48-5.39 (m, 11-1), 4.48 (t, Jr
6.8 Hz, 111), 4.36 (dd, 7= 7.5, 9.8 Hz, 111), 4.19 (dd,1 = 7.3, 9.8 Hz, 1H), 3204.11 (m, 114),
2.97-2.88 (Heakipte 365K 114 d0-A@ 5 2-Aadis.2 44 AR A6 A bndt 18 i) P8 (n, 1H).

LC/MS: R= 1.16 min, Ergazo(fpeBigjpemidincasd)-2-hydroxycydopentyljmethy] sulfamate
(Compound I-66)

[0208] The title compound was prepared following the procedure described in _
Example 44 using 7-fluoroindan-1-one. "H NMR {CD,OD, 400 MHez, 8): 8.17 (s, 1H), 7.29-7.22
(m, TED), 7.16 (d, ] = 3.5 Hz, 110, 7.09 (d, ] = 7.5 Hz, 1H), 6.86 (t, ] = 9.0 Hz, 11), 6.61 (d, ] = 3.8
Tz, 15D, 6.00 (t, ] = 7.5 Hz, 1H), 5.48-5.39 (m, 1H), 4.48 (t, ] = 6.8 Hz, 1H), 4.36 (dd, ] = 7.5, 9.8
Hz, 1H),419(dd, J=7.3, 9.8 Hz, 1H), 3.20-3.11 {(m, 1H), 2.97-2.38 (m, 1H), 2.85-2.74 (m, 1H),
2.65-2.55 (in, 1H), 2.36-2.18 (m, 3H), 2.14-1.98 (m, 1H). LC/MS: R, = 1.16 min, ES" 462 (formic
acid standard).

Step a: 1-{4-chlorophenvi)-Fmethylbutan-2-0]

[0299] Magnesium (5.02 g, 0.206 mol) was covered in dry ether (30 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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Step a:1-(4-chlorophenyl)-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 mob. An
exotherrn was noted and the mixture reached reflux. The slow addition of solution was continued
over 90 minutes to maintain a gentle reflux. On completion of the addition, the reaction was heated
for 30 minutes at 45C. The reaction was then cooled to 0OC 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
guenched with ice (200 g) and acidified with 2M BC (100 mL). The organic phase was separated

and the aquRnoswASyXFactadhee WM GBR b TRe RATDIRRIbRIGATIGIPbas,NAS2.20 g,
evaporated b e e IdNE: DRI PR DKol ﬁlggxgﬁegm HOSIRRN pic i tla 40

methanol in didtloromethane to yie e product, 1 5%).1H NMR (300 MHz, CD(%%/S) 7.22
(m, 411), 3 356h Thasloaddition ofselution was pntinpiad oyesdQapiquigs4q ppaipiaing geptls 174
(dt,J=65 Hzret2ed Eha chindlptickbofsthi l4disos., (&ﬂt&@p&@&a@h&l&) 18t8p minutes at 45 °C. The

b:6-chloro- erLeﬂ:mamlmda&&%dﬁ%@@]@mmw&r&@%ﬁmm}mmg(rm yater

(5.00 ml.) carefull and to cool down roo ature
1-(4- ckdoro%r%eenyli) 3 meth %anf?”c{ﬂr &“? rno WaS é’é‘*&‘ ch Sﬁ\‘/iv‘%teogvtgf 30
minutes. Aﬁéﬂ%@ﬁd@ﬁt&ﬂﬁ%%ﬁ%*ﬂ/m %ﬁﬁ)@fﬂ% @W@‘Fﬂ% mixture

was then pawdasiichiebwaitid itaq2a0udand daitfivhsidx IRCHC\With eibe FhEhemigapltaphaas was

washed walgy, m%@m%gﬁmmm%am@%ﬁmsm@mm roduct
The residue was purified by filtration throu% a plug of silica, eluting with dlchlorornet to yield

the productPiF8 G FATRCREANIR WRRYFiied by siic gelel 811)
1.94 (t, 1=7«athip 1 10% in&&z(ﬁpﬁﬁﬂ;cﬁtﬁpmﬁﬂﬂhlﬁm-ﬁxatﬂﬂmqibtﬂndaw B-@ (@%) ‘H NMR (300

[I\(/I)Bsc()nlll]JEtslc():rrl1 Io é ‘%@% e in g@rb%}}f?ﬂ%'ﬂf; ?dggsﬁﬁ IT\Iltlj%vcvy E%Cﬁ-&gtasa %&t} 240 141

permanganidie 1388y, 1@@2@ tdbl}—ﬁﬁé'lm Mﬁﬁwéﬁbtlrﬂ@dmﬂ@om%fﬁpﬁmlﬂcﬁﬂdvémht 1:1
waterdsopropanol was then added to the mlxture and this was stirred for 1 hour. The mixture was
then evapogstedio ab-abjisenid idisic daethyl acetate was added. The mixture was filtered,
washing the collected solids with EtQAC and the flltrates were eparated. Th organlc h was

concentratd®Wd the reSRRREWRER ST O F‘a'f)’hva@ﬁj gty 0%
d|chIoromedmlnaéltrwbdxameelwalmm;yrtﬂdnmramg—(mwﬂmewwmgn@mmﬁ 5)

(7 62 1(2) Jﬁ%g@fm@mg 4ok brinch b A AP noledl HfcB hoH01A0), BeRckeud s 142
s chloro imet | erk-1-vlamino

pyrrolof2,3- gﬁgynmlda nﬁ%)%’-'ﬁﬂ r%%g:foc op “}é rl?ﬁet q’sﬁ?fama%% d:ompound(f é?%%Z]The
title compoﬁﬁﬂeﬁ}&‘s]ﬁf@p‘aﬁﬂ U“ﬂg@ Ré&i’lé‘é‘c‘:ﬁb’é‘%? waemkﬁé WAGE AR

5-chloro-3, stk ety ingaweduansdipaid &c&baaeiﬂatd@&wﬁm ExjacB: 1:60(&13;t1’l‘ﬂc)‘r¥&ﬁﬁtébsasll3)
220 (d, I 3pafza b %u%&&lﬁ&é‘%ﬂ %@u@s@%&deﬂfﬁ% Ll dhdhibroRretnbine) T 9i1d #hd 1-1);
5.50-5.40 (m, 114); 1=3.01 8%04 33 (dd, J 78 200 Hz) 416(};1g =7.28 Hz 251
Hz); 2.85- 209Gt 12 Bz&%%@ J%WM‘;% 400 MBlz LK 93749, GrodEh S 4 4.

1.28 (s, 31{) JECAG; RIy-1.26adR)Es+ 506 (FA standard).

LI

Stepc S-chloro-3 3-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 solution of magnesinum sulfate in water (9.02 mL) was added, followed by
potassium permanganate (3.83 g, 0.0242 mol). The mixture was stirred at room temperature
overnight. 1:1 waterisopropanol was then added to the mixture and this was stirred for 1
hour. The mixture was then evaporated to an aqueous residue and ethyl acetaie 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
chrormatography, eluting with 20 to 100% dichloromethane in hexanes to yield the product,
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Example 57: ((15,25AR)-4-14-[(15)-2,3-dihydro-1H-inden-I-ylaminol-5-fluoro-71-1-
pyrrolo[2,34]pyrimidin-7-yll-2-hydroxycyclopentyl)methyl sulfamate (Compound 1-68) [0303]The
titte compound was prepared following the procedure described in Example la-g and then Example
2i-j using (5)-1-aminoindane and 4chloro-5-fluoro-714- PYrrolo[2,3-dIpyrimidine in step lc. NMR
(CID301), 400 MH.z, a): 8.18 (s, 114), 7.30-7.14 an, 514), 5.82 (t, Jr 7.8, 7.8 Hz, 111), 5.55-5.45
(in, 1H), 4.48-4.44 (m, 114), 4.35(dd, J =9.72, 7.37 Hz, 111) , 4.18 (dd, = 9.72, 7.37 Hz, 1H),
3.11-3.02 (m, 114), 2.98-2.88 (m, 113), 2.88-2.73 en, 114), 2.71-2.63 (In. 18), 2.34-2.16 (in, 314),
2.10-1.96 (in, 214) ppm. LC/MS: R., =1.50 min, ES + 462 (FA standard). Example 58:
[(15,25,4R)-4-(5-fluoro-4-1K1R,25)-2-xnethoxy-2,3-dihydro-1H-inden-lyl)amino)-7H-pyrroloR3-dipy
rimidin-7-y1)-2-hydroxycyclopentylimethyl sulfarnate (Compound 1-69) (03041The title compound

was prepar lloyyi . fﬁr‘@&g&? i d.féﬁ?ﬁ'%l' a{%t mp, FhEsiSi
(1R,2.5)-2-$%§%§%%§é% egn -’Sc(ll;ﬁ or é? luoro-” &g;}%dlo ’?gp@:’mﬁﬁflﬁ%%g]c 313
NMR (CD30(0, #IcBW#aA- BFe P2 601a) 28 A 2218, GHD413), 7.10 (d, j = 2.3 Hz, 114), 5.88 (d,1 =
5.3 1-12, 11-1), 5.49 (br s, 111), 4.47 (t, 7.3 Hz, 114), 4.35 (dd, 7= 7-5, 9.8 Hz, 113), 4.31-4.28 (m,
11-0, 4.18 (Etepldz 7-5(0S2BIRNA-(4-((ER8¢hloRa-A)3-Rine Al (hdihydrp-PH LRS- rylamino)- 741
2.34-2.16 (in, 314), 2, GFEEd Ligrdipynimidinqeylh?-hydsmcpreyclopendimethyl sulfamate, ndard).

Example 59: (15,25,41ZF2Myatoxy=4-(4-1 [(112,25)-2-isopropoxy-2,3-dihydro-1H-inden-lit

amino)-7H-nygip[2, 3-d] pyinidindahiayiopsnplime liyldieaind Hemnpouwnde-AB:40305] The
titte compound was prepared following the procedure descriped in Example 41a-d, using ethyl
iodide in st BT KT BT A0 N E o ene B PR 400 R R P Py o

Hz, 114), 5. 1817 22 (Bs11Hg; 7130 13, 5~50F5H, (RNLH)6 748 (hAS 66214, J-4 HPUBE, (XH); B30 (1. 20
(dd, 1=7.3,9 %) 1 L 347 (e, 3 5 1
] ﬁiﬁﬁé}ﬁiﬁj §é§§g%§. Mg ﬁlgif% §16§g§%‘r#%113|%3§ %l?%} fﬁ 9.73?2%{’; 1k @a8;

On, 1H), 2.37-2.20.(n, 3 3 (in, 114), 6.(m, 114), 1.05 =
70 H). 0 SI 38 Y SRR A B2 % e K SR es) B b Bo D
(15,25,4R)- 2y g oniy 4 (28 44 3R) 260 2MSOR| 810K i3 B \Ade0@Alstadesrdt)y lamino)-7H-pyrrolo[ 2, 3-
d]pyrirnidirt-7-yl)cyclopentyl]xnethyl sulfarrtate (Compound 1-54) [0306]The title compound was

prepared folguipgithenroeetiyarasmiRes)n 6 fkartieHSING JSERRBMRRIEED Step b.
11-1 NM:R (CD,OD, 400 m&@%ﬂ%@ﬁm&@m&@ thi ulikdiiaik14), 5.82
(d, J = 5.4 Hz, 114), 5.51 Eddgourdldizy.534.48 (m, 211), 4.37 (dd, J'= 7.6, 9.7 Hz, 114), 4.20
(dd, J = 7.3, 9.7 Hz, 111),_3.67-3.61 (m, 111), 3.18-3.02 (m, 214), 2.84-2,78 (in, 114), 2,37-2.00 (m,
411), 1.09 (P29 6 1 Hz, BhEits epmprund as ﬁ?‘f@ﬁ‘}}E’(‘,‘?WEﬁfPﬁ%%‘ﬁﬁi ?séé:’gﬂf‘(AA

standard). Eiccammpile 84-% and then Example 2i-} using (5)-1-aminoindane and 4-chloro-5-fluoro-7H-

[(15,25,4R)-2- ] 1R 28)-2-hydrepr 2 2+ indleniyllasnin:
0)-7H-pyrroé%%%ﬁ%%ﬁﬁ%&%%methy?tgﬁi%ﬁ'gg&(%ﬁc?rﬁ%g'ﬁgél}g%}){%oég%zflﬁe(%e
compound \#&S Brépéird & foll Rttt A foteddit(Rne dERNLE A8k 6%2‘&%5@%@ =9.72,7.37 Hz,
(117"29)-2- hyajr g BGiRD J -0 v Heplia, B 11N AR (i DR, 080Nk, 18)),2.88- 49344 129, 7.16

451447 (AR TR 0 S 2 e T e AR b B A o
(n, 114), 2.9F&stendardi 4), 2,39-2.19 (n, 311), 2.09-2.00
Example 58 [(15,25,4R)-4-(5-ﬂuom-4-{{(1R,zS).z-mtmxy—z,g-dmydmm_indéna-

yllamino)-7H-pyrrolo]2,3-d]pyrimidin-7-yl)-2-hydroxycyclopentyllmethyl
sulfamate (Compound I-69)

[0304} The title compound was prepared following the procedure described in
Example 1a-g and then Example 2ij using (1R,25)-2-methoxyindan-1-amine and 4-chloro-5-
Avoro-7H-pyrrolof2 3-djpyrimidine in step 1e. "H NMR (CD,0D, 400 MHz, 8): 8.20 (s, 1H),
7.27-7.13 (m, 4H), 7.10 (d, J = 2.3 Hz, 1H), 5.88 (d, ] = 5.3 Hz, 119), 5.49 (br s, 1H), 4.47 (1, ] =
73 H=, 1H), 435 ({dd, ] =7.5, 9.8 H=, 1H), £31-4.28 (m, 1H), 4.18 (dd. [ = 75, 9.8 Hz, 1H), 3.39
(5. 3H), 3.19-3.03 (m, 2H), 2.83-2.75 (m, 1H), 2.34-2.16 (n, 3F1), 2.03-1.97 (m, 1H). LC/MS: R, =
1.55 min, ES” 492 (forrnic add standard).
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114). LC/MS: R = 0.90 min, EC 460 (formic acid standard). Example 62:.
[(15,25,4R)-2-hydroxy-4-(4-1(aRt2R_-2-inethoxy-2,3-dihydro-1H-inden-lyllamino)-7H-pyrrolo[2,3-d]p
yrimidin-7-y1)cyclopentylimethyl sulfaxnate (Compound 1-72) Step
a:24(117,2R)-2-hydroxy-2,3-dihydro-1H-inden-I-y11-1H-isoindole-1,3(2HEdione [0308]A
suspension of (1R,2R)-1-aminoindart-2-ol (1.40 g, 0.00938 mol), phthalic anhydride (139 g,
0.00938 mod), and N,N-diisopropylethylarnine (1.63 mL, 0.00935 rnol) in toluene (141 mL) in a 250
red.. round bottom flask equipped with a Dean-Stark trap and condenser was stirred at reflux under
an atmosphere of nitrogen 18 h. The reaction mixture was cooled to rt. TLC showed complete
conversion of starting material to a higher Rr spot  NMR of an aliquot sample partitioned between
EtOAc and water coruirrned that reaction was complete. The reaction mixture was concentrated to
a pale whitEzmndyialBobrahf28uiR)-2ddidsnlyet (| f1BASY 26 saqirh puagacditijlidNt Had2ex-16/1pil.),
aqueous saturated NaHG@nxieh? Heppatglofhd-@ppreigiditF-mlicydivisuhiylisnatad SAtarfidtered,
concentrated, and dried éﬁ%\'f&%ﬁﬁ to give the product as an off-white solid (2_53 g, 97%). 1H

NM:R (CDG} MHz, &) 7.86-7.84 (m. 211), 7.74-7, e.2H), 7.26-725 (in, 21:1),.7.20-7.14
o 11, 7 i a7 e SRR b RIS A Rl Relapbasd L LY
1H), 2.97 (deapapls 8139, 3%ing ethyl indisl¢dn sen i NGWER (CD,0D, 400 MYTZ, 6): 819 (5, TH),

o 2RI DL ANy 205
mol) in THé’%‘B%%%%%%gg %“’ er é%'%dprgﬁigégﬁe%g’éfs ni rééi‘egr){rvgggés’%légéﬂfa%ﬁ 15(300' tn'r'f% ithium
hexamethyRilZilkitie #3338 (ro1802387Re9 (md P & fohOh{rutEin &I &H 76 (el LD
minutes, folgyadsbyheragdison, 9Lrpethivhiodise 6854 220 prR 0824 mad) < Hh cald Rathgyas

removed, and the reaction mixture was allowed to stir and warm to rt over 18 It. The reaction was
monitored %f .)'I'he reaction mixture was then re-cooled to OC. To the reaction mixture
was added 1.0 M _solution of lithium hexam_ethfdisilazide in TI-IF (329 rid., 0.00339 mol). The

an

reaction migtRRYEE%; f %ﬁﬁ% W@Wﬁﬁw -ipdetyl-yll-
0.00924 mol). The cold lfé@ﬁ’ 'ﬁ,(‘é’riﬁ?ﬁé) : R ORI RS WA 88Hi=at rt for 22
h. NMR indicated 80:20 pro&uct/star ing material. The reaction was quenched with aqueous IN
HO solutiofoaosl then colMaetitlatedripoacl iaad prepacid folluasrpatidipheddetieaibiddn and

water. The-9rganic phase was washed wit% saturate Nﬁl{iﬁ%ﬁ ine, dried over, S04,
filtered, an§ ’(‘:%nr} gén%i]a S The SiRAAY %olurl |ed”63§ sﬁ%él gelrc roi?gb%ﬁﬁﬂg%ég \EN’\%?\ 2 gradient
of hexanes*d)1 093 -EENeiPHRafek), Io-Gift dits, JidH FA2 41 Bg S468ks). LD/ SR 44 (no OER 4. 58S +
294 (AA stangaid)2H), 4.37 (ad, ] = 7.6, 9.7 Hz, 1H), 4.20 (dd, ] =7.3, 9.7 Hz, 11, 3.67-3.61 (m, 1E1),
3.18-3.02 (m, 2H), 2.84-2.78 (m, 1H), 2.37-2.00 (m, 4H), 1.09 (d, ] = 6.1 Hz, 3H), 093 (d, [ = 6.1

Hz, 3H). LC/MS: R, = 1.68 min, ES™ 502 (AA standard).

Example 61: [(15,254R)-2-hydroxy-4-(4-{[(1R,25)-2-hydroxy-2 3-dihydro-1H-inden-1-
yHamino)-7H-pyrrolof2,23-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 28)-2-hydroxyindan-1-amine in step {. "H NMR (CD,0D, 400 M¥z,
5): 8.18 (s, 1E), 7.29-7.16 (m, 5H), 6.65 (d, ] = 3.8 Hz, 1), 5.77 (d, | = 4.5 Hz, 1H), 5.53-5.40 (m,
1H), 4.72-4.68 (m, 1H), 4.51-4.47 {m, 1H), 437 (dd, ] = 7.5,9.5 He, 1H ), 4.21 (dd, ] = 7.5, 9.8
Hz, 1H), 3.24-3.18 (m, 1H), 3.02-2.95 (m, 1H), 2.87-2.78 (m, 15D, 2.39-2.19 (m, 3H), 2.09-2.00
(m, 1H). LC/MS: R, = 0.90 min, ES" 460 (formic acid standard).
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Step c(1R2R1-2-methoxyindart-1-amine [0310]To a mixture of
2-[(1R,2R)-2-rnethoxy-2,3-dihydro-1H-inderi-1-31]-1H- isoindole-1,3(2H)-dione (4.13 g, 0.00141
mol) in ethanol (3.38 rnL) under an atmosphere of argon was added hydrazine (0.0442 ELL,
0.0580 inol). The reaction mixture was allowed to stir at rt overnight. White solid byproduct crashed
out of solution. TLC showed no starting material. The reaction robdure was concentrated, and the
residue was suspended in DCM and filtered. The filtrate was concentrated in vacua. 1H NMR
showed that the reaction had not gone to completion. The yellow oil was therefore stirred at refl.=
for 311. LCMS confirmed reaction was complete. The reaction mixture was cooled to rt,
concentrated in vacua, triturated with DCM, filtered, and the filtrate was concentrated in vacua to
give product as a yellow oil (01154g. 64%). LC/MS: Ri= 0.68 min, ES+ 164 (AA standard). Step
d:[(15,25, 4R 2:hvdigxy- R4 - 1228 iBygiarbRylademtydro-1H-inden-1-
yIIainirtol-?H-pyrroI(%.SE(d]ﬁm'ﬁﬁ]#gzm dg)}?ﬁ%ﬁiﬂﬁﬂiﬂﬂ—%&hﬂiﬁ@hﬂﬁﬁjﬂm}e
[0311)The title compounduaspprepbk&d) following the procedure described in Example 2a-j using

(1R,2R)-2-methoxyindan-1-amine in step f. 'H NM:R (CD300, 400 MHz, 8): 8.18 (s, 111), 7.22-7.19
(m, 31I), 7.15-714 (nn, 211), 63 (d, | = 3.4 Hz, 111), 5.84 (d, j = 5.9 Hz, 1H), 5.49-5.51 (in, 11-1),
4.50-1.48 (m, 1H), 437 (dd,J="Y5 9.8 Hz, 11-1), 4.25-4.18 (m, 2H), 3.47 (s, 3I-1), 3.37 (dd, 7 =
7.3, 15.8 Hz, 111), 2.87 (ddrlE‘& \8, 15.7 Hz, 1H), 2.83-227 (in, 1H), -1), 233- 2.20 (m, 31-1),

2.07-2.00 (m, 114), 1.94 1] ) pp?ﬁ".’ LC/MS: R1=1.51 min, ES. 474 (AA standard). Example 63:
2-((13,28,4R)-4¢(44(13)-8~gifiydro-1H-inden-1-ylamino1711-pyrrolo[2,3-

tflpyrimidin-?’aylgi‘ivh xycyclopentypethanesulfonamide (Compound 1-59) Step
a:7-111R,35,45)-3-ftgr -butyl(dimethvlisilylioxy-4-(rtert-
hutyl(dirnethyl)ileH-indert-1-yll-a/pyro:Al2,3-c/lpyrintidin--4-amine

[0312](15,25,4R )-4-14:((15)-2 3-dihydro-1H-inden-1.viaminal;: 7H dione
enpyrimicli%?% it-2- X tNYPCyT 7870, 0.0021 H-imidazole (0.588 g,
0.00864 rnqhzasp N$-dirpesuyirininmpy dHERO107 RG0! -SIIoID\g SRS olebdphthalic

N,N-diniethylformamide (24 Qi 2410ure, @odEieRslin
tert-btzt;ldirﬁgﬁﬁlgﬁiéﬁ#o%gé #g%ﬁ%%@%ﬁ%was aggg(gj&,r&fégﬁge mj t?l %gvggs %?rred for a
further 1 hotftuep(tikinka i %ﬁcﬁ@@ﬁﬁﬂ%%ﬁh&%ﬁﬁ%ﬁ%&ﬁ Sl at%léitgiae? The organic
phase was esbousiceadithel rrsifliec wadep arifduidsphtic pipitwgani&legFap FMAERRIAYRHDS 0 to

100% ethyl gcetals In dichlefmpihane. daeld bl Agk (G2 %k ol thie | FRYAR
(3001%.11-17, CDC13,5): 8.40 (s, 113), 729 (in, 511), 7-00 (d, J=3.6 Hz, 11-1), 6.33 (d, .1.3 Hz,

111), 5.89 (FANMR. 8ftan aligi®Heamiple pastitioraddetvers B A-gfywaten cppfirmpe ihakreachion |

Hz, 111), 311—95(96111élﬂe.21‘ﬂ@r8a8&dﬂ mtikiie YEOLHdeidB R dte Spdletatidbad iile(BrodAhkbiRl/ 5
(c-d, j=4.0 Mz, 7.6 Hz, 117 Hz, 113) 245 (d, J=4.0 Hz, 114), 2.22.(d. J=4.0 Hz, 31.1), L6,

3=4.0 Hz, 2ediseheptin BiRfc o, yorhed with INHCIZX 10550

bl: (1 15,%5,4@1g-ﬁ9;-g$%@mgtgw@@%ﬁﬂ e@&%&;@m&ﬂd@ma, and dried on
ylaminol-7H-pyrrolof2,3-dlpyrimidin-7-ylleyclopentyl)xnethang 1

[031317-f(1 RighXa5pamiq EhiR H%Wﬁ&%&?ﬁ&%@%&%ﬁ?&n?@fﬁbpgw (COCL, 400
oxymethyl) aysinp eptyéd-K et 1) 2 8; dilngdies Lin, 121y @l 7y7H (i 259 DRilZ, Badtpy iEN AP Uda frine
(1.66 g, 0.09280 inok Was gzglg%dﬁg %x_?zj@_ﬂ%ﬂf ieiadyaafupn 18,8 e vals 49554, 7 Q.36

mol), and acetic acid (19 mL, 0.34 rriol}. The solution was then heated to 40C overnight The
mixture wa$thdA€sBctF AntrAEpHR BRI 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
yleld the 5'1.5"-.-'. 23 SAHH i ‘., & E_ e 2 g 2000 4 1 =1 Hz1sein |y 2 N AN 1.',. ,',_'i.. rd).
Step C:(LR. fahf)-2-rert sl brA
ispindole-1,3(2H)-dione (0.560 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 xnL,
0.00839 mol). The reaction mixtiire 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 mixtuare

was allowed to stir and warm 1o rt over 18 h. The reaction was monitored by 'H NMR. The

reacton mixttre was then re-cooled to 0 °C. To the reaction mixture was added 1.0 M
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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 mol), and 4A molecular sieves (250 mg, freshly flame dried) were then added and the
mixture was stirred for 10 minutes at room temperature. Tetrapropylanunortiurn perruthenateVIf
(18.9 mg, 0.0000537 mop was then added, and the resulting dark green solution was stirred for Ih
at room temperature. The reaction mixture was filtered through a silica gel plug, eluting with DCM
(20 rnL), followed by 50% ethyl acetate in DCM (150m14. The eluate was evaporated to provide
the product as a clear light green oil. The residue was carried on to the next reaction without further
purification sSiggod sitiHivum hexamethyldisilazide in THF (3.39 mL, 0.00339 mol). The reaction

(E)- 24(152% gﬁy}ytt(%trt%t atyt'Q?Mo%Aat,ﬂtéaﬁa&tMtﬁyttt,dld--m%%z:agtrmaz@th
e [0315

lenesulfonat 0a stlrred solution of (diethoxy~ p hosphoryl)-rnéthanesulfonic a(gd %tm/

ester (285 A B ATHOP IS IRIE A ARSIV & 5 At
n-butyllithiuta mmﬁaﬁ&a(tﬂaﬂpiﬂ Wthm&mmmmmpWasqoémh@wthhe mixture

was then stirred for uless hothis solution was, added, 9ropNISE: 83U Aione
(1R,25,412f‘-?—lﬁ%"’f" E;wtg?] soli yps 5%‘/“4 14-1 15%% dihydro-1H- Inden 1-ylaminol- 7prrro|o[

2,3- d]pyrizrﬁdM@lde@Mmmm@eﬂm oangy wloshwih Eanss e RaER#dran (5.0
miL) at-78 fJ@%ﬁ%a%BQﬁJta W&ﬁ%ﬂ%&t&a%@tﬂﬁa@ pRARIEBGlgRAYMUre was
warmed and quenche itidh o saturated NH4C1 (

30 raL2 The resultant mlxture was

extracted WWW@M%EWH@MW&%&E%@@?QW&M@W@%@Q Hittred, and

ConcentratqehbauaqmaEh@saeﬁmgmgpuumatrb:aagemhgmmwaphy with 30 to 50% ethyl
acetate in hexane to yield the product as a colorless oil, 132 mg (51%). LC/MS: ; 2.55 min, ES"

. 1-2,3-dilwdro-11-1-
inden- 1 yIa[ﬂa:tﬂl—?ll py Tolatd3vatief R(AR-IR)2- m@okmf%mutﬂm@] -1H-
103161Ethylspdblery )a%ott@t&laytgﬁtﬂ@mtmmgltxlmm:tﬁ@éﬂ)ammmm of

inden-1-ylaminok7H-pyrroloE2 3 dipyrimidin-7-y typethylenesulfopate (13
0.0002265 HEFWES @ JQM H)%é%%f?‘”{] Ahesea “Ftyd“’d"g(‘i‘i‘é 21]"6”8%{'13 mol)
was added sthat mamnahixmﬁ\@b@mwdﬂ%wt@maf%%ﬂéﬁ s

quenched \/ﬂtttéili!at/\ftmléa@maﬂﬂdhﬁ mﬁummmmwaﬁﬂammyemﬁﬂeammtm
aqueous residue was, th xtracted with dlchlor methan se W
concentrateBOTHETRY 8 Egtﬁﬁtﬁ‘?ecd’%f?’é‘ﬂ’%tg & c‘ﬁ""oan[ograp%‘ %@%Iﬁce 8r}rltm d
didilorometinahgog: yieddrtiydeicrd (it 9&llng $89%463 thewies: Firred slirefin: g ﬁh%h(lﬁA standard).
Step f:N,N mmmmﬁamw%emammwmmmmﬂmmﬂ in

(4-11151-2,3-dih dro 1/3:ind r1 .)] %EI? 0i-71- r 3-dlpyrimidi
yllcycIOpenf"ﬁ"‘t’hanesutﬁ%ﬁ”’t% ]@%ﬁn?d an]d B ﬁl:ri%_' e ated in vacuo to give

24(15,25, ARy drst g lcimmlig) Siyp 6451 LGB R =96 wdne BB 464 (AA standard).
inden-1- ylamlno) -TH- pyrrolo[2 3- dlpyrlmldln -7- yIIcydopentyl)ethanesulfonate (92 mg O 0001573

mL, 0.034 rnol) and thaniimoky Hupsnivo il "J:l. imidinviaticydegeniyHmetgt "- forAFAL SECOI’ldS
The cooled reaction résemyeeued #centrated to dryness to yield the

[0311] The title compound was prepared following the procedure described in
Example 2a4 using (1R 2R)-2-methoxyindan-1-amine in step f. "H NMR (CD,;0D, 400 MEz,
8): 818 (s, 1D, 7.22-7.19 (m, 3H), 7.15-7.14 (m, 2H), 6.63 (d, [ = 3.4 H=z, 1H), 5.84 (d, ] =59 Hz,
1H), 5.49-5.51 (m, 1H), 4.50-4.48 (m, 1H), 437 (dd, ] = 7.5, 9.8 Hz, 1H), 4.25-4.18 (m, 2H), 3.47
(s, 3H), 3.37 (dd, ] = 7.3, 15.8 Hz, 1H), 2.87 (dd, ] = 6.8, 15.7 Hz, 1), 2.83-2.77 (mn, 1H), 2.33-
2.20 (m, 38, 2.07-2.00 (tn, 1H), 1.94 (s, 1H) ppm. LC/MS: R, = 151 min, ES’ 474 (AA
standard).
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crude product, 140 mg. LC/MS: R1 = 1.75min, ES+ 557 (AA standard). Step
g72-((15,25,412)-24tert-butd(dirriethypsilylloxy-4-14-1(151-2.3-dihydro-IH-inden-1-
Vlarnin01-7H-ovrrolo 12,3-dipyrimiclin-7-ylicyclopentypethanesulfonamide
[0318]N,N,N.-tributylbutari-l-aminium 2415,25,4M-2-Red-
butyl(dimethyl)silylloxy-4-14-[(15)-2,3-dihydro-111-inden-I-ylarninoj-71-1-pyrrolo[Z3-
dipyrimidin-7-yncydopentyl)ethanesulfonate (66.0 mg, 0,0000744 mol) was dissolved in methylene
chloride (2.0 rot., 0.031 mol) and N,N-dimethylformanide (5.50 AL, 0.0000710 mop was added.
The mixture was cooled to 0 C and thionyl chloride (50.0 AL, 0.000685 mol) was added dropwise.
The reaction was allowed to stir at 0 C for 2.5 h. The reaction mixture was diluted with toluene and
concentrated to dryness. The residue was again azeotroped with toluene. The residue was eluted
down a silieaaagricee (B@isptuf)te-LOf0 HB/BiGMie Mpiadbe- pethatlajdenipterolediate, 42
mg. The acid chloride wéiptedieidine fryH-2-bpdrdtsyidtipenof eihamsidfirnimidi dkare ¢BusdIng) and
the resultant solution was stlrred overnl ht at room tem rature nder an atmosphere of nitrogen.
The mixtur = ARk

T ot vl?'lsll%l oxXyIie Ayl
organic phase was ey : :
556 (AA standard).

[0319)24(1BZBIAR)-2- ﬁenﬁmmwwwmw@mﬁmmmmmHmmm
l-ylarnino)- Z]lp 013 B-slipydRidinadmyis |Bl§tﬁﬁ@‘i‘§oi§2ﬂiﬂﬂmiﬁe&@§@57 mol)
#36‘? mol) an a]ug)

(oo b teérﬁﬁky%%ﬁ%aéﬁw W AR e e

at room teMrHM@ﬂWﬂe%@Mmmm@ﬁm ffter A aeand then
concentrateddindrfic aopuefiemeesjie hhilick gﬁmﬂwgommwrﬂmywaehuwm Eht0di Qe Of
(9:1EtOAC:ELO the 0 -1-

MeOD, 8): 5?%%%@%8{% q" Qeﬂ%ér{f ’g"% ,9%%1 111 5 i f]l'}’ 7%%% 95%
(dddd, f-=4 Sty aeeteie e &"I&%“‘Sﬂhﬁ'ﬁfﬂﬂf"&egﬂﬁegﬂg drthe reppele Waspfied %@Mﬂ 11-1),
2.63 (M, 1 KRRkl Buda@svitsld G-200% iiy) AN BB B BRTR, 06 YirldORYel C/MS
R11. 07m'3% % SO é 4 (ﬁﬁd’f’ﬁ'fhﬁ?\!ﬂi £ CDCL B 840 (& 150,729 (u, SED, 7.00 4

(E)-24(15, ) -444- ydro-1H-inclen-I-ylamino]*7H-pyrrolo[2
cI]pyrlrrtldnﬁﬁ*@i@éﬂ%&ﬁé&&éyfif@ﬁéﬁﬂl}&h?@ﬁéﬂrlfoﬁé”rﬁﬁé?@éﬂ%@r@%ﬁ%b‘ﬁ%@ﬁyl

{1(if)-2-alSr5, %0 Refterh bunsigpasth Bp sy e (dd, 4= D3R2. 89 Xz, 1H), 3.60 (dd, J=6.8 Hz, 9.9
dihydx-o- 1%%1v|nyllsdhony 5}?@*@9@5 B PY LI £ 111), 2.45 (d, J=4.0 Hz, 1H), 2.22 (d,

yllcyclopen fbairiate
[03201tert-’Bﬁﬂ/ﬁﬁdmﬁ%%gpﬁgmnﬂ]%%ﬁﬂ@a‘?ﬁgr@a@%Oz mg, 1.45 rrunol) was
dissolved in TI- IF (50.0 mL) under an atmosphere of argon, a 1 60 M solutlon of n-butyllithium in
hexane (1 SERPL_2 8U Zaaduh wral€l e LI, IRl el (L 23l .? Wisindan-dsr 1 it A
solution of (1R, 25 AR5 et (oY J ‘

[(L5)-2,3-dfgyghp-1H- mdﬁffxﬂza)éﬁ,@ﬁ@l Y qmraﬁagi mﬁyxﬂqmﬁ@n@mﬁ suipaldehyde

(300 mg, 0.60 rrunol) in EF (8 Qﬁ[{ iXt the res mlxtu was
stirred for SGYHIR at 3 T Sratte'lg?f?er q?rre md’r{@& Lg'(':‘fil on O?W?ert%} e—r‘r%xture
was extradééﬂﬁr(h@tg&o(%‘?@@ MM 'ihﬁ@bf@%m@ e el s 68, nﬁ&brerateand
conce ntratmj&imuanaa rAdIE art@ aighie s (9 MBd Bnmilyarge kohitomatagrighhel tding withCa
gradient of 40 %ng&é%%%qg %MM%JH%&%DM@%&W&M o 4P 12, L
1.90 min, Er 65 PA standard). Step 24(15 25A .
ftert-butvl( ek 5’5’1’1’9 F”ﬁ &T&fés matography eluting with 0 to 100% ethyl
inden-1- y|&)@eiﬁl@hﬁHz&ﬂﬁfﬂii’@:ﬁﬂa’iﬁtmjﬂﬂﬁdhmﬁoﬂi&m&mybﬂmylﬁwmwm.Rl-—
[03213tert-Butyl (f(P%%la 2S, 4Ré -2- (tert butyl(dimethyl)silylJoxy)-4-144(15)-2,3-

dihyciro- 13-FEFBRY 3[2,3-dipyrimidin-7-ylicyclopentyl)vinylisulfonyllcarbamate
(120 mg, 0.17 intnol) was dlssolved in DCM (10 O rolL) under an atmoshere of aron and Et01-1
(0 05 mL Grtep "Ta¥ea¥al\ i'v S B =N rF-DI1 B VB 2 weils DL _L!L’_.Lw 10 mg’
0.44 rrunol), and the-r&stitimg CHitTg Dy bn of water (20

nit), the miydalyg was strrrg@ @Aﬁ;ﬂ%ﬁﬂ%@ﬁ%@@%(ﬁ@iﬂﬁ)ﬂ&@%&&ﬁlﬁyer

was dried Oi/ hi Mc%%g’-gljlrtrgg d[Z,a;!Otﬂpyrnmdm-?-yI}cyclopentyl)meﬂmanol (257.0 mg, 0.00053269 mol)

was dissolved in methylene chloride (10.0 mL) under argon. N-Methylmorpholine N-oxide
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concentrated invacuo. The residue was purified via silica gel chromatography, eluting with a
gradient of 0 to 10% MeOH in DCM, to afford the title compound (91.8 mg, 90%). LC/MS: = 1.64
min, ES 1 554 (FA standard). Step
a(E)-24(15,2-5,4R)-4-14-[(151-2,3-dihvdro-1H-Mden-I-vlaminol-7H-pyrrolof2,3- "din-7- 1,1, dr xd -
[0322](E)-2-((15,25,4R)-2-atert-buty1(dimethyl)sily11oxy)-4-144(15)-2,3-dihydrO-IH-
ind.en-1-ylamino]-7H-pyrrolo[2,3-d]pyrimidin-7-yl[cyclopentyl)ethylenesulfonarnide (30 mg, 0.05
nunol) was dissolved in THF (2.00 mL). To this solution was added at room temperature a 1M
solution of tetra-n-butylarrunonium fluoride in THE (0.08 mL, 0.08 rnmol), and the resulting mixture
was stirred for 1 h. The reaction mixture was quenched by the addition of brine (20 mL) and
extracted with EtOAc (30 TriL x 3). The organic layer was dried over MgSO4, filtered, and
concentrateg) Jj yacyRokhenidi wa slies Ve ligaieks bamgtagianinies/uiing with o

to ()}

gradient of MeO1- 1|n DCM, to a eg rd tgﬂéltle co oun%%:}?_ 81%). 113 NM1t

(CD,OD, 40tPfdAns) e Fiire J3s sse ? "g]ép B Hz, 1H). 6,63 (d J=35

Hz, 111), 6. $¥t(ﬂht0@)ﬂa®;ub5mﬂﬂzpﬁmll)thsr@?'ﬁﬂﬂ@§=9m 4990557 my) 5’&37%6& ,18.1

Hz, 111), 4 st Bird drabnd 0B ey, ghlﬂe)jﬁaﬂﬂ(dﬂipﬂ?t&@&e&yﬂé'ﬂhlzeatﬁ@,m 83

(m, 113), 2.66- zé%e %’H 11%1121 gg JB}Q e11].1§n b2 M 208 B dorlowb S0 P80k 2812, 111),
Z

229 (ddd, m. LC/MS: 1t = 5.00 min, 40 (FA
Iong (purlty) %mw (150mL) e eluate was evaporgtgg to prowl\é{e the product as a’ earﬂ th(

N-R(15,25 égi‘éeﬁ{;M'(ch@eﬁ&udtmairm&iedondelﬂlilyd:atmno?oﬂ—wyﬂmetd[ﬂ@ff@ﬂﬁmaﬁm-
pyrimidin-7-y1)-2-hydroxycyclopentyl)rnethyl]sulfamlde (Compound 1-56) Step
a:tert—butyli iﬂSu|f ) (B2 014 R ¥ 2”8 erHiac il .l'ln it edy4Y !_ =R -ZB—dih dro-1H-

2,3-dihvare-1H-inden-ibddashiplamiHohy7iiepyiedo R AlnannidioEyhieresite e AT T R
((15,25,4R)-2-[tert- butyl(dlmet yll !%gﬁ]
ylamino1-7H%R}olo[2,3- gfb?ﬁ%f)cﬁ# 5?&}%@%& Hé%irﬁ% g 0. 0012:«6:512«:1 ?noﬁ
N-130c- sulf@mmm@eommmaamwﬁw W02 hb1) were

dissolved ineill AGRiae ﬂ?ﬁéﬁﬁe‘lﬂﬁ frileli} M150€1¢lmdewaﬁcatmdsptmmsphmo§m@@l&tm
<':1zod|carboxl§/nlia,C 350 0 #EOZ%@%V\{%S fdded S’Yﬁ&m&ggdt Med\gagﬁgﬁr&d at

50 C for 30 minu e coo IXture was evaporate

and the residue pur| ie q% silic
chromatogrébﬁ&séﬁhﬁdfﬁﬁtth@W@W%‘%a‘E ey Fo e S e 1 a White
solid, 636 MEWREUD, -AAEnRli=72yllzplopESimeSTHAde sydnd2l ) @@[Q BOR444E wvel)dminosulfon

L1525 -4 iyl @d didy BHR~Cy A Ak Akl PYHONAIE R Pyl Bl oy .25 at 76 °C.
hydroxvcydopent pmethyllcarbamate 10324)tert

But
(amirtosul fSRyFREISUmIxye RS BTRRHANE ﬁﬁ{?ﬂo‘%a&‘%ﬂm of saturated NELCL (30 mL).
((15)-2,3-dinyglr Qa3 Heiad G s ayiawiin esterdletdy W ato BBt ioy Bomiin- Thel gopdipetyganic layers
methylicarbamate (457 mg. 0.0006¢ 6 mol) was giss veg in tetrahyﬂlgqug IieeQ9 }V'

aqueous hyd’f‘c’fiﬁﬁ't‘i’r“r‘é‘&ﬁﬁ@f@%j teIh ano ity The mixiure was stlrred at room

temperaturesfiuarpi mmmmmnhamtm etgybeodiol mdwwae el fhemearhne At
followed by thefeg%g{%l@ SRV MG tﬁenmt@%@q@%@me and this

agueous resique was extracte Wlth EtOAC (2 X50rnL). The separated organics were concentrated
in vacuo and the residye V\{ ) 5e , silica gel ctromatadroniy, elyling wiks180vA ethv.acetate
to yield the POttt S Jd MS%HM dlopentylethanesulfgnate
[0316] Bthyl-2-((15,25 AR)-2-ltert-butyKdimethyl)silylJoxy-4-4-[(15)-2,3-dihydro-1H-
inden—l-yla:rﬁno]~?H-pyrrolo[2,3—d]pyrimidin—7-y1}cy‘clopentyl)eﬂ'\ylenesulfonate (132.0mg,
0.0002265 mol) was dissolved in ethanol (8.0 mL) and sodium borohydride (42.8 mg, 0.00113
mol) was added. The reaction mixture was stirred at room temperature overnight. The
mixture was quenched with NF,Cl solution, and the mixhure was concentrated {o remove
the ethancl. 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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(AA standard). Step c:N-11(1.5,25.410-4-144(15)-2,3-dihydro-Iff-inden-1:ylaininol-7H-pyrrolor2,3-
dluvriartidin-7-yll-2-hvdroxycyclopentyl)methyllsulfamide (Compound 1-561 [0325]tert-Buty!l
(aminosulfonyl)(DS,25,4R)-4-(44(15)-2,3-dihydro-1H-indert-1-
ylarnino)-7H-pyrrolo[2,3-4pyrimidin-7-y1)-2-hydroxycyclopenryl)rnethylicarbamate (345 mg,
0.000636 rnol) was dissolved in 2:1 methylene chloridertrifluoroacetic acid (20 xnL:10 mL) and left
to stand for 15 minutes at room temperature. The mixture was diluted with toluene (30 nit) and
evaporated to dryness. The residue was then re-subjected to the same conditions and azeotroped
with toluene after completion. The residue was purified by silica gel chromatography, eluting with 5
to 10% Methanol in dichlorometharte, to yield the product, 135 mg (48%). 11-1-NIv1R (400 MHz,
MeOI)) 58.16 (s 1H) 7.19 (m, 5H) 6.62 (d J=3.6 Hz, 111), 5.85 (t J=7. 8 Hz, 1H) 5.43 (ddd,

Hz, 111) 2 20 (ma 2 1 45m|n ES 443 (AA standard) Example 66
Emizlﬂimﬁféggﬁ.%ﬂ ‘%@ﬁ?ﬁmﬁwﬁmﬁzﬁmﬁ
e s Ll bl e AT
3H) 3.15 (l&@&%:%@&&@ﬂ&@ [&:QWRSHi,?%:Q&mddssrC(Mhﬁnaﬁdﬁz 13.6 Hz, lH) LCIMS:

= 6.88 min, ES* 473 (API purity). Example 67:

N -[((15,25 4R):4:14- 1 Ry 253 dihwslin: Lodngenslentoni
dipyrirnidin-7-yT)-Z-hygraseyeianendienetyl Histe: G
alN-a(15,2,9,4/0-2-rtert-butyl(dimethyl)silylloxy-4-144(1.5)-2 3 dthydro 1H |nden 1 n HOl 2
ddin-7cloenl@3#dth methilatikuyibesmyaremimpn 2-(15,25 AR)-2-{tert-

(airdnosulfopydidibdeRs; %Mgm@M@ngwMéﬁ-bﬂmd—?H pyrrato[2,3-
[(15)-2,3- dl&jﬁro 1HJnger]} - Iarnlnzlbet{_—ll é/sﬂ§ | d '9%&05’&'&% Rehaalved in
Issolve

methyllcarba

etrahydrofuran 2.0ra ﬂ; under an.

atm osphere@ﬁﬂl@g’éﬁ%ﬂlﬁﬂ%ﬂt@!&ﬁﬁ?ﬂoﬁ!ﬁ%ﬂﬁé@ﬁ %%‘5 RO8E And the
mixture heaggshpk 2041808 Sth vRIKREe Wag Foaletion wasaimmﬁﬂqibdﬂqudamd WiitD. 008685 zmd)
acidified to X3 SN MR A MEN ARG £l AeelalendAnasraialed
organic phase was evapaor ated an e reS|due was purified Et%xzezl_llca el chro%%t%éa% ¥é%utlng
with 10 to 1O RIS RN IR I PR
min, ES' 57#i{iAcitene ity r&idpme was eluted down a sxl.u:a cartridge (~3 g) w1th 0 to 10% THF/DCM
b:N-10115,29 AMaAxd 4EliDnRudinitAnkting an vy 2Hainak thidiyaoiaddAden up in a 0.500 M
dlpyrimidin- koA At YR A aARE Vo0 s HNA U QL EAERTRROH Wk iibea

overnight at room temperature under an atmosphere of nitroger. The mixture was then-

evaporated and the residue was partitioned between DCM and water. The organic phase

was evaporated to yield the crude product, 35 mg (85%). LC/MS: R, = 1.64min, ES' 556 (AA

standard).

imidin-7-yl}-2-hydr clopentylethanesulfonamide mpoind 1-59

[03149] 2-((15,25,AR)-2-[tert-butyl(dimel:hyl)sﬂyl]oxy«4—{4—[(15)—2,3—djhyd:n-1H-ﬁ1den-
1-ylamino]—7H-pyrmlo[2,3—d]pyrinﬁdin-7~y1}cyclopentyl)ethanesu]fonamide (32 mg,
0.000057 mo!) was dissolved in tetrahydrofuran (1.0 mL, 0.012 mol) and a 1.00 M golution of
tetra-n-butylammonivrn fluoride in tetrahydrofuran (0,100 mL) was added. The mixture was
stirred at room temperature for 1 hour. The reaction mixture was quenched with a little
water and then concentrated. Purification of the residue by silica gel chromatography,
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[03281N-[((15,25,4R)-2-ftert-Butyl(dimethyl)silylioxy-4-(4-[(15)-2,3-dihydro-1H-
Inden-1-ylaminol-7H-pyrrolof2,3-capyrirnidin-7-yBcyclopentyl)methyliar-methylsulfarnide (25.0 mg,
0.0000438 mol) was dissolved in tetrahydrofuran (2.0 mL), ethanol (2.0 mL) and 1.00 M of
hydrochloric add in water (2.0 alt). The mixture was stirred overnight at room temperature. The
solution was evaporated to dryness, and the residue was dissolved in methanol and heated with a
7.00 M solution of ammonia in methanol (0.1 mL). Solvents were again evaporated, and the
residue was purified by silica gel chromatography, eluting with 2 to 10% methanol in
dichloromethane to yield the product, 9.8 mg (49%). il-FNMR (400 MHz, MeOD) 8.16 (s, 11-1), 7.19
(m, 5H), 6.62 (d, 1H, J=.3.6 Hz), 5.84 (t, J=7.7 Hz, 1H), 5.43 (ddd, J=4.5 Hz, 8.6 Hz, 12.8 Hz, 1H),
4.43 (t, Jr-3.7 Hz, 1H), 3.25 (dd, p=8.1 Hz, 13.7 Hz, 111), 3.14 (dd, J=72 Hz, 13.7 Hz, 11-1), 3.05
(ddd, =3.3 Hurd Wuldd tdav i \o 2 Qb MR EIT) 2: D4R adbhy 2168 Gaet bl pRod g1 1
Hz, 7.8 Hz, 13.6 Hg, 111), 220 (in, 211), 1.99 (in 2111. LC/MS:12, = 1.51min, EC 457 (AA
standard). Eﬁg\(f’?pl j g% zpMeOD, 5): B.16 (s, 1H), 7.19 (m, 5H), 6.62 (d, J=3.6 Hz, 1H), 5.85 (t,
itert-butyl(difretayiysi YHm 84 AIH 1812 Bed by dan; BHing el #ia 18004 55 gyapieg2, Segjmyrsmidin-
7-ylicyclopeniylsaethdrnet t - ; 5 -2=
&ert-butyl(dirgﬁ{éthy E}I?/:Illgf ?ﬂ?ﬁg%ﬁ%ﬁ%ﬁ%&%@% 2RI 5 0 v, 10,
xlamiriol-7H5 AR ofs LGER dinl XS péftyietapradinanesulonate
[03291((15,29,4R)-2-atert-Butyl(dirnethyl)silylJoxyl-4-14-[(15)-2,3-clihydro-1H-inden-

l-ylannino]- 7Expypl 6, 3(BpIH({Hadia AR el (iIsdmghiathanii{t:3d b lgyRrRb I gl s e]2,3-
dissolved in methylene cHidisgéslgetmll-ZbxisenyorlonaeyBeterinospiornpids §6pmpound I-

Triethylarnine (0.251 mL, ?13380 mrnol) was added, and the solution was cooled to O C.
Methanesuligg) : G :1,.og=en_a=_|]1 fap S E)

vacuo to give the title compound 10.4_159, 89%). LC/MS; R 2.45 min, EC 557 (AA standaro& Step
b:((1$,2S, 41972 itertbutPtdHE R RRARphaspbepdimetullatinolicarhamnate (602 mg, 1.
vlaminol-7 Hopsredl a2 isskidwatt indIHF {0y oibp enttacoetdmitdithere of argon, a 1.60 M solution of
A v i i A R ol S
-ylaminol-7H-pyrrolo[2,3- rirnidin-7-y1)cyclopen yl methanesulonate (0. :
0.0 1mmon S e AT ety PR E Boba B8 Lt R G RsHtesr
argon. SodilidPtyairibydrad8-indpd-samiiplvdspraele]2rdiprerinidieE-was stirred at 60 C for
24 h. The reastiatoptintiecupsibaiad (g odianabB4d ety @ Gllyeieacian mikre was
cooled to amhi nteteamﬁ%%turé%,l lluted itg‘gggéghw ?J}_%Wi.th \/tvra‘gglg|nL ?Qm bg__ggjrgri?gé;yer
anhydrous sodium_’sur? ate, ﬁTtere Eand concentrated in vacua. 1he residuerwas purified via silica
gel chroma@gFEFNTEn ARG HAM A YRigRRUMBI BT 36 exitasiol At FicPide (YOParbrdl the
(116,25 4R e Byl LD o The
C. 25, -2:fitert-but imetnylisi -4- -2,3-dillydro-1H-inden-1- .
ylarnino1-7 ?ﬁ%l’é‘&‘?ﬁ*ﬁ%@ﬁﬁ’é‘l ﬁ%@g Lﬁéﬁﬂ?ﬁe‘f&fﬂéﬁy&&agammt of 10 to 60%
03311((15, BRARY-x-HemrnBtn piidhv dhie\H) tpihpoyind (@819 18- 2l %1 rdQ/MSnBen.90 min, ES” 654

(RA. standard).
inden-T-ylaminol-7H-pyrrolo(2 3-dlpyrimidin-7-
1 entylethyvlenesulfonamide
[0321] tert-Butyl {{(E)-2-((15,25 AR)-2-{[tert-butyl{dimethyl)silyl] ooy} -4-14-[(15)-2,3-

dihydro-1H-inden-1-ylamino]-7H-pyrrolof2,3-dlpyrimidin-7-yl}jeyclopentyl)vinyllsulfonyl -
carbamate (120 mg, 0.17 munol) was dissolved in DCM (10.0 mL) under an abmosphere of
argon, and EtOLI (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 rnixture was stirred for 1h, and then was
extracted with DCM (30 mL. x3). The organic layer was dried over MgSQ,, filtered, and
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1-ylaminol-7H-pyrrolo[2,3-d)pyrimidin-7-ylicydopentypacetonitrlle (0.150 g, 0.308 nunoft was
dissolved in methylene chloride under an atmosphere of argon and cooled to -78 C.
Diisobutylalurnintun hydride (1.0M in methylene chloride, 0.340 rnL, 0340 mrnol) was added to the
solution and the reaction mixture was stirred for 30 minutes at -78 C. After a second addition of
diisobutylaluminum hydride (1.0M in methylene chloride, 0.340 mL, 0.340 nunol), the solution was
stirred for an additional 30.minutes at -78 C. A third addition of diisobutylaluminum hydride (1.0M
inmethylene chloride, 0.340 mL, 0.340 mrrtol) was made, and the solution was stirred for another
30 minutes at -78 C. The reaction was quenched with a saturated solution of sodium potassium
tartrate tetrahydrate. EtOAc was added and the mixture was stirred until the layers were dear. The
layers were separated. The aqueous layer was extracted with diethyl ether. The combined organic

extracts were washed with brine dried oyer ‘gnh Qreds sedivm. sl Hlieser. ARy crreRNFRied in

to givetReHe d 7, 1005%). LC/MS:IS = 180 FS4 ).
B o it oo Lt S

ylarninol- 7jgp¥rj@4pg,g,3 gapssinpidintindleds.lopentyllethartol.
(03321((13,25,4R)--2-Wert-Butykdirnethyl)silylloxyl-4-(44(15)-2,3-dihydro-114-inden-
l-ylamino-gH-pyrrolqiR, 3-Fpunigiginal Biparsiaicelnee a;liﬁﬂl ol3was
dissolved in methanolj{a@idiH int23 1

Sodium tetrahydroborate (0.0291g" 0.754 mmol) was added and the reaction was stirred for 10

minutes. Ad&#@8hal sodidf-RiaFgaEpctetdpralimshyhsivisniad et Sitaiedition
mixture wagstisechiaranetirer ﬁﬁmmmﬁjmmmwmw@aﬂ%%wdﬁé@mth

EU0AC, dried et AN LOAB RSN ol of 75 e BACATGAI@ADUR SRR EsidLe was
purified by silic hromato ra

phy, elutlng with a gradient fOt 10 len
chloride, to"ﬁﬁtﬂ?ﬁﬁlﬁlﬁé g Beaby AR S uRs E&ﬁﬁé@ﬂg{rﬁ'ﬁj Xfm ‘gérd)
Step e'24(]51351;é}93ﬁ1ﬁr@embmyl@asﬁﬁr%ﬂgdlbkuﬂhewmi@)@@fﬂmmmrhﬂﬂ@ma

W3331((15 25, 4R): 2rif{all- Byl mel YRS N R Ry e digrinmanyer was
1-ylaminol-71-/-pyrrolor2,3-clipyrimidin-7.-ylicyclopentyl)ethanol éo .0694 % 0. 141%%nogéﬁgs

dissolved i Wm & PodraRsPLAERE KR TGRS S BEF TH&hat under
an atmosp@&ﬂfu&ﬁgﬂigr@%fm{&mwﬂgﬁﬂﬂvﬂtﬂ% ARNANAS indiEh, tmatfibeal tbi iidn was

cooled to O C. Chler namjde, (2 lution
was immedfatEE va r?lﬂcg %1m iemp@%@?&g% mlnufeé gﬂkdﬁ%?r%? %%I%dr]o%s@u?%':%%ﬁde

(2.00M in aés®ittile=0.8 45 H2) HT) 650 Am e B.0590617 Gads defdP \ir B 8cdAd the
reaction w i eff O30 B U@ d) h%@@@lgqmmhﬂiwm (EaeibpneBasdh(tal13Dlution

f saturat d bicarb t h d
grg?n?éiit?&%% 7 r & vg‘?%rﬁzhﬁ%dneg%\%r ur rous so |um£ﬂ# fe, ?ﬁerﬁe—dﬁg‘r?@g]e
concentratédﬂrﬂﬁﬁc%'?ﬁ@réﬁé%%é%ﬁﬁe%%ﬁﬂ:@ﬂ@iEﬁﬁ)ﬁﬂﬁ%d?’aﬁ)ﬁf » Uik ey

50% EtOAcsprmpihylereoitiogides ip sive Hae J4RranrpeynditgH0805 g, 55%). LC/MS R, 1.70 min,
ES 573 (FA standard). Ste

compound B e e ey ;a%é?.’%é'}‘ﬂ"m-

indert-1-ylamirto]-7H- pyrrolo(2 3 d]pyrlrnldln -7- yIIcydopentypethyI sulfamate (0.0442 g O 0773
mrnol) was SExe ek (e (ARG rot)-ank PG A B R
The solution was cookeg-¥s Y« ; t ¥ H5T0T ¥ T O,

The solution was warfiee & Atter one hour, pyrldlne hydrofluoride (0.500 ml.,

5.55 mmol)ppaspdded. Nigﬂv&@qs&tmﬂngjmﬁQﬁwﬁﬂyts&ﬁ@ﬂmﬂmf}lm -1-

added_The solutl was stir. wa h @@m of
saturated sé’{ﬁﬂm‘ CATORERS e[%{é_ mn?{;n %E(ﬁa f%%&!ﬁ’lﬁaxg%w 'I(%Hg%\grllz%ined o?ﬂanlc
extracts wewmmmwmm&@lﬁ@mﬂamﬁ@% QAR =
residue wasyeifiedddyediisawel sknare @ographys ellig Mt Diel&dr\isdkbpndrOaitrogive the

e compouad 00 B0k %O(gg&&ﬁﬂ”@%ﬁ%?n%%#h%&ﬁé&&&%&%aﬁ&% L2 fe 12

(m, 514) 6. 44, 7.44 Hz 1H), 5.48-5.40 440 435 (m,
114), 4.28- WW@Z‘&@%"‘E@% %I(Hﬁmiﬂfﬁj“‘_z 9%’12’%8‘6}1”?1&35 SVBR%, (““‘311 idyes 47 (n,
111), 2.38-pAafAed Bjtéjli&&,ﬁlﬂ&&u(mpmmmhwwwhllQ@’mﬁYESeﬂmM%dﬁ?d)
Example 70: Diastereoisornexic mixture of (13,2R,4/2)-4-(44(1S)-2,3-dihydro-1H-inden-1-
ylarnino]-711-pyrrolo[2,3-dlIpyrimidirt-7-y11-2-hydroxycydopentyl sulfamate and
(1R,2SAS)-4-(4-[(18)-2,3-dihydro-1H-inden-1-ylarnino]-7H-pyrrolo[2,3d1-
pyrimidin-7-y1J-2-hydroxycyclopentyl sulfarnatelﬁéompounds 1-77 and 1-78)




Step a:Cyclopent-3-en-1-v1 rnethanesulfonate [0333]3-Cyclopentene-1-ol (0.500 g, 5.94 mtnol)
was stirred in ocm (95 mL). Pyridine (2.40 irtL), N,N-dimethylaminopyridine (0.10 g, 1.00 mmol)
and inethanesulfonyl chloride (0.690 mL, 8.92 mmol) were added, and the reaction mixture was
stirred at 35C for 4 h. N,N-Dimethylarninopridine (0.14 g, 1.2 rnmol) and rnethanesulfonyl chloride
(0.69 rals, 8.92 mmol) were added, and the reaction was stirred overnight. TLC indicated complete
Conversion. The reaction mixture was cooled and concentrated. The residue was purified by silica
gel chromatography, eluting with Davl, to afford the title compound as a clear oil (0.660 g, 68%).
Step b:7-cyclopent-3-en-1:yl-N-f(1.51-2,3-dihydro-1H-inden-I-y11-7H-pyrrolof2,341-
pyrimidin-4-amine [0336]N4(1.5)-2,3-Dihydro-1R-inden-1-y11-7H-pyrrolo(2,3-d]pyrimidirt-4-amine
(132 g, 5.29 mmol) was azeotroped with toluene and placed under high vacuum for 30 min.

N,N-Dimethyilfier inaprisieuct 4satinviastiadshdnioliwsd by wesiena gapaanais (8599446.10 aunol).
The mlxture wa rred at 70 C for 10 min. Cydopent-3-en-1-ylmethanesulfonate (0.660 g, 4.07

rrunol) in N hylfonnamlde (12.6 ml.) was added dropwise. The reaction mixture was heated
to 110 C for 1 h The reaction mixture was cooled, quenched Wlth brine and dilyted with 1-120. The
aqueous layertwasextka “"";- a: "..'";:"" 3X) .77;,""' Bdoif-i1 SO D et et (N2 2S04),

filtered, and concent AR Jo R AEEHE vAvri~5‘1‘o‘l-v- ‘u-u Al fica gel chromatography, eluting with a
gradient of 0 to 51,0 MeOH in DC1V] ollowed by 2:) to 50% EtC)Ac in hex anes, to afford the title
compound HB2¢pale brotert-Buligl (Br6BwanIRBIA)I((IG/AFIRRE-Hdr3ButyitdiE8 U8R o syahdard).

GBS AU o)

clopent ane4 2 diol
(038717~ PIERE R 5 K7 e SOSOGR  1Vas S SRl (0.0 ), 100
d)pyrirnidinM aauiaesbyztrochlaioggd (N mtasastt ediarrtd B alteBiirs: e sHreE 220 (4.9
ML). AD-Mirsid HGPaAGE QRreintpB). BRE e dacbat: 8 HE TN000wR) St st ded w\henight.
TLC indicaleg GO ISP IR A0S S5O MRS WD BRGE I SO Bl thel L

nunol), and the mixture was <tirred for 5 h. The reaction mixture was diluted with EtOAc and 1120,

and the aq@ediirameRITasidur e Ry IDERR iy ety Chersn dnisd aRp i njere
filtered, and-ﬁmeﬁ&ﬁtéalt&dvidnﬁ sel dhieresadueuritephivifies] | lnastiélaghsiomaiogtaglayhel eihngngith

EtOAc, to afford ﬁf"&’@) o h}l}ggr %Ri.gr gt SISO RIS RE 88

mixture of (‘1“ 4 en-1-
vlaminol- 7%##@!@?2@-dluyr|mldm 7- y11 -2-hydroxycyclopentyl sulfarnate and
(1R25,451-4-14: 1(15) 2,3- Ellhydro 11 finden-1- ylamlnol -/H- pwroIoII 3-

dipyrimidinStep b5 AR g &)z !
d]umdm—?—vl]—}hvdroxvcgdoEeni_.‘gl lmethxl Isulfamlde |Cgmpgund 1-56)
[0325] tert-Butyl (aminosulfonyl)[((15,25,4R)-4-{4-[(15)-2,3-dihydro-1H-inden-1-
ylamine]-7H-pyrrolof2 3-d]pyrimidin-7-y])-2-hydroxycyclopentyl)methvyl]carbamate (345
mg, 0.000636 mol) was dissolved in 2:1 methylene chloridestrifinoroacetic acid (20 mi: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 cormpletion. 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, 11), 7.19 (m, 5H), 6.62 (d, J=3.6
He, 1H), 5.85 (t, [=7.8 Hz, 15 5.43 (ddd, J=4.6 Hz, 8.5 Hz, 17.8 Hz, 1H), 246 (t, ]=3.6 Hz,
1H), 3.15 (dd, J=7.1 Hz, 12.9 Hz, 1H), 3.05 (ddd, J=3.3 Hz, 8.7 Hz, 154 Hz, 1H), 2.91 (m, 1H),
2.63 (m, 1H), 2.33 (ddd, J=1.5 Hz, 8.0 Hz, 13.8 Hz, 1H), 2.20 (m, 2H), 2.02 (m, 2F1). LC/M5: R,
= 1.45min, ES" 443 (AA standard).
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[0338](1R,25,45)-4-14-[(15)-2,3-Dihydro-1H-inden-1-ylarnino]-711-pyrrolo[2,3-
dipyrimidnt-7-ylicyclopentarte-12-cliol (0.080 g,. 023 mmol) was azeotroped with toluene and then
was dissolved in anhydrous acetonitrile (2.3 mL). Pyridine (0.0369 rnla, 0A58 nunol) was added.
The reaction mixture was cooled to 0 C, and a 2N solution of chlorosulfonamide in acetonitrile
(0.144 mL) was added dropwise. The reaction was stirred for 1 h, and then additional 2N
dilorosulfonamide in acetonitrile (0.028 mL) was added. After 30 min, additional 2N
chlorosulfortamide in acetortitrile (0.0342 at) was added, and the reaction mixture was stirred for 2
11. The reaction was quenched with methanol, and the mixture was concentrated in vacuo. The
residue was purified by preparative thin layer chromatography using DOVtACCN:1V1eOH (50:45;5).
The relevant band was cut, washed with acetone, filtered, and concentrated to give a mixture of
diastereomesamnplia &6 itaNs{i(ics, 15 LR BUHDR, MG Ras-Z 8Ty 81 1BinBe82 A {Panitd)-
7,38-7.09 (rrt, 5H); 6.90-Br8Qximolof) S @168 RAi(e; YIH3: 1598576 et lraeS s aliagide2 H);
4.83-4.68 (in, 1H); 3.87- é%\;mvm)T-@hz 2.83 (m, 2H); 2.75-2.53 (m, 11-1); 2.50-2.14 (in, al);

208179 (fodhf) PP LGS, Recchad &0, 65, 43 6 ipgiaic LR s e ing
additional ¢ m unds of ormua werea r

T(R,2R 45‘5’&%&%&@%& éﬁzﬁzﬁdﬁéﬁwﬁmﬁéﬁr’n’;ﬁu@%lﬁrﬂ@&E&lﬁumfé'?P{Iﬁré*m|r|o|7H-
pyrrolor2, Sﬂw&mﬂnﬂdﬁ)wdhﬂﬁmm?ﬁmﬂd[%mﬁﬁmmwmﬁﬂ 79) [0340j113 NNW
(CDpD, 40 6 3): 0
Hz, 101, supsap ey et iyl S Mol Bt b R
9.8 Hz, 111()113559 H86 (T=3FF3 D388 (/403115 1) G 43 (), 150, 29746 (ﬂ&%@@)lﬁloa‘kﬂ@ 75
(n, 1H), 233dggieh. ﬁﬂé‘bi-ﬁz}&ﬁ,@-@ﬂ(&@fﬁ %9:@(&9:{1% 263) e, Yy G, (o, 35D, 2B.(2d, 1-17,

,1:%1332'02?4 y‘é éﬁ’r%)%/ (iélf?% g@;‘l- (?%%Fﬁol fﬂt'l%}:zsfg%%pff? Inden-1- -yllaminolMpyr

rolo12,3-dloyrimidin-7- yncyclo ntyIImeth Isulfarnate (Com ound 1-80) [0341111 1 NIVIR

(1?LI§\)N5D 54(1)05.41 (meain 2&{5“’?‘%}[ f%'ﬁ? ?%2%%?}?«19 2 hg?ﬂ\%; [§§7908HZ

Hz, 111), 3.53-3.40 (nn, (m, 113), 3.18 (s, 311) 3. 11 2.95 (rn, 311) 2.84-2.75 (n,
ad = lM- 5’ deg 1Y )
113) pprn. LC/MS: Rt ing] X Avirinidim ey -.- Dmethyl]-N-
L(1R,2.R.,45)-2- hydr@ﬂ@&h%ﬂ@l 2 methyl -23-clilaydro-1H-inden-1-yl1 amino I-7Hpyrrolp f

o) .07 (o, LR 7 507 RE L Gt oy DTS A aier bt batatstlag £ 1
(n, 113), 4.515x 23 gihydra i Hibelendl-ylamino 7 Ryrold tdpyrimidin7rydlcgdopgnty} )
3.14-3.08 (me&@maagﬁ.a@@c(km&lahnalmﬂ&mas ik IEdiAn 2e2R Y ro kB (010 A1) Gufider 13),

0.98 (d, J = Z. 8‘(%2& M’c&% H%, MAZB mol) was added
faR2R24S1-2-h droxy 444 1R1 251 2- rneth 1- dro 11 -1- amino -/1iolo |n- - en urn
ifamate 1 RORI O T PR AP BT A P2 B v21 Yemepgyoa, S9rhem, 511

6.69 (d, J 6th wajer brd 25idEieA B =FEPyith IMHEb(Thiaimirture Syas thansxqvackad 1ig) g8 (dd,
J=9.7,7. &E&a&kﬁe‘k&ﬁ&dﬂhg&fa Phdsbdvis dthpdatAd3 8 (e &@u&%%ﬁ&i@a liyﬂéﬂma/
2.83-2.72 ( 37 2 20 .311 2 1 8 MS:
Rt=7.93 nﬁe’l on pu I&i%garo%%fz ¥]L1Q Qﬂég%quchlWa ]té_{ mine 7%_'&3“%?

25 mg (27%) LC./NIS R =2 341‘:\111, ES" 571 (AA standard).

dro-1H-inden-1-

dlpyrimidin-7Z-yl}-2-hydroxycyclo DNmethyl]-IN-methylsulfamide

(Compound I-75)

[0328] N-[((15,28 AR)-2-[tert-Butyl(dimethyl)silylloxy-4-{4-[(15)-2,3-dihydro-1H-
inden-l-ylamino]-7H-pyrrolo[2,3-d)pyrimidin-7-yljcydopentyl)methyl -N-methylsulfamide
(25.0 mg, 0.0000438 mol) was dissolved in tetrahydrofuran (2.0 mL), ethanol (2.0 m1} and
1.00 M of hydrochloric acid in water (2.0 mL). The mixture was stirred overnight at room
temperature. The solution was evaporated to dryness, 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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02 7 P'mamate Comd1-83 [0344]11-1NMR (Copp; 400 MHz, 8): 8_17 (s, 1H), 7.31-7_15 (m, 5H),
6.66 (d J = 3.60 Hz, 114), 5.94 (d, J 7.28 Hz, 111), 5.48-5.41 (m, 111), 4.48 (dd, = 3.98, 3.03 Hz,
110, 4.36 (dd, = 9.74, 7.58 Hz, 1H), 4.19 (dd, J 9.73, 7.33 Hz, 1H), 3.07-3.01 (in, 111), 2.91- 2.76
(in, 211), 2.65-254H]I), 2.38-2.19 (m, 314), 2.03 (ddd, J:=13.95, 9.17, 4.93 Hz, n 1-), 1.59 (ddd, | =
13.33, 7.40, 5.81 Hz, 1H), 1.38-1.28 (in, 111), 0.93 (t, | = 7.41 Hz, 3H) pprn. LC/MS: R, = 8.36 min,
ES+ 472 (AA long purity).
J(LR,2R,451-2-hydroxy-4-(P1(15,25)-2-ethyl-2,3-dihydro-1Htinden-1-yllamino)-7Hpnrolo12,3-41p
yrimidin-7-y1)eyelopentyllmethyls-ulfamate (Compound 1-84) [0345]'H NMR (C1D30D, 400
MHz, 8): 8.17 (s, 113), 7.31-7.15 (m, 513), 6.66 (d, J= 3.60 Hz, 1H), 5.94 (d, J = 7.28 Hz, 1H),
5.48-5.41 (r, 1H), 4.48 (dd., J = 3.98, 3.03 Hz, 111), 4.36 (dd, = 9.74, 7.58 Hz, 111), 4.19 (dd, | =
9.73, 733 Hetelapaid. STaBoddiddn atd thi 2HBdve Feymuriet) P $BcaDz8lcliromatagyaplag €utngin,
314), 2.03 (el o5 1% Wzt h B Bindn olsish th= J3RR 8Os BdohZr bk d 28

(m"111), 0.93 (t, J 7.41 Hz, 314) ppm. LC/MS: R, = 8-36 mirt, ES+ 472 (AA lon Fﬁ%
(0.5.25.413Y M MRIOR) ﬁtﬁlﬁéié%%ﬁ%&ﬁé%ﬁﬁé A%Jra%%%héﬁﬁﬁﬁé@%% RO 7THPNr

010[2,3-dIpiditdight F-Heyk oHe g kBt TS 44 (ka3 (THx pE) k2586, JIeB1 e 147 H¥RK.D301),

?Ocl)ol 'V”;Z6 8313‘1@&%( #éﬁﬂ@?l(ﬂ:i 5533:5 &3& ﬁ%%ﬁgﬁa@fﬁ)s%ﬁ@lﬁi R 18,3, 6.66
= m

ity a0 G B4 o By SR D T e S D 2 G G

2.84.2.73 (WM)st&aﬂﬁl(ms mm@mﬁﬂm 2H) ppm. LCIMS: R, = 1.51 min, P-54 488

(AA standard). i(1.925.4/0-4-(44(S)-2.-a-clihydr1H-indert-1-ylamino)-7H-din-

med-toxyCyeiangne/bsne s, s Mayaig: - ongaunddidif igBeaH ANMMESICD. QiydidO1M g -
8.13 (s, 1H), 7.23-7.08 (atyEidihdg-BH-{sdsl G LoRpvirthjdnSlylicyalopéitibrdetia] 114), 5.36-5.25
(in, 11-1), 4.32 (dd, J=7.58lendsulvhaty (Tegnfuund 78)3 9.6 Hz 111) 4.02-4.00 (in, 114), 3.32

(s, 3H), 3.0§:2.98 (n, 4 211),.2.63- 2.54 (n, .04-2,48 (m, 114), 2.18-2-08 (n,
2H) ppm- L%F%f%jzﬁf:& ll} ? 1 - dro—jl ; U%Pd.:ﬂ?én

[0320] ((15,25,4R)-2-{[tert-Butyl(dimethyl)sityl]oxy}-4-{4-{(15)-2,3-dihydro-1H-inden-
1-ylamino]-7H-pytrolo|2,3-d]pyrimidin-7-yljcyclopentyl)methanol (0.345 g, (0.721 mmol) was
dissolved in methylene chloride (5.00 tal, 78.0 mmnol) under an atmosphere of argon.
Trethylamine (0.251 mL, 1.80 mmol) was added, and the solution was cooled te 0 °C,
Methanesulfonyl chioride (0.0669ml., 0.865mrnol) was added in one portion. The solution
was stirred at 0 °C under an attnosphere of argon for 30 rrirites. The sohirtion was diluted
with EtOAc, washed with water and brine, dried over anhydrous sodium sulfate, filtered,

and concentrated in vacuo to give the title compound (0.415g, 89%). LC/MS5: R, = 245 min,
ES" 557 (AA standard).

Step b: {( 15,25,4.R)~2-l I'&:rt-butvl(d:memvl)sﬂvllng}-4- 14-[(15)-2, B-dahvdru-j-mden—L

(03301 (15,25 4R)-2-{[tert-Butyl(dimethyl)silylloxy}-4-{4-[(15)-2 3-dihydro-1H-inden-
1-ylamino]-7H-pyrrolo[2,3-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
rixture was cooled to ambient temperahue, diluted with EtQAc, washed with water and
brine, dried over anhydrous sodium sulfate, filtered, and concentrated in vacuo. The residue
was purified via silica gel chromatography, eluting with a gradient of 0 1o 40% EtOAc in
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(0348)All protein accession numbers provided herein refer to the Erttrez Protein database
maintained by the National Center for Biotechnology Information (NCB1), Bethesda, MD.
Generation of El enzymes (0349]Following manufacturer instructions, baculoviruses were
generated with the Bac-to-Bac Expression System (Invitrogen) for the following proteins: untagged
NAEct (APPBP1; NP_003896.1), N-terminally His-tagged NAEI3 (UBE1C; NP_003959.3),
untagged SAEa (SAEIl; NP 005491.1), N-terminally His-tagged SAW (UBA2; NP_005490.1),
N-terminally His-tagged =rine UAE (UBE1X; NP_033483). NAEa/His-NAEI3 and SAErt/I-Es-SAED
complexes were generated by co-infection of Sj9 cells, which were harvested after 4$ hours.
His-mi.JAE was generated by single infection of SJ9 cells and harvested after 72 hours. Expressed
proteins were purified by affinity chromatography (NiNTA agarose, Qiagen) using standard buffers.
Generation kg @2 iEsal0RPLIAGHE (MBERALNE (O9FI00M oA IREL 3303806 1)
Ubc2 (UBE/A; NP_003327.2) were subcloned into pGEX (Pharmada) and expressed as

N- termmall%@ﬁ%ﬁ@%‘&?ﬂ%lon proteins in E. coli. Expressed proteins were purified by
conventlonal aff|n|ty chromgtoraphy usmg standard buffers Generaon of Ubl rprotems

F%&Ur‘rprotelns in

E.coli. Expressq Iiprotel ﬂg@{@@ﬂ@ﬂ,@_ﬁm [qgmgmmlmnmqﬁammlhuﬁﬁxs
Example 70: EJ

ssays. Nedd8-Actiyat me B. P NAE
enzymatic X fgﬁé’%&é‘l’_%ﬁ% E’Mﬂ%ﬂ%@% gﬁf‘%’?& @g@% é%%é%%%?%
MgC12, 20 wHd diselvedarpmpthpRnacblondy nser arasrogehams ﬁwa@tﬁs‘%&aﬁa B5Enivi
recombinanbhsspat N eREN eI dRe RORYN alieigRekahinide) &340 hia 0B ithoul rormpound

inhibitor, was gy %i?d 31,245 Tor 90 minuigs A SA4el plalerhein e RImBR eI RAE IS of
Stop/Detection Butter (0AM HEPES pH 7 5. 0.05% Tween20, 20 m M EDTA, 410 6”{4 YIKF, 0.53
na

rtivl Europideeesy et ’cﬂ%}?&ﬂ‘ﬁmﬁﬁ"%&éeﬁz%ﬁbﬁﬁ iCTe Bamges “and
8.125 pg/mb.34a r@@DIe gd@nm@&m&mmamqumwﬁﬂw@y @Dr@ﬂw’e)). After

incubation fgx 3 AGIES @b Gy aMantificatigueiine MR ElovasReEQHIRMAN 0 Anatysion HT
96.384 (Molecular Dewcedﬁ a:%igelgl%mpo&nd%ne 9 1- 5%114@?@0%@%&56&99 L&Gnq_ng M&to
0

1-85 exhibite WA UEE &8 Man or equa M this assay. Compounds I-1,1-2, 1-3,14,
1-6,1-7, |-8 vias guenched with 2 sphrated salation @9@!{9‘?%&5&1‘2’2 tapegta tebpahy drate, BIOAS,

1-28,1-29, 1v39 di1dda s tHe Sdxfudwas 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 title compound (0.160 g, 100%). LC/MS: R, = 1.80 min, ES
491 (FA standard). '

Ste
amingl-7H- lof2 imidin-7-y] opentylethanol.

[0332] (15,25 4R)-2-{[tert-Butyl(dimethyl)silyl]oxy}-4-{4-[(15)-2,3-dihydro-1H-inden-
1-ylamino]-7H-pyrrolo[2,3-dJpyrimidin-7-yl]cycopentyl)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 mmol) was added and the reaction was
stirred for 10 minutes. Additional sodium tetrahydroborate (0.0143g, 0.377 mmaol) was
added, and the reaction mixture was stirred for another 30 minutes. The reacton was
quenched with water, extracted with EtOAc, dried over anhydrous sodiurn 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
(0.05594 g, 45%). LC/MS: R, = 1.65 min, ES" 494 (FA standard).
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1-35,1-36, 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, '

Skep e: 2-((18,25 AR)-2-{[tert-butyl{dimethylsilylJoxy]-4-{4-[(15)-2 3-dihydro-1H-inden-1-
ylamino|-7H-pyrrolo[2 3-dlpyrimidin-7-yllcyclopentyl)ethyl sulfamate.,
[0333] ((15,25,4R)-2-{[tert-Butyl(dimethyDsilyl]oxy}-4-{4-[(15)-2 3-dihydro-1 H-inden-
1-ylamino]-7H-pyrrolof2,3-d)pyrimidin-7-yljeyclopentyl)ethanc) (0.0694 g, 0.141 minol) was
digsolved in acetonitrile (3.00 mL, 57.4 mmol) and methylene chloride (2.00 mL, 31.2 mrmol)
under an atmosphere of argon. Triethylamine (0.0589 mi., 0.422 mmol) was added, and the
solution was cooled ta 0 °C. Chlorosulfonamide (2.00M in acetonitrile, (0.141 L) 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 anhiydrous sodium sulfate, filtered, and concentrated in vacuo, The residue was
purified by silica gel chromatography, eluting with 0 to 50% EtOAc in methylene chloride,
to give the tifle compound (0.0805 g, 55%). LC/MS: R, = 1.70 min, ES" 573 (FA standard).

Step £ 2-((15,25 4R)-4-{4-[(15)-2 3-dihydro-1H-inden-1-ylamino]-7H-pyrrolo[2,3-d]-

imidin-7-vl}-2-y Lsnlfamate (Compound 1-76).

[0334] 2-((15,25 4R)-2-([ter --Butyl(cdimethyl)silyl]oxy]-4-(4-[(15)-2, 3-dihydro-1 H-
inden-1-ylamino]-7H-pyrrolof2 3-d]pyrimidin-7-yljcyclopentyljethyl 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 hydroftuoride (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 mL, 5.55 munol) was added. The solution was stirted for 24 h. The
reaction was quenched with dropwise addition of saturated sodium bicarbonate, and the
mixture was extrackad 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 mmoal). *H NMR (CD,0D, 400 MEiz, 8): 8.17 (s, 1H), 7.28-7.12 (m, 5H) 6.67(d, ]
=3.61 Hz 1H) 5.58 (1, | = 7.44, 7.44 H= 1H), 5.48-540 (m, 1H), 4.40-4 35 (mn, 1H), £.28-4.17 (m,
2H), 3.10-3.02 (m, 1H), 2.98-2.88 (m, 1H), 2.68-2.47 (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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1-67, 1-68,1-69, 1-70, 1-71,1-72, 1-73,1-74, 1-76, 1-78, 1-79,1-80,1-81,1-82,1-83, 1-84, and 1-85
exhibited IC. values less than or equal to 100 nM in this assay. Sumo-Activating Enzyme (SAE)
HTRP Assay. [0354]The SAE enzymatic reaction was conducted as outlined above for NAE except
that Ubc12-GST and Nedd8-Flag were replaced by 0.01 p..M Ubc9-CST and 0.125 plvl Sumo-Flag
respectively and the concentration of AT!" was 0.5 p.M. Recombinant human SAE (0.11 nM) was
the source of enzyme. Ubiquitin-Activating Enzyme (DAB) FITRF Assay. (03551The UAE
enzymatic reaction was conducted as outlined above for NAE except that Ubc12-GST and
Nedd8-Flag were replaced by 0.005 pdvl Ubc2-GST and 0.125 p.M Ubiquitin-Flag respectively and
the concentration of ATP was 0.1 glvl. Recombinant mouse !lJAE (0.3 nlvl) was the source of
enzyme. Example 71: Cellular Assays 10356)Selected compounds of formula (I) were tested in

cellular ass@y@%u?ﬁolmmmmmmm of (15,2R,4R)-4-{4-[(15)-2,3-dihydro-1H-inden-1-
ylamino]-7H-pyrrole[2,3-d]pyrimidin-7-yl}-2-hydroxycydopentyl sulfamate
and (1R,2548)-4-{4-[(15)-2 3-dihydro-1H-inden-1-ylamino]-7H-pyrrolo{2,3d]}-
pyrimjdm-?-yll—2—hydroxycyclopentyl sulfamate (Compounds I-77 and I-78)

Gﬁo N,?Yn ng Hq,,O_. ’?\‘,ﬁ ng

HEN_ '_D

Step a: copent-3-en-1-v1 methanesulfonate

[0335] 3-Cydopentene-1-ol (0.500 g, 5.94 mmol) was stizred in DCM (95 mL).
Pyridine (2.40 ml), N,N-dimethylaminopyridine (0.10 g, 1.00 mmol) and meﬂlanesuléonyl
chioride (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 methanesulfony) chioride (0.69 mlL,
8.92 mmol) were added, and the reaction was stirred overnight. TLC indicated complete
conversion. The reaction mixture was cooled and concentrated. The residue was purified
by silica gel chromatography, eluting with DCM, ko afford the title compound as a clear oil
(0-660 g, 68%).

5 7- opent-3-en-1-

pyrimidin-4-amine

[0336] N-[(15)-2,3-Dihydro-1H-inden-1-y1]-7H-pyrrolo]2,3-dlpyrimidin-4-amine (1.32
g. 5.29 mmol} was azeotroped with taluene and placed vnder high vacuum for 30 min.
N.N-Dimethylformarnide (17.7 mL) was added, followed by cesium carbonate (1.99 =, 6.10
mmol). The mixture was stirred at 70 °C for 10 min. Cycdopent-3-en-1-yl methanesulfonate
(0.660 g, 4.07 rognol) 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
w:th brine and diluted with H,O. The agueous layer was extracted with EiQAc (3%), washed

with H O and brine, dried (Na,50), filtered, and concentrated. The residue was purified by
via silica gel chwomatography, eluting with a gradient of 0 to 5% MeOH in DCM followed by
25 to 50% EtOAc in hexanes, to afford the fitle compound as a pale brown solid (0.684 g,
53%). LC/MBS: R, = 1.38 min, ES” 317 (FA standard).
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W3573Calu-6 (2400/well) or other tumor cells in 80 ;AL of appropriate cell culture medium (MEM
for Calu6, Invitrogen) supplemented with 10% fetal bovine serum (Invitrogen) was seeded in wells
of a 96-well cell culture plate and incubated for 24 hours in a tissue culture incubator. Compound
inhibitors were added in 20 uls culture media to the wells and the plates was incubated for 72
hours at 37 C. 10% final concentration of WST-1 reagent (Roche) was added to each well and
incubated for 3.5 hours (for C,alu6) at 37 C. The optical density for each well was read at 4501un
using a spectrophotometer (Molecular Devices). Percent inhibition was calculated using the values
from a DIVISO control set to 100% viability. Anti-Proliferation Assay (ATPLite) [0358]Calu-6 (1500
cells/well) or other tumor cells were seeded in 72 pi of appropriate cell culture medium (MEM for
Calu6, Invitx-ogen) supplemented with 10% fetal bovine serum (Jnvitrogen) in wells of a 384-well
Poly-D-Lysktercaat, RS AR PIS - oiinydnot Ththile g EH - pyRi]

AT XEIBYEY

10%DMSO/P13.5 to tavmaid slapsaianad.di
in ea of ATRlite iste
AT

medium w irated, lgaying 25 ¥ gen rkin
Elmer) Wazsa% ed to eac?ﬁ%\/zgﬁpfﬂg foreach well was read Ml_l?}%?ﬁyem 3@% eeker
Microplate Rgaier@notcunine (OS2 gsh. 86 mambribiskimeg as atduititedwbivld 4Radalerd Heh a
DMSO conjis 53109084 R a|iva EXamaie: (2e) Syl Ass ax R Ralacied £ompay ids, of
formula (1) were tested in in vivo assays__In -vivo T-urnor Efflcacy Model 036(%%%%9 ?A%g x106

cells), I-ICTVFE 8 %1 08 CANdBIo AR RIFD PP 0018 BROUPARESIHTEFRRG N
aseptically fujdidedd- 45t A1 sobpoliansbile spabudrritceryghd dor Sl flHrk et B aanebrs M mice
(age 5-8 W%ﬂﬁe@hﬂ&k@c&%&%@, arebmangsseedif-BRgiBRnGoN Wa Fwafir ingcutation,
tumors were measured twice weekly using a vernier caliper. Tumor volumes were calculated using
standard proEasistey 1o & Jred s St Fifearh endrencrmsricre aEMErtidi YRR RITEHIS S Smately
200 mm3 rgiieayer eHrminoZety) khBiRE PSR EION A f S PiRAUSsHpEIen thils\eWwhititBolid
compound {BHLW% qO p,L) at various doses and schedules. Alternatively, compound inhibitor
may be dellvéreagfo mice by intraperitoneal or subcutaneous injection or oral administration All

control groyps received yehicle alone. Tumor (ilj_'.n:;a'k%R? HagIDgasY Q/élli_lg_a week
h[ oF i 'ﬂ-ll

and the st i L miYoRddl e
patent and scientific [fig7abue, e S RN RTET : Y ple to those
with skill in the art. Uglegs® ISt bt iteheriey e IbeniernrlsHed het@irshave the
same meaning as commonly understood by one of ordinary skill in the art to which this invention
belongs. THE#ued pat&ﬁésd%%ﬁf&%@‘ﬁﬁdt?’éﬁﬁéE%’ﬂ?&?ﬁr@léﬁ@&ﬂgr@fﬁmlﬁ@r@by
incorporatetigyiaiéiadeg|ty divpaame-¢ @ity Ja0ac b 2assphoificaleamdpad it allydndicated
to be incor NGORSRIENSIRE) 1P RiaRERIdBEARE Bas ER I
definitions,%%&%?ﬁ%%ﬂ%ﬁﬂﬂmﬁg tle bﬁqw%;%%g&hislinyeiﬁgwa\%%een id
described, i€ ﬁ‘g‘%ﬁ‘e ﬁﬁ%@ﬁ%ﬁ%ﬁ&ﬁ?@ﬁﬁgle@ BV G e P L ONEy BRap e
embodimeifsrogiaribrile 924 rnbbyasouidisl shdpvéh obeestaatipmas sonres i khuanddhen
appreciateddbatdha 3pPRgobiiifolMaiin hasdeeie guesaitipddaiai-oyAsay 3 wigmple and is
not '”te”deﬁa&&%mﬂ?ﬁ%ﬁlﬁfﬁ%ﬁﬂ‘ﬁwm&ﬂ?@%ﬁfHE)%QQEQ&%&,tﬁh?ﬂRB%%Q&'a'mS-
h

CLAIMS 1. A compound_ of formula

mixhare was stirred for 2 e reaction was quenched with methanol, and the mixbare was

concentrated in vacuo. The residue was purified by preparative thin layer chromatography
using DCMEAcCN:MeOH (50:45:5). The relevant band was cut, washed with acetone,
filtered, and concentrated to give a mixture of diastereomers as a white solid. (11 mg, 11%).

"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, ZH); 4.83-4.68 (m, 1H); 3.87-3.72 (m, 1H); 3.12-
2,83 (m, 2H); 2.75-2.53 (m, 1H); 2.50-2.14 (m, 2H); 2.08-1.72 (m, 2H) ppm. LC/M5: R, = 1.16
min, ES* 430 (FA standard).

[0339] The following additional compounds of formula (f) were also prepared:
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(VII) or a pharmaceutically acceptable salt thereof, wherein: stereochemical configurations
depicted at asterisked positions indicate relative stereochemistry; Q is =N- or =C(Rk)-; X is -CH2-,
-CHF-, -CH2-, -NH-, or -0-; Y is -0-, -S-, or Ra is selected from the group consisting of hydrogen,
bond; Rh is selected from the group consisting of hydrogen, 124 is selected from the group
consisting of hydrogen, Rd is selected from the group consisting of hydrogen, 125 is hydrogen, or
C14 aliphatic; each R1 isindependently hydrogen or C14 aliphatic each Rh independently is
hydrogen, halo, -CN-, group; 12l is hydrogen, -OW, -SR6, -N(R4)2, or an optionally substituted
aliphatic, aryl, or heteroaryl group; Rk is hydrogen, halo, -ORS, -SR -N(R4)2, or an optionally
substituted C14 aliphatic group; Rm is hydrogen, fluoro, -N(124)25 or an optionally substituted C14
aliphatic group; Wl is hydrogen quoro or an optlonally substltuted C14 allphatlc group; or Rm and
Rh together VA o 2488 ] REgleRtbhisHEPCIodi HticnatisWildmitated

together Wlth the nltrogen atom, form an optlonally substltuted
[0340] H NMR (CD,0D, 400 MHz, 8): 820 (s, 1I—I) 7.32-7.16 (m, 5EY), 6.64 (d, [ = 3.6

Hz, 1H), 5.97 {d, ] = 7.0 Hz, 1H), 5.50-5.41 (m, 1H), 4.51-4-46 {m, 1H), 436 (dd, ] = 7.5, 9.8 Hz,
11, 419 (44, ] = 7.3, 9.8 Hz, 1E), 3.53-3.40 (m, 1E), 3.41-3.35 (m, 1H), 318 (s, 3H), 3.11-2.95
(mn, 3EL), 2.84.2.75 (m, 1E), 2.33 (ddd, ] = 1.4, 7.7, 13.5 Hz, 1F), 2.29-2.19 (m, 21, 2.04 (ddd.
=4.9,95,14.2 Hz, 1H) ppm. LC/MS: R, = 11.24 nin, ES" 488 (FA long purity).

1R, S5)-2-hydroxy-4-(4- -2-(metho ethyD-2.3 dihvdro-1H-inden-1-yilamingi-
7H-pyrrolo[2,3-dlpyrimidin-7-ylicyclopentyl lmethylsulfamate {Compound 1-80)

[0341] *H NMR (CD,0OD, 400 MEz, 8): 8.20 (5, 1H), 7.32-7.16 (m, 5k), 6.64 (d, ] = 3.6
Hz, 151, 5.97 (d, ] = 7.0 Hz, 1H), 5.50-5.41 (m, 1H), 4.51-4.46 (m, 1H), 436 (dd, ] =7.5, 9.8 Hz,
1H), 4.19 (dd, ] = 7.3, 9.8 Hz, 1H), 3.53-3.40 (m, 1H), 3.41-3.35 (m, 1}]), 3.18 (s, 3F), 3.11-2.95
(m, 3H), 2.84-2.75 (m, 1), 2.33 (ddd, J = 1.4, 7.7, 13.5 Hz, 1H), 2.29-2.19 (m, 2H), 2.04 (ddd, |
=49,95,14.2 Hz, 1H) ppm. LC/MS: R, =11.24 min, ES' 486 (FA long purity).

mﬂg{;&cﬂmmniﬂg_@opmwumm leuilfamate (Compound I1-81)

[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 (d, ] = 7.2 Hz, 1H), 5.50-5.41 (m, 1H), 4.51-4.47 (m, 1H), 4.38 (44, ] = 97, 7.6 ¥iz,
1H), 4.20 (dd, ] =7.4,9.7 Hz, 1H), 3.14-3.08 (o, 1H), 2.95-2.88 (m, 1H), 2.83-2.72 (m, 2H), 2.37-
2.20 (m, 3H), 2.09-2.00 (m, 1H), 0.98 (d, ] = 7.1 Hz, 3H) ppm. LC/MS: R, = 7.93 min, ES’ 458
(AA long purity).

olal2 imidin-7=v]1 entvl]m ulfamate mpound I-82

[0343] H NMR (CD,0D, 400 Mz, 5): 817 (s, 1H), 7.32-7.16 (m, 5H), 6.69 (d, ] = 3.6
Hz, 181), 5.86 (d, ] = 7.2 Hz, 1H), 550-5.41 (m, 1H), £51-4.47 (m, 1H), 438 (dd, ] = 9.7, 7.6 Hz,
1H), 4.20 (dd, ] =7.4, 9.7 Hz, 1F), 3.14-3.08 (m, 1H), 2.95-2.88 (m, 1H), 2.83-2.72 (m, 2H), 2.37-

250 (m, 3H), 2.09-2.00 (m, 1ED), 098 (d, J = 7.1 Hz, 3H) ppm. LC/MS: R, = 7.93 min, ES’ 458
(AA long purity).
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to 8-membered heterocyclyl ring having, in addition to the nitrogen atom, 0-2 ring heteroatoms
independently selected from N5 0, and S; each R5 independently is hydrogen or an optionally
substituted aliphatic, aryl, heteroaryl, or heterocyclyl group; each Rh independently is an optionally
substituted aliphatic, aryl, or heteroaryl group; and mis 1, 2, or 3; V2 is -N(128)-5 -0-, or -S-; Rs is
hydrogen or C14 aliphatic; Ring D is an optionally substituted aryl, heteroaryl, heterocyclyl or
cycloaliphatic ring, each substitutable saturated ring carbon atom in Ring D is unsubstituted or
substituted with =0, =S5 =C(R5)25 =N-N(124)25 =N-0R55 =N-NHC(0)R55 =N-NHCO2R65
=N-NHSO2R65 =N-R5 or -RP; each substitutable unsaturated ring carbon atom in Ring D is
unsubstituted or substituted with -RP; each substitutable ring nitrogen atom in Ring D is
unsubstituted or substituted with -129P; each R9P independently is -C(0) R55 C(O)N(124)25
-002R65 5028:&645)@2M&%@5—@2 1H gt &ubﬂliﬂted- -RP
independemirislol Sofdy pevsistiog £ Cl83fiuoroaliphatic,
-RIP, - R2P, -T2-RIP, and T2 R2P or two RP on the same saturated carbon atom, taken together

with the callﬂaﬁqﬂtom to Ml%é?%%@ewwdﬂ %ﬂ@aﬂf%uﬁ%ﬁtﬁ%a@é ﬁ)% flehBered
spirocyclic systasiptalicT2 (¥ Gl sy arp,chagsoptionalisuldstidded with R 30 HR3ETRach
RIP |ndep isa tignally. substit I h h lyl 2P
mdependenﬂ% |s‘!E\éf\?oZrb(:l’cglil9 I%%’)Lil@R%%%d(% %%?z)(%) fgb‘?ﬁ}f?y r54(}:!!%4 2&5 il%lﬁ 4)2,
_NRAC(0) RS 76Npe4 B 365 2 S (a1 ER: AR ) IR 6!@)?*91‘%’4@6%1 RIRAPSOOREIAH AF%)
02N(R4)2, 1(552(@@9 mﬁzﬂmowmaaztmomdmzﬁwm(mﬂs)mz ARH) PYE{ Bein. OR
((0IN( R4) N % i;%c ?uﬁ; Rs, -Cei--NR4)-N(R4)2, .-Ci=NR.4)-ORs,
.-C (=NIO-N 4) 01( or g&%— -OR5; each a indépendently is selected from the group
consisting 0 - alk I 2,.and -C H(Cit alkyl);
each Rsb i Tr "".r_Lcl-" v' RN ; NorLEE I%’;%gg;‘&l?&é]n’ﬁ'vg}% 10'
substituerit§RsDb on the same carbon atom, taken toget er wi e carbon atom to which they are
attached, fomg,a’g to 6-memahered cy iphatic ring;

HaN” "0’ O‘ N Nﬁ

=~

N.zN o
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, ;
Sﬁé
O
|—O
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[0345] "H NMR (CD,OD, 400 M¥z, §): 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, |
=9.74, V.58 Hz, 1H), 4.19 (dd, | = 9.73,7.33 Hz, 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, J = 13.95,9.17, 4.93 Hz, 1H), 1.59 (ddd, ] = 13.33,
7.40, 5.81 Hz, 1H), 1.38-1.28 (m, 1H), 0.93 (t, ] = 7.41 Hz, 3H) ppm. LC/MS: R, = 8.36 min, ES”
4'1-":i (AA long purity).

{(15,25, 4-.R)-2-hvdmxv-4-f4-f (1R, 25)-2-methoxy-12.5 d-tetrahydronsphthalen-} -ylamine)-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 (d, ] = 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), 4.49 (m,
1H), 4.37 (dd, ] = 3.3, 7.0 Hz, 1H), 420 (dd, ] = 7.3, 9.7 Hz, 1F), 3.85-3.82 (m, 1F1), 3.42 (s, 3H),

3.06-2.96 (m, 1H), 2.84-2.73 (mn, 2F9), 2.38-2.18 (1, 4H), 2.08-2.18 (m, 2H) ppm. LC/MS: R, =
1.51 min, ES' 488 (AA standard).

clopentylmethyl sulfamate (C i-

(03471 "H NMR (CD,0D, 400 MEz, §): 8.13 (s, 1H), 7.23-7.08 (m, 5E), 6.60 (d, ] =3.6
Hz, 1H), 5.81 {t, J=7.68, 15.4 Hz, 1H), 5.36-5.25 (m, 1H), 4.32 (dd, ]=7.5, 9.6 Hz, 1¥1), 413 (dd, |
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each R' independently is an optionally substituted aryl of heteroaryl ring; wherein: in each recitation
of optionally substituted aryl, the aryl group, when substituted, contains on an unsaturated carbon
atom one or more substituents independently selected from halo, -NO2, -CN, -R*, - C(R*)=C(R¥*)2,
-CeC-R*, -OR*, -SR, -S(0)R, -502R, -SO2N(R+)2, -N(R)2, -NW-C(0)R*, - NR+C(0)N(R+)2,
-NR+CO2R, -0-CO2R*, -0C(0)N(R+)2, -0-C(0)R*, -CO2R*, -C(0)-C(0)R*, -C(0)R*, -C(0)N(R+)2,
-C(=NR+)-N(R+)2, -C(=NR+)-OR*, -N(R)-N(R)2, -N(R+)C(=NR+)-N(R+)2, -NR+SOZ2R, -
NR+SO2N(R+)2, -P(0)(R*)2, -P(0)(OR*)2, -0-P(0)-OR*, and -P(0)(NR+)-N(R+)2; in each recitation
of optionally substituted heteroaryl, the heteroaryl group, when substituted, contains one or more
substituents independently selected, if on an unsaturated carbon atom, from halo, -NO2, -CN, -R*,
-C(R*)=C(R*)2, - CeC-R*, -OR*, -SR, -S(0)R, -502R, -SO2N(R+)2, -N(R)2, -NW-C(0)R*,
-NR+C(0) N3 226-HERHHDOIAR 4. 0000 .2RT), 0%2(B) ume)gwge (@RIDCORRT/-OIBID(RYR,

iﬁg??;zﬁ@ﬁé@s)ﬁ%% 523 r%%h*)zﬂe%% ﬁi*%% )OR@%nd% %&% r\{%?;,)z’

and, if on asssiardable nitrogen atom, from -R*, -N(R*)2, C(O)R* -CO2R*, -C(0)-C(0)R*,
-C(0)CH2C(0)R*, -SO2R*, -SO2N(R*)22 - C(=S)N(R*)2, -C(=NH)-N(R*)2, and -NR*S02R*; in each
recitation oEspugiefy stbsimednpasebioyclyl, the heterocyclyl group, when substituted contains

one or mor stituents,inde entl selecte if on a ated ca bon fro o -NO2,
-CN, -R*, g?%@ C(R*)ZA%%§??“ % Efygg +C(O)R*
-NR+C(O)N‘(1RtF ﬂﬂwneembmt@@mﬂneéwmtﬁot@e@w 5E8(0)R*,
-C(0)R*, -Cle)hd#) RBC(=NR+)-N(R+)2, -C(=NR+)-OR*, -N(R)N(R)2, -N(R+)C(=NR+)-N(R+)2,
-NR+SO2R, -NR+SOZN(R+)2, -P(O)(R*)Z, -P(0)(OR*)2, -0-P(0)-OR*, and -P(0)(NR+)-N(R+)2, =0,
=S, =C(R¥) -NHC(0)R*, =N-NHCO2R*, =NNHSO2R, and =NR*, and, if on
a substitutable nltrogen atom, from -R*, -N(R*)2, -C(0)R*, -CO2R*, - C(0)-C(0)R*, -C(0)CH2C(0)R*,
_SO2R*, -SBHAR+)2, -Feligrine-manefackiry. Migusionicbaredmes wire senerated Bty fhe

optionally sBistiBesiRipasaiicn Hyetaltplinttrgseupioy e falbsititgtpehtenn aiite gyed INaBsated
carbon ato r
e S A ?%%%%aysé%mg} *i@%’{ %%5% ilbesed

NR+C(0)N@@§‘2 (5ﬁﬁhe@2¢@5461éb%¥tﬂ%&@mﬁ#ag$€é B‘}R -C(0)R¥,
-ﬁg)gg?;)% W@Eﬁmﬂ@_ﬁﬂﬂ) MW%ABN%)ZN(R 2 =0,
-NR+ + + +

s o SR RS e Ry e e S L)
occurrencetBrresEe s ?Wé’é{‘ w&@éﬁw&eﬁ%e&%ﬁ%ﬁt@éﬁﬁ gligand
mdependemﬁyvhymm PP houalip Bajicssasy phetiane avyte praiifieddsy sffiiiodpoaatagrdphypNihe
same nitroger.alam.iaken leapthelwithiesiiiggen atom, form a five to eight membered aromatic

or non-aromatic rlng havmg, in addition to the nitrogen atom, zero to two ring heteroatoms selected
from N, O, @é%éa@&%‘?%ﬁ'bﬂ%@@nce of R* is independently hydrogen or an aliphatic, aryl,
heteroaryl or heterocyclyl group; and a "cycloaliphatic" includes a cycloaliphatic group fused to a
5- to 6- mefodEdled aronfticlE{TRE2ME NO_803a6lrihdibdor@rERRH NI O03a8c ARG DOBEI4roatoms

selected frogp tbmi@uwa@%éﬂaer@dqn% B&%}Sm&:ﬁ%ﬂ%{a@iﬁé&@mﬁ@ﬁ%ﬂm&ﬁ5 to 6-
membered aro%r rcg)or 4- to red aromatlc rin \% % O 3 hete %%taqr;}%m lected
g olFﬁ'Sl{f'anﬁ *Re eroc@“l’y e

from the gro consisti i e?ocyc‘flc group fu toa
5- to 6- meﬁﬁ%ﬁﬁt@%@%@ffﬁ@mbered non- aromatlc ring having 0-3 heteroatoms
selected from the group conS|st|ng of 0, N and S; and a "heteroaryl" includes a heteroaryl group
fused to a S:EREBUSHLEABENRIGEINEAtiC ring or 4- to 8- membered non-aromatic rlng having 0-3

EEL?;%"E‘;?.’LLﬁaEEFSLeSJi?ﬁn“oééﬁottﬁ@tpﬁt’%g ot %ﬁ@}%@t B e T )
Rb and Rdcaﬂé’e‘aeﬁem@bsmeﬁﬂwﬁ Er iems) are eaPaapd e Neeratnaliy Bz Bsendoro, or

-0RS5; (f) Rﬁﬁdﬁvﬂfa@m @eﬂﬂﬁ&ﬁfﬁs@qmm nre pottiRidinhysirogeiuni) kisdardgegshyor
C14 aliph DRk dsdavsliagean, halo, or C14 aliphatic; (k) mis 1; and (1) stereochemical
conflguratlons eplcted at asterisked positions indicate absolute stereochemistry.
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3. The compound of claim 1 or 2, wherein V2 is -N(128)-. 4. The compound of claim 1 or 2,
wherein: Xis -0-; Y is -0- or W is -OH; Rb and Rd are each hydrogen; Re is hydrogen or -OH; Re is
hydrogen; Rd is hydrogen; Rh is hydrogen; Rl is hydrogen or C14 aliphatic; and mis 1. 5 The
compound of claim 1 or 2, wherein Ring D is selected from the group consisting of furanyl, thienyl,
pyrrolyl, oxazolyl, thiazolyl, imidazolyl, pyrazolyl, isoxazolyl, isothiazolyl, oxadiazolyl, triazolyl,
thiadiazolyl, phenyl, naphthyl, pyranyl, pyridyl, pyridazinyl, pyrimidinyl, pyrazinyl, triazinyl,
indolizinyl, indolyl, isoindolyl, indazolyl, benzimidazolyl, benzthiazolyl, benzothienyl, benzofuranyl,
purinyl, quinolyl, isoquinolyl, cinnolinyl, phthalazinyl, quinazolinyl, quinoxalinyl, naphthyridinyl,
pteridinyl, tetrahydrofuranyl, tetrahydrothienyl, pyrrolidinyl, pyrrolidonyl, piperidinyl, pyrrolinyl,
tetrahydroquinolinyl, tetrahydroisoquinolinyl, decahydroquinolinyl, oxazolidinyl, piperazinyl,
dioxanyl, digxehiplylodisZepizym@Eapinyl, thiazepinyl, morpholinyl, quinuclidinyl,
tetrahydroumollnyl tetrahydrmsoqumollnyl mdanyl phenanthridinyl, tetrahydronaphthyl, indolinyl,
benzodioxa®¥ : : PSRN cy- cIobutyI cyclopentyl, cyclopentenyl

cyclohexyl, > (46 exenyl ‘i\f t l, C %Iohegﬁe g}/?cl clooctenxls
ctanyl.

bicycloheptanyl and blcyc e compoun 1 oF 2 , wherein Ring D IS an

optionally stEhtREeEd %ﬁyh%k@d@wr, %ﬁ%ﬁ\’bﬁ%ﬁ%ﬂﬁ.@ﬁ@b@?ﬁﬁ%@ BfTidifn 1 or 2,
wherein: V%J&:l‘&ﬁ-ﬁék afintoRdfiselertea Ko tRa.giQuE Em.%Q&zymaﬁc reaction
mixture, with and without compound inhibitor, was incubated at 24 "C for 90 mixnites in a
384-well plate before termination with 25 uL of Stop/Detection buifer (0.1M HEPES pH 7.5,
0.05% Tween20, 20 mM EDTA, 410 mM KF, 0.53 nM Eurcpium-Cryptate labeled monoclonal
anti-FLAG M2 antibody (CisBio Infernational) and 8.125 pg/ml. PHYCOLINK 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, I-59, I-61 to 76, and I-79 to I-85 exhibited IC,,
values less than or equal {0 10 pM in this assay. Compounds -1, I-2, I-3, I-4, I-6, I-7, I-8, I—i..’!,
1-13, 114, I-15, 116, 1-17, T-1B, 119, I-21, 122, 1-23, I-24, 1-25, I-26, 1-27, I-28, I-20, I-30, I-31, 1-32,
[-33, T34, 135, 1.36, 137, 1-38, 1-39, 140, 141 142 T-43 1-44 145, I-46, 1-47, 1-48, 149, 1-5¢, 151,
I-52, I-54, I-56, 1-59, 1-61, I-62, I-63, 1-64, I-65, 1-66, I-67, I-68, I-69, 1-70, I-71, I-72, I-73, I-74, 1-76,
I-78, I-79, 1-80, I-81, 1-82, I-83, I-84, and I-85 exhibited IC,, values less than or equal to 100 nM

in this asgay.
Sumo-Activating Enz A
[0354] The SAE enzymatic reaction was conducted as outlined above for NAE

except that Ubc12-GST and Nedd&Flag were replaced by 0.01 pM Ube8-GST and 0.125 uM
Sumo-Flag respectively and the concentration of ATP was 0.5 pM. Recombinant human SAE
(0.11 nM) was the source of enzyime.

Ubiguitin-Activating Enzyme (UAE) HTRF Assay.

[0355] The UAE enzymatic reaction was conducted as outlined above for NAE
except that Ubel2-G5T and Nedd8-Flag were replaced by 0.005 pM Ube2-GST and 0.125 pM
Ubiquitin-Flag respectively and the concentration of ATP was 0.1 iM. Recombinant mouse
UAE (0.3 nV) was the source of enzyme,
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(RP), (R13)1: each RP independently is selected from the group consisting of fluor, -OR",
-NtR4z)(R4S), -(70,Rsx, or -00) N(11140(Rik), Of a Cia aliphatic orC1 fluoroahphatic optional ,
substituted with OR (Q R5' or each R8P independently is selected from the group consisting of
fluor, -OR", -N(le)(e), -0091e, or -C(0)N(Rix)(R411), or a Cia aliphatic of C14 fluoroaliphatic
optionally substituted with -OR'sx, -NtRikhiRki -CO2R", o - C(0)N(11140(Rik), provided that R8 is
other than -01115x or -NtR10(1114) vthen located at a position adjacent to a thng oxygen atom; s
is0.1or2;tis 0, 1, Or 2; Rik is hydrogen, Ci lkyl, C14 fluoroalkyl orC6lo ar(C14)alkyi, the aryl
portion of which may be optionally substituted; Rik is hydrogen, Cia alkyl, C14 fluoroalkyl, Co_io
ar(iia)alkyl, the aryl portion of which may be optionally substituted, or an optionally substituted 5- or
6-membered aryl, heteroaryt, or heterocyclyl ring; or Rix and R411, taken together with the
nitrogen atdxatopidioh thaare attaohed, form an optionally substituted 4- to 8-membered
heterocyclyl ring haying, in addition to the nitrogen atom, 0-2 ring heteroatoms independently

selected frdfPI¥! 0, and SelsrEsmpeuprnfdauainill et bgiad o salllgaeaistuoroalkyl, or an
optionally sub ailed C61 aryl or CO jh arKii 8 The compound of claim 1, characterized by formula
(VII): N Anti-Proliferation Assay !&51) _

[0357]) Calu-6& (2400/well) or other tumor cells in 80 pl. of appropriate cell culture
medium (MEM for Calué, Invitrogen) supplemented with 10% fetal bovine serum
(Invitrogen) was seeded in wells of a 96-well cell culture plate and incubated for 24 hours in
a Hssue culture incubator. Compound inhibitors were added in 20 uL 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 Calu6) at 37 °C.
The optical density for each well was read at 450nm using a spectrophotometer (Molecular
Devices), Percent inhibition was caleulated 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 weare seeded, in 72 pL of
appropriate cell culture medium (MEM for Calué, Invitrogen) supplemented with 10% fetal
bovine serum (Invitrogen) in wells of a 384-well Poly-D-Lysine coated cell cultire plate.
Compound inhibitors were added in 8 uL 10%DM30/FBS to the wells and the plates were
incubated for 72 howuxs at 37 °C. Cell culture rnediurn was aspirated, leaving 25 pL in each
well, 25 UL of ATPlite 1step ™ reagent (Perkin Flmer) was added to each well, The
luminescence for each well was read using the LeadSeeker Microplate Feader (Molecular
Devices). Percent inhibition was calculated using the values from a DMSO control set to
100% viability.

Example 72: Invivo Assays

[0359] Selected compounds of formula (I) were tested in in vivo assays.

In vivo Tumor Efficacy Model
[0360] Calu6 (5 x10° cells), HCT116 (2 x10° 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 58 weeks, Charles River) using a 26-gauge
needle. Beginning on day 7 after inoculation, hunors were measured twice weekly using a
vexriier caliper. Tumor volumes were calculated using standard procedures (0.5 x (length x
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9iomg-0"Re N.,,,.. N/RaT H2NRb RdRh or a pharmaceutically acceptable salt thereof, wherein
stereochemical configurations depicted at asterisked positions indicate absolute stereochemistry.
9. The compound of claim 1, wherein the compound is selected from the group consisting of:
Chemical Name I- 6 tilS.2S.4R) -4-14-1 0 Si -2.3-dihydro - 1 I-Linden-I -yli me thynaminoi -7
El-pyrcol2,3- clipyrimidin -7 -y11-2- hydroxycyclopentyemethyl suifamate I- 11
01S,3S)-3-{44(1S)-2,3-dihydro-1H-inden-I-ylaminoi-7H-pyrrolor,3-cli-pyrimidin-7-y1{cyclopentyl)met
hyl sulfamate I- 12 01S,2S,4R)-4- {4-R4S)-3,4-dihydro-2H-chromen-4-ylaminoi-7H-pyrrolor,3-di
-pyrimidin-7-y11-2- hydroxycyclopentyl)methyl sulfamate I- 13
01S,2S,4R)-4-{4-R1R)-2,3-dihydro-1H-inden-1-ylaminoi-7H-pyrrolc42,3-di-pyrimidin-7-y11-2-
hydroxycyclopentyl)methyl sulfamate I- 14

width?). When the tumors reached a volume of approximately 200 m® mice were

randomized into groups and injected intravenously in the tail vein with compound inhibitor
(100 uL) at vanious doses and schedules. Alternatively, compound inhibitor may be
delivered to mice by intrapexitoneal or subcutaneous injection or oral administrabon. All
conirol groups received vehicle alone. Tumor size and body weight was measured twice a

week and the study terminated when the conirol tumors reached approximately 2000mm’.

[0361] The patent and scientific Iiterature referzed i herein establishes kmowledge
that is available to those with skill in the art. Tnless otherwise defined, all technical and
scientific terms used herein have the same meaning as commonly understood by one of
ordinary skill in the art to which this invention belongs. The issued patents, applications,
and references that are cited herein are hereby incorporated by reference to the same extent
as if each was specifically and individnally indicated to be incorporated by reference. In the
case of inconsistencies, the present disclosure, including definitions, will control.

[0362] 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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fl1S,2S,4R)-444-{
fl1S)-3,3-dimethy1-2,3-dihydro-1H-inden-I-yliaminol-7H-pyrrolor,3-dipyrimidin-7-y0-2-
hydroxycyclopentylimethyl sulfamate 1- 17 ((IS,2R,3S ,4R)-4-{4-[(1S)-2,3-dihydro-I
H-inden-l-ylamino]-7H-pyrrolo[2,3-c]-pyrimi(2£r|1_-)z-lwf§-2,3- dihydroxycyclopentyl)methyl sulfamate I-
20 ((IR,4R)-4-[4-[(1S)-2,3-dihydro-1 I
H-inden-l-ylamino]-7H-pyrrolo[2,3-cfl-pyrimidin-7-yllcyclopent-2-en-1- yemethyl sulfamate I- 21
[(1S,2S,4R)-4-{4-[(1R)-3,3-dimethy1-2,3-dihydro-1H-inden-I-yflaminol-7H-pyrrolo[2,3-cflpyrimidin-7-
y1)-2 doyahraxytytloperteylimethyl sulfamate |- 27 [(1S,2S,4R)-4-(4-{
[(1S)-5-chloro-2,3-dihydro-1H-inden-I-yflaminol-7HRyyrrolo-[2,3-cflpyrimidin-7-y1)-2-
hydroxycyclopentylimethyl sulfamate I- 80 re =Q

((IS,28,4R)-4-{4-[(18)-2,3-dihydro-ll—$—' den! -2 pyfiglefk  3-cfl-pyrimidin-7-y11-2-hydroxy
-2- methylcyclopentyl)methyl sulfantated- 23, {%(4- )-5-bromo-2,3-dihydro-|
- roxycyclopentylimethyl sulfamate |- 35

H-inden-l-yflaminoI-7H-pyrroIo-[2(?§,%ﬂpyrhqa' n- )-
((IS,28,4R)-4-{4-[(1S)-2,3-dihdeQNLH-inden-'i'—’ylgmino]-RQ-pyrrolo[Z(%g]-pyrimidin-%yll-z-
nydraxy GRGIRREANDIMEIAVL SURMAHE L 2% Kife2S.4R)-4-(4-{ o
[(1S)-5-fluoro-2,3-dihydro-1H-inden-l-yflaminol-7H-pyrrolo-[2,3-cflpyrimidin-7-y1)-2-
hydVOXyCyC@QQSENQm%WArﬁldlj%lmﬁedép?&ed at astedigkesitions indicate relative stereochemistry;

Q is =N- or =C(F)-;

X'is -CH,-, -CHF-, -CH-, -NH-, or -O-;

Y is -O-, -S-, or -C(R)(R")-,

R*is selected from the group consisting of hydrodkioro, -OH, -OCH and - CH; or R and R together form a

bond;

R® is selected from the group consisting of hydrodeiro, C._, aliphatic, and €, fluoroaliphatic;

R®is selected from the group consisting of hydrodlelsro and -OR or R and K together form a bond;

RYis selected from the group consisting of hydrodeiro, C._, aliphatic, and €, fluoroaliphatic;

R®is hydrogen, or ¢, aliphatic;

each Ris independently hydrogen of_galiphatic

each Rindependently is hydrogen, halo, -CN-, “ORN(R}),, -SF, or an optionally substituted; Galiphatic

group;

R is hydrogen, -OR -SR, -N(R%),, or an optionally substituted aliphatic, aryl,h@teroaryl group;

R*is hydrogen, halo, -OR-SF, -N(R%),, or an optionally substituted, Galiphatic group;

R™is hydrogen, fluoro, -N(#,, or an optionally substituted; Galiphatic group;

R" is hydrogen, fluoro, or an optionally substitu@d, aliphatic group; or

R™and R together form =O or =C(#;

each Rindependently is hydrogen or an optionally subsgil aliphatic, aryl, heteroaryl, or heterocyclybgp; or

two R* on the same nitrogen atom, taken together witmiinegen atom, form an optionally substituted 4-

to 8-membered heterocyclyl ring having, in additiorthe nitrogen atom, 0-2 ring heteroatoms inddpetly

selected from N, O, and S;

each Rindependently is hydrogen or an optionally subgi aliphatic, aryl, heteroaryl, or heterocyclybgp;

each Rindependently is an optionally substituted alipharyl, or heteroaryl group; and

mis 1,2, or3;

VZis -N(F)-, -O-, or -S-;

R®is hydrogen or ¢, aliphatic;

Ring D is an optionally substituted aryl, heterdahgterocyclyl or cycloaliphatic ring,

each substitutable saturated ring carbon atomrig Riis unsubstituted or substituted with =0, =S, =g{R=N-

N(R%,, =N-OR, =N-NHC(0)R, =N-NHCO,R®, =N-NHSQR®, =N-F° or -R";

each substitutable unsaturated ring carbon atdRirig D is unsubstituted or substituted with’:R

each substitutable ring nitrogen atom in Rihés unsubstituted or substituted with®™R

each R’ independently is -C(O) R-C(O)N(R),, -COR®, -SOR®, -SON(RY.,, or a G, aliphatic optionally

substituted with R

each R independently is selected from the group congjstirhalo, G.s aliphatic, G.s fluoroaliphatic, -RP, -

R?P, -T-R'P, and -T-R?P; or two R on the same saturated carbon atom, taken togetitiethe carbon

atom to which they are attached, form an optionsilllgstituted 3- to 6-membered spirocyclic cycldadiic ring;

T?is a G.g alkylene chain optionally substituted witf*Rr R

each R independently is an optionally substituted argtenoaryl, or heterocyclyl group;
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((1S,2S,4R)-2-hydroxy-4-{4-[(1S)-1,2,3,4-tetrahydronaphthalen-l-ylamino]-7H-pyrrolo[2,3-d]pyrimidin
-7- yllcyclopentyl)methyl sulfamate I- 39
[(1S,2S,4R)-4-(4-amino-7H- pyrrolo[2 3- c]pyrimidin-7-y1)-2-hydroxycyclopentyl]methyl sulfamate I-

52[(1S,2S 4§ %P R5 OR‘5 (O)F? -SOR®, -SON(R?),,
[(1R,2S)-2-mgk OXM % {'FQ’*P R“) R®, -NR'CO,R®, -N(R)
c]pyrimidin go}@cy\qg Lgn}etigy z{(’o{N(Ff)z -C(O)N
[(1R,2S)- th %%@Oé\/ yc‘z‘ ﬁﬂ“j%{ @5&0@ )-N(RY)», -C(=NR)-OR’, -C
clpyrimidin<Z @pg/ m@ L Qamat

((2S.,3s 5Rb&ﬁﬁ%b&&ﬁlb%&e&édlﬂ@ﬁ% Mlamle&]z]sbhpyrmlp[é@;%mir@id,inN?w;lc%o)
hydroxytetrat)ydiafyrare2ryenethy hayfam@k, 26N 4(0)8H#8.,.4R)4-{4-[(1S)-2,3-dihydro-I
H-inden-1-yWadniRohdddepyerlp{2 a3 ipyatm shiodayl dudstihyedanyess e entyp meisyljsui@ardec s e
N-fl(25,35, 3R)pon{#d il Bk Jogdiysraiih thénderv aydanionafesHrpytalnéa, oot pyaimidimemyd k-
hydroxytetrajwy@pfurani@gyemethyl]sulfamide |- 59

2-((1S,25,4 Rpah-fHi{(2S)n2eBiglilsyuiroplibhamderpstitytedrinbp@idapymoto[2,3-c]-pyrimidin-7-y11-2-
hydroxycycldpegitypethanesulfonamide I- 60

((1S,2S,4R)-4-{4-[(DSRch BeilAeirof DRtionabnstAtTIRIEILE-RHY rokw2vBed]|sphslitiein cpyains Dmgaroxy
-1- methylcyclopeHtfiathgicatirarmiane ans9r [(18: 38nafyedepyIigotiy seigcted from halo, -NECN, -RY, -
[(1R,2S)-2- metho@@BQﬂﬁ;}dr&éﬁ—Bmdéﬁ ISRanfiR 7 HSSR ot (B2 -N(R' )2 -NR'C(O)R*, -
c]pyrimidin-7-y0-2% PER ARt CRAManRREON & st r et t%ﬁ?épsa1F(O)R*

thereof. -C O)N( C( NR*) ‘N(R"),, -C(=NR")-OR*, N(R) N(R"2, -N(R)C(= R) N(R")2, -NR'SOR®, -
NR" SOZN(R )2, -P(O)(R*), -P(0)(OR*), -O-P(0)-OR*, and -P(0)(NB-N(R"),; in each recitation of
optionally substituted heteroaryl, the heteroarglup, when substituted, contains one or more dulesiis
independently selected, if on an unsaturated caabmm, from halo, -Ng -CN, -R*, -C(R*)=C(R*}, -
C=C-R*, -OR*, -SR°, -S(O)R®, -SER°, -SQN(R"),, -N(R"),, -NR'C(O)R*, -NR'C(O)N(R'), -
NR'COR®, -O-CQR*, -OC(0)N(R),, -O-C(O)R*, -CQR*, -C(0)-C(O)R*, -C(O)R*, -C(O)N(R),, -
C(=NR")-N(R"),, -C(=NR)-OR*, -N(R")-N(R"),, -N(R)C(=NR")-N(R"),, -NR'SO,R®, -NR'SO,N(R"),, -
P(0)(R*),, -P(O)(OR*), -O-P(0)-OR*, and -P(O)(NB-N(R"),, and, if on a substitutable nitrogen atom,
from -R*, -N(R*),, -C(O)R*, -CQR*, -C(0O)-C(O)R*, -C(O)CHC(O)R*, -SQR*, -SO,N(R*),, -
C(=S)N(R*), -C(=NH)-N(R*),, and -NR*SQR*; in each recitation of optionally substituteddr®cyclyl,
the heterocyclyl group, when substituted, contaims or more substituents independently selectexh &
saturated carbon atom, from halo, -N€CN, -R*, -C(R*)=C(R*),, -C=C-R*, -OR*, -SR°, -S(O)R®, -
SOR?, -SQN(R"),, -N(R"),, -NR'C(O)R*, -NR'C(O)N(R'),, -NR'CO,R°, -O-CQR*, -OC(O)N(R),, -O-
C(O)R*, -COR*, -C(0O)-C(O)R*, -C(O)R*, -C(O)N(R)2, -C(=NR)-N(R"),, -C(=NR)-OR*, -N(R")-
N(R")2, -N(R)C(=NR")-N(R"),, -NR'SO,R®, -NR'SON(R"),, -P(0)(R*), -P(O)(OR*}, -O-P(0O)-OR*,
and -P(O)(NR)-N(R"),, =0, =S, =C(R*), =N-N(R’),, =N-OR*, =N-NHC(O)R*, =N-NHCQR*, =N-
NHSO,R?, and =N-R*, and, if on a substitutable nitrogéom, from -R*, -N(R*), -C(O)R*, -CQR?*, -
C(O)-C(O)R*, -C(O)CHC(O)R*, -SQR*, -SO,N(R*),, -C(=S)N(R*)}, -C(=NH)-N(R*),, and -
NR*SO,R*; in each reaction of optionally substituted hlpic, the aliphatic group, when substituted,
contains on a saturated carbon atom one or mostiignts independently selected from halo, ;NGN,
-R*, -C(R*)=C(R*),, -G=C-R*, -OR*, -SR°, -S(O)R°, -SgR°, -SQN(R"),, -N(R"),, -NR'C(O)R*, -
NR'C(O)N(R")2, -NR'CO,R?, -O-CQR*, -OC(O)N(R),, -O-C(O)R*, -CQR*, -C(0)-C(O)R*, -C(O)R*,
-C(O)N(R)2, -C(=NR")-N(R"),, -C(=NR)-OR*, -N(R")-N(R"),, -N(R")C(=NR’)-N(R"),, -NR'SO,R®, -
NR'SON(R"),, -P(O)(R*}, -P(0)(OR*}, -O-P(0)-OR*, and -P(O)(NB-N(R"),, =0, =S, =C(R*), =N-
N(R"),, =N-OR*, =N-NHC(O)R*, =N-NHCQR®, =N-NHSQR°®, and =N-R*; each occurrence of R° is
independently an aliphatic or aryl group; each o@mce of R is independently hydrogen or an aliphatic,
aryl, heteroaryl, or heterocyclyl group, or twd & the same nitrogen atom, taken together with the
nitrogen atom, form a five to eight membered ardéer@t non-aromatic ring having, in addition to the
nitrogen atom, zero to two ring heteroatoms setefrtam N, O, and S; and each occurrence of R* is
independently hydrogen or an aliphatic, aryl, hedeyl, or heterocyclyl group; and a "cycloaliphatic
includes a cycloaliphatic group fused to a 5- ton@mbered aromatic ring or a 3- to 8- membered non-
aromatic ring having 0-3 heteroatoms selected fiteergroup consisting of O, N and S, an "aryl" idgs
an aryl group fused to a 5- to 6- membered aronaticor 4- to 8-membered non-aromatic ring having
3 heteroatoms selected from the group consistir@, ™ and S; a "heterocyclyl” includes a heteroicycl
group fused to a 5- to 6- membered aromatic ring-do 8- membered non-aromatic ring having 0-3
heteroatoms selected from the group consisting, ™ @nd S; and a "heteroaryl" includes a heteroaryl
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or a pharmaceutically acceptable salt thereof. 10. The compound of claim 1, wherein the
compound is: H214 or a pharmaceutically acceptable salt thereof. HO 11. A compound of formula
(IX): ci (IX) wherein: depicted stereochemical configurations indicate absolute stereochemistry; Rb

is selected from the grop.GQNSIstinaof flugra, G4 allph; ¢oa§‘9'»n%%6e @ﬁ&? 18 R wing 0-3
selected from the %é%?&a&%%% flReLQ Q% [Qgen, y&@stﬁi hatic, an uoroallp atic; Re Is
hydrogen or C14 aliphatic; or Re, taken together with one Wand the intervening carbon atoms,
formsa 5HRRHeMRREthIRIRAYEISy e SarhRH INJBRSNAS Atlyisaydrogen, fluor, C14 aliphatic,
or C14 fluoygpliphadic; or two 121, taken together with the carbon atom to which they are attached,
form a 3- tq¥y-memaheredgarbocyclic ring; or one R1 takentogether with Re and the intervening
carbon atoms fesnasqa 3- to 6-membered spirocyclic ring; Ir and Rbb are each independently
hydrogen ogdq i ysaEok v eaieatinghanaelyory tiregish Riere) @ aiphatic;

(e) R is hydrogen, fluoro, or -OR

() R®is hydrogen;

(9) each Ris hydrogen;

(h) each Ris hydrogen:;

() R is hydrogen or ¢, aliphatic;

() R¥is hydrogen, halo, orG aliphatic;

(k) mis 1; and

() stereochemical configurations depicted at @&sited positions indicate absolute stereochemistry.

3. The compound of claim 1 or 2, whereif ig -N(F)-.
4. The compound of claim 1 or 2, wherein:

Xis -O-; Y is -O- or -CH-;

R%is -OH;

R° and K are each hydrogen;
R®is hydrogen or -OH;

R®is hydrogen;

R'is hydrogen:;

R"is hydrogen;

R’ is hydrogen or €, aliphatic; and
mis 1.

5. The compound of claim 1 or 2, wherein Ring D iestdd from the group consisting of furanyl, thiemyrrolyl,
oxazolyl, thiazolyl, imidazolyl, pyrazolyl, isoxa®, isothiazolyl, oxadiazolyl, triazolyl, thiadiatyl, phenyl, naphthyl,
pyranyl, pyridyl, pyridazinyl, pyrimidinyl, pyrazin, triazinyl, indolizinyl, indolyl, isoindolyl, inlazolyl, benzimidazolyl,
benzthiazolyl, benzothienyl, benzofuranyl, purirgdinolyl, isoquinolyl, cinnolinyl, phthalazinyl,uinazolinyl, qui-
noxalinyl, naphthyridinyl, pteridinyl, tetrahydrafanyl, tetrahydrothienyl, pyrrolidinyl, pyrrolidohypiperidinyl, pyrro-
linyl, tetrahydroquinolinyl, tetrahydroisoquinolihydecahydroquinolinyl, oxazolidinyl, piperazingioxanyl, dioxola-
nyl, diazepinyl, oxazepinyl, thiazepinyl, morphglinquinuclidinyl, tetrahydroquinolinyl, tetrahydsmquinolinyl, in-
danyl, phenanthridinyl, tetrahydronaphthyl, indglirbenzodioxanyl, benzodioxolyl, chromanyl, cydlopyl, cy-
clobutyl, cyclopentyl, cyclopentenyl, cyclohexyljabohexenyl, cycloheptyl, cycloheptenyl, cycloogtgyclooctenyl,
cyclooctadienyl, bicycloheptanyl and bicyclooctanyl

6. The compound of claim 1 or 2, wherein Ring D isoptionally substituted indanyl, tetrahydronaphttoylchromanyl.
7. The compound of claim 1 or 2, wherein:

V2is -N(R8)-;
Ring D is selected from the group consisting of:
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cyclic diol protecting group. 12 The compound of claim 11, represented by the formula: 00",, HO
H3C OH 13. A compound of formula (X): wherein: (X) depicted stereochemical configurations
indicate absolute stereochemistry; Rb is hydrogen; Rd is hydrogen; Re is hydrogen or C14
aliphatic; or Re, taken together with one Wand the intervening carbon atoms, forms a 3- to
6-membered spirocyclic ring; each R1 independentlyis K§8rogen, fluor, R éﬁphatic, or Cl14
fluoroaliphatic; or two 121, taken together with the c atom to,whi y are attached, form a
3- to 6-membered carbo€ilic s (RPg R1 e intervening carbon
atoms, forms a 3- to 6-menfibe irocyclic ring is hydrogen Qy ad@ydroxyl protecting group;
and X is hydrogen or a hydry&yl protecting grou g and Rform a a{}ﬁic diol protecting group. 14.
The compound of claim 1@3, Haracterized by fo Fula (Xa): , )s ;

each R independently is selected from the group congjstiifluoro, -OR*, -N(R*)(R"), -CO,R>, or -C(O)
N(R™)(RY), or a G, aliphatic or G.4 fluoroahphatic optionally substituted with -&R-N(R*)(R"), -CO,R>,

or -C(O)N(R¥)(RY);

each B independently is selected from the group congjstiffluoro, -OR*, -N(R™)(R"), -CO,R*

or -C(O)N(R¥)(RY), or a G, aliphatic or G4 fluoroaliphatic optionally substituted with -GR-N(R*)(RY), -CO,R™, or -
C(O)N(R™)(R"), provided that B is other than -O® or -N(R*)(R*) when located at a position adjacent

to a ring oxygen atom; s is 0,1 or 2;

tis0, 1, or2;

R™is hydrogen, €, alkyl, C,.4 fluoroalkyl, or G.,oar(C.4alkyl, the aryl portion of which may be optionally
substituted;

RY is hydrogen, €, alkyl, C,4 fluoroalkyl, Gs.1oar(C.s)alkyl, the aryl portion of which may be optionally
substituted, or an optionally substituted 5- or &mbered aryl, heteroaryl, or heterocyclyl ring; or

R* and R, taken together with the nitrogen atom to whickythare attached, form an optionally substituted
4- to 8-membered heterocyclyl ring having, in aiddito the nitrogen atom, 0-2 ring heteroatoms rehelently
selected from N, O, and S; and

each R* independently is hydrogen, Galkyl, C,_, fluoroalkyl, or an optionally substituted; & aryl or G.1o
ar(Cpgalkyl.

8. The compound of claim tharacterized by formula ¢/111):

R!
)‘:Q )
N V.
VS Me a0
0=5-0  —V'Re Ny
/ REL dR Yh
Hp_N R® R R (v

or a pharmaceutically acceptable salt thereof, eihestereochemical configurations depicted at ebied positions
indicate absolute stereochemistry.

9. The compound of claim 1, wherein the compound liscsed from the group consisting of:

Chemical Name
((1S8,2S,4R)-4-{4-[(1S)-2,3-dihydro-1H-inden-1-yl(thgl)amino]-7H-pyrrolo-[2,3-d]pyrimidin-7-yl}-2-
I-6 | hydroxycyclopentyl)methyl sulfamate
((1S,3S)-3-{4-[(1S)-2,3-dihydro-1H-inden-1-ylamindH-pyrrolo[2,3-d]-pyrimidin-7-yl{cyclopentyl)methy
I- 11 | sulfamate
((1S,2S,4R)-4-{4-[(4S)-3,4-dihydro-2H-chromen-44ylmo]-7H-pyrrolo[2,3-d]-pyrimidin-7-yl}-2-
I- 12 | hydroxycyclopentyl)methyl sulfamate
((1S,2S,4R)-4-{4-[(1R)-2,3-dihydro-1H-inden-1-ylama]-7H-pyrrolo[2,3-d]-pyrimidin-7-yl}-2-
I- 13 | hydroxycyclopentyl)methyl sulfamate
[(1S,2S,4R)-4-(4-{[(1S)-3,3-dimethyl-2,3-dihydro-1iHden-1-ylJamino}-7H-pyrrolo[2,3-d]pyrimidin-7-yFp-
I- 14 | hydroxycyclopentyllmethyl sulfamate
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Rf, Rey,” 0 Ar.)--(7 Rb Rd wherein Ar is an optionally substituted aryl group 15. The compound of
claim 14, selected from the group consisting of:  16. A compound of formula (XI) or formula (XII):
Rf Re ",0 Rb Rea R (XI) wherein: depicted stereochemical configurations indicate absolute

St ronchoamictns Rina A ic caleetad from - thoa Aaroun concictina nf:
FeeochAersStHy,<ig-A1s-SeiecteaHom-thAe-grod contsroutty ot

((1S,2R,3S,4R)-4-{4-[(1S)-2,3-dihydro-1H- mdenplayilno] 7H- pyrrol0[2 3-d]-pyrimidin-7-yl}-2,3-

I- 17 | dihydroxycyclopentyl)methyl sulfamate
((1R,4R)-4-[4-[(1S)-2,3-dihydro-1H-inden-1-ylamir@H-pyrrolo[2,3-d]-pyrimidin-7-yl}cyclopent-2-en-1-
I- 20 | yl)methyl sulfamate
[(1S,2S,4R)-4-{4-[(1R)-3,3-dimethyl-2,3-dihydro-lidden-1-yllamino}-7H-pyrrolo[2,3-d]pyrimidin-7-yI2-
I- 21 | hydroxycyclopentyllmethyl sulfamate
[(1S,2S,4R)-4-(4-{[(1S)-5-chloro-2,3-dihydro-1H-ied-1-ylJamino}-7H-pyrrolo-[2,3-d]pyrimidin-7-yl)-2-
I- 27 | hydroxycyclopentyllmethyl sulfamate
((1S,2S,4R)-4-{4-[(1S)-2,3-dihydro-1H-inden-1-ylamoi-7H-pyrrolo[2,3-d]-pyrimidin-7-yl}-2-hydroxy-2-
I- 30 | methylcyclopentyl)methyl sulfamate
[(1S,2S,4R)-4-(4-{[(1S)-5-bromo-2,3-dihydro-1H-imdé.-ylJamino}-7H-pyrrolo-[2,3-d]pyrimidin-7-yl)-2-
I- 33 | hydroxycyclopentyllmethyl sulfamate
((1S,2S,4R)-4-{4-[(1S)-2,3-dihydro-1H-inden-1-ylamoi-7H-pyrrolo[2,3-d]-pyrimidin-7-yl}-2-

I- 35 | hydroxycyclopentyl)methyl sulfamate
[(1S,2S,4R)-4-(4-{[(1S)-5-fluoro-2,3-dihydro-1H-ied-1-ylJamino}-7H-pyrrolo-[2,3-d]pyrimidin-7-yl)-2-
I- 36 | hydroxycyclopentyllmethyl sulfamate
((1S,2S,4R)-2-hydroxy-4-{4-[(1S)-1,2,3,4-tetrahydaphthalen-1-ylamino]-7H-pyrrolo[2,3-d]pyrimidin-7-
I- 37 | yl}cyclopentyl)methyl sulfamate

I-39 | [(1S,2S,4R)-4-(4-amino-7H-pyrrolo[2,3-d]pyrigin-7-yl)-2-hydroxycyclopentyllmethyl sulfamate
[(1S,2S,4R)-2-hydroxy-4-(4-{[(1R,2S)-2-methoxy-2#rydro-1H-inden-1-yl]-amino}-7H-pyrrolo[2,3-

I- 52 | d]pyrimidin-7-yl)cyclopentyllmethyl sulfamate
[(1S,2S,4R)-2-hydroxy-4-(4-{[(1R,2S)-2-isopropoxy82dihydro-1H-inden-1-yl]-amino}-7H-pyrrolo[2,3-
I- 54 | d]pyrimidin-7-yl)cyclopentyllmethyl sulfamate
((2S,3S,5R)-5-{4-[(1S)-2,3-dihydro-1H-inden-1-ylamoi-7H-pyrrolo[2,3-d]-pyrimidin-7-yl}-3-

I- 55 | hydroxytetrahydrofuran-2-yl)methyl sulfamate
N-[((1S,2S,4R)-4-{4-[(1S)-2,3-dihydro-1H-inden-1ayhino]-7H-pyrrolo[2,3-d]-pyrimidin-7-yl}-2-

I- 56 | hydroxycyclopentyl)methyl]sulfamide
N-[((25,35,5R)-5-{4-[(1S)-2,3-dihydro-1H-inden-1ayhino]-7H-pyrrolo[2,3-d]-pyrimidin-7-yl}-3-

I- 58 | hydroxytetrahydrofuran-2-yl)methyl]sulfamide
2-((1S,25,4R)-4-{4-[(1S)-2,3-dihydro-1H-inden-1-gino]-7H-pyrrolo[2,3-d]-pyrimidin-7-yl}-2-

I- 59 | hydroxycyclopentyl)ethanesulfonamide
((1S,2S,4R)-4-{4-[(1S)-2,3-dihydro-1H-inden-1-ylamoi-7H-pyrrolo[2,3-d]-pyrimidin-7-yl}-2-hydroxy-1-
I- 60 | methylcyclopentyl)methyl sulfamate
[(1S,2S,4R)-4-(5-fluoro-4-{[(1R,2S)-2-methoxy-2,8gldro-1H-inden-1-ylJamino}-7H-pyrrolo[ 2, 3-
d]pyrimidin-7-yl)-2-hydroxycyclopentyllmethyl sulfaate or a pharmaceutically acceptable salt thereof.

or a pharmaceutically acceptable salt thereof.

10. The compound of claim 1, wherein the compound is:

HN'g
(Y

HaN 3
HO

or a pharmaceutically acceptable salt thereof.
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wherein one ring nitrogen atom in Ring A optionally is oxidized; Rb is hydrogen; Rd is hydrogen;
Re is hydrogen or C14 aliphatic; or Re, taken together with one Rd and the intervening carbon
atoms, forms a 3- to 6-membered spirocyclic ring; each Rd independently is hydrogen, fluor, C14
a{iPh@gg or €14 fggprﬁgglmgatic; or two Rd, taken together with the carbon atom to which they are
attachedl‘,j?orm a 3- to b-membere gartgocyclic ring; or one Rd taken together with Re and the
intervening carbon atoms, form&&'B- 1§ 6;qnembered spirocyclic ring; Rg is hydrogen, halo, -NO2,
-CN, -C(R5)=C(R5)2, -C=C;R5, -OR5:« -S(0)126, -S02126, -SO2N(R4)2, -N(124)2,
-NR4C(0)R5, _NR4c("(R4)25 46:\(; )_N(R4)25 _N(R4)c(=NR4)-R65 _NR4co2R65

I

_N(R4)s02R65 _N(R4) SO2N(R4)2,20-&(9)®%6, -0C(0)N(R4)2, -C(0)126, -002126, -C(0)N(R4)2,
-C(0)N(R4)-0126, -C(0)N(R4)C (=NR¢3sN(R4)2, -N(R4)C(=NR4)-N(R4)-G(0)126,

-C(=%R;§ -N(R4)2, -C(=NR4)-0126, -N(R4)-N(R4)2, -N(R4)-0126, -C(=NR4)'N(R4)-0126,

-C(RB)E

-rb126, or an optionally substituted aliphatic, aryl, heteroaryl, or heterocyclyl; each Rh
independery ii§e%/s‘ig§§ne@§£?baﬁ.'\'wa%saﬁafé?a hRlghatgk ke, -NH-(C1 4 aliphatic), -N(Ci 4
aliphatic)2, eST,s S G014 ANRNANEY, Shan ApteRAY, SHPSIHEA L4 Blishaig group: Ri is
hydrogen, QW sRR&q kit r&éﬁ&%ﬂ@%‘hﬁ H! ﬁé\&iﬂﬁ%‘&e@@’  QLEBIRRRaRY! group; Rk
is hydrogernzhalgqi&dRvorSRITNAR4YE OtRB,ABIARE! Vs etiHEEH Gk AIRNALG O BB L 2661S 2
hydrogen og adwefaxhbRPLerIQRIGIMYe; and Rhh is hydrogen or a hydroxyl protecting group; 12"
is hydrogena¢ramuiiasndeRtio e SHam SR URORY, E4ARBABDbRIMLRaRINMRIErBY &/ Yk el Jate aling
group; or 13@6amdnldoni@orHar frinara syt dig e e ating e ireasbiRdnt de prasentlydsher
hydrogen owanreptiofallyistiesiiyitachaliphuatis eyt Hetexdasyleosheigencyelyl group; or two R4 on
the same nitfdgerritomedekeddegerdrely withdle niteageroatarbideiouaooition &tyogatbstitaiac 4- to
8-memberegdietdivopydylingngréigving, in addition to the nitrogen atom, 0-2 ring heteroatoms
independently selected from N, 0, and S; each 126 independently is hydrogen or an optionally
substituted aliphatic, aryl, heteroaryl, or heterocyclyl group each R6 independently is an optionally
stbstiateinafiphhecslainy il brréprseseotad by tor famul

Ho”
HiC™2
OH
13. A compound of formula (X):
Rf Rf Ré

Raa\? R ‘::oo
l Rb Rd
R )

wherein:

depicted stereochemical configurations indicatohlie stereochemistry;

R’ is hydrogen;

R is hydrogen;

R®is hydrogen or €, aliphatic; or R taken together with one’ Bnd the intervening carbon atoms, forms a
3- to 6-membered spirocyclic ring;

each Rindependently is hydrogen, fluoro, £aliphatic, or G.4 fluoroaliphatic; or two R taken together with
the carbon atom to which they are attached, foBnta 6-membered carbocyclic ring; or oneté&ken together
with R® and the intervening carbon atoms, forms a 3- teeBabered 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 cyclic diol protecting group.

14. The compound of claim 18haracterized by formula (Xa):
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17 The compound of claim 16, characterized by formula (Xla) or (Ma): wherein Ar is an optionally
substituted aryl group. 18. The compound of claim 16, selected from the group consisting of: (a)
wherein Ar is an optionally substituted aryl group; (b) wherein Raa and 12 are each
independently a hydroxyl protectingRgroup, or Raa and 12' together form a cyclic diol protecting
group; and wherein Ira and Rbb gfch independently a hydroxyl protecting group. 19 A
pharmaceutical composition, compfisitig 8ycompound or a pharmaceutically acceptable salt thereof
of any one of claims 1 to 10, and?_pél R @utically acceptable carrier, optionally formulated for
administration to a human patiewnt. 20. TeRharmaceutical compositios}tgf claim 19, further

com%’gg% ngtgﬁgéﬁ&{gp%u Eﬁ?@gﬁgﬁ%m? composition of claim 20, wherein the other
therapeutic agent is selec ed from the group consisting of: an antimetabolite, a topoisomerase

iﬂ@ibﬁ%céﬁﬂﬂﬁﬁd%‘ﬂwm ;g@@g,f%rglﬁgr%;@@g ofth antibiotic, an alkylating agent, a protein
tyrosine kinase inhibitor, a proteasome inhibitor, and an antibody. 22. An in vitro method of
ivity i aple, comprising contacting the sample wji a compound

ora pharmaceuki)e’éﬂ peptable saftt ,0f any ope,pfBaims 1 to 10. 2,:@046:' qund or a
pharmaceuticalljjacchp @i salt th reqite Y oneHef cl Jgo 10 for use inHtcr) Qancer. 24.
The compoung fedaim 23, \I/vherﬂ t @chrlls a sqqg\fumor. , and CH,

16. A compound of formula (XI) or formula (XII):

RER R

Raa (XII)
wherein:

depicted stereochemical configurations indicaohlte stereochemistry;
Ring A is selected from the group consisting of:

k K Ri Ri
Ri R R R \’J\l RY — RY
= \ NZ © N/ ©
Yu\e/‘\(N A TRV.VAY A G V. I G
N=( N=( N( R &b RM kb
h h
A R Adi R Adii R Aciv A-v
7 ’ 7 7
) . Rk
RlyN RY R = R9
N N
X f’?‘fn ‘ad
=N =N
RP R"
A-vi and A-vii ;

wherein one ring nitrogen atom in RiAgoptionally is oxidized;

R® is hydrogen;

R is hydrogen;

R®is hydrogen or €, aliphatic; or R taken together with one’ Bnd the intervening carbon atoms, forms a

3- to 6-membered spirocyclic ring;

each Rindependently is hydrogen, fluoro,.£aliphatic, or G4 fluoroaliphatic; or two R taken together with

the carbon atom to which they are attached, foBnta 6-membered carbocyclic ring; or onetéken together

with R® and the intervening carbon atoms, forms a 3- teeBabered spirocyclic ring;

RYis hydrogen, halo, -NQ-CN, -C(R)=C(R’),, -C=C-R°, -OR’, -SR,, -S(0)R, -SOR®, -SON(R%,, -N(R%),, -NR'C(O)R,
-NR*C(O)N(R),, -N(RHC(=NR*)-N(R%,, -N(R)C(=NR)-R®, -NR'CO,R®, -N(R)SOR®, -N(R)
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25. The compound of claim 23, wherein the cancer is lung cancer, colorectal cancer, ovarian
cancer, or a hematological cancer. 26. The compound of claim 25, wherein the cancer is a
hematological cancer. 27. The compound of claim 26, Wherein the cancer is acute myeloid

leuk m&e& 8 S W eptable salt
there M)Zn %{g g,%zjs&i ,yi)e% gg nﬁgg %{ Igzsvascular
cell aﬁ'n 88{‘898}5‘/@%%'{ f'atQé‘Q( HHQE@% thereof of
any @Qéh@é‘ ﬁb%%@ﬁd%r{ﬁ%/ ﬁ‘élb' ESUICTY) amgf%eyemome@mg.wﬁ?rme immune
reSDQlﬁbe%tQ?Oéﬁiﬁ[éJ@/Pé%lﬁkF ell %ﬁ%%l’ll%ﬁbﬁ%%rmhpham group;

R is hydrogen, -OR -SR, -N(R%),, or an optionally substituted aliphatic, aryl,h@teroaryl group;

R*is hydrogen, halo, -OR-SF, -N(R%),, or an optionally substituted, Galiphatic group;

R*is hydrogen or a hydroxyl protecting group; and

P 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

R*®and R°together form a cyclic diol protecting group;

each Rindependently is hydrogen or an optionally subsgi aliphatic, aryl, heteroaryl, or heterocyclybgp;

or two R on the same nitrogen atom, taken together witmitnegen atom, form an optionally substituted 4-

to 8-membered heterocyclyl ring having, in additiorthe nitrogen atom, 0-2 ring heteroatoms inddpatly

selected from N, O, and S;

each Rindependently is hydrogen or an optionally subgi aliphatic, aryl, heteroaryl, or heterocyclybgp

each Rindependently is an optionally substituted aliphatryl, or heteroaryl group.

17. The compound of claim 1@haracterized by formula Xla) or (Xl1a):

Rf Rf Re
S
g
o"
Ar d
(XTa) Rb R (XIIa)
wherein Ar is an optionally substituted aryl group.
18. The compound of claim 16, selected from the graupsisting of:
(@)
/n, /'l. /n,, v,
3\ “‘ﬁ 3\ o HO . /) HO/
N e o HO Ton o HOY ,

wherein Ar is an optionally substituted aryl group;

(b)

or ’
wherein R?and R° are each independently a hydroxyl protecting grou@d®and R° together form a cyclic

diol protecting group; and
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19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

()

Rbb R ',
N Ho”

Rbb S o o
\O § (l) ?
Ho‘ Raa or Raa

7 ’

wherein B*and R® are each independently a hydroxyl protecting group

A pharmaceutical composition, comprising a compoeaind pharmaceutically acceptable salt thereohgfane

of claims 1 to 10, and a pharmaceutically acceptahtrier, optionally formulated for administratitma human

patient.

The pharmaceutical composition of claim 19, furtb@mprising another therapeutic agent.

The composition of claim 20, wherein the other &lpeutic agent is selected from the group consistingn antimetabolite,
a topoisomerase inhibitor, a vinca alkaloid, a texaa platinum agent, an antibiotic, an alkylatggnt, a protein tyrosine

kinase inhibitor, a proteasome inhibitor, and atibaaly.

An in vitro method of decreasing an E1 enzyme &gtim a sample, comprising contacting the sampté & compound or a
pharmaceutically acceptable salt thereof of anyafrdaims 1 to 10.

A compound or a pharmaceutically acceptable satethf of any one of claims 1 to 10 for use in irgatancer.

The compound of claim 23, wherein the cancer islid sumor.

The compound of claim 23, wherein the cancer ig lcancer, colorectal cancer, ovarian cancer, @naatological cancer.
The compound of claim 25, wherein the cancer isradtological cancer.

The compound of claim 26, wherein the cancer iseamyeloid leukemia or myelodysplastic syndromes.

A compound or a pharmaceutically acceptable satethf of any one of claims 1 to 10, for use intirepan immune
response disorder or vascular cell proliferaticsodier.

Use of a compound or a pharmaceutically acceptitehereof of any one of claims 1 to 10 in thenafacture of a
medicament for treating cancer, an immune respdisseder or vascular cell proliferation disorder.
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