HETERDARYL COMPOUNDS USEFUL ASINHIBITORS OF
E1l ACTIVATING ENZYMES

Priodiby Clatim

[oo1] This application claims prierity from U.5. Provisional Patent Application
Serial No. 50/836,158, filed on August 8, 2006, which Is hereby incorporated by reference in
it entirety.

Field of i

[082] This invention relates Lo compounds, compasitions and methads {or the
treatmeant of various disorders, particularly diserders of ceft proliferation, incuding cancers,
and inflammatory disorders. In particular, the invention provides compounds which inhibit
the activity of E1 type activabing enzymes.

Background of the Tnyention

[G03] The post-translational modlfication of proteins by ubiquitin-like molecules
(ubis) i3 an important regulatory process within cells, playing key rales in controlling many
biclogical processes including cell division, cell signaling and the immune esponse. TTbls
are stnall proteins that are covalently attached toa lysing on a target prolein via an,
isopephide linkage with a C-berminal glycine of the ubl. The ublquitin-like molecule alters
the malecular surface of the target prowein and can affect such propertes as protein-protein
interactions, enzymatic activity, stability and cellular localtzalon of the target.

[o04] Ubiquitin amd ather ubls are activated by a specific E1 enzyme which
catalyzes the formation of an acyl-adenylake intermediale with the C-terminal glycine of the
ubl. The activated ubl molecule is then transferred to the catalytic cysteine residue within
the El1 enzyme through formmation of a thicester bond intermediate. The El-ubl intermediate
andl an E2 associate, resulting in a thioester exchange wherein the ubl is transferred o the
active site cysteine of the E2. The ublis then conjugated to the target protein, either directly
or In conjunction with an E3 ligase, throughisopeptide bond formation with the amino
group of a lysine side chain in the tatget protein.

[005] The biclogical consequence of ubl modificalion depends on the targetin
question. Ubiquikin is the best characterized of the ubls and a conseqguence of modification
by ubiquitination is the degradation of poly-ubiquitirated proteins by the 265 proteasome.
Ublguikin is conjugated to its target proteins through an ensyrnatic cascade invalving its
specific E1 activating enzyme, Ubal {ubiquitin activabing enzyme, TJAE), a conjupgaling



enzryme from the family of E2s, and a ubiquitin ligase from either the RING or HECT classes
of E2a. See, Huang ef af.,, Oncogerie, 23:1958-71 {2004). Target specificity is controlled by the
particular combination of E2 and E3 protein, with »40 E2s and »100 E3s being knowr at
present. In addition to ubigquitin, there are at least 10 ubiquitin-like proteins, each believed
io be activated by a specific E1 acivating enzyme and processed through siwolar but distinct
downsiream cenjugation palhways. Qther ubls for which E1 achvaling enzymes have been
identified incluude Nedd8 (APPBP1-Uba3), 15G15 (UBE1L) and the SUMO family
{Aos1-Uba2),

[006] The ubl NeddB [s activated by the heterodimer NeddB-activatin g enzyme
{APPBF1-Uba3} (NAE) and Is transferred to a single E2 (Ubci12), ultimately resulting in
Hgation to cullin proteins. The functon of neddylation is the activalion of cullin-based
ubiquitin ligases involved in 1he ublquitination and hence buwrmover of many =il cycle and
cell signaling proteins, including p27 and [-4B. See Pan g of., Oneogene. 23:1985-97 (2004).
The ubl 5UMO i3 activated by the heterodimer sumo activaling enzyrne (Aosl-Uba2) [SAE)
and iy trangfetred to a single B2 (Ubc), followed by coordlnation with multiple E] ligases,
ulimately resulting In sumoylation of lerpet proleins. Sume modification can affect the
celtular localization of taxget proteins and proteins mod ified by SUMO family members are
involved in nuclear bransport, signal fransduction and the stress response. See Seeler and
Dejean, Nat Bev Mol Cell Bipl. 4-690-9, (2003} - The funcH on of sumsylation inclizdes
activation of cell signaling pathways (g.g., cytakine, WINT, growth factor, and steroid
hormone signaling) Invelved in transcri ption regulafion; as well as pathways Involved in
control of genomic integrity (e.5., DINA repllcabion, response to DNA damage,
recombination and repair). See Muller e of, Oncogene. 23:1998-2006, (2004). There are ather
ubls (£.g.. ISG15. FATID, Apgl12p) for which the biclogical functions are stll under
investigation.

[007) A particular pathway of importance which is regulated via El1 achvating
enzyme activities is the ubiquitin-proteasome pathway (UFF). As dlscussed above, the
enzymes UAE and NAE regulate the UFP at two dillerent steps In the ubiquiination
cascede. TIAE activates ubiquitin in the first step of the cascade, while NAE, via activation
of Neddﬂ is responsible [or the aclivation of the cullin based ligases, which in furn are
required for the fina! transfer of ublquibn to cerfain target protelns A functional UFP
pathway is required for norma] cell maintenance. The UPF playa a central 1ole in the
hurngver of many key regulatory proteins invohred in lansaipton, cel! cycle progression
and apoptosis, all of which are important in disease states, induding urmer cells. See, eg.,



King et al., Seience 274 1652-1659 {1996); Vorhees ¢t al., Clin_ Cancer Res., 9: 6316-6325 (2003);
and Adams el al., Nat. Rev, Canicer, 4: 349-350 {2004). Proliferating cells are particularly
sensitive to inhibition of the UPP. See, Drexler, Proc. Natl. Aced. 5oi., USA 94: 855-860 (1977).
Tha role of the UPP pathway in oncogenesis has led to the investigation of proteascme
inhibition ag a potential andcancer therapy. For example, modulation ol the UFP pathway
by inhibikion of the 265 proteasome by YELCADE® (bortezamib) has proven to be an
effective treatment in certain cancers and is approved for the treatment of multiple myeloma
and mante cell lymphorna patients who have received at least one prior therapy. Examples
of proteing whose levels are controlled by cullin-bagsed ublquitin ligases which are
downstreamn of NAE and TAE activity include the CDX inhibitor p27 7 and the inhibltor of
MFxB, IxB. See, Podust ef af,, Proc. Natl. Acad, Sct., 97: 4579-4584 (2000), and Read & ol., Mol.
Cel! Biol., 20 23262333 (2000), Inhibition of the degradation of p27 is expected ta block the
progression of cells through the G1 and Sphases of heellcycle. Interfering wilh the
degradation of IxB should prevent the nuclear localization of NF-xB, transcription of various
NF-kD-dependent genes associabed with the malignant phenotype, and resistance to
standard cytotoxic therapies. Additionally, NF-xB plays a key role in the expression of a
number of pro-inflammatory mediators, implicating a role for such Inhibltors in
inflammatory diseases. Furthermore, inhibition of UPP has been implicated as a useful
target for addibonal therapentics, such as inflammatory disorders, including, e.g.,
rheumateid arthritis, asthma, multiple sclezosis, psoriasis and reperfusian injury;
neurodegenerative disorders, including e.g., Parkinson’s disease, Alzheimer’s disense, triplet
repeat disorders; neuropathic pain; ischemic disorders, eg., stroke, infarction, kidney
disorders; and cachexia- See, e.g., Flliott and Ross, Am. J: Cifn. Pathol., 116:637-46 (2001);
Elliptt et of., J. Mol Med., 81:235-45 (2003); Tarlac and Storey, |. Neurosed, Res. 74: 406-116
(2603); Mori ¢t ol., Neuropatk. Appl. Newrobipl., 31: 53-61 (2005); Manning, Curr. Pain Headacke
Hep., B: 192-B {2004); Dawson and Dawson, Saence, 302: 819-822 (2003); Kukan, J. Physiol
Pharmacol., 55: 3-15 (2004); Wojeik and DiNapali, Stroke, 35:1506-18 (2004); Lazarus et al., A
J Physiol., 27:E332-41 (1999).

fooel Targeting EI activating emzymes provides a unique opportunity to interfere
with a variely of biochemical pathways important for maintaining the integrity of cell
division and cell slgnaling, El activating enzymes function at the first slep of ubl
conjugation pathways: thus, inhibibion of an E1 activating enzyme will spedfially modulate
the dovmsiream biological consevuences of the ubt modification. As sueh, inhibibion of
these acHvating enzymes, and the resultant inhibidon of downstream effects of



ubl-conjugztion, represents a method of Interfering with the integrity of cell dlvision, cell
signaling, and several aspects of cellular physiology which are Important for disease
machanisms. Thus, Bl enzymes such as UAE, NAE, and SAE, as reguators of diverse
celtular fanctions, are potentially Important therapeutic targets for the id entifi cation of novel
approaches to treatment of diseases and disorders.

Description of the Fyvention
(D)) This Invenion provides comprounds that are effective Inhibitors of E1

activating enzymes, particularly NAE. The compounds are useful for inhibitng E1 activity
in witrg and in vivo, and are useful for the treatment of disorders of cell proliferation,
particularly cancers, and other disorders assoczated wilh El activity. Compounds of the
invention are of the general forruda (1):

&
or a pharmacentcally acceplable salt thereof, wherein:

Ring A i a é-membered nitrogen-containing heteroaryl ring, optionally fused toa 5- or
&-membered aryl, heteroaryl, cycloaliphatic er heteracydic ring, wherein either or
both rings is ophonally subsknted and one ring nitrogen atom is oplionally
oidized;

W is ~CH,-,~-CHF-, -CF-, -CH(R')-, -CF(R')-, -NE-, -N(R'}-, -0, -5, or -NHC(O)=:

R'ie C, , aliphatic or €, Auoraliphatic; or R' is a C,, aliylene chain that s attached
o a ring posiiion on Ring A to form a 5-, &, ar 7-membered fused fng, wherein
the alkylene chain optionally [s substituted with C,_ allphatie, C,, fluoroaliphatic,
=0, -CN, or -C(OIN(R};

X is (H,-, -CEHR., -CFy-, -NH-, o1 -0
Y is -0+, 5 or -CRMRY~

R’ Is selecled from the group consisting of hydrogen, luorg, -CN, N, -OR’, -N(R‘]z,
-NR'COR, -NR'C(O)R’, -C(OIN(RY,, -CIO)R’, -OC(OIN(RY),, -OCIOIR’, “OCOR, or



a C,, allphatc or C, , fluornaliphatic optonally substiluted with one or bwo
substituents independently selected from the group consisking of -OR™, -NER"SER™,
-CORY, or -COYNR"I®™); or R* and R* together form a bond;

R" is selected from the gronp consisting of hydrogen, fiuoro, C,_ aliphatic, and €,
fluoroaliphatic;

R is selected from the group consisting of hydrogen, fluoro, -CN, -N,, -OK, -N({EY,,
-NR'COR’, -NR'CIOR’, -COINRY),, -CO, -OCONRY,, -OCIOR, -OCOR', or
a (,, aliphatic or C, fluorcaliphatic opbcnally substituted wilh one or two
substituents independently selected from the group conslsting of -OR”, -MER“}R™),
-COR™, or <COIN(R“I(RY); or R and R" togelher form a bond;

R is selected from the group consisting of hydrogen, fluoro, C, allphatic, and C
Nuorealiphatic;

R" is hydrogen, or C, , allphaHc; or R, taken together with one R and the [ntervening
carbon atoms, forms a 3- o 6-membered spirocyclic ring; or K, taken together with
R® and the inpervening carbon atoms, forms a fused cyclopropane ring, which is
optionally substituted with one or bwo substituents independently selected from
Huora or |, aliphatic;

R” is hydrogen or C, , aliphatic; or R, taken together with R™ and the intervening carbon
atoms, fonms a fused cycloprapane ring, which is optionally substituted with one or
two substituents independently selected from fluore or C, nliphatic

each R'is independently hydrogen, flucro, C, , allphatic, or C, , fluoroaliphatic; ot two R’
taken together forma =0; or two R, taken together with the carbon atom te which
they are aHached, form a 3- to f-membered carbocyclic ring: or ane R, taken togelher
with R® and Lhe intervenlng carbon atoms, forms a 3« to &-membered spircyclic ring;

R is hydrogen, fluera, -N(R"),, or an optonally substituted C, | aliphatic group: or R
and R” together form =0 or =C{R%,; or R and R, taken together wilh the
intervening carbon atoms, form a fused cyclopropane ring, which is opticnally
substituied with one or bwo substtuents independent]y selected from fluore or

] C,, aliphatic; or R™ and.R"_. taken together with the inkrvening carbon atoms, form a



fused eyclopropane ring, which is optionally subsHiuted with one or two
subshituents independently selected from flucro or O, aliphatic

R"ig hydrogen, fluom, or an ophonally substituted C, , aliphatic group; or R and R”
togelher form =0 or =C{R’),;

each R’ independently is hydrogen or an optonally substituted aliphatic, aryl,
heteroaryl, or heterocyclyl group; or hwo R* on the same nitrogen atom, taken
tagether with the nitrogen alom, form an optionally substifuted 4~ o E-membered
heterocyclyl ring having, In addition to the nitrogen atom, 0-2 ring heteroatoms
independenlly selected from N, O, and 5;

R™ is hydrogen, C, , alkyl, C, , fluoralkyl, or C, ,ar(C, Jalkyl, the aryl portien of which
may be optionally substituted;

R is hydrogen, C, | alkyl, C, , fluorealkyl, C, , ar(C, Jalkyl, the aryl portion of which
may be opticnally substituted, or an optionally suhstitubed 5 or 5-mexberad aryl,
heteroaryl, or heterocyclyl ring; or

R" and RY, taken together with the nitrogen atom to which they are attached, form an
oplicnally substituted 4- to -membered heterccyclyl ring having, in addilion to the
nitrogen akom, 0-2 ring hetergatoms independently saleried from N, O, and 5; and

each R® independently is hydrogen ar an eptionally substituted aliphatic, aryl,
heteroaryl, or heterocyclyl group;

each K™ independently is hydrogen, C, | alkyl, C,  fluoroaliyl, or an opticnally
subsHtuted O aryl or C, ar{C, Jalkyl;

each R’ independently is an opHenally substituted alighatic, aryl, or heteroaryl group;
and

misl, 2 ord.

(0] Compounds of the inventioninclude those described generally above, and
are further defined and illustrated by the detailed deseription and examples herein.

(011 As used herein, the term “E1,” “El enzyme,” or “El activating enzyme" refers
to any one of a {amily of related ATP-dependent achivating enzymes involved In activaling
or promoting ubiquitn or ubiquitin-like {collectively “ubl”) conjugation to target molecules.



E1 activating enzymes function through an adenylation/ thigester intermediate formation to
transfer the appropriate ubl to the respective E2 corjugating enzyme through a
transthiplation reaction. The resulting actvated ubl-E2 promotes ultimate conjugation of the
ubl (0 a target prolein. A variety of cellular proteins Bhat play a role in cell signaling, celt
cycle, and pratein tumover ame subskrates for ubl conjugation which is regutlated through E1
actvaling enzymes (.4., NAE, UAE, SAE). Unless otherwise indlcated by context, the temm
“El enzyme” is meant o refer to any E] activating enzyre protein, including, without
limitation, nedd acHvating enzyme (NAE (APPRPL /Uba3)), ubiquikn activaling enryme
(UAE (Ubatl)), sumeo activating enzyme (SAE {Acsl/Uba2)), or ISG15 activaking enzyme
(Ubell). Freferably, the term “El enzyme” refers to human NAE, S5AE ar UAE, and more
preferably refers bo NAE,

[orz] The term “El enzyme inhibitar” or “inhibitor of El enzyme” is used to signify
a compound having a structure as defined herein, which is capable of interacting with an E1
enzyme and inhibiting 15 enzymatic activity. Inhibiting E1 enzymatc actvity means
redudng the ability of an E1 enzyme 1o activate ubiquitin like (ubl} conjugation to a
substrale peptide or protein {e_g., ubiquldnation, neddylation, sumeylation}. In varicus
emnbodiments, such reduction of E1 enzym activity is at least about 5074, at least about 75%,
at least about %%, at least about 95%, or at least about 99%, In various embodiments, the
concentration of El enzyme inhibitor required to reduce an EI enzymatic acHvity is less than
about T pd, less than about 500 n, less than about 100 b, less than about 50 nivl, o less
than abaye 10 nkL

{013} In some embodiments, such Inhibition 15 selective, Le., the El enzyme
inhibitor reduces the ability of pne or more E1 enzymes (2.g., NAE, UAE, or SAE) to promote
ubl corjugaton to substrate peptide or protein al a concentrabion that is lower, preferably at
least 2-Fold, 5-{old, 10-fold, 50-fold, or 100-fold lower, than the concentratipn of the inhibitor
that Is reguired to produce anolher, wnealated biological effect. In scme such embodiments,
the El enzyme inhibitor reduces the activity of one El enzyme at a concentration that is
lower than the concentration of the inhlbitor that is required to reduce enzymatic activity of
a different El enzyme. In other embodiments, ihe El enzyme inhlbitor also reduces the
enzymalic a:t[wl:y of anpther El enzyme, preferably one (hat is :mphmted in regulation of -
pathways involved In cancer (2.5., NAE and UAE).

[o14] The term “about” is used hereln to mean approximately, in the region of,
roughly, or arpund. When the term “about” is used in conjunction with a numerical cange,
it modifies that range by extending the boundaries above and below the numerical values



set forth. In general, the term “about” is used herein to mwedify a numerical value above and
below the stated vahze by a variance of 10%.

f015] The term “aliphatic”, as used herein, means straight-chain, branched or cyclie
-G, hydracarbons which are completely saturated or which contain one or more units of
unsaturation, but which are not aromatic. For example, suitable aliphatic preups indude
substituted or unsubstituted linear, branched or eyclic alkyl, alkenyl, alkynyl groups and
hybrids thereof, such as cydoalkyl, {cycloalkyilalkyl, (cycloalkenyDalkyl or (cycloalicyt)-
alkenyl, In various embodiments, the allphatic group has one to ken, one to elght, one to six,
one o four, or ong, two, or three carbons.

(016] The terms “alkyl”, “alkenyl”, end “alkynyl”, used alone or as part of a larger
mgiety, refer to a straight and branched chain aliphatic group having from one to twelve )
carbon atoms. For purposes of the present inventicn, the term “alikyl” will be used when the
carbon atem atinching the aliphatic group to the rest of the molecule ia a saturated earbon
awm. However, an alkyl group may include unsahuration at olher carbon atoms. Thus,

alkyl groups inchude, without limitation, methyl, ethyl, propyl, allyl, propargyl, butyl,

pentyl, ang hexyl. The term “alkoxy” refers to an -O-atkyl radical.

[017] For purposes of the present invention, the term “alkenyl” will be used when
e carbon atom attaching the aliphatic group to the rest of the molecula forms part of a
crport-carbon double bond. Alkenyl groups include, withoat Imitation, vinyl, 2-propenyl,
I-hutenyl, 1-pentenyl, and L-hexenyl.

[(018] For purposes of the present Invention, the term “alkynyl” will be used when
Lhe carbon atom alaching the aliphatic group m the mest of the molecule forms partof a
carbon-carbon triple bond, Alkynyl groups include, witheat lmitation, ethynyl, 1-propynyl,
1-bubynyl, }-pentynyl, and 1-hexynyLl

[l The term “cycloaliphalic®, used 2lone or as part of a larger molety, refers toa
saturated or partially unsaturated cyclic aliphatic ring system having from 3 to about 14
members, wherein the aliphatic ring system is optonally substhuted. In some
embadiments, the cycloallphatic ls a monocyclic hydrocarbon having 3-8 or 3-6 ring ca:bpn
atomns. MNenlimiting examples include cyclopropyl C}'dubfuty]; cydopentyl, cyclopenteny),
cyclohexyl, cyclochexenyl, cycloheptyl, cycloheptenyl, cyclooctyl, cyclooctenyl, and
cyclooctadieny). In same embodiments, the cycloaliphatc is a bridged or fused bicyclic
hydrocarhon having 6-12, §-10, or 6-8 ring carban atems, wherein any Endividual ring in the
bicyelic ring system has 3-8 members. -



{oz0] In some embodiments, two adjacent substiluents an a cyclealiphalic ring,
taken together with the intervening ring atoms, form an optionally substituted fused 5 to
e-membered aromatie or 3- to &-membered non-aromatic ring having (-3 ring heteroatoms
selecled from the group consisting of O, N, and 5. Thus, the term “cycloaliphatic” includes
aliphatic rings that are fused to ang or more aryl, heteroaryl, or heterocyclyl rings, where the
radical or point of attachment Ls on the aliphatic ring.. Nenlimiting examples include
indanyl, 56,7 &tetrahydroquinaxalinyl, decahydronaphihyf, or tetrahydronaphthyl, where
the radical or point of attachment is on the aliphatic ring,.

[021} The terms “haloallphatic”, “haloalkyl”, “haloalkenyl” and “haloalkoxy™ refer
to an aliphatic, alkyl, alkenyl or alkoxy group, as the ase may be, which is substituted with
one or more halogen atoms, As used herein, the term “halogen” or “hale” means F, Cl, Br,
or I. The tenn "fluoroatiphetic™ refers to a haloatiphabic wherein the halogen is flucro,
Monllmiting examples of fluorcaliphatcs Include ~CFLFE, -CHF,, -CF,, «~CHECF , -CFCH,,
and -CF.CF,.

[022] The terms “aryl” and “ar-", used alone or as part of a larger moiety, ¢.g.,
“aralkyl”, “aralkoxy"”, or “aryloxyalkyl”, refer 1o a C, to C,, aromatic hydrocarbon,
comprising one to three rings, each of which is aptionally substituted, Freferably, the aryl
group isa C , aryl group. Aryl groups indude, without limitation, phenyl, naphthyl, and
ambwacenyl. In some embodiments, two adjacent subsbtients on an aryl ring, aken
togelher with the intervening ring atoms, Form an optionally substituted fused 5 to
&membered aromatic or 4 to 8-membered non-aromatic ring having 0-3 ring heteroatoms
selected from ihe proup consisting of G, N, and 5. Thus, the term “aryl”, as used herein,
includes groups in which an aromatic ring is fused to one or more hetercaryl, cycloaliphatic,
or heterocyclyl rings, where the radical or point of attachment is on the aromatic ring.
Nonlirnibing exarnples of such fused ring systems include indolyl, iscindolyl, benzothienyl,
benzoforanyl, dlbenzoluranyl, indazoly), benzimidazolyl, benzthiazolyl, quineoly),
Isoquinolyl, dnnolinyl, phthalazinyl, quinazoliny], quinoxalinyl, carbazolyl, acridinyl,
phenazinyl, phenothiazinyl, phenoxazinyl, tetrahydroquinclinyl, tetrahydroisaquinolinyl,
fluorenyl, indanyl, phenanthridinyl, tetrahydranaphthyl, indolinyl, phennxaziny), -
benzodioxanyl, and benzodioxolyl. An aryl group may be manc-, bi-, ki-, or polycyclic,
preferably memo-, bi-, or tricyclic, more preferably mono- or bicyclic. The term “aryl” may
be used interchangeably with the terms “aryl group®, "aryl moiety”, and “aryi ring”.



{0231 An "aralkyl” ar “arylalicy]” group comprises an ary! group covalently
attached to an alkyl graup, eitker af which independently is ophionally subshtube.
Preferably, the aralkyl group is C,, aryl(C,_Jalkyl, Including, without imitation, benzyl,
phenethyl, and naphthylmethyl

[024] The terms “heteroaryl” and “hetercaz-~, used alene or as part of a larger
moiety, £3., heteroaralkyl, or “heteroaralkoxy”, refer to groups having 5 to 14 ring atoms,
prelerably 5, 6, 9, or 10 ring atoms; having §, 10, or 14 x glecrons shared in a cyclic afray;
and having, in addidon to carbon atoms, [rom cne 6o four helergatoms. The erm
“heteroatom” refers Lo nitrogen, oxygen, or sulfur, and includes any oxidized form of
nitrogen or sulfur, and any quatemized form of a basic nitrogen. Thus, when used in
reference to a ring atom of a heteroaryl, the term “nitrogen” Includes an oxidized nitrogen
{as in pyridine N-cxdde). Cerain nitrogen atoms of S-membered heteroaryl groups alse are
substitutable, as further defined below. Hetercaryl groupa include, without limilation,
thienyl, furanyl, pyrrolyl, imldazolyl, pyrazolyl, kiazolyl, tetrazolyl, oxazoly], isoxazoly?,
oxadiazolyl, thiazolyl, isothiazolyl, thiadiazolyl, pyridyl, pyridazinyl, pyrimidinyl,
pym=zinyl, indolizinyl, purinyl, naphihyridinyl, and pteddinyt.

[a25] In some embediments, bwe adjacent subshtuents an a heteroaryl ring, taken
tagelher with the intervening ring atoms, form an gptionally substiluted fused 5- to
&-membered aromatic or 4- to 8-membered nen-aromatic ring having 0-3 ring heterpatoms
selected from the group consisting of O, N, and 5. Thus, the terms “heleraoryl” and
“heteroar-*, as used herain, also include groups in which a hetergaromatic ring is fused o
one or more aryl, cydealiphakic, or heterocyelyi rings, where [he radical or point of
attachanent is on the heteroaromatic ring. Nonlimiting examples In¢lude indolyl, isoindelyl,
benzothjenyl, berrzofuranyi, dibenzofuranyl, indazolyl, benzisnidazolyl, benzihiazolyl,
quinolyl, isoquinelyi, cinnolinyl, phthalazinyl, quinazolinyl, quincxalinyl, 4H-quinolizinyl,
carbazolyl, acridinyl, phenazinyl, phenothiazinyl, phenoxazinyl, lebrahydrogquinolinyl,
tetrahydroisoquinollnyl, and pyridol2,3-bl-1 A-exazin-3(4H)-one. A heteroaryl group may
be mono-, bi-, tri-, or polycyelic, preferably mono-, bk, or hicyelic, more preferably mono- or
blcydic. The term “heterparyl”™ may be used Interchangeably with the terms “heteroaryl
ring”, or “heteroaryl group”, any of which terms incdude rings that are opticnally
substituted, The lerm “helercaralkyl” refers lo an alkyl group substituted by a heteroaryl,
wherein the alkyl and heteroaryl portions independently are optinnally substituted.

0263 As used herein, the terms “aromatic ring” and “aromatic ring system” refer to
an optionally substituted mono-, bi-, or ricyclic group having 05, preferably (-4 ring
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hetercatoms, and having &, 10, or 14 1 electrons shared ina cyclic array. Thus, the teoms
“aromatic rng” and “aromatic ring system’ encompass both aryt and helroaryl groups.

[027] As used herein, the terms “heterocyele”, “heterocyclyl”, “heterocyclic
radical”, and “heterocycllc ring™ are used interchangeably and refer to a stable 3- fo
7-mermbered monocydic, or 1 a fused 7- to 10-membered or bridged 6~ ko 10-membered
bicyclic heterocyclic moiety that is either saturated or partially unsaturated, and having, in
addition Lo carbon aloms, one or more, preferably one to four, heterpatoms, as defined
abave, When used in reference 10 a fing atom of a heteroeydde, the term “altrogen” Incudes
a subshituted nitrogen. As an example, in a heterocyelyl ring having 1-3 heteraatoms
selected from oxygen, sulfur or nitrogen, the nirogenmay be N (asin

3 4-dihydro-2H-pyrrolyl), NH (as in pyrrolidinyl), or "NR {as in N-substhuated pyrralidinyl).
A hieterccyclic ring can be atlached to its pendant group at any hetercatom or carbon alom
that resulls in a etable sinucture, and any of the ring atoms can be optionally substituted.
Exarnples of such saturated or partially unsaturated heterocydic radicals inciude, without
limitation, tetrahydrofuranyl, retrahydrothleny), pyrrolidinyl, pyrrolidony), piperidinyl,
pyrrolinyl, ietrahydroquinolinyl, etrahydroisoquinolinyl, decahydroquinclinyl,
oxazalidinyl, piperazinyl, dioxanyl, dioxclanyl, diazepinyl, oxazepinyl, ihazeplnyl,
morpholinyl, and quinuclidinyl.

[028] I some embodicnents, bvo adjacent substituents on a heterocyclic ring, @ken
together with the intervening ring atoms, form an optionally subatituted fused 5- to
é-membered aromatic or 3 to 8-nembered non-aromatic ring having 9-3 ring heteroatoms
selected from the group cansisting of O, N, and 5. Thus, the terms “heterocycle”,
“heterocycyl”, “heterocyclyl ring”, "hererocyclic group”, “heterocyclic mojety”, and
“heterencyelic radical”, are used interchangeably herein, and indude groups in whicha
heterocyclyl ring Is fused to one or more aryl, heteroaryl, or cycloaliphatic rings, such as
indolinyl, 3H-indolyl, chuomanyl, phenanthridinyl, or tetrahydrequinolinyl, where the
radical or point of attachmant is on the heterocycdyl ring. A heterocyclyl group may be
mang-, bl-, tri-, or polycyclle, preferably mone-, bi-, or tricyelic, more preferably mono- or
bicyclic. The term “heterocyclylalkyl” refers to an alkyl group substituted by a heterocydyl,
wherein the alkyl and heterocyclyl portions independently are opHonally substituted.
[C25) As vsed hereln, the term “partinlly unsamra. " refers to 2 ring molety thay
includes at least one double or triple bond between ring atoms. The term “parHally
unsaturated” is intended b encompass nings having multiple sltes of unsaturation, but is not
intended toinclude aryl or heteroaryl modeties, as herein defined.
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(30 The tezm “linker gronp” or linker” means an organic moiety that connects
hwo parts of a compound. Linkers typically comprise an atorm such as oxygen or sulfur, a
unit such as -NH-, -CH,-, <C{O}-, -C{O)NH-, or a chain of aloms, such as an alkylene chaln.
The molecular mass of a linker is typically in lhe range of about 14 to 200, preferably in the
range of 14 lo 26 with a length of up to about six atorna. In some embodiments, the Unker is
a C,, alkylene chain which is opliorally substituted.

(031 The bz “alkylene” refers to a bivalent alkyl group. An “alkylene chain”1aa
polymethylene group, Le., -(CFH,) -, wherein n is a positve integer, preferably from one to
six, lrom one to four, from one 0 three, ftom one o bwo, or from two to three. A subsHiuted
alkyiene chain is a polymathylene group in which one or more methylene hydrogen atoms is
replaced with a substifuent. Suitable substiluanks include Ehose described below For a
subatitizted aliphatic group. An alkylene chain alse may be substitued at one or mare
positions with an aliphatic growp or a substitubed aliphatic group-

[ca21 An alkylene chain also ¢an be aptionally interrupted by a functioral group.
An alkylene chain |5 “intermipted” by a funcfional group when an iniemal methylene unit Is
replaced with the functional group. Examples of suitable “intecrupbing funrtional groups”
nciude -C[-R‘)=C{R“}-, ‘CEC'; -, '5‘1 -S{D)_f '5(0}2'-’ 'SID}PI(R-}'! -HER']', -N [RJ)CD":
-NRIC(ONR)-, -NRICO,-, -CONR')-, “C(O}-, -C{O}-CH{O)- -C Oy -OC(0)-, -0C(0)0~
“OC(AIN(RY-, ~CNK)=N, -C{OR*)=N-, -N(R}N(R ), or -NR}HO),~ Each R,
independently, is hydrogen or an optionally substituted aliphatic, aryl, heteroaryl, or
heterocycly]l group, or two R o the same nitrogen atom, ken together with the nitrogen
atom, form a five to eipht membered aromatic or non-argmatic ring having. In additon to
the nitrogen atom, Zera to wo ring heteroatoms selected from N, O, and $. Each R™
independently is hydrogen or an optionally subshtuted aliphatic, aryl, heteroaryd, or
heterocyclyl group.

[033] Examples of C,, alkylene chalns that hawve been “inlerrupled” with O-
mclude -CHLOCH, -, <CH,O{CH,) -, -CH,O{CH,}. -, ~TH,O{CEL),-, -(CHL),0CH,~
ACFL),HCH),-, -(CH,) O(CEL),~ -(CEL),O(CH))-, -(CH),KCH)- , and -(CH,) O{CH,}-.
Other examples of alkylene chains that are “Interrupted” with functional groups indude
-CH,GCH -, CH,G(CH,),, CHG(CH,)¢, “CH,G(CHL) -, ~(CH,),GCH, -, (CELLGICH,),-,

' -(CHL), GCHL) - -(CH), GICHL)-, -(CHL),G(CFL),- , and —(CHL} G(CHL)-, wherein G is ane of
the “interrupting” functiona! groups lUsted above.
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{034] For purposes of clarity, all bivalent groups described herein, including, e.g.,
the alkylene chain linkers described above and the vatiables D, E, B, G, Q U, W, Y, V. T, T,

T", and T" are intended to be read from left to righl, with 2 corresponding 1eft-ta-right
reading of the formula or structure in which the variable appears. When the bivalent group
is contained within & ring, a lelt-to-right readlng of the variable couresponds to a clockwise
reading of the bnp syructure kn which the variable appears.

[035] Onz of ordinary skill in the art will recognize that when an atkylene chain
having an interruption is attached to a funchional group, certain combinations are not
sufficienty siable for pharmaceubical nse. Only stable or chemically feasible compounds are
within the scope of the present invention. A stable or chemically feaslble compaund s one

. inwhich the chemical structure is not substantally altered when kept at a temperature from
about -80°C ta about +40 °C, preferably from about-20 °C t about +40 °C, in the ahsence of
moishure or other chemically reactve conditions, for at least a week, or a cornpound which
mintains its integrity long encugh to be useful for therapeutic or prophylactie
administration 1o a patient

[re] ) The term "substituted”, as used herein, means that a hydrogen radical of the
designated moiety is replaced with the radical of a spedified substituent, provided that the
substitution results in a slable or chernically feasible compound. The texm “substitutable”,
when used in reference o a designated atom, means that atached bo the alom is a hydrogen
radical, which can be replaced with the radical of a suitable substituent.

[0371 The phrase “one of more substluents™, a5 used herein, refera to a number of
suhstifuents that equala fram one Lo 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. 'Unlless otherwise Indicated, an optionally substituted group
may have a substituent at each substihutable pesition of ithe group, and the substituents may
be elther the same or dif ferent A5 used hereln, the term “independently selecied” means
that the same or dLiferent values may be selected for mulhple instances of a given variable in
a single compound.

[038] " Anaryl {including the aryl moiety in aralkyl, aralkoxy, aryloxyalkyl and the
like) or heteroaryl (Including the hateroaryl moiety in heteroarafkyl and hetercaralkony and
the like) group may contain one ar more substtuents. Examples of sujtable substiuents on
the unsaturated carbon atem of an aryl or heteroaryl group include -halo, -NGy, -CN, -R*

CR)=C(R*),, -C=C-R*, -OR, SE, -S{OJR", 50,8 -SON(R ), -N(R"),, -NE'CO)R®,
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-NR'C{ONR"), -NR'CO,R, -O-COR®, COCIOINR ), ~O-C{O)R*, -COR*, -C(ORC(OIR-,
C{O)R", ~C{OMN(R"Y,, ~CIOMINERJOR", -CIOINEICENRFNR),, C(=NR)NER,.
“C(=NR-NR )-ORY, -C(=NR }-OR*, -CR)=N-OR*, -N(R")-NR),, -NROR",
NRICENRFNR S, -NRICENR)-NR)-COJR?, -N(RIC(=NE)-R, -NR'SO R,
-NR'SO,N{R ). -P(Q)(R"),, -P(O)(OR"),, -O-P(O)-OR", and -P(OXNR’)-N(R"),, wherein R° is
an optionally substituted aliphatic or aryl group, and R”and R* are as defined above, or two
adjacent substituen!s, taken together with thelr Intervening atoms, form a 5- 0 6-membered
unsaturaled or partially unsaturated ring having 0-3 ring atoms selected from the group
consisting of N, O, and 5.

{035] An aliphatic group or a non-aromatic heterocydic ring may be substihzted
with one or more substituents, Examples of suitable subslibzents em the saturated carbon of
an aliphatic group or of a non-aromatic heterocyclic ring incluide, without limilation, thosa
listed abowe for the unsaturated carbon of an aryl or hetercaryl group and the following: =C,
=5, =C(R"),, =N-N(R),, =N-OR", =N-NHC{C}R*, =N-WHCO,E", =N-NHS0,R’, or =N-R*,
where = represents a deuble bond, and each R* and R® is as defined above. One of ordinary
skill in the art will recognize thak substiluents that are attached by way of a double bong
requires replacement of two hydrogen radicals on the substitutable catbon atom. For the
purposes of clarnity, the term “substitubed aliphatic™ refers to an aliphatic group having at
least one non-aliphatic substituent.

[040] Suitable subslituents on a substitutable nitrogen abom of a hetercaryl or
heteracyclic ring include -R*, -MN(RY),, -C{O)RY, -COR®, -C{O}-C(O)R™ -C{O)ICH CO)R®,
EOR®, -SON(R),. C(=S)N(R™),, -C{=NH}-N(R*),, and -NE*S0,R"; wherein each R* and R°
is a5 definad above.

[041] Unless olherwise stated, shruchures depicted hensin are meant ba include
compounds which differ only in the presence of one or more isolopical ly enriched atoms.
For example, compounds having the present structure except for the replacement of a
bkydrogen atom by a deuleriurm or bifum, or the replacement of a carbon atom by a “Cor
""C-enriched carban are within Ii'n: scope of the invention. |

i042] I also will be apparent lo ong skilled In the art that certaln eompounds of this
inventon may exist in lutomenc [orma, all such lavtomeric forma of Lhe compounds being
within the scope of the Invention. Unless stereochemical configurah on ig expressly defined,
skructures depicted herein are meanl to include all stereachemical forms of the structure; Le.,
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the R and § configurations for each asymmetric center. Therefore, unless otherwise
indicated, single sterenchemical isomers as well as enantiomeric and diaslereomeric
mixtures pf the present compounds are within the scope of the invention. By way of
example, the compounds of formula {I) whereln R is hydroxy can have R or § configuration
at the carbon atom bearing R". Both the R and the § starepchemical isomers, as well as all
mixtwres thereof, are included within the scope of the inventon.

[043} Where sterecchemical confipuration at a given asynmmetric center is defined
by structure, unless stated otherwise, the depicted configuraton indicabes skerecchemisiey
relative to pther asymumetric centers in the molecule. Where stereochemleal configuration s
defined by chemicl name, the designations (rel), (R*), and (5*} Indicate relative
stereochemistry, while the desigmations {+), -}, (R}, (5), and (abs) indicate absolute
stereochemistry.

[044] In the compounde of formula {I), where reladve stereochemlstry js defined,
the diastereomeric purity of the compound preferably Is at least B0%, more preferably at
Least 9%, still more preferably at least 95%, and most preferably at least 99%. As used
herein, the iemm “diastereomeric purdty” refers to the amount of a compound having the
depicted relative stereochermnistry, expressed as a percentage of the tofal amount of ail
dlaslereomers present. )

{045) _ Insome embodiments, stereachermical configurations deplcted at asterisked
posibions indicate absolube as well as relative slerecchemistry. Preferably, the enantiomeric
purity of lhe compound is al least B0%, mome preferably at least 0%, still more preferably at
least 95%, and most preferably at least 99%. As used herein, the term “enantiomeric purity”
refers to the amount of 2 compound having the depicted absolute sterecchemistry,
expressed as a percentage of the tolal amount of the depicted compound and ils enantiomer.

[046] Methods {or determining dizstereameric pnd enanbomeric purity are well-
known in the art. Thastereomeric purity can be determined by any analytical meihed
capable of quantitatively dlstinguishing between a compound and Iis diastereomers.
Examples of suitable analytical methods Incliede, without limitation, nuclear magnetic
resonance spectroscopy (NMR), gas chromatography (GC), and high perfurmancé lguid
chromatography (HPLC). Similarly, enanbiomeric purity can be determined by any
analytical method capable of quantifatively disinguishing between 2 compound and its
enariliomer. Examples of auitable analytical melhods include, without imitation, GC or
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HPLC, using a dilral columin packing material. Enantomers may also be distinguishable by
NMR if first derivatized with an oplicaily endched derivatizing agent, £.2., Mosher's acd.
[047]  Inthe compounds of formula (I}, X is -CH,, -CHE, -CF -, -NHE, or -O-, In
some embodiments, X is -CH -, -NH-, or-O-, In certain embodirments, X is -NH- or -O-. In
certain particular embodiments, X 1s -O-.

[as] In the compounds of formula {I), Y is -O-, -5, or -C{R™)IR"), where R™ and R"
are as described above. In some embadiments, B Is hydrogen, fluoro, -NFL,

NH(C, |, aliphabc), -1, | aliphabic), ar C,, aliphatic. [nsome other embodiments, R™ and
R" together form =0, In gther emboediments, R™ and R', taken together with the intervening
carbon atemns, form a fused cydopropane ring, which is optionally substituted with one or
bwo substituents independently selected from fluoro or C;, allphatic; or R™ and R, taken
together with the Intervening carbon atoms, [orm a fused cyclopropane ring, which is
opHanally subsktuted with one or two substituents independently selected Fom flugro oo
4 aliphafic. In cerfain embodiments, Y is-O- or CH,. In certain particular embodiments,
Y i5 -CH,.

foa0} In the compounds of formula (), W is «CH,-, -CHF-, ~CF, -CH(R')-, <FR)-,
-NH-, N{R )~ -O-, -5, or-NHC{O)~ where K' is C, aliphatic or C, , flucroaliphatic, or R is
a C, alkylene chain that is altached to a ring position on Ring A to form a %, 6, or 7-
membered fused ring, whereln the alkylene chain optionally is subskituted with

,, aliphatie, C,, Ruoroaliphatic, =0, -CN, or -C{O¥N{R"),. In sorne embodiments, W is —
CH(R'}- or-N(R), and R' is a C, _ alicylene chain that is attached o a ring position on Ring A
> form a 5~ or &-membered fused ring, whereln the alkylene chain optionally ls substituted
with C,, aliphatic, C | fluaroaliphatic, =0, -CN, or -C(OJN(R"),. In some other
embodiments, W is -CH -, -CHF-, -CF~, -NH-, -0, -5, or -NHC{O}-. In certain
embodiments, W is -O-, -NH-, or -NHC(O)-. In certain particular embodiments, W is -NH-_
[D50] In the compounds of formula (1), R’ is salecied fram the group consisting of
hydrogen, fluore, -CN, -N,, -OR’,-N(RY,,-NR'CO,K, -NR'CIOIR’, -CIOKEY),, -COR,
~OC(OIN(R",, “OC(OIR’, -OCO,R’, or a C_, aliphatic or C, , fluarcaliphatic cptionally
substtuted with one or two substitients independenily selected from the group consiating
of -OR”, -NR"“KR"). -COR™, or -CIOINR“}E"); or R* and K together form a bond. In

16



some embodiments R is selected from the group consisting of hydrogen, fluoro, -CN, M,,
C,, aliphatic, C, , Bucroallphatic, -OR™, -NF(®RY, -N{EHCOE, -NH)CIOR’, -CO)NHE',
-C{O)R’, -OC(O)NHR', -OC{O)R’, and -OC(O)OR’, In some embodiments, R® is selected
from the group consisting of hy deagen, -OH, -OCH,, | allphatic, C_ fluoraaliphatic, and
fluore. In certain embodiments, R is selected from the group consisting of hydrogen, -OH,
-OCH,, -CH,, and Duare. In certain particular emmbodiments, R* Ls -OH.

[051) In the compounds of formula (1), R is selected from the group consisting of
hydrogen, fluoro, N, Ny, O, -N(EY),, -NR'CO,R", -NR'C(OIR’, COINERY,, -COIR,
-OCIO)NRY,, -OOIR’, -OCOR’, ora C,, aliphatic or C, , luoroaliphatic optionally
substituted with one or two substituents independenty selected from the group consisting
of -OR”, N{R™MR"), -CO,R™, or -C(OWNR(RY); or K and K together form a bond. In
some embodiments, R® is hydrogen, fluoro, (N, N,, C, , allphatic, C, ; Buorcaliphatic, -OR™,
NH(R), -NE)COE, NENCONR’, -C{O)NHR', C(OIR’, -OC({O)NHR', -OC{O)R”, and
-OC{O)OR’, In certain embodiments, R® is hydrogen, -OH, <OCHL, or fluorp. In certain
particular ernbodiments, R is by drogen or -OH

(052} In the compounds of Formula (), ®® and X’ are each independently selected
from the group consisting of hydrogen, lluoro, C, | aliphate, and &, flupmaliphatic. In
some embodimenis, one of R” and R’ is C, | aliphatic and he olher is hydrogen In some

_ embodiments, R” and R’ are each hydrogen.

[053] In one embodiment, R” and R® are each -QH, and R® and R are each
hydrogen. In another embodiment, R*is «OM, and each of B, R, and R* Is hydrogen. In
another embodiment, R"is -OH, R® is fluoro or -OCH,, and R® and R” are each hydrogen. In
another embodiment, R" is -OH, R 1s -CH,, K js hydrogen or -OH, and R s hydrogen_ In
ancther embodiment, R* and R® together form a bond, and R and R” are each hydrogen.

[054) In the compounds of formula (T), each R’ independently is hydrogen, fluoro,
C,. aliphatic, or C,, fluoroaliphatic; or two R, taken together with the carbon atom to which
they are attached, form a 3- to 6-memibered cycloaliphatic ring: or one R, taken together
with R’ and the intervening carbon atoms, fonms a 3 to f-membered spitocyclic ring; or bwo
R’ logether form =0. Insome embodiments, R' is not fluoro if X is -0~ or -NH-. In some
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embodiments, each K' independently (s hydrogen or C, allphatic. In some such
embodiments, each R’ independently is hydrogen or <CH,. In certain embodiments, one R' is
hydmgen ar -CH,, and the other R'ia hydmgen. Incerfain particular embodiments, each 1y
Is hydrogen.

[0s5] In the cornpounds of formula (f), R" is hydrogen or C, , aliphatic; or R, taken
together wilh one K and lhe intervening carbon atoms, forms a - to 6-membered spirocychic
ring; or I, taken together with R™ and the intervening carbon atoms, forms a fused
cycloprepane ring, which is ophonally substituted wilh one or two substitients
independenlly selected from fluore or C , aliphatic: In some embodiments, B is hydrogen
or C,, aliphatie, In some such embediments, R' is hydrogen or -CH,, In certain
embodiments, R' is hydrogen.

[056} In the compounds of formula {I), B is hydrogen or C,, aliphatic; or RY, taken
together with R™ and the intervening carbon atoms, forms a fused cyclopropane ring, which
Is pplicnally subgtituted with one or two substituents independently selected from fluoro or
C,, aliphatic. In some emhodiments, R” is hydrogen or C, |, aliphatic. In gome such
embodiments, R Is hydrogen or -CH,, In certaln embodiments, B® is hydrogen.

[057) In the compounds of formula (I), the variable m 1s 1, 2, or 3. In some
embodiments, mis 1.
[058} In the compounds of formula (I), Ring A is a 6membered nitrogen-

rontaining heteroaryl ring, optionally fused to a 5- or 6-membered aryl, heleroaryl,
cycloaliphatic or heterocyclic ring, wherein either or both rings are oplionally subshi hated
and one nng nifrogen atom is optionally oxidized. In seme embodiments, Ring A is an
optionally substituted pyridine, pyrimidine, or 1,3,5-tiaxne ring. In other embodiments,
Ring A is a pyridine or pyrimidine ring that is fused to a 5- or 6-membered aryl, heteroaryl,
cycloaliphalic or heleroryclic ring, wherein either orboth rings are optionally subst tubed.
In some such embodiments, Ring A is fused to an opHanally substiluted benzene, imidazole,
pyrrcle, or oxazole ring. ) ' | -

[0591 In some embodiments, Lhe invention relates to a compound of formula (H or a
pharmarentically acceptable salt thereof, characlerized by one or more of Lhe following
features:

(a) Xis -0
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by Yis-CH-;

{c) W ie N1

@ Ris-OF

(5] R’ and R are each independently hydrogen or C, | aliphatic;
{H R’ is hydrogen, flucro, or -0OR’;

() R"and RY are each hydroger;

()  each R s hydrogen; and

i) misl

(060} In some embodiments, Lhe invention relates to a subgenus of he compounds
of formula (1), characterized by formu!a (I-4) or (I-B)

A® W"@ FI' R pe W‘@

Y-

S R

H:N At A4 {I-A) H" H" (I-B)

or a pharmaceubicaily acceptable salt thereol, wherein Ring A and the variables W, X,
Y, B, ', R, R, R® R, R', and rm have the values and preferred values desaibed above for
formula (fy,
[051] In some embediments, the invention relates to a subgenus of the compounds
of formula (), characterized by formula (I), (II-A), or (II-B%:

=1}

(1)
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A9 Ad
X X
' i
Al A (=0 ¥ wi"Etu‘\Hh R’ A° Y. wiEJ\Hh
o y-ﬁm- . ".Hf - lflfH“'
o=§X" T n—-,g-x i
{ b RE N A R
HaN A (IT-A) 2 (II-B)

or a pharmaceutically acceplable salt thereof, wherein:
D is -N= or-C(R")=;

Eua-N=or -C(lf’j=:

R* is hydrogen, halo, cyano, -C(R}=C(K), O=C &, -OR’, -SR", -S{O)R’, -SO.K’,
-SON(R'},. -N(®Y),, NR'C(OR, -NR'C(OIN(RY),, NRIC(=NR}-N(R3,,
-N{RY)C(=NR}-R’, -NR'CO,R’, -N(R)S0,R", -N{R)SON(R),, -O-KOR’, -OCO,R',
-OCOINERY, -COR’,~COR’, -CIOINR ), -COIN(R)-OF’,
“C(ON(R)CENRY-N(R'Y,, -NRICE=NR)-NEFC(OJR’, -C(=NR)-N®),,
C(=NR)»OR’, -NR}FN(RY, -NRYOR’, -C(=NR )} NR)-OR’, -C(R)=N-OF, or an
optianally substituted aliphatic, aryl, heteroaryl, or heterocycly!l;

each R independently is hydrogen, hato, -CN-, -OF’, -N(R),, -SK’. or an optionally
substituted C, _ aliphaHe group; and

the vatiables W, X, Y, ', B", B, R%, K", R", R" and o havae the values and preferred values
described above for formula (I).

(o621 In some embodiments, each R” in formulae (IT), (-4), and {II-B)
independently is hydrogen, halo, <CN, -0, -O-(C, , aliphalic), -NE,, -NH-(C, , allphagc),
-N(C, , aliphatic),, -SH, -5-(C, , aliphaHc}, or an oplionally substituted C,, aliphatic group, In
cerlain embodiments, each R” independently is hydrogen, fluoro, -CH,, -CF,, or~OH. In
certain particular embodiments, R® is hydrogen.

[e63] In some mﬂ:ndlr_nnnts, Ring A is selected from the group consisting of:
ae Ba o] F® R¥ RP
i ru TM ?ﬁ ,©| fu
/E:Bl M"J Nd i Hy I H’%
A-l A-ll Al AsI¢ A-v and A-vl .

[ r r r r
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[064] In some embodiments, R® is hydrogen, C, , aliphatic, C, , flucroaliphatic, halo,
R, R TR, TLR%, VAT RS VLTLR® VRY, or -T-VL-R'®, where the variables R,
R", V‘, and T' have the values describéd belowr.

[0&5] T is a C,, alkylene chain substituted with 0-2 independently selected R*or
R, wherein the alkylene chain optionally s interrupted by -CR)=C®?)-, -C=C-,-0-, -5,
-S{O)- -S5O}, -SONRY, NR)-, -NRIC(O)-, -NR'CIOMNE-, -MRYCE=NRINR')-,
-NRY-C(=NR"Y-, -NERYCO,-, N®RHS0,~ -NR)SONR ), -OC(O)-, -OC(OINRY-, (O}
| 00, -COIN(R)-, -C(=NRY-NRY-, “CNRY=N{R})-, -C(=NR}-O-, or -C(R)=N-O-, and
wherein T' or a portion thereof optionially forms part of a 3-7 membered ring. Insome
embodiments, T' is a C, , aliylene chain optionally substituted with one or bwo groups
independently selecled from fluore, C,, aliphatie, and O, fluorpaliphatbic

(0661 Each R™ independently is selected from the group cansisting of —F, -OH,
-O{C, , alkyl), ~CN, -N[RY,, <{ONC, , alkyl), -<COM, -COLC, , alkyl), -C{OHMEL, and
“C{ORNH{C, alky]).

[067] Each X Independently is a C,, aliphalic optionally substituted with R or K,
or two substituents B on the same carbon atom, kaken together with the carbon atom to
which they are attached, form a 3- to 6-membered cycdeallphade ring,

(058) Each K independently is an opticnally substituted aryl or hetergaryl ring

{059 V' 15 -CEH=CE®Y-, -C=C-, -0, 5, -S5O, -5(0), -5O,NERY-, MR},
-NRYC(OF, -NE'CIOINER -, -NRYCENR ENR ), NRICENR')-, -NER YO,
NR)SO,-, N(RISONR '), -O{O}-, “OC{ONRY, CO)-, -CO,-, ~C{OINR)-,
C(ONRY-O-, -C{OINRY)C{=NRFNRY)-, -NR )C{=NR’}- NR-C(O)-, -C=NR}N{E)-
~CNR"Y=N(RY-, C{=NRY-C-, or -C(RI=N-O-. In some cmbodlments, V' is -NER)C(0)-,
NEICOIN(RY, -NRSO,, -NEISONR'Y, or -NR)CO,~ In centainsuch
embodiments, V' is -N{R‘)i:{::q- or -NEYCOMNR"Y-. In other embodiments, V' is
~CEH=CRY, -C=L-, -0, -5-, or -N{E)-.

[070] Each R" independently is an optionaily substituted aryl, hetercaryl,
heterocycyl, or cycloaliphatic ring.
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[071) Each R* Independently Is -NO,, -CIN, ~C(B}=C(R"),, -C=C-R, -OR”, -5R’,
SOR’, -SOR", -SONRY,. -N®Y,. -NR'CIOIR, NR'CION(RY,, NRYC(=NRY-N{RY,.
“NRYCENRY)-R, -NR'COR’, -NRISOR’, -NERISONRY,. -O-CO)R", -OCOR",
-OCIOIN(RY,, ~CIOIR®, -COR’, -CIOINERY , -CIOIN(R)-OR’, -COMNERYC(=NR-N(RY,,
NER)CENR)-NERY-COI, -CENRFNRY,, -C(=NR')-OR’, -NR}NER Y, NRY-OR’,
~C{=NR"+NR"Y-0R’, or -C(RY=N-OF..

[072] The inventicn also relates to a subgenus of the compounds of formula (1),
characterized by forrnula (II7):

{111
or a pharmaceutically acceptable salt thereof, wherein.

Qls-T-or-V-T'5

V is N{RY-, O, or &}

R’ is hydrogen or C,, atiphatic;

T' isa C,, alkylene chain opbonally subshituted with one or two groups independently
selected from flucro, C,  aliphatic, and C, | fluorcaliphatic;

Ring C is a 3- to B-membered heterocyciyl or cycloaliphatic ring, or a 5~ or &-membered
aryl or heteroaryl] ring; and

the variables D, E, W, X, Y, R, B”, R", R, R, K", R, B", and m have the values and preferred
values described above for formutas (I and (I},

[#73] The inventan also relates 16 a subgenus of the compounds of fermuta (1)
characterized by formula (I-A), (HI-B), (ITT-C), or {T1-D):
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or a pharmaceutially acceptable salt thereof, whereln all variables are as deseribed
for fprmula (HT).

£074l

In some embodiments, Ring C is substituted with 0-2 R® and 0-2 R™, where:

each R” independently is halo, -NO,, -CN, -C{R}=C{E,, -C=C-F’, -OF’, -SR’, -S(O)R’,

-SO.R’, -SO,N{RY,. N, -NR'CO)R, NE'CO)NRY,. -NRIC(=NR)-NERY,,
NRICENRYR, -NR'COR!, NERYSOR, NERISONERY,, -O-COIR,
-OCOR’, -QCON(RY,, O, -COR’, “COIN(K),, CIO)N(R)-OR,
COR(R)CENES-NRY,, -NRICE=NRNR GO, -C=NR}-NE'),
C(=NRY-OR, -C=NE})-NEY-OR, -CERI=N-OR’, or an optionally substituted
aliphatic, or an epHonally substituled aryl, heterocyelyl, or heteroaryl group; or
two R on the same saturated ring carbon atom, taken tpgeiher with the carbon
atom, form an oplionally subshhuted 3- to 8-membered spirocydic cycloaliphatic
or heterocyclyl ring: or two adjacent R, taken together with the intervening ring
aiorns, form an optionally substituted fused 4- to B-membered aromatc or non-

aromatic ring having 0-3 ring heteroatomns selected from the group consisting of
O, N, and S:



each R* independently is gelected From the graup consisting of C, , aliphatic,
C, , fluoroaliphatic, haty, -OR™, -NER"I®"), ora C, , aliphatic or
€, fluoroaliphatic optionally substituted with -OR™, -N(R"IR™), -COR™, or
-C{OIN(RH(R™); and

the variables R™ RY, and R* have the values described above for formula (148

1075] In some such embediments, Ring C is a C, , cyclealiphalic, phenyl, pymrolyl,
imidazolyl, oxazolyl, thiazolyl, Isoxazolyl, isothiazolyl, pyrazalyl, triazely], tetrazolyl,
oxadiazolyl, thiadiazelyl, pyrrolinyl, imidazoliny), pyrazolinyi, pyrrotidinyl, imidazalldiny,
pyrazolldinyl, plperidinyl, morphalinyl, plperazinyl, pytidyl, pyridazinyl, pyrimidinyl,
pyrazinyl, or tetrahydropyrimidinyl ring, any of which Is substituted with 0-2 R® and 0-2 R™.
In certaln embodiments, Ring Cis a &, cpcoaliphatic, pheryl, oxazolyl, or isoxazolyl ring,
any of whirh is subatifuted with 0-2 R* and optionally is fused 10 an optionally substituted
benzene, dioxolane, or dioxane ring,.

(076l The invention also relates to 2 subgenns of the compounds of formula (I,
characterized by formula (I¥), (FV-4), or (IV-B)

V1
pE N
L wSg N p
X Ta Re
D=f§-'x o R
)
HoN R* R o

) X

D
L we "E-ﬂl"nh ' Al R 'wi‘Eﬂ"nh
ﬁ)rm > - l? ,..% T +—pr
o L
Hh ﬂd (W—A] HxM -pb A (Tv-m}

or a pharmaceutically acceptable salt thereol, whereln:



V' is N(R)-, -0-, or -5-;
R’ is hydrogen or C, aliphatic;
Ring 1 s an optionally substituted mono- or bicyclic ring systexn; and

the varlables D, E, W, X, Y, R, B, B, R%, B, R, R, I, and m have Lhe values and
preferred values described above [or lormula (I},

[077] In some embodiments, Ring [F an opionally substituled furanyl, thienyl,
pyrrolyl, oxazolyl, thiazolyl, imidazolyl, pyrazolyl, isoxazaly!, isolhiazolyl, oxadiazalyl,
riazolyl, thiadiazoly), phenyl, naphthyl, pyranyl, pyridyl, pyridazinyl, pyrimidinyl,
pyraziny), triazinyl, indolizinyl, indolyi, isoindelyl, indazolyl, benzimidazolyl,
benzthiazolyl, benzothienyl, benzofuranyl, purinyl, quinolyl, isoquinolyl, cinnolinyl,
phthalazinyl, quirazolinyl, quincxalinyl, naphthyridinyl, pleridinyl, telrahydrofuranyl,
tetrahydrolhienyl, pyrrolidinyl, pyrrolidonyi, piperidinyl, pyrrolinyl, tetrahydroquinolinyl,
tetrahydroisoquinelinyl, dechydroquinolinyl, oxazolidinyl, piperazinyl, dioxanyl,
dioxolanyl, diazepinyl, oxazepinyl, thiazepinyl, morpholiny], quinucdidinyl,
tetrahydroquinoliny], tetrahydroisoquinolinyl, indanyl, phenanthridinyl,
tetrahydronaphthyl, indoliny], benzodioxanyl, berzodioxelyl, chromanyl, cyclepropyl,
cyclobutyl, eyclepentyl, cyclopentenyl, cyclohexyl, cyciohexenyl, cyclohepty), cydoheptenyl,
cyclooctyl, cyclooctenyl, cycooctadienyl, bicycloheptanyd or blcyclooctanyl. Insame
embodiments, Ring I} is an optionally substilated cyclopentyl or cyclohexyl. In some
embodiments, Rlng I is an optionally gubstituted indanyl, ketrabydronaphthyl, or
chromanyi.

[avel Bing D may be unsubstituted or may be substituted on either or both of its
component rings, and the substtuents may be (e same or different. In parkicular, each
substibutable saturated ring carbon atom in Ring D is unsubstituted or substituted with =0,
=5, =CRY,, =N-N(R"Y,, =N-OF’, =N-NHC(O)E’, =N-NHCQ,R®, =N-NH50,R’, =N-E’ or -F°.
Each substitutable unsaturated rinpg carbon alom in Ring I? is unsubstihuted or substituled
with -R'. Each substitutable ring nitrogen atem in Ring I is unsubslituted or substituted

with -R™. The vadables R¥ and R’ have the values described below.

[075] Each R independently is halo, -NO,, -CN, -CR)=C(R),. -C=C-R, -OF’, SR’
SO)R", -SOR’, -SO,N(RY,, -N(®Y),. -NR'CIO)R’, -WR'CIOIN(RY,, -NRHC(=NR)-NR"),,
-N®RIC{=NRI-R’, -NR'COR’, -NER)SO,R", -N{RﬁgD,N{RjP O-CO)R?, -OCORY,



-OC(OINR),, -COIR, -CO,R’, - CLOIN(R ), -CIOIN(R)-OR’, -C(OIN(RHCENR)-NR™Y,,
NR)CENRY-NERY-COR], -CENRNRY,, C(=NRY-0R’, -C(=NR}-NE)-OR,
-C(R%=N-OR’, or an optionally substituted aliphatic, or an optionally substituted aryl,
heterocyclyl, or heteroaryl group; or two B on the same saturated carbon atom, taken
together with the carkon atom to which they are attached, form an epHonally substituped 3-
to 5-membered spirccyclic cycloaliphatic ring.

{oso] Each R independenly i -C{O)R’, -C(O)N(R"),. -COR’, -SO,R’, SO,N(R"),, or
a C,, abiphatic ophonally substtuted with RlorR.

[081) In some embadiments, each R® independently is selected from the group
consisting of hato, C, , aliphatic, C, , Aluorcaliphatic, -R", -R¥, -T-R", and -T-R™; or two R
on the same saturabed carbon akom, 1aken together with the carbon atom to which they are
atlached, form an optionally subsHtuted 3- ke 6-membered spirocyelic cycloatlphatic ring.
The variables R, R¥, and T have the values described below.

{082] Tisa (., alkylene chain opEonally substituted with B or ™.

[c83] Each R" independently is an opticnally substituted aryl, heteroaryl, or
héhernqrdyl group-

(084l Each K¥ independently is-NO,, -CN. -C® )=C{R),, -C=C-R’, -OR", -SK’,

S(O)R’, -SO,R’, -SON(R'),, -N(R),, -NR'CIO)R’, -NR'COIN{RY,, -NEYC(=NR)-NE),,
-NRHC(E=NRY)-R, -NR'COR’, -NRISOR', -NRISONEY,. -O-C(O)R’, -OCOR’,
-OC(OINERY,, -C(OIR’, -COR’, -COINRY,, -CIOMN{RY-OR, -COINRYC(=NR)}-N(RY,,
NERYCENRINERFCOIR', -C=NRI-NER'),, -C=NRY-OR’, -C(=NR)-N(R)-OR’, or
-C(RH=N-OR’.

[085] In some embodiments, Ring D 1s selecterd from the group consisting of:

{R%), I U ™
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each R’ independently is selected from the group consisting of fluoro, -OR™, N{R“KR™),
COR™, or -C(OYNERIEY), or a C,, aliphatic or C,, Auoraaliphatc optionally
substituted with -OR™, -N{R")(R""), -CO,R™, or -CONER" IR

each R” independently is selecied from the group cunslshng of fluaro, -OR™,
NR")E), -COR™, or -COINRRY), or a C, , aliphatic ar C, , fuoroaliphalic
optionally substituted with -OR™, -NER")R"™), -COR™, or -C{OINRIR”); or two
R an the same carbon atom together form =Q or =C(R™),; provided that R is other
than -OR™ or -NRHRY) when localed at a position adjacent to a fing oxygen atom;

5i50,1,2.3, 0r 4;

tis0,1,0r Z; and

the varlables R, R, R™ have the values described above for formula (D).

[0a6] In some embodiments, 5is 0, 1, or 2. Insomea embodiments, 5150, 1, 2, or 3.
In certain embodiments, Ring I is selected from the groupr consisting of:

2 B B R Pa B

D-Ir

@%%%ﬁﬁé
&@%

[0a7] In cerlain particular embedlments, Ring D is selected from the group
canslsting of:
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wherein stereochemical designations indicate absolute configurations.

icas] The inventicn alse relates to a subgenus of the compounds of formula {IT),

whetein:
R is -NR)R);
R’ is hydrogen or C,, aliphatic;
R’ bs hydrogen, C, aliphatic, -T-R™ ur -T'R™;
T is a C, , alkylene chaln substituted with 0-2 independently selected R or B™;
T is a C,, alkylene chain substituted with 0-2 independently selected K or R™;

R" is -CR)=C(R),, -C=C-F, -S{OR, -SO,R’, -0, NRY,, -CR)=N-OR’, COR".
-C{OFCIOR’, -CIO)E’, -C{O)NR"),. -C(=NR-N(RY),, or {(=NR)-CR’; and

R™ is halo, -NO,, -CN, -OR’, -SR", -N{R"),, NRYC(OR’, -NRICIONER),
NE)COR’, -O-CO,R’, -OCION(RY,, -OCIOIR’, -NERHNRY,, -NIRIS{O),R,
or -N{RYSC,-N(RY,
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{089) In some such exnbodlments, & Is hydrogen oz a C, , aliphatic or
C, . Auecraaliphate optionally substituted with ene or two substituents independently
selected from the group consisting of -OR™, NERSE™), -COR™, CONR)R").

{090) Anolher emnbodiment of the Invention relates (o a subgenus of the
campounds of formula () characterized by formula (V), (V-4), or (V-B):

(RY),

HzN At /Y (W
A", (R,

'Y

N E'ﬁl"nh M Ry WETR
ﬂ-‘ﬁ-: . . o o * »f—R"
S S,
H:M At R {(V-4) HaM A" RY (V-B)
of a pharmareutically acceptable sall thereol, wherein:
Ring E is a 5- or &-membered aryl, heteraaryl, cycloaliphatic or heterocyclic ring;
Eis N=or .CR"=;
each R" independently is hydrogen, halo, -CN-, ~OR, -N[R"Y),, -5R’, or an optionally
substituted C, _ alfphatic group; -
each R* independently is hydrogen, halo, -NQ,, -GN, -OR®, -5E', -S{O)R’, -SO,F,
-SONR, -NRY,, NR'COW, -NR'COIMNR'),, ~NRYCE=NR-NRY,, -NRICE=NR YR,
-NR'CO,R’, -N(RISO,R’, -NERYSONERY,. -O-COIR’, -OCO,R’, -OC(OINR"Y,, -CIOJR,
-COR’, -COINRY,, -C(OIN(R')-OR’, CIOINERICE=NE ) NE '}
-NRICENR)-NRYCO)R, -CENRNR'), -C(=NRY-ORY, -NRY)-NER",, -NRF-OR,



C=NR)-NESOR, -CRY=N-OF’, or an gptionaily subsituted aliphatic, acyl, heterparyl,
or hetercoyelyl;

nis 1, 2 or3; and

Lhe variables W, X, Y, B, B", RS R, K% B%, R’ and m ave the values and preferred
valies described above far formula ().

[Ca1] In some esnbodiments, R* i an optionally substituted C, ; aliphalic, or an
opbonally subsHiuted 5- or G-membered aryl, heberoaryl, or heterocyclyl ing,
[oe2] In same embodimaonts, the inventon relates 1 A subgenus v we Couyprm...

of formuln (V) characterized by formula (¥I), (WT-1), or (VT-B):

2
o%-x
Hai (VD
HH.I:
T H;ll A= w Ej\ﬂh Hl A’ H.' w 'l\ﬁh
L o HD’

0_ A m G'_fb'*x
HoM Ar A (VTe) AP ﬂ" (Vi-B)

or a pharmaceutically acceplable galt thereol, wherein:
U Is 2 covalent bond, C,, alkylene, -O-, -5-, -50)-, or -S(0);
s halg, C, , aliphatc, or  , Muorealipha te;

Ring F Is an gptionally substituted mono-, bl-, or tieyelic ring systern; and

30


efiling
Pencil


Ring E, and the variables E, W, X, Y, R", B, R, R, ", R", R, R, and m have the
values and preferred values descrdbed above for formula (V).

[ca3] In some embediments, Ring F is selected from the group consisting of
furanyl, thienyl, pyrrolyl, oxazolyl, thiazalyl, imidazolyl, pyTazolyl, isoxazolyl, isothiazolyl,
oxadiazolyl, triazolyl, thiadlazolyl, phenyl, naphthyl, pyranyl, pyridyl, pyridazinyl,
pyrimldinyl, pyrazinyl, triazinyl, indelizinyl, indolyl, iscindelyl, indazolyl, benzimldazolyl,
benzthiazolyl, berzothienyl. benzofuranyl, purinyl, quinolyl, isoquinolyl, cinnollnyl,
phthalazinyl, quinazolinyl, quinoxatinyl, naphthyridinyl, pleridinyl, carbazolyl, fluorenyl,
dibenzofurany] tetrahydrofuranyl, tetrahydrothienyl, pyrrolidinyl, pyrrolidonyl,
piperidinyl, pyrroliny], dihydrobenzofuranyl, dihydrobenzothieny! tetrahydroquinolinyl,
telrahydroisoquinolinyl, decahydroquinelingl, oxazolldinyl, piperazinyl, dipxanyl,
divxelanyl, diazepinyl, oxazepinyl, thiazepinyl, morpheliny], quinuclidinyl,
tetrahydroquinolinyt, tetrahydroisoquinolinyl, indanyl, phenanthoidinyl,
tetrahydronaphlhyl, indolinyl, benzedioxanyl, benzodiaxolyl, chromanyl, cyclopropyl,
cydobutyl, cyclopentyl, cyclopentenyl, cycohexyl, cyclohexenyl, cycloheptyl, cycloheptenyl,
cydooctyl, cyclooctenyl, cycdonctadienyl, bicycloheptanyl and bicyclooctanyl, any of which
optonally is substituted on any substitutable ring carbon atom and any subshiutable ring
nilvogen atam.

{o94] In some embadiments, Ring F is selected [rom the group consisting of thienyl,
oxazolyl, thiazolyl, imidazolyl, pyrazolyl, isoxazelyl, isothiazelyl, phenyl, naphibyl, indolyl,
iseindolyl, benzimidazolyl, benzthiazolyl, benzothicnyl, benzofuranyl, quinelyl, isoquinelyl,
naphthyridinyl, carbazolyl, fluorenyl, dibenzoluranyl, dlhydrebenzofuranyl,
dihydrobenzothienyl, etrahydroquinollnyd, tetrahiydroisoqumeolinyl, etrahydronaphthyl,
indolinyl, benzodioxany], benzadioxalyl, cyclopentyl, cyclohexyl, any of which eplionally is
subsHhuted on any substilutable ring carbon atom and any substitulable ring nitrogen atam.
In particular embediments, Ring F is an optionally substituted phenyl, naphthyl,
tetrahydronaphthyl, or dihydmbenzofuranyl,

[055] In some embodiments, each substitutable ring nitrogen atom in Ring F is
unsubstituted or is substituted with R, and the subskitutable ring carbon atoms are
substituted with ¢-4 R, wherein:
each R* independently is selected from the group consisting of C, , aliphatic,
Cy, fluorealiphate, halo, OR™, -NERIR®), an optionally substibubed 5- or

u



&-membered aromatic ring, or a C, , aliphatic or C,, fluorcallphatic oplonally
subshituted with -OR™, N(R“}R™), -COR™, or -CIOMWRE™);

R” independenily is C(OIR’, -C{O)NR),, -CO,R", -SOR", -SON(RY, or a
. , aliphalic optionally substitubed with ®or F.?; and

ihe variables R, R™ RY. R, and R’ have the values dezcribed above for formula (I).

[0%6] The inrvenHon also relates to a subgenus of Lhe compounds ol forrmala (V)
characterizesd by formula (VIT), {VII-A), or {VII-B):

HIL
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H,N Rt R (VID)
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-ﬁn w Hn‘
O-;"x R: Re ﬂ;ﬂx H" AE
HoN G (viL-4) HeN AY A (VUI-B)
or a pharmatentcally acceptable salt theneol, wherein:
Bis-N= or -C(RY=;
Fis-NR"}, -O-, or 5
G is =N- or =C(R");
R™ 13 hydrogen, -C{O), ~C(OIN(RY,, -COR’, -SO.K’, -SON{RY,, or a C, , aliphatic
optionally substituled with B’ or R}
each R independently is hydrogen, hato, -C4-, OF, -N{RY,, -SR*, or an optonally

substituted C  aliphatic group;
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pach R" independently is hydrogen, halo, -NO,, -CI, -OR’, SR', -S(OR", -ED,RG.-
-SON(RY,, N(RY,, NR'COR’, NR'COINR),, NRICENRY-NRY,, NRIYCENRIR,
-NR'CO.R’, -NERHSO.R, -NRYSONRY,, -O-COIR’, -OCOR’, -OCION(RY),, “COR’,
-CO.R’, -C(OIN(RY,, -CLOM(R'}-OR’, -CIOIN(RYC{E=NR)}-N(K),,
“NERJCENR)-NER)-COR’, -C=NR)-NERY,, -O(=NR)-OR’, NR'}FN{R"),, -NR}-0R’,
-C(=NEHNEYOR®, -CRY=N-OR”, or an opHonally substituted aliphabr, atyl, helercaryl,
or heterocyclyl; and

the vartables W, X, Y, B, R, RS B, B°. K", R, R®, R, R’, R, ', and m have the values
and preflerred values described above for formmida (I).

[097] In cerkaln emnbodiments, the invenbon relates to a subgenus of the
compounds of formuta (VIT), charactenized by formula (VIIC) or (VIF-D):

{]r_f X H*©
HH
Hy R® R (VIE-C)

or a pharmaceutically acceptable salt thereof, wherzin:

(VII-D}

dashed lines indicate single or double bonds;

each R” independently is hydrogen, halo, -OR*, -N{R“HR"), or a C, _ aliphatic or
C,, fluorealiphatic opticnally substiuted with -OR™, -N{R)(R"), -COR™, er
-CIONRYHR™:; or both R™, taken together with the intervening ring carbon atoms, form an
optianally substituted [nsed 5- or &membered cycloaliphatic, aryl, heteraary), or
heterocyclic ring.-

{i2:] The invention also relates ko a subgenus of the compounds of formula (V)
characterized by formula {VIID, {VITT-A), or (VII-H);
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or a pharmaceutically acveptable sall thereof, wherein:

the variables E, W, ), Y, B B', RS, R4 RS R, R'. R". R", and m have the values and
preferred values described above for formulae (VIT), (VII-A), and (VII-B).

[099] In somne embodiments, R* in formula (VH), (VH-A), (VII-B), (VIII), (VIH-A),
or (VIII-8) has the formuta ~U-Ring F, wherein the variable 17 and Ring F have the values
and prefered values deseribed abave for formula (Vi) In some such embodimendts, the
variable U ia a covalent boned.

(o001 In a particulsr embodiment, the invenlion relates ko a subgenus of the
compounds of lormuila {T}, charactedzed by [ormula (IX-4} or {IX-B):
A
HN SRR,
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(R},
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R® A (IX-B)

or 4 pharmaceutically acceptable salt thereof, wherein:

the variables D, E, R", R®, B, RY, R®, R, 5, and ¢ have the values and preferred values
described above lor formulae (I-{TV).
[0101] In some embodiments, the stereachemical vonHgurations depicted at
asterisked positions in any preceding formula indicate melative stereochemistry. In other
embodiments, sterecchemical configurations depicted al asterisked positions indicate
absolute stereachemisiry. In cerlam particular embodiments, the invention relates to
compounds of formmnla (I-A4), (II-A), (HI-4), (IV-A) (V-4), {VI-A), (VII-A), (VIiII-A), or (IX-
A), wherein the stereachemical canfiguraions depicted at askerisked positions indicate
.absoluke sterecchemistry.
01023 Subgenus definitions for Ring A and variables W, X, Y, B, R, R, R, R, R*
and R’ described for formula () also apply to {ommulae (I-IX). Compounds embodying
any combination of the preferred values for the variables deacribed herein are within the
scope of the present inventor.
[[atik]] Represantative examples of compounds of fermula () are shown in Table 1.
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Table i

1 Achivating Enzyme Inhibitors
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[0104] The compounds in Table 1 above may also be identified by the following
chemical names:
Chemical Name

11 [(1R:2R,35.4R)-4-{{6-[[(15)-4-Flucro-2.3-dihydro-1H-inden-1-y! Jamino)-
pyrimidin-4-yl}amino]-2 3-dihydroxycycdopenty] jmethyl sulfamate

12 HIR 2R 354R)-2 3-dihydroxy-2-{(6-|[{1R 25)-2-methoxy-2,3-dihydro-1H-inden-
1-yllamine|pyrimidin-4-yl)aminoleydopentylimethyl sulfamate

1-3 [{1R 2R 35 AR)-2,3-dihydroxy-4-(9H-purin-6-ylamino)eyclapentyl Imethyl
sulfamate

14  [{IR2R354R}4-{|2-[{cydohexylmethyDaming]pyrimldin-d.yl]amlnc)-2,3-

dihydroxycyclopentytimethyl sulfamate

L



I-5
16

1.7

&

1-9

110
I-11
I-12
113
1-14
15
116
117
I-18
1-19
1-20
121

k22

[(15.25 AR)-4-({6- [{15)-2,3-dihydro-1H-inden-1-ytamino]pyrimidin-4-yl)amina}-

2-hydroxycyclapentyllmethyl sulfarnate

[(1R2R .35, 4R} 4-[(6-([(15}4,7-difluore-2,3-dihydro-tH-inden-1-yilamino]-

pyrimidirc-4-ylamino}-2 3-dihydroxycycopentyllmeihyl sulfamate

((1R 2R, 35,4R)-4-[[2-{benzylamino)pyrimidin-g-y]]amino}-2,3-

dihydroxycyclopentylymethyl sulfamate

[(1R, 2R AS 4R} 4-{[6-](1R)-2 3-dihydro-1H-inden-1-ylamino]pyrimidin-4-y1}-

amine)-23-dihydroxycyclopentyl]methyl sulfamate

HIR.ZR.SSAR}-Z.S-dlhyd.ruxjr—li—[[E-phmyl—gH-puﬂrrﬁ—yl}arrmm]qdupenqu]-

methyl sulfamate

[{1R,2R 35 4R)-2 3-dihydroxy-4-{{2-[(3-meihyl-2,3-dshydro-1H-inden-1-yi}-

mﬁu]pyrhrﬁdin+yl]andm}qdupenyl]memyl sulfamate

1(15,2R 35 4R)-4-({6-1(15)-2.2-dihydro-1H-inden-1-ylamino] pyrimidin-4-y1]-

amino)-2,3-dihydroxycyclopentyl]methy] sullamats

I(1R2R,35,4R)2,Fdihydroxy-4-{{6-{({15)-12,3 & tetrahydronaphthalen-1-

ylamino]pyrimidin-4-y]Jamino)cyclopentylJmethyl sulfamate

}{1R,2R 35 AR)}4-[(6-amino-2-methylpyrimidin-4-yl)aminn]-2,3-

dihydroxycyclopentylimethyl sulfamate

[{1R,2R,35 4R)-4-{{6-[{cyclohexylmethyl)amino] pyrimidin-4-yl amino}2,3-

dihydroxycyclopentyllmethyl sulfamate

{(1R,2R,35 AR}4-[(2-{[(16)-3,3-dimethyl-2 3-dihydro-1H-Inden-1-yllamine)-

pyrimidin-4-yljamino}-2,3-dihydroxycycdopentyljmethyl sulfamate

[{1R 2R, 35,4R)-2.3-dilyydroxy-4-[(pyridin-3-ylcarbonyl}aminc]cyc opentyl|-

methy! sulfamats

[(1R 2R 35 AR)-4-{(6-{[(15}-5,6-difluoro-2,3-dihydro-1H-inden-1-ylJamino}-
4-yljamino}-2 3-dihydroxycyclopentyl|me thyl sullamate

[{1R 2R.35 4R)-4-{{6-[{15)-2 3-dihydro-1H-inden-1-ylamino]-2-

methylpyrimidin-4-yl)amino)-2,3-dihydroxycyclopentyllmetiyl! sullamate

[(1R 2R 385 4R)-4-[(6-{[(15}-5-chloro-2 3-dihydro-1H-inden-1-yljaminal-

pyoimidin-d-yljamino]-2,3-dihydroxycyclopentylimethyl sulfamate

[(1R2R,35 AR)-4-({2-[benzyl{methyl)aminc)pyrimidin-4-ylamino}-2,3-

dihydroxycyclopentyllmethyl sutfamats:

1(1R 2R 35 AR)4-[(6-[{15)-3,3-dimethyl-2,3-dihydro-1H-inden-1-yl]amino}-

pyrimidin-¢-yljamino]-2 3-dihydraxycycopentyllmethyl sulfamate

[{(1R,2R.35 AR)-4-([6-[benzyl(methyl)amino]pyrimldin-4-yllamine)-2,3-

&hyd:oxfcydnpentyl]m&nyl sulfamate

{{1R2R,35 4R} 2,3 dihydro xy—-i- [({pyridin-2-y lcarbon)rl}anunn]cyclupentjrl]-

methyl sulfarmate

1(1R 2R 35 AR}4-[{6-{[{15}-4-chlore-2 3-dihydro-1H-inden-t-yljamino}-

pyrimidin-4.yiamino]-2 3-dihydroxycyelopentyll methyl sulfamate

[{1R 25 4R)-4~{{6-[{15}-2.3-dihydro-1H-inden-1-ylamino] pyrimidin-4-ylamino)-

2-hydroxycyrlapentyllmathyl sulfamake
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I-26  [{1R,2R35,4R)}4-(|4-[{15)-2.3dlhydro-1 H-inden-1-ylaming]-1,3,5-lriazin-2-y1)-
aming)-2.3 dihydroxycyclopentylmeihyl sullamate

1-27  {{iR,2R354R)4-([6-(benzylamino}pyrimidin-§-ylJamina}-2,3-
dihydroxycyclopentyl)methyl sulfamate

128  [{1R,2R354R}23 dihydroxy-4-(isoniconnylamino)cyclopentyllmelhyl
sulfamare

1-29  [(1R.2R35ARV4-{{6-[{15}-2,5-dlhydro-1 H-Inden-1-ylamino]pyrimidin-4-y1}1-
aminn)-23-dihydroxycyctopentyljmethyl sulfamate

130 ({1R2R354R)M4-[[6-(benzylamino)-2-methyl pyricnidin-g- yi]aminot-2,3-

dihydeoxycyclopentyl)methyl sulfamate

I-31 [(15254R)}4-({|6-[(15)}-2.3-Dihydro-1H-ind er-1-ylamino}pyamidin-d-ylloxy)-2-
hydroxycyelopentyl]methyl sulfamalte

1-32 [(1SﬂAﬂ}-ﬂ-{[ﬁ-[{lﬂ-Zﬁ-dﬁqdrmiHMl—y]aﬂum]—S—mﬂlyl pyrimidin-3-
yloxy)-2-hydroxycyclopentyllmethy] sulfornate .

133 [(152545H4(16-((15)-2.3 dihydro-1H-inden-1-ylamino] pyrimidin-4-yljmethyl)-
2-hydroxycyclopentyl]methyl snlfamate

I-3¢ ({1525 4R)-4-{[3-{2~chlorophenyl)-9H-purin-&-ylJamino}-2-
hydroxycyciepentylimethyl sulfamate

185 [(1525,4R)4-[(2[{15)}-5-chlaro-3,3-dimethyl-2.3-dihydro-1H-inden-1-yI]-
aminolpyridin4-yljoxy]-2-hydroxycycapentylimethyl sulizmate

1-35 [(15,25,4R)-2-hydroxy-4-[{7-metlryl-§-phenyl-7H-purin-6-y1}-
aminglcychopentyl]methyl sulfamate

1-37  {(1525A4R)-2-hydroxy-4-{[8-(2-phenoxyphenyl)-SH-purin-6-yifamina)-
cyciopentyl)methyl sulfamate

I-38  {(1525,48)-2-hydroxy-4+{({6-phenyl-7H-pyrrolo[2.3-d] pyrimidin-4-yl})-
aminejcyclopentylpmathy? sulfamate

I-32  {(15/254R)-4-[{8-dibenzalb.d] furan-4-yl-9H-purin--yliaminol-2-
hydroxycycopentyl|methyl sulfamale

1-10 (1525 48-2-hydroxy-4-{l6-[{15}-1.2.3,4-tetrahydronaphthalan-1-
¥lamino]pyrimidin-4-ylloxy)cyclopentyljmethyl sullamate

I-1  ({(15254R)-4-|[B-(23-dihydro-1,4-benzodioxin-5-yl)-9H-purin-6-yljamine)-2-
hydroxycyclopentymethyl sulfamate

142 [(15.254R)-2-hydrowy-4-{|6-[()-naphthylmethyljamino]pyrimidin-¢-yl}-
oxy)cyclopentyl]lmethyl sulfamate

143 [(15.25,4R)-2-hydroxy-4-[(6-4({15,25)-2-methyl-2, 3-dihydro-1H-inden--yl]-
aminojpyrimidin-4-ylaxylcyclopeniyljmethyl sulfamate

145 {(1R2ZR 35 AR)4-({4-](15)-2 3-dihydro-1H-inden-1-ylaming-6-methyl-1,3,5
triazin-2-yllamine}-2.3-dihydronycydopentyljmeihyl sullamnate

146 ({(15.25,4R)-2-hydroxy-4-[methyl[8{1-naphthyl}-9H-purin-6-yl]amino}-
cyclopentylymethyl silfamate

47 . {(25,25.4R)-2-hydroxy-4-[(6-[[{1R,25)-2-methoxy-2 3-dihydro-1 H-Inden-1-yl|-
amino|pyrimidin-4-yl)aminolcycopentyljmethyl sulfarnate

6



148 ((1525,4R)4-[(8-biphenyl-2-yt- 9H-purin-6-y)aming]-2-hydroxycyclopentyll-
methy] sulfamate

1445 {(15254R)-2-hydroxy~4-[[8-(1-naphthy[}PH-purin-6-yllamino}cyclopentyl)-
methyl sulfarmate

1-53  ((15.25AR)-4-|[6-(}(15,2R)-2- (dimelhylamino)me thyl]-2,3-dihydro-1H-inden-1-
yllamino}pyrimidin-4-yl]oxy-2-hydroxycyclopentylymethyl sulfamate

-5 [{(152548)-4-([5-[(15)2,3dhydre-1H-Inder-1-ylamino} 2-oxo0-2,3-
dihydropynmidin-4-yllamina}-2-hydroxycyclopentyl Jmethyl sulfamate

.55  [{1R2R,354R)-2,3-dihydroxy-4-[{+({{1F,25}-2-methoxy-2 3-dihydro-1H-inden-
T-yllarnine}-1,3,5-kriazin-2-ylamino]cyclopentylpmethyl sulfamate

156 {{15.25,4R)-4-{[6-chloro-2-(1-naphthyl}-3H-imidazo[4,5b]pyridin-7-ylJamino}-
2-hydroxycydopentyl)mathyl sulfamate

58 [(1RAR,4R)3{(6-[(15)-2 3dihydro-1H-mden-1-ylamino]pyrimldin-4-yll-
amino}-4-hydrexycyclopentyl]methy] suliamate

60 ({15354R)4-[8-{3chlorophenyl}SH-purin-6-yl]amino}-2-
hydroxycydopentylymethyi sulfamate

k61 {(15254R)-4-[[6-(3,4-dihydroisoquinnlin-2(1H)-ypyrimidin-4-ylJoxy|-2-
hydroxycyclopentylymethyl sulfarnate

62 [(15254R)-2-hydroxy-3-((8-[2-{trifluoromethoxy)phenyl }-9H-p urin-6-yl|-
aminojcycopentyl)methyl sulfamate

163 [(15254R)-2-hydroxy-4-[{8-phenyl-9H-purin-&-ylloxy|cyclopentyllmethyl
sulfamate

64 {(15254R)-4-(18-[4-{dImethylamine)-1-naphthyl[-9H-purin-&-yllamino}-2-
hydroxycyclopentyllmethyl sulfamate

165  {(15.254R)-[(6-|((15)-3,3-dimethyl-2,3-dihydre-1H-inden-1-yl]amino)-
Fydimidin-4-ylyamino]-2-hydroxycyclopentyl Jmethyl sulfamate

166  ((1525,4R)-4-{[5-({(15,25)-2-[(dimethylamino)carbonyl]-2,3-dihydro-1H-Inden-
1-yltamino)pyrimidin-&yl]oxy]-2-hydroxycyclopentyljmelihyl sulfamate

67 ((15254R).2-|[8~(2,3-dimethoxyphenyl}-9H-purin.&-yllaminc|-2-
hydroxycycopentyl)methy] sulfamate

I-68  [(15254R)-3-(|8-12-(benzyloxy)phenyl]-9H-purin-6-yl Jarnino)-2-
hydroxycyclapentyl]methyl suztfamata

I-69  1{{15.254R)-2-hyd roxy-4-{(B-phenyi-9H-purin-6-ylJamino]cycdopentyl jmethyl
sulfamate

I-1  ([1S2SA4AR)-4-[(6-1[(15)-33-dimethyl-2 3-dihydro-1H-inden-1-yl]amino}-5-
Muoropyrimidin-4-yl}amine]-2-hydroxycydopentyllmelhyl sulfamate

I-7a ([15254R%)-4[8-(7-chloroquinnlin-d-yI)-7H-purin-o-yl]oxyp-2-
hydroxycyclopentylymethyt sulfamate

.74  {(15254R)-2-hydroxy-4-l[¢-(1-naphthyly-7H-pyrmole[2,3-d]pyrimidin-4-y1j-
amina)eyclopentyl)methyl sullamate

I-76  [(153R AR)-3-(16-{(15)-2,3-dihydro-1H-inden-1-ylamino]pyrirmidin-4-yl)aminc)-
4-hydroxyeycdopentyl]methyl sulfamab:
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I-77

I.79

1-50

(8 |

182

1-83

1-84

I-85

I-86

I-87

1-88

1-89

| B0 )

| ]

I-93

94

1-95

I-97
1-98

I-99

1-100

{15,254R)-2-hydraxy-4-[(6-{[(15,2R)-1-meihoxy-2,3-dihydro- 1H-inden-2-y1)-
oxylpyrimidin-4-ylloxyleyclopentylimethyl sulfamate

{(15,25 AR}-2-hiyd roscy-4-[(6-{[{IR.25)-1-methoxy-2.3-dlhydro-1H-Inden-2-yi}-

__oxy|pyrimidin-4-yljoxyJeyclopentyljmethyl sulfamate

[(25,25,dR}-4-{{9-benzyl-9H-purin-6-yljoxy]-2-hydroxycyclapentyl|meLhyl
sulfamate

{{15,25,4R}-2-hydroxy-4-[[6-(2-phenylethyf)pyrimidin-4-yllamina)cyclopentyl)-
methyl sullamate

N-(1(15.25,4R)-2-hydrexy-4-[(8-|[{LR 25)-2-methoxy-2,3-dlhydro-1H-Inden-1-
yl]andnolpyrimidir—4-yDoxy]cydopentplimethylsulfamide

{{15,25, 4R4-[(5-Fluoro-6-{I (1R 25)}-2-methox y-2, 3-dih ydro-1 H-inden-1-y1]-
aming]pyrimidin-4-yljoxy]-2-hydroxycyclopentylmethyl suifarnate
i{15,25,4R)-2-hy droxy—4- [(B~quinolin-8-yI-7H-purin-5-yDaminoleyclopentyl)-
methyl sullamate

[(iR.2R,35,4R)-4-1(6-{[(1R,2R)-2-{benzyloxy)cyclopentyllamino) pyzimidin-¢-yl}-
aminn]-2.3-dihydrexycycopentyljmathyl sulfamate

{(1R,2R,35,4R}-2, 3-dihydroxy-4-|[6-(2-phenylethy)pyrimidin-a-yl]amino}-
cyclopen yl)methyl sullamate

{(15,25 AR}-2-hydroxy-4-[[8-(1-naphthyl}-9H-purin-6-y1Joxy lcyclo pentyl)methyl
sulfarnate

[(15.25.4AR}-4-[(8-benzyl-9F- purin-6- }amin o}-2-hydroxycyclopentyl methyl
sulfamate

[{15.254R)—2-({6-[{(4-chlorobenzyl)oxy]pyrimidIn-4-yljoxy)-2-
hydroxycycopentyl]methyl sulfamate

[{15.25,4R)-2-hyd mxy-4- [(2-phenyl[1,3]oxezolof5,4-d]pyrimidin-?-y1}-
amino}cycdopentylpmethyl sulfamate

(1R 2R 35,4R)4-[(6-[(15,25)-2-{benzyloxy)cyclapentyllaminc)pyrimidin-d-yl}-
amino]-2.3-dihydroxycyclopentyllmethyl sulfamnate
({15.25,4R)-4-{[B-(2.6-dimethoxypheny[}-9H-purin-6-yllamino}2-
hydroxycyclopentylymethyl sulfamate

[(15.25,4R}-4-{{2-[(15)-2 Adihydro-1H-inden3 -plaminolpyridin-¢-yl) oxy)}-2-
hydroxycycdopentyljmethyl sulfamate

{(15,25 4R)-2-hiyd roxy-2-1(6-[[(1 R, 25} 2-mnethoxy-2.3-dihydro-1H-inden-t-yl]-
oxylpytimidin-{-ylioxyicyclopentyl]methyl sulfamate
[(25,25,4R)}-2-hydroxy-4-(pyTimidin-4-yloxy)cyclopentyl]melhyl sulfamaie
(15,25 AR)-2-hydroxy-4-[(6-{[{152R)-2- methaxy-23-dihydro-1Hinden-1-y1}-
oxy]pyrimidin-4-yl)oxylcyclopentyl fmethyl sulfamate
{(15,25,aR)-2-hydroxy-4-{[6+{F-methoxyphenyl)}-9H-purin-6-yllamino}-
cyclupentylymetiyy]l sulfamate

({15,25,4R)~4-{[8-(2,2-dImelhyl-2 3-dihydro-i-benzofuran-7-y1}- SH-purin-6-ylI-
amino}-2-hydroxycyclopentyl)methyl sulfamate



-1l
I-132
I-.Tlﬂ&
I-105
I-106
1107
I-108
I-109
I-119
111l
1-112
113
I-114
L-115
1317
1-118
I-11%
I-120
I-121
I-122

I-123

[(15.25,4R}2-hyd roxy-4-{{8-{(3-methylpheayl)sultonyl]-9H-purin-&-yl}-
cxy)cvelopentyl]lmethy] sulfamate

[(15,25AR)-4-{[8-[4-(Penzyloxy) phenyl]-7H-purin-6-yl]amino)-2-
hydroxycyclopentyllmethyl sulfamate

[(1525 4R}-4-{{&-}4-{dimethylamino}-1-naphtiyi]-7H-purin-&-yljoxy)-2-
hydroxycyclopentyllmethyl sulfamate
[{15.25,4R}-4-[{8-biphenyl-3-y1-9H-purin-6-yl}amino]-2-hydroxycyclopentyl}-
methy! sulfamate

I(1R.2R. 35 4R}-4-[ | 65 (15)-2 3-dihydro-1H-ind en-1-ylamino] pyrimidin-4-yl -
(melhyljamino]-2,3-dihydroxyeyrlopentylimethyl sulfamate
{(1525AR)-2-hydroxy-4-[[8-(2-methylpheny])-5H-p urin-6-ylJamino] -
cyclopentylimethy] sulfamate

{{iR 2R 35 4R)}2 3-dihydroxy-4-|[6-(phenylethynyl) pyrimidin4-ylJamino}-
cyclopentylmethyl sulfarate

((15,25,4R)-2-hydroscy-4-{[2-{1-naphihyl}- 3H-imidazo{4.5-b]pyridin-7-yl joxy)-
cyclopentyljmsthyl sulfamate

{15,254AR}-2-{hydroxymethyl)-4-({8-{5,6,7 8-tetrahydrenaphthalen-}-yl}-9H-
purin-6-yi}aminojcydopentanol

({15,725 AR}~ [ B-{d~chlorophenyl)-9H-purir--yl Jamino)-2-
Rydroxycydopentylimethy! sullamates
[{15.25.4R)-2-hydroxy-4-[{B-isoquinclin-4-y)-7H-purin-6-yl)axylcyclopentyl)-
methyl sulfamate

[(1R,2R,35 AR}-4-{{2-[(15)-2 3-dihydro-1H-inden-1-ylamino]-5-Muroropyrimidin-
4-yl)amino)-2,3-dihydroxycyclopentylJmethyl sulfamate
[{15.25,4R)-2-hydroay-4-[{G-phenylpynmidin-d-yi)oxylcydopenty] jme byl
sulfarnate

({1525 4R)}-2-hydroxy-4-[{6-4[(1R,25)-2-methoxy-2, 3-dihydro-1 H-inden-1-yl)-
amino)pyrimidin-4-ylioxylcydopentylimethyl sulfamate

{{15.25 AR)-4-{[8-(2 3-dilrydro-1-benzofuran-7-yI)}-7H-purin-6-yllamina)-2-
hydroxycyclopentyl)methyl sulfarnabe

{{1R 2R, 35,4R)-2,3-dihydroxy-4-{[6-(5,6,7,8-terahydronaphihalen-1-
ylamino}pyrimidin-4-yllaminc}cydopentyl)methy] sulRunate

({15.25 4R)-2-hydroxy-4-{[6(1-naphthy Lme thoxy) pyrimidin-4-yi]oxy)-
cyclopentyi}methyl sulfarmate
((18,25,4R)-&-{[6-{1,3~dihydro-2H-isoindol-2-yl) pyrimidin-4-yljoxy}-2-
hydroxycyclopentyl)methyl sulfamate

((15,25 AR)-2-hydroxy-4-{[8-(1,2,3,é- tetrahyd ronaphthalen-1-y1)-SH-purin-6-yi]-
aninojeyclopentylymelhy] sulfamate
[(1525,4R)-2-hydroxy-4-([8-[2-{trifluoromethyl)phenyl - 9 H-purin-6-y1-
aming)cyclopentyl jmethy] sullamare
{(15,25,4R)-2-hydroxy-4-[mailyl{3-methyl-8-phenyl-9H-purin-g-yl)-
amino]cyclopentyiimelhyl sulfamate



I-124

1-125

I-1z2&

1427

[-128

1-129

I-120

I-131

1132

i-133

134

1-136

I-137

1138

I-139

L1490

I-141

1-142

I-143

I-144

145

[(15.25, 4R)-4-[(6-[(15)-3 3-dimeth yl -2, 3-dihydro-1H-inden-1-yllamino}-

pyrimidin-4-ylJoxy]-2-hydroxycyclopentyl|meihyl sulfamate

1{15,25 AR)-2-hydroxy-4-[(4-{[{(1 R, 25)}-2-methoxy-2 3-dihydre- 2 H-inden-1-y1]-

aminal-13,5triazin-2-ylaminolcyclopentylimethyl sulfamate

{{15,25,4R)-2-hydroxy-4-[[B-5,6,7 B-tetrahydronaphlhaten-1-y1}-9H-purin-6-y1}-

aming]cyclopentylymethyl sujfamate

(s, W—I[H:ydnpﬂuylam[nn}pmdin—a—yl]uxﬂ-i—
hydroxycyclopentylmeihyl sulfamate

{{15.25,4R)-4-[{8-cyrlohexyl -9H-purin-6-yl)amino]-2-hydroxycyclopentyt)-

methyl sullamate

({1525 AR}4-[[8-{1-benzyl-1H-pyrazol4-yl )} 7H-purin-G-yl]oxy)-2-

hydroxcycyclapentyl)nethyl sulfamate

(1525 4R)-2-hyd roxy-4-{(F-methyl-8-phenyl-9H-purin-6-y1}-

aminolcyclopentyl]methyl sulfamate

[(15.25,4R)-4-[(8-tert-buty]- 9H-purin-6-yllamino]-2-hydroxycyclopentylIme thyl

sulfamate

({1525 4R}4-[{&-benzylpyrimidin-4-ylyoxy}-2-hydroxycycopentyl imethyl
sulfamate

({15,25,4R)-2-hydroxy—4- ([B-{2-methoxyphenyl}-$H-purin-§-yl]amino]-
cyclopentyymethyl sulfamabe

1(15,25,4R)-4-[(4-[[{15)-3.3-dimethyl-2 3-dihydro-1H-ind en-1-yi]aminn}-1,3,5-
triazin-2-yl)amino}-2-hydroxycyciopentyllmethyi sulfamate

(15,25 4R)-2-hydroxy-4-({8-[(3-methylphenyl)sul fany1]-7F-purin-6-y1)-
oxy)cyclopentylimethyl sulfamate:

f(15.25 AR}-4-{[8-[2-(dimethylamino) phenyl]-9H-purin-5-yl lamino)-2-
hydraxycyclopentyllmethyl sulfamate
(15.25,4R)-4-{[B-(23-dihydro-1.4-benzodioxin-5-yI}-9H-purin-&-yl Jamino)-2-
{hydrox ymethyl Joyclopentanol
((15.25,4R)-2-hydroxy-4-|[B-{4-pyrrolidin-1-yl-1-naphthyl)-7H-purin-é-yljoxy] -
cyclopentyl)methy] sulfamate

{(15.25,4R})-2-hydroxy-4-([8-{1H-indo}.3- $ }7H-purin-t-yljoxylcyclopentyl)-
methyl sulfamate

({1525, 4R)}-2-hyd roxy-4-{[#-(2-naphthymethoxy)pydmidm-4-yl]loxy)-
cycdopentyl)methyl sulfamate

{(15.25 4R)-2-hydroxy4-{(6-[[{1R,25)-2-methaxy-1,2.3 4-tetrahydronaphthaten-
1-ylJamino)pyrimidin-I-yljoxylcydopentyllmethyl sulfamate
[(15.25,4R)-2-hydroxy-4-[(6-|[{1528)-2-methoxy-1,2,3,4-tetrahydronaphthalen-
i-y]amino] pyrimidin-t-ylyoxylcydopentyl ) methy| sulfamate

({1R 2R 35 4R)-1-[(2-([(15}-2,3-dihydro-1H-inden-1-ylamina]carbonyl)pyridin-
4-yhamino)-2,3-dihydroxycyclopentylmethyl sulfamate

{(1R.2R,35,4R)~4-{[2-(2 3-dihydro-1H-indol-1-ylcarb onyl)pyridin~4-yl]amino]-
23 dihydroxyeyclopentylymelhyl sulfamate
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1146 ({15254R)-4-[4-[(15)-2, 3 dihydro-1H-Inden-1-ylaming}-5,6-dihyd ro-7H-
pyrrole[2 3-d]pyrimidin-7-yl}-2-hydraxycyclopentylimethyl sulfamate

1147 (1525 4R34-[4{[(IR)}-2,2-difluoro-2,3-dihydro-1H-inden-1-yl]amino}-135-
kiazin-2-ylyaminp}-2-hydrmoxycycopentyl|methyl sulfamat:

1148 {(15.2S4ARM4-[(6-1[(15,2R}-2,7-dimelhoxy-1,2,3,4-terahydronaphthalen-1-yi]-
amino| pyrimidin-4-yl}oxyl-2-hydroxycyclopentyl)methyl sulfamate

149 ({1525 4R)-4-[(6-[[(1R,25)-2,7-dimeihoxy-1,2 3 4-tetrahydronaphihalen-1-y]-
aminolpyrimidin-4-y1joxyF2-hydroxycyclopentyllmethyl sultamate

1950 [(15,25,4R)-2-hydroxy-4-{(&-{[(1R.25 2 methoxy-4,4-dimethyl-1,2,3 4-
tetrahydronaphthalen-1-yl]Jamino]pyrimidin-&-yl)oxylcyclopentylmethyl
sulfamate

1151 ((15.254R)-2 hydroxy-4-{(6-{[(15,2R)-2-methoxy-4 4 dimethyl-1,2,3,4
telrahydronaphthalen-1-yljamino)pyrimidin-4-yloxylcydapentyllmeihyl
sulfamaie

152 {{1535)-3~{[8(1-naphthy])-9H-purin-6-ylJoxy]lcy clopentyl)methy! sulfamate

1153 [(15.25.4R)-4-{[4-[{15}-2 3-dihydro-1H-Inden-1-ylamina]-1,3,5-triazin-2-y1)-
aming)-2-hydroxycyclopentyl]methyl sulfamate

General Symthetic Methadology

[0105]) The compounds of the present invention can be prepared by methods known
to one of ordinary skill tn the art and /or by reference to the schemes shown belaw and the
synthetic examples that follow, Exemplary synthetic routes are set forth in Schemes 1-21
below, and In the Examples. '
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Scheme1:  General route for the synthesis of 2- and 6-substitated ((1R2R354R)-4-
[(pyrimIdin-4-yllaminel-2,3-dihydroxycyclopentyl)methyl sulfamates
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[0106] Scheme 1 above shows a general route for preparing compounds of formula
(I-B),wherein W is -NH- and K" is -OH. Those of ordinary skilt in the art will recognize that
compounds of formula {I-B) wherein Ring A is other than pyrimidine can be prepared by
the same general rowte, bepinning with appropriate starting materials analogous to ii-

[0107} As shown In Scheme 1, conversion of § to the compounds of foreula i is
accomplished by coupling with the appropriately subshtuted pyrimidines at elevated
temperature in proklic selvents, such as EHOH or BuOH, using an appropriate base, such as
DIPEA ar ELM in the presence of micowave isradiation (Method A). Selective protecon of
the vicinal dicl of iii 15 elfected at Lhis slage by reatmant with 2,2-dimethexypropane in the
presence of an organie acld, such as p-T50H in a solvent, such as MeQOH or acetone {lMethod
B). Displacement of the aryl chloride of formula iv is achieved by coupling with the
appropriately substituted nucleophile, such as an amine, aleohol or thiol at elevated
temperature tEing mictowave irradiation in the absence of salvent (Method C). Further
treatmenl with freshly prepared chlomswfonamide vi affords the subfamates vii (Method
D). Cleavage of the acetzl by treatiment with a gtrong acid, such as TFA, in the presence of
waler ascording to Method E yields compounds of formula vill.
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Scheme2:  Route for the synihesis of &substituted [(15,25 AR}-4-i{pyrimidin-d-yi)-
amino]- 2-monao and 2,3-dihydroxycycopentyllmethyl sulfamates

T -

[0103] Compounds of fonmula (F-A} can be prepared by the methods described in
Schame 2. Methnds for the synihesis of the intermediate alkene diol ix are known
{Nucleosides, Nudeotides & Nucleic Acids, 2002, 21, 65-72). LUpl:rn treatment with m-CP8A, diol
ix Is converted to epoxy diol 2. Subsequent prinection of the diol using p-anisaldehyde
dimethyl acetal in the presence of pyridinium p-toluenesulfonate provides epoxide xi.
Cpening of the epoxide using a mixture of phthalimide and phihalimide potassitun salt in
DMSO at elevated lemperature affords alcohol xif. This aleohol is then alkylated by
treatment with chlarophenylthionooarbonate and DMAF in DOM to afford thiscarhonate
aiii (Method F), Decxygenation at this stape is achieved by eabment with
tris{trimethylsilylsilane and air in tolucne followed by BEL, in toluens to give aiv {Method
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G). Subsequent deprotection with hydrazine in EtOH at elevated temperature gives amine
xv [(Method H).

[0105] Conversion of armine xv to compounds of formula xvi is accomplished by
coupling with the appropriately substiuted pyrimidines at elevated temperature in protic
solvents, such as EKOH or BuOH, using an appropriate base, such as ELMNin a sealed tube
(Wethod I}. Apain, Ihose of ordinary skill in the art will recognize that compounds of
formwula xod anel xxil wherein Ring A s ather than pyrimidine can be prepared by the same
gereral route, uslng a skarting makerial analogous bo ii.

[0116) The reatment of compounds having the general formula xvi with an amine,
such as benrylamineg, in the absence of solvent at elevated temperatures using microwave
irradiation results In deprotection of the diol, and then repeating the process In the presence
of a base, such as DIFEA or EEM at clevated temperatures in a protic solvent, such as EtOH
or BuOH using microwave irradiation affords substituted pyrimidines xviil (Metheds T and
K.

[o111] Methods for the synthesis of ter-butyl chlorosulfonylarbamate xix are
known (Hirayama et al., Biorg. Med, Chem., 2002, 10, 1509-1523), and this reagent is reacted
selectively with the primarcy alooheol using a hindered base, such as 2,6-di-feri-butyl-4-
methylpyridine, in a solvent, such as ACN, to afferd Boe sullarmates of foomula xx (Method
L} Remeval of the siloxy proup with a protic add such as TFA (Method M] yields the

compounds of forrula »xod.

[0112] Alternabively, compound xGi can be directly exposed to the conditions
described in Methaods H-M, to afford dibydroxycyclopentyl melhyl sulfamates of formula
xxif.



Scheme 3; General route for the synthesis of &-amido substituted {(1R 2R 354R)-2,3~
Dihydroxycyclopentyllmethyl sulfamates
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. [rd13] Compounds of formula (1-B), wherein W is -NHC{C)- can be prepared by the
methods shown above In Scheme 3. Methods for the synihesis of bicyclic lactam wodil are
known [Daluge ef of,, Noclersides, Nuclestides & Nucleic Acids, 2000, 18, 297-327).
Dihydroxylation using osmium tetroxlde in {he presence of an organic N-oxide, such as N-
methylmorpholing oxide, In a solvent, such as acetone, gives diol xxdv. Global protection of
both alcohols using benzyl chloride and a bass, such as ELM, and a catalyat, such as DMAT,
it a solvent, such as DOM, gives compound xxv. The resulting bcyclic lactam is reduced
using NaBH, 1o afford Boc-protected amine xvi, which is then deprotected upan breatment
with HCl in the abgence of water. The resulting secondary amine hydrochloride xxviiis
treaterd with an acyt chloride of forrmula xxviii in the presence of a base, such aa ELN or
DIPEA, in an aprotic solvent, such ag DCM to afford amides of fonmula xix according Lo
Methiod N. The primary alcohel of xx is then sulfamoylated by treatment with
chicrosulfonamide vi and a base, such as DBU, in a polar aprotic solvent, such as ACN
(Method O). Global deprotection of both secondary aleohols using ammonia in a polar -
solvent, such a5 MeOH, ylelds final sulfamates of formula xozi (Mdethod P).

Schemed:  Synthesis of 2- and 6-substituted [{1R254AR)-3-[ (pyrimidin-4-yD)amino]-2-
hydroxycyclopentylimethyl sulfamates
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[o1241 Compounds of formula (I-B), wherein W is -NH- and R® snd R” are hydrogen
can be prepared by the methods shawn above in Scheme 4. Amine diol sooii (Ober, M,;
Muller, H.; Pieck, C; Gierlich, J.; Carell, T. . Am. Chemi. Soc. 2005, 127, 18143-18249) is treated
with dichloropyrimidines of formula H according to Method I to give chloropyrmidines of
formula xoodiii. Further reaction with an approptiately substituted nucdeophile according to
Methed C or Method K gives compounds of folmula xooiv. These dials are subsequently
selectively sulfameoylated and deprotected according to Methods L-i as outllned in Schenw
2,

Scheme5:  Synthesis of [(LR,2R,35,4R)-4-{{4-[{15)-2,3-dihydro-1H-inden-1-ylamina]-
1,3,5-trlazin-2-yllamino}-2,3-dikydroxycyelopentyljme byl sulfamate
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[0115] Compounds of formula (I-B), wherein Ring A is a trizzine ring, can be

prepared] 25 shown in Scheme 5. Coupling of cyanuric chiorde xocv with a primary or
secondary amine in a solvent such as THF using a base such as DIPEA at reduced
temperature affords dichloride ;oovi. Displacement of one chloride with amine
hydmchloride xcovii, lollowed by selective protection of the vicinal hydroxyl groups using
2.2-dimethoxypropane in the presence of pyridinium p-toluene sulfonate affards alcohal
waix. Removal of the rematning aryl chloride using hydrogen in the presence of paHadium
on carbon (Method Q), followed by swfamoy!lation using chlorosulfonamide vi gives
sullarmate xli.
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Scheme 6: General mute for synthesio of 2- and G-substituted (1525 4K)-4-
[{pyrimidin-4-y1)oxy]-2-hydroxycyclopentyl)melhyl sulfamates
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[0116] Compounds of formula {I-4), wherein W is -O- can be prepared as depicted

above in Scheme 6. Methods far the synthesis of diol xlii are known (MacKeith e? al., Biory.
Med, Chert, 1994, 2, 387-394), and this reagent is bis-protected using TBS-Cland Et,N in Lhe
presence of DMAP at elevated lemperatures. Subsequent hydroboration-oxidation nsing
catecholborane and Wilkinsom's catalyst followed by NaOH, hydragen peraxide and finally
sodium sulfite vields cydopentanol adiv. This secondary aloohol is deprobonated with the
use of sodium hydride, and then reacted with dichloropyrimidines of formula if at reduced
temnperature to afford coupled ehloropyrimidines of formuls xiv. Displacement of the aryl
chloride is achieved by coupling with the approprialely subshtuted nucleophile, such asan
amine, aleohol or thiol al elevated lernperature using microwave lrradiation In a solvent,
such aa BuOH (Methad R). Global deprotection of the silyl ethers using a fluoride reagent,
such as TBAF according to Method 5 gives diola of fonmula xlvii. Compounds of [ormula
xlvii are then selectvely sulfamoylated and deprotected according to Methods L-M as
cullined in Scheme 2
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Scheme 7: General route for synihesis of 2- and é-aobsttuted (2R 35 4R SR})-5-
[(pyrimidln--yllamino}-34-dihydroxytetrahyd rofunn-2-yymethyl
sulfamales
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021171 Compounds of forrnula {f-B), wherein Wi -NH- and Y = -O- can be
prepared as shown above In Scheme 7. Methods [or the synthesis of methy! carbamate »dviii
are known (Nicolaou et al., . Am. Chem Sec 2004, 126,6234-6235). Depratection using an
acid, such as HCl i the absence of water alfords aming aleohal i1, Compound il is Lthen
substituted with the appropriate substituents according to Methods A, then C-E and carried
on to compotnds of {ormula (I-B) according o S¢heme 1.

Scheme B: General monte for synthesis of 2- and 6-aubstituted ({(2R,35,5R)-5-
[ipyrnmidin-g-ylaminel-3-hydroxytetrahydrofuran-2-yl}methyl sul famates
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[c118] A peneral route for the synthesis of compounds of formula (F-B), wherein W

is -NH-, ¥ = -O- and R"i5 -H is outlined above in Scheme 8. tompnunds of formanla 1 are

known (Kita, et al., ], Org. Chem., 1988, 53, 554-561). Displacement of the aryl chloride using

an appropriately substihuited nucleophile according to Method C ghves pyrlmidines of

formulali. Compound 1i is [hen selectively sulfamoylated and depratected o give the fnal

compounds according to Scheme 2 {(Methods L-M).
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Scheme General ronte for synithesis of 2- and é-gubstituled ({1525 4R)-4-
[{pyrimidin~4-yl)sulfanyll-2-mono and 2,3-dihydroxycyclopentyl)methyl

su]famates
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[0119] The synthesis of compounds of formula (I-A), wherein W is -5- and R’ is -OH
is described in Scherne 9. The coupling of compounds of formula lv with a nucleophile,
such as an amine takes place in a solvent, such as DMF to afford substituted cempounds of
formuia lv {Method T). Subsequent opening of epoxide xi using a base, such as potassium
carhgnate in a solvent, such as DMF affards aleohol vl (Method 1). Compoumd Ivi is (hen
optionatly deoxygenated (Methods E-G) and substituted with the appropriate substitnents
according to Methods T, then L-M and carried on to compounds of formula (I-A} according
bo Scheme 2.

Scheme10: General route for synthesis of 2- and é-substituted {(15,25,45)-4-
[pyrimidir-4-yimethyll-2-mono and 2 3-dihydoxycyclopentyl)methyl

sulfamates
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[0120] Compounds of formula (I-4), wherein W is =CEL - can be prepared as shown

above in Scheme 10, Methyl pyrimidines of formula lvii are coupled with a nmucleophile,
such as an amine accarding to Methed 1 1o give 2-chloropyrimidines of formula lviii.
Hyd1o-dechlorination according to Method Q gives methylpyrimidines of formula Jviii.
Deprotonation of the methy] group of Lviii is effected by treatment with a stmong base, such
as phenyllithium, and this carbanion is used to open epoxide =i (Methed V). Resulting
campounds of [ormula Lix are then opHonally deoxygenated (Methods F-G}, deprotected
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and selectvely sulfamoylated (Methods ], then L-M) carried on to compounds of Formaula (I-
A} according to Scheme 2.

Scheme 11; General roule for synthesis of 2- and §-substituted {{25.35,55)-5-
{{(pyrimidin-4-ylpmethy]]-3mono and 3 4-dihydioxytetrahydrofuran-2-y1)-
mellryl sulfamates
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[0r121] Compounds of formula (I), whemein W is -CH_ - and ¥ =—0- can be prepared
above in Scheme 11. Compound bx is known (Renz, ef al., Liskigs Anmafen der Chemis, 1986, 6,
957-966). Coupling with an approprialely substituted nucleophile, such as an amine
according to Method K gives the substituted, fully deprotected \riol Ixi. Compounds aof
formnts 1zf are then carried on according to Scheme 2 {Methods T-W}.

Scheme12: General route fgr eynthesis of 2- and Gsubstiuted N-[{(1R,2R 35 1R)}-1-
[{pyrimidin-4yl)amino]-23-drhydroxycyclopentyllmethyllaul famides
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[0122] Compeunds of formula (I-B) wherein X = —WNH- can be prepared by the
methads outiined in Scheme 12 Methods for the synthesis of teri-butyl {aminosulfonyl)-
carbarnate Ixii are known (Masui, ef af., Tef. Leit., 2004, 45, 1853-1856), Compounds of
formula lv are coupled with this carbamate in the presence of an azodicarboxylate, such as
diisobutyl azodirarboxylate in, Lhe presence of triphenylphosphine in a solvent, such as
EtOAc to give Boc-protecied compounds of forrmala Ixdii (Melhod W), These compounds
are then substituted with the appropriate substituents and globally deprotected to give
compounds of formula (I-B) according to Methads T and E (Schemes 2and 1).
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Scheme13:  Route to the synthesis of 2- end 6-substituted 2-((1R 2R 35,4R)-3-
[ fpyrimidin-1-yl)aminol-2,3-dihydroxycyclopentyllethanesulfonamides
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(0123] Compounds of formula (I-8) wherein X = CEL can be prepared by ihe
methods outlined in Schame 13. Compounds of formula v are wddlzed using an oxidizing
agent, such as Doss-Martin perodinane in a solvent, such as DCM (Method X} Methods [or
the synthesis of Lxv are kovavwn (Carretera, ef al., Tetrahedron., 1907, 43, 5125-5134), and thils
eompound is deprotonated using n-BuLl in THF and added to aldehyde Ixiv to afford
alkenes of formula Ixvl. Reduction of the double bend using NaBH, in EtOH, followed by
heating of the resulting sulfonate ester with EEIN in DCM using microwave irradiation
yields sulfonic acid beviil. Treatment with thionyl chloride at reduced ternperahire in DCW
in the presence of a catalyst, such as DMF gives sullonyl chlorides of formula Yxix. Finally,
kreatment with ammaonla in a solvent, such as 1,4-dicxane in the presemice of DIPEA in DCM
at reduced emperatures yields sulfonamides of forrnula Dot
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Scheme 14: Route to the synthesis of 2- and 6-substtuted 2-{{1LR2R 35,4R)}-4-

[(pydmidin-4-yl)amine]-2,3-dihydroxycyclopentyl}-1,1-
difluorasthanesul fanamides
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[o124} Compounds of formula {J-B) wherein X = CF, can be prepared by Lhe

melhods outined in Scheme 14. Carboxylic acid lxx is decarboxylated using sodium sulfate
In waler o give sulfonyl fluoride Iodi, which is then converted 1o the cotresponding
sulfanarmnide nsing ammonia in 1,4-dioxane. Boe-protection of the nitropen using Boc
anhydride in the presence of DMAP and E1,N In DCM ylelds Boc sulfonamlde D,
Dapraotonation of the CF,H group using a strong base, such as LIHMDS at reduced
temperature In a solvent, such as THF followed by lrcatment with riflates of lormuala Toovi
(generated by treatment of alcoho! Loov with trifluorcacet e anhydride and ELN in DOM)
gives compounds of formula Ixxvii (Method Y). Thess compounds are then substituted with
the appropriate substifuents and globally deprotected to give compounds of formula (I-8)
according to Methods T and E {(Schemes 9 and 1).
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Schemels: HRoute to the aynthesis of 2- and 6-subatifuled 2-((1R, 2R, 35 4R)-4-

[pyrimidin-2-yl)amine]-2,3-dihyd roxycyclopentyl)-1-
flucroesthanesulfonamides
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[0125] Campounds of formula (I) wherein X = CHF can be prepared by he methods

outlined in Scheme 15. Methanesulfonyl chloride is coupled with bis{Z 4-dimethoxybenzyl)-
arnine in the presence of EEN and DMAFP in IXCM to give sulfonamide bowviii. Puriher
treatonent with r-BuLi and HMPA in THF at reduced temperature followed by N-
flucrobenzenesulfonimide gives fuoromethylsullonamide botix. This compound is then
taken on to compounds of formula {I) by the procedures described in Scheme 14,

Scheme16: Roule to the synthesis of substinted 2 {{15,254R)-2-hydroxy-3-{2-phenyl.
IH-imidazo-pytidin-7-ylamino)cyclopentyDmethyl salfamates

[0126) Compounds of lormula (VII-A) wherein W = NH can be prepared by the
methods oullined in Scheme 16. The sodium salt of boe, which is prepared as in Example
128a-c below, is condensed with a nitro aromatic Iood. Subsequently reduction with Zine in
acetic acid provides [xxoxdi. Oxidative coupling of an appropriate aldehyde such as
napthaldehyde in the presence of Na 5,0 provides compounds of the general formuda
Dooiiii. Deprotection with acetic add in water /THF {Tetrahedron Lett. 1998, 29, 6331)
followed by sulfamation with chlorosullonamide and conopmitant deprotection of the
secondary hydroxyl provides compounds of the general formula VIT-4-



Schemei?: Representative route to the synthesls of substituted {(15,254R)-2-hydmoxy-
4-(8~(sulfonyl)-9H-purin-6-yloxy)cyclopentyllmethyl salfamates
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[01271 Compourds of formula (VII-A) wherein W = O and B* = -50R" can be
prepared by the methods putlined in Scheme 17. The sodium salt of xliv is condensed with
&-chloro-3-{lerahydro-2-pyran-2-yl}-9H-purine, which is subsequently icdinated with WS
in THF to provide compound mogv, The sodium salt of an aryl thiolate, such as 3-
meihylbenzanethiol, is condensed in DMF o provide the intermediate Laoor which, alter
deprotection and sulfamalion as previously described, provides compound boocvi. Exposure
to oxidative conditions such as Oxone in agqueous methanol provides compounds of general
formula VL
Scheme18; Route to the synthesis of 2-substituted {((15,25,4R}-3-{2H-purin-6-yloxy)-2-
hydroxycyclopentylimethyl sulfamates
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[o228] Compounds of formula (Vi) wherein W = Oand R" = aryl and hetercaryl can

be prepared by the methads gutlined In Scheme 18. Pd-mediated conpling of intfermediates
of the form hoody with borenic adids provides compowunds of form buonal Peprotection
followed by sulfamaHan with a chlarosulfonamide or diphenylcarbamoylsulfamoyl chloride
(prepaved 1n a manner similar to U.S. Pat Appl Publ. (2005) US 2005282797 Al )iollowed
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by removal of the secondary siloxy group with a protic add, such as HC, provides
compounds af the general formula VII

Scheme1%:  Synthesis of (5}-N-(2,3-dihydro-1H-Inden-1-y1}-6,7-dihydro-5H-pymolo(2,3-

dipyrimidin-d-amine.
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[oi25] {S}-N—(Z,B—dﬁydm—lH—inden—l—yl}hduﬁn—é—amlne is synthesized as

illustrated in Scheme 19. Reduction of 2-(4,6-dichloropyrimidin-5-yljacetaldehyde with
sodjwmn borahydride provides alechol loacviii, which is subseguenily condensed with an
appropriate aminoindane such as ($)3-2.3-dihydro-1H-inden-1-amine to provide the
substituted pyrimidine [oodx, Displacement under Mitsunobu type conditions with
phihalimide and DIAD, follgwed by removal of the philhaloyl group with hydrazine,
provides the amine intermediate xc. Cyclization under basic conditions provides the final
compound (5)-MN-{22-dihydro-113-inden-1-yi}-6,7-dihydro-5--pyrrolo[23-d]pyrimidin-4-
amine.

Scheme2(:  Synihesls of substituted ((15,25 4AR)-2-hydroxy-4-(pyrimidin-2-
ylamino}cyclopentylimethyl aullamates.
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[0130] Compounds of formula {(VI) wherein W = NH c@an be prepared by the
methods outtined in Scheme 20. Amine bow is condensed with chloresubstituted
heterocycles of type xci to provide a product represented as xdi. Deprotection of the
primary siloxy group with aqueous acetie acid followed by sulfamation with
chlorosulfonamdde or diphenylcarbamoyisullamoyl chloride provides Intermedia tes of form
xciii, Removal of the primary hydroxyl group with a Fluoride source, such as TBAF, ar
nrotic acid, such as HCI provides the fina) compound of formuta VI,

Scheme2l: Route loihe synthesis of 2+ and G-substituted 2-((18 2R 354R}-3-
[{pyrimidin-4-yljamino)-2,3-dfhydroxycyclopentyi)-1-
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[0131] As shown In Scheme 21, conversion of xeiv (Ruediger, E; Mertel, A;

Mearwell, N; Solomon, C; Turmel, B. Tetrahedron Leti. 2004, 45, 736-742) to the compotnds
of formula I-A wherein W = NH is accomplished by palladium caialyzed hydrogenation
followed by mesylate formation to give xcv. Hydrogenolysis of the primary benzyl group
followed by displacement of the mesylate using sodiuemn azjde in DMF yields xcvi. Exposure
of xcvi to hydrogenation condilions yields the desired amino alcchol xevii, which can
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subsaquently be used In coupling reactions with a chloro-substituted heterocycle such as i,
Displacement of the aryl chloride of ferrmula xeviii is achieved by coupling with the
appropriately substituted nucieophile, such as an amine, alcohol or thio] at elevated
temypeTature using microwave lradiation in the absence of solvent (see Melhod ). Further
reatment wilh freshly prepared chlorosulfonamide vi followed by deavage of the TBS5-
protecting group using a suitable reagent, such as TBAF, HF pyridine, or FICL. affords Lhe
sulfarnates I-A a3 represented by xexix.

Uzes of Comnpotnds of the Invention

(0132] The compounds of this invendon are useful irhibitors of E1 enzyme activity-
In particular, the compounds are designed to be inhibitors of NAE, UAE, and/or SAE.
Inhibitors are meant o include compounds which reduce the promotng effects of E1
enzyraes in ubl conjugation to target preteins {e.g.. reduction of ubiguitination, neddylation,
sumoylation}, reduce intracllutar signaling mediated by ubl conjugation, and/or reduce
proteolysis mediated by ubl conjugation (#.g., inhubition of cullin-dependent ubigurtination
and proteolysis {e.g., the ubiquitin-proteasoma pathway)). Thus, the compounds of this
inventian may be assayed for thelr ability to inhibit the E1 enzyme it vitrp or m vizo, o in
cells or anlmal models according to metheds provided in further detail herein, or methods
known in the art.  The campounds may be assasser] for thelr ability to bind or medlate El
enzyme aciivity directly. Altemmatively, the activity of compounds may be assessed through
indirect cellular assays, or assays measuring downsiceam effects of E1 activation to assess
inhjbition of downstream elfects of E1 inhibidon (e.g., inhibition of cullin- dependent
ubiquitnation and protealysis). For example, activity may be assessed by detection of
ublconjugated subsirates {e.g., vbl-conjugated E2s, neddylated culling, ubiquitinated
substrates, sumoylated substrates); detection of downstream prolein substrate stabilization
{¢.g.. siabilization of p27, slahikzation of InH); detection of inhibition of UPF activily:
detection of downstream effects of protein E1 inhibition and substrate sbilization {e 8.,
reporker assays, £.g., WPk reporier assays, p27 reporier asiays), Assays for assessing
activities are described below in the Experimental sectipn and /or are known in the art.

{0133] One embodlment of this invention relates 1o a composibion romprising a
compound of this invention or a pharmaceutically acceptable salt thereof, and a
pharmaceubically acceptable carrier. 1t will be appreciated that the compounds of this
invention may be derivatized at nctional groups to pravide predrug derivatives which are
capable of conversion back to the pareni compounds in e, Examples of such prodrugs
include the physiologicatly acceplable and metabolically labile ester derivatives, such as

i



methoxymethyl esters, methylthiomethyl esters, or pivaloyloxymethyt esiers derived from a
hydroxyl group of the compound or a carbamoyl moiety derived from an amino group of
the compound. Addibionally, any physiologically acee ptable equivalents of the present
compounds, sionglar ko the metabolically labile eslers or carbamates, which are capable of
producing the parent compounds desaibed herein in vive, are within the socope of this

inventon.

[0134] If pharmacetically accepiable salts of the compounds of the invention are
utllizad in these compasibions, the saltg preferably are denived from inorganic or organic
adds and bases. For reviews of sultable salws, see, 2.5., Berge etal, J. Pharm Sei. 66:1-19
{1977) and Remmgton: The Sdence and Practice of Pharmacy, 20th Ed, ed. A Gennaro,
Lippincott Williams & Wilkins, 2000

[0235]) Nonlimiting examplos of suitable acld addition salts Include the following:
acetate, adipate, alginate, aspartate, benzoate, benzene sulfonate, bisulfate, butyrate, dirate,
camphorate, camphor sulfonste, cyclopentanepropionale, digluconate, dodecylsullate,
ethanesulfonate, fumarate, luccheplaroate, glycerophosphate, hemisulfate, heptancate,
hexanoate, hydrochloride, hydrobromide, hydroiodide, 2-hydroxyethanesul{onate, lactate,
maleate, melhanesul{onate, 2-na phihalenesulfonate, nicolinate, oxalate, pamoate, pectinate,
prrsulfate, 3-phenyl-propionate, picrate, pivalate, propionate, succinate, lartrate,
thlocyamate, tosylate and undecannate.

{0136} Suilable base addition salts indude, without Bmitation, ammonium salks,
alkali metal saits, such as sodium and potassiumn salts, alkaline earth metal salts, such as
calcium and magnesium salks, salts with arganic bases, such as dicyclohexylarmine salts,
N-methyl-D-glucamine, and salts with amino arlds such as arginine, lysine, and so forth.
[0137] In certain particular 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} maiety, or the sulfonamide (X = CH,) motety, as applicable. In some
such embodiments, the invention relates (o a sodium or potassium salt of a compound of
forrmula I -

[0138] Also, basir nitrogen-contalning groups may be qualen.-ﬂzed wlih such agents
as lower alky! halides, such as methyt, ethyl, propyl, and butyl chloride, bromides and
iodides; dialkyl sulfates, such as dimethyl, dlethyl, dibuty] and diamy] sulfates, long chain
halldes such as decyl, Jauryl, myristyl and stearyl chlorides, bramides and iodides, aralkyl
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halides, such az benzyl and phenethyl bromides and cthera. Warer ar oll-soluble or
dispersible products are thereby obtained.

1012393 The pharmaceutical compositions of the invenHon preferably are in a form
suitable for admin{stration o a recipient subject, preferably a mammal, more preferably a
human, The terin “phammaceubically acceptable carrier” is used heredn to refer to a material
that {5 compatible with Lhe recipient subject, and is suitable for delivering an acHve agent to
the target site without terminating the activity of the agent. The toxicity or adverse eflects, if
any, associated with the carrier preferably are commensurate with a reasonable risk /benefit
ratio fox the intended vuse of the active agent.

{0140) The pharmaceutical compositions of the invenHon can be manufactured by
methaods well known in the art such as convenbonal granulabing, mixing, dissolving,

- encapsulating, lyophilizing, or emulsifying processes, among others. Compasitions may be
produced in various forms, Including granules, pradpitates, or particulates, powders,
including freeze dried, rotary dried or spray dried powders, amorphous powders, tablets,
capsules, syrup, suppositories, injections, emulstons, elixirs, suspensions or solutions.
Formulations may gptonally contain stabllizers, pH modifiers, surfactants, solublizing
agents, bloavailability modifiers and combinations of these.

[0141) Pharmaceuticzally acceptable carriers that may be used in these compositions
include, but are not timited to, ion exchangers, alumning, aluminum stearate, lesithin, serum
proteins, such as human serum albumin, buffar substances such as phisphates or
carbamates, glycine, sorble acid, patassium sorbate, partial glyceride mixtures of saturated
vegetable fatty adds, water, salts or electrolytes, such as prolamine sulfate, disodinm
hydrogen phusphate, potassium hydrogen phosphate, sedium chloride, zinc salts, colloidal
ailica, magnesium trisilicate, polyvinyl pyrrolidone, cellulose-based substances,
polyethylene glycol, sodium carboxymethylesllulose, polyacrylates, waxes,
polyethylene-polyoxypropylene-block polymers, polyethylene glycol and wool Fat.

[0142] According to a preferred embodiment, the conpositions of this invention are
lormulated for phazmaceutical administration to a mammal, preferably a human teing.
Such pharmaceutcal compositions of the present inventlon may be administered orally,
parenteraily, by inhalalion spray, topleally, rectally, nasaily, buccally, vaginally or via an
implanted reservoir. The terrn “parenteral” as used herein includes subcutansous,
inkravennus, intraperitoneal, iﬁhamusmﬂar, intra-articalar, intra-gynovial, intrasternal,
intrathecal, intrahepatic, intralesional and intracranial infeciion or infusion techniques.
Preferably, the compositions are administered orally, intravenously, or subcutaneonsly. The
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formulations of the inventon may be designed to be short-acting, fast-releasing, or
long-acting. Still further, compounds can be administered in a local zather than systemic
means, such as administration {.g., by injection) at a tumor site.

[0143] Pharmaceutical {fomnulations may be prepared as liquid suspensions or
solubions using a liquid, such as, but not Himited o, an oil, water, an alcohol, and
combinatons of these. Solubilizing agents such as cyclodentring may be induded,
Pharmaceutically suitable surfactants, suspending agents, or emnlsifying agents, may be
added for oral or parenteral adminlstration. Suspensions may incude ¢lls, such as but not
limited to, pranut ¢il, sesame ofl, cottonseed oil, com oil and alive oil. Suspension
Iprcparaﬁﬂn may also contakn esters of falty acids such as ethyl oleate, isopropyl myristate,
{atty arid glycerides and acetylated fatty acid glycerides Suspension formutations may
include alechals, sach as, but not limited to, ethanol, isoprapyl alcohol, hexadecyl alechol,
glycerol and propylene glycol. Ethers, such as but not limited o, poly(ethyleneglycol) ,
petroleum hydrocarkons such as mineral oll and petrolatum; and waler may also be used in
suspenslon formulabons.

(447 Sterile injectable forms of the compositions of this invention may be aqueous
or oleaginous suspension. These suspengions 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-texac parenterally accepiable diluent or splvent, for example as a selution in
13-butarediol, Among the acceplable vehicles and solvents that may be employed are
water, Elnger's splubon and isptonic sodlum :mnd—:!e golution. In addition, sterile, fived ofls
are conventonally employed as a solvent or suspending medium. For this purposs, any
‘biand fixed oil may be employed including synthetic mono- or di-glycerides. Fatty acids,
such as oleic acid and its glyceride defivatives are useful in the preparation of Injecables. as
are natural pharmaceutically-acceptable oils, such as olive oil or eastor oil, especially in their
polyoxyethylated versions, These oil solutions or suspensions may also contain a long-rhain
alcchol dilvent or dispersant, such as @arboxymethyl cellulose or similar dispersing agents
which are commonly used In the formulation of phanna:euucally acceptable deosage forms
including emulsions and suspensions. Cther commenly used surfactants, such as Tweens,
Spans and other emulsifying agents or bicavailability enbancers which are commaenly vsed
in the manufacture of pharmaceutically acceptable solid, llquid, or other dosage [orms may
also be used for the purposes of formulabion, Compounds may be formutated for parenteral
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administration by infechion such as by bolus injection or continuous infusion. A unit dosage
form for Injection may be in ampaules or in muolti- dose conlainers.

(0145} The pharmaceutral compasitions of this invention may be orally
administered it any orally acceptable dosage form including. but notlimited to, capsules,
tablets, aqueous suspensions or solulions. When aqueous suspensions are required for oral
use, the active ingredient is comblned with emulsifying and suspending agents. If desired,
cerihin sweetening, flavoring or coloring agents may also be added. For oral administration
In a capsule form, useful diluents inclede lackose and dried eomstarch. In the case of @blets
[or oral use, carrers that are comunonly wsed include laciose and com starch. Lubricating
agents, such as magnesium stearate, are also typically added. Coatings may be nsced for a
variety of purposes; e.g-, to mask Laste, to affect Lhe site ol dissolulion or absorption, or to
prolong drug aclion. Coabings may be applied to a =zblet or to gramsiated particles lor use

in a capsule.

[0146] Alternatively, Lhe pharmaceutical compositions of this inventon may be
administered in the form of supposltories for rectat administration. These may be prepared
by mixing the agent with 2 suitable non-irritating, excipient which ia solid at room
ternperature but liquid at rectal temperature and 1therefore will melt in the rectum 10 release
the drug. Such materials include cocoa butter, hbeeswax and polyethylene glycols.

[0147] The pharmarentical compositions of this invention may also be administered
topically, especially when Lhe target of treatment includes areas or argans readily accessible
by topical application, incdluding diseases of the eye, the skin, or the lower intestinal tract.
Suftable topical formulations are readily prepared for each of these areas or organs.

[0144] Toplcal application for the lower inbestinal tract may be effected in a rectal
suppository formulation (see above} or in a suitable enema formulation.
Topically-transdermal patches may also be used. For topleal appllcations, the
phamzceutical composifons may be formulated in a suitable oinbment conining the active
cornponent suspended or dissolved in one or more carriers. Carrlers [or toplcal
adminisiration of the compounds ol this invention include, but are not limited to, mineral
oil, Liquid petrolatum, white peirolatum, propylene glycol, polyoxyethylene,
polyoxypropylens compound, emulsifying wax and water. Allernatively, the
pharmaceulical compositions may be forrmlated in a suitable lolion or cream containing the
active components susperuled ar dissolved in one or more pharmaceutically acceptable
carriers. Suitable carriers include, but ape not limited to, minerat gil, sorbilan monostearate,
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palysorbate 60, cetyl esters wax, catearyl alcohel, 2-octyldedecnol, benzyl aleohel and
waber,

(01491 For ophthalmic nse, the pharmaceutical compositions may be formulated as
micronized suspensions In isotonic, pH adjusted sterile saline, or, preferably, as solutions in
isotonic, pH adjusted sterile saling, ejther with our without a preservative such as
benzylalkonlum chloride. Allernatively, for ophlhalmic uses, the pharmaceutical
composltions may be formulated in an alntment such as patrolatum.,

{01501 The pharmaceutecal compositions of this imvention may also be adminlstered

" by nasal aerosal or inhalation. Such compositions are prepared according to kechniques well

known in the art of pharmaceutical formulation and may be prepared as solutions in saline,
employing benzyl alcohol or ather suitable preservatives, absorption promoters to enhance
bioavailability, flucrocarbons, and /or other conventianal solubilizing or dispersing agents.

10151] The pharmaceutical rompositions of this invention are particularly useful in
therapeutic applications relaking to disorders as described herein {e.g., proliferation
disorders, £.g., cancers, Inflammatory, newrodegenerative disorders). Preferably, the
composition is formulated for administration lo 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

- pharmacentical compositions of the inventon are those formulabed for oral, infravenous, or

subcutaneaus adminlstration. However, any of the ahove dosage forms containing a
Iherapeulically effective amoimt 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
ceriain embodiments, the pharmacentcal compaosition of the invention may further
comprise ancther therapeutic agent, Preferably, such other therapeutic agent is one
normally administered to patents with the disorder, disease or condilion being treated.

{0152} By "herapeubically cffective amount” is meant an amount of compound or
composibion sufficient, upon single or multiple dase administration, to cause a detectable
decrease in E] enzyme activity and for the severity of the disorder or disease state being
treated. “Therapeulically effective amount” is also inlended to include an amount sufficient
o treat a call, prolong or prevent advancement of the disorder or disease state being treated
(e.g., prevent addibiomal Rumor growth of a cancer, prevent additional inflammatory
response), ameliorate, alleviate, relleve, or Improve a subject’s symptoms of the a disorder
beyund that expected in the absence of such treatment  The amount of El enzyme inhibltor
required will depend an the particular compound of the rompeosltdon given, the bype of
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disorder being treated, the route of administration, and the langth of Hme required to treat
the disorder. Tt should also be understood that a specific dosage and treatment regimen for
any particular patient will depend upon a variety of factors, including ihe activity of the
specific compound employed, the age, body weight, general health, sex, and diet of the
patieni, Bme of adminislration, rate of excretion, drug combinations, the judgment of the
treating physician, and Lhe severity of lhe particular disease being breated. In certain aspecis
where the Inhibitor is adminiskered in combinaton with another agent, the amount of
additional therapeute agent present in a composition of this isrvention typically will be no
more than the amount that would normally be administered in a composition comprising
that therapeultic agent as the only active agent. Freferably, the amount of addltanal
therapeutic agent will range from about 50% to about 100% of the amount normally present
in a compesition comprising that agent as the only therapeutically active agent.

[0153] One embodiment ¢f the invention relates 1o a rethod of inhibiting or
decreasing El enzyme activity In a sample comprising contacting the sample with a
compound of this invention, or composition comprising a compound of the invention. The
sarnple, as used herein, includes, without limitation, sample comprising purified or pacially
purified E1 enzymae, culhured cells or extracts of cell culbures; bicpsied cells or fuid obtained
from a mammal, or extracts thereof; and body fluid {eg., blood, senwm, saliva, urine, feces,
seme, bears) or extracts thereof. Inhiblton of Bl enzyme activity in a sanple may be

carricd out 7 pitro or it vice, i cellula, or in situ,

[0154] In another embodiment, the Invention provides a methed for treating a
patient having a disgorder, a symptom of a disorder, at tisk of develeping, or experiencing a
recuwrrence of a disorder, comprsing administering to the patient a compound or
pharmacentical composition according to the invention. Treating can be to cure, heal,
alleviate, relleva, alter, remedy, ameliorate, palliate, improve or affect the diserder, the
symptoms of the disorder or the predispasition toward the disorder. While not wishing 1o
be bound by theory, reating [s belleved b cause the inhibition of growth, ablation, or killing
of a cell or tissue ir vitro or in wivo, or otherwise reduce capacity of a cell or tissue {e.g., an
aberrant cell, a diseased tissue} to mediate a disorder, e.g., a diserder as described herein
{e.g.. a proliferative disorder, £.g., a cancer, inflarnmatory disorder). As used herein,
"inhibibing the growlh” or "inhibibGon of gro'.;rth" of a cell or tissue (gg., a proliferative cell,
tumor tissue} refers o slowing, interrupHng, armmesting or stopping its growth and metastases
and does not necessarily indicate a total eliminabon of growlh.
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{0155) Disease applications include those disarders In which inhibion of E1
enzyme activity fs detrimenta! to survival and for expansion of diseased cells or tissue {e.g.,
cells are sensidve Lo El Inhibikion; Inhibition of E1 activity disrupts disease mechanisms,
reduction of El aclivity stabilizes protein which are inhibitors of disease mechanisms;
reduction of El activily results in inhibikion of proteins which are activaters of dlsease
mechanisms). Disease applicabions are also intended to inelude any disorder, disease or
condition which requires effective cullin and /or ubiquitination activity, which activity can
be regulated by diminishing El enzyme activity (e.p., NAE, TJAT activity)-

[0156) For example, methods of the invention are useful in kreatment of dizarders
involving ceBular proliferation, Including, but not limi ted to, disorders which require an
effective cullin- dependent ubiquitinatipn and proteolysls pathway (e.g.. lhe ubiquitin
proteasame pathway) for maintenance and/or progression of lhe disease state. The
methods of the inventon are useful in treabnent of disorders mediated via protelnste.g.,
NEkB activation, p27" T acHvakon, p'le”m activation, p53 activation) which are regulated
by El activity(eg.. MAE activity, UAE activity, SAE activily). Relevant disorders include
prolderative disorders, most nolably cancers and inffamimnatory disorders (e.g., theumaioid
arthritis, inflammatory bowe] disease, asthma, chr onic obstructive pulmonary disease
(COFB), ostegarthntis, dermatosis {e.g., atopic dermalitis, psoriasis), vascular proliferative
disorders {z.g., atherasclerosis, restenosis) autoanmune diseasss (e.g., multiple sclerosls,
tissue and crgan refection)); as well as inflammation ascocjated with infection 2.2, immune
responses), newrodegenerative disorders (e.g.. Alzheimer's discase, Parkinson's disease,
molor neurone disease, newropalhic pain, triplet repeat disorders, astrocytoma, and

neurnd egeneration as Tesult of alcoholic Liver disease), ischernic injury (2. 5., stroke), and
cachexza (g.g., accelerated muscle protein breakdown that accompanies vadous pliysiological
and pathological stakes, {e.g., nerve injury, fasting, fever, addosis, HIV infecton, cancer
affliction, and certain endocrinopathies)).

[0157] The compoundsa and pharmaceubical eompositions of the inventon ace
particularly useful for the treatment of mncer. As used herein, the lerm “cancer” refers toa
cellular disorder characterized by uncontrolled or disregulated cell prollferation, decreased
cellutar differentiation, inappropriate abiiity to invade surrounding tissue, and/or ability to
establich new growth at eclopic sites. The term “cancer” includes, butis nat limited 1o, solid
humors and bloodhome tumors, The term “cancer” encompasses diseases of skin, tissues,
organs, hone, cartilage, blaod, and vesszls. The term “cancer” further entompasses primary
and metaskatic canl:\ers.



[0158] In some ermbodiments, the cancer is a solid lumor, Non-limiling examples of
solid tomors that can be treated by Lhe methode of the invention include pancreatic cancer;
bladder cancer; colarectal cancer; breast cancer, including metastatic breast cancer; prostate
cancer, including androgen-dependent and androgen-independent prostaie cancer; renal
cancer, incduding, e ¢., metastatic renal oell carcinormna; hepatocellular cances; lung cancer,
including, £g., nonsmall cell lung cancer (NSCLC), bronchioloalveolar cardnoma (BAC),
and adenocarcinoma of the lung; ovartan cancer, induding, eg., progressive epithelial or
primary peritoneal cancer; cervical cancer; gastric cancer; esophageal cancer; head and neck
cancer, induding, e.g., squamous cell carciroma of the head and neck; melanoma;
neuroendocrine cancer, including metasiatic neurcendoming humors; brain tumers,
including, e g., glioma, anaplastic oligodendroglioma, adult plicblastoma multiforme, and
adult anaplastic astracytoma; bone cancer; and soft Hasue sarcoma.

[0159) In some other embodiments, the cancer is a hematologic mallgnancy.
Non-limlling examples nf hemaplogle malignancy Indude acate myelodd leukernia (AML);
chronic myelogenous leukemia (CML), (ncluding accelerated CML and CML blast phase
{CML-BF); acute lymphoblastic leukemnia (ALL); chronic lynsphocytic leukernia (CLL);
Hodgkin's disease {HD); non-Hodgkin's lymphoma (NHL), including folllcular lymphoma
and mantle cell lymphoma; Bcell lymphema; T-cell lymphoma; multiple myeloma {(MM);
Waldenstrom's macroglobulmemia; myelodysplastic syndromes (MIDS). including refractory
anemina (RA}, refractory anemia with ringed siderblasts (RARS), (refractory anemia with
excess blasks (RAEP)Y, and RAED in transfonmation (RAEB-T); and myelaproliferative
syndromes.

(01601 In some embodiments, the compound or composition of the invention is wsed
1o treat a patient having or at risk of devetoping or experiencing a reciurence in a cancer
selected from the group consisting of colorectal cancer, ovarian cancer, lung cancer, breast
cancer, gastric cancer, prostate cancer, and pancreatic cancer. In certain preferred
embodiments, the cancer is selected from the group consisting of lung cancer, colorectal

cancer, ovanian cancer and hematologic cancers.

[0161] . Depending en the particular disorder or condition ta be reated, in some
embodiments, the E1 enzyme inhibitor of the inventon is administered in conjunction with
additional therapeutic agent or agents. In some embodiments, the additional therapeutic
agent(s} is one that is normally administered to patients with the disorder or condition being
treated. Asused herein, additional therapeutic agents that are normally administered o
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treat a particutar diserder or condition are known as “appropriabe for the dizorder or
conditien being treated

[0162] The El inhibitor of the invention may be administered wilh the other
Lherapeutic agent in a single dosage form or as 2 separate dosage form. When administered
as a separate dosage [orm, the other therapeutic agent may be adminislered prior to, at the
same Hme a3, or following administration of {he El inhibitor of the invention,

(01631 In some embodiments, the El enzyme Inhibitor of the invention is
administered in conjunction with a therapeutic agent selected [rom the group consisting of
cytotoxle agents, radictherapy, and Immunotherapy appropriate for ireatment of
proliferative disorders and cancer. Non-limiting examples of cytotaxic agents suitable for
use in combination with Lhe E1 enzyme inhibitors of the Inventinn include: antimetabolites,
including. e.g., capecitibing, gemtitabine, 5-flucrourad] or 5-fluerourad)/ leucovorin,
[Midarabine, cytarabine, mercaptopurine, thioguanine, pentostatin, and metholrexate;
topolsomeraze inhibitors, incdeding, e.g., etoposide, leniposide, campiothedn, topotesan,
irinotecan, doxombidn, and daunorubicn; vinea alkaleids, including, ¢.8-, vincristine and
vinblastin; taxanes, Including, £ ., paclitaxel and docetaxel; platinum agents, including, e g.,
dsplatin, carboplatdn, and oxall platin; antibiaties, including, £.¢., actinomydn D, bleomycin,
mitomydin C, adriamyein, daunorubicin, idarublein, doxorubicin and pegylated liposomal
dexorubicin; alkylating apents such as melphalan, chiorambucil, busulfan, thioh=pa,
ilosfamide, carmustine, lomustine, semustine, streptozocin, decarbazine, and
cyclophosphamide; including, e g., CC-5013 and CC4047; protein byrosine kinase inhibitors,
Including, £.g, jmatinik mesylate and gefiinib; proteasame inhibitor, including, 2.,
hortezomib; thalidomide and related analogs; antibedies, including, .¢., brastuzumab,
ritxirnab, cehixlmab, and bevadzumab; mitoxanrone; dexamethasone; prednisone: and
temozolomide.

[o154] Other examples of agenta the inhibliors of the invendon may be comblined
with include ant-inflammalory agents such as corticosterolds, TNF blockers, -1 R4,
azathioprine, cyclophospharnide, and sulfasalazine; mrnunomodulatory and
immumesuppressive agents such as cyctosporine, tacrolimus, rapamyctn, myaphenolate
mofet], intecferons, certicosternids, cyclophospharmide, azathioprine, methohexate, and
sulfasnaiazine; antibacierial and anliviral agents; and agents for Alzheimer’s treatment such
as donepezil, palanlaminge, memantine and rivastgrmnine,

{o165] In order that this Inventon be more fully understoad, the following
preparative and testing examples are set forth. These examples are for the purpose of
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illustration only and are not to be construed as limiting the scope of the invention in any

way.
EXAMPLES
Abbreviations
AA ammonium acetate
AcOH acetic acid
~ACN acetonitrile
d days
' DBU 1,8-diazabicyclo{5.4.0lundec-7-ene
DCM dichloromethane |
DEAD ' diethylazodicarboxylate
DIAD diisopropylazodicarboxyl‘:ite
DIPEA N,N'dﬁsopropyléthylanﬁne
DMAP . N,N-dimethyl-4-aminopyridine
DMF dimethylformamide
DMSO dimethylsulfoxide
EtO diethyl ether
EtOAc ‘ ethyl acetate
EtOH ethanol '
EtN triethylamine
FA formic acid
HO water
h hours
HCl hydrochloric acid
LC/MS liquid chromatography mass spectrum
MeOH methanol
MeOD d,-methanol
MgSO, magnesium sulfate
m-CPBA meta-chloroperbenzoic acid
min _ minutes
MS mass spectrum
MWI ‘ microwave irradiation
Na,CO, sodium carbonate
NaHCO, sodium bicarbonate
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MaOH sodium hydroxide

NS N-indosucdniride

TBAT tetra-r-bulylammonium Queride
TEA dethylamdne

P-TsOH prra-tpleeres ullonie acid

It room lemperahare

TFA eiflusroacetic acid

THE letrahydrafuran

Analytical LC-MS5 Melhods

Spectra were obtained on a Hewlett-Packard HP110D using the following conditions:

FA Swandard; Phenominex Luna Spm Ci8 50 ¥ 4.6 mun oolumn at 2.5 ol /min gradient of
ACN contalning ¢ to 100 percent 0.1 % Formic Acid in HO for 3min

AA Standard: Phenomines Luna Spon C16 50 x 4.6 min column at 2 5 ml/min gradlent of
ACN conkining 0 to 103 percent 10 mM Ammonium Acetate in H,O for 3omin.

PA Waters: Waters Symmetry C18 3.5um 4.6mnm % 100mm column at 1ml/min gradienl of
ACN contalning @ Lo 95 percent 0.1 % Formic Add in ELO for 10min

AA Waters: Walers Symnmetry C8 A5pm 4.6mm x 100men colurmn al 1ml/min pradient of
ACHN comtaining @ to 75 percend -~ ™9 10 mb Amuneniom Acetale in methanel for 10min

FA Long: Waters Symmety C16 3.5um 4.6mm x 100mm column at 1z /min gradiznt of
ACH containing 5 to 100 parcent 0.1 % Formic Add in FLO {or 12min

As Long: Waters Symmetry C18 3.5um 4.6mm x 100mm column at 1mil/min gradient of
ACN containing 5 1o 100 percent 10 mM Ammonium Aaztate in O lor 12min

Example T: [[1R.zﬂ,as,m}-q-uﬁ-[u5}-2,3-Dﬂq:d:o—1ﬂ-ﬂt&en—1-y1mﬁnu]pyrﬁuidin+ylj-
aming}-23-dihydroxycyclopentyljmethyl sulfamale (Compound I-29)

[0166] A mixhare of (18,25, 3R~2R)-2-amino-5-(hydroxymethyleyelopentane-1.2-diol
hydrochloride (200 mg, 1.09 erngl), 4,5-dichloropyrimidine (240. myg, 1.51 mmel) and Etd
{0,380 mL, 273 munol} In ELGH (3.00 mL) was heated to 150 °C for 15 min uslng MWL The
arude mixture was purifi jed via silica gel chromatography cluting with a gm:.henl of & o 15%
MeOH in DCM to afford the Hile compound (255 mg, 90%). LC/MS: R, = 113 min, ES” 260.

{AA slandard).
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(01671 A solution of {1R,25,3R 5R}-3-{(6-chloropyrimidin-4-yi}amino]-5-
{hydroxymethybiryclaopentane-1,2-diol (255 mg, 0.982 mmol), p-teluenesulfonic acid
monohydrate (187 mg, 0.982 mmol) and 2,2-dimelhoxypropane {0.670 L, 0545 mmol) in
MeOH (500 rnL) was eticred avemight. The reacton was quenched via addition of
saturated agueous NaHICO, solution (10 mL) and MeOH was removed in vacug. The
agueous mixkure was extracted with DEM (4 x 20 mL) and the combined organtes were
concentrated in vacuo. The crude mixture was purifiad via silica gel chromatography
eluting with a gradient of 0 to 10% MeOF in XXM to afford the titte compound (135 mg.
45.8%). LC/MS: R, = 1.77 mun, ES” 300 {AA standard).

{0158) A mixture of {{3aR AR 6R,6a5)-6-[(6-chlorepynimidin-4-ylamino]-2,2-
dimethyltetrahydro-3aH-cyclapentaid] [l,alcrijnml-d-ylimemanul {200 mg, 0667 rmpl) and
(5F(+)-1-aminoindan (0.188 mL, 1.47 mmol} were heated to 180 °C for 3 h In a sealed tube
using MWL The mixture was dissolved in DCM and the resulting suspension was washed
with FLO followed by saturated ammomium chlpride solution. The organic layer was dried
over MpS0,, filtkered and concenbrated in vacue. The residue was purified via silica gel
chromaiography eluting with n gradlent of 0 to 10% MeOH In EfOAc bo afford the bile
compound as an amorphous solid {218 mg, 82.4%). LC/MS: R, = 1.44 min, E5" 397 (AA

[D169] A 2.00 M solution of chlorosulfonamide in ACN was prepared as follows: FA
(2.30 mL, 61.0 muncl) was added dropwise, with stirring to dhtorosul{onyl isocyanate {520
ml, 52,7 mmaol) under an aumosphere of nitrogen at 0 °C. After the addition was complete
and the mixture had solidified, ACN (22.5 mL) was added. The resulting solution was left to

stand under a vented source of nitrogen overnight at rt.

[0170] To a solution of [(32R 4R 6R,6a5)36-{(6-{(15)-2,3-dihydro-1H-inden-1-
ylamino]pyrimidin-4-y}]amino)-2 2-dimethyltetrahy dro-3aH-cyclopentald][1,3}dioxol-4-y1}-
methanal (100. mg, 0,252 maonol) and BN (0.0527 ml, 0378 mumol) in DCM (2.50 mL) was
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added dropwise a 2.00 M salubon of chlorosulionamide in ACN (0.190 mL, 0380 mmol) at 0
“C and the mixture was stirred for 2 h. The reaction was diluted with DICM, quenched with
FLO and the erganic layer was separated, then concentrated in vacng. The residue was
purified via silica gel dromatography eluting with a gradlent of © to 10% MeOH in DCM to
alford the Blle compound (65.0 mg, 54%). LC/MS: R, = 1.58 min, ES' 476 (AA standard).

[017] A solution of [(3aR AR 6R.6a81-6-((6-](15)-23-dihydro-1H-inden-1-
ylaminnjpyrimidin-4-yljamnino}-2.2-dimeihyltetrahydro-JaH-cyclopenta[d][13]dioxol-4-y1]-
methyl sulfamate (60.0 mg, 0.126 mmol) was breated with a 9:1 mixture ol kiffuoracetc acid

in HLO {5.00 mL, 58.4 mmal) and the mixbure was stirred for 10 min before being
concentrated in vacuo. The crude material was purified via reverse phase C18 preparative

" HPLC eluting with a gradient of 5 ko 70% of 0.1% FA/95% ACN/5% H,0 in 0.1% FA/99%
H20/1% ACN over 16 min to afford Lhe kitfle compound {27.0 mg, 49%), "H NMR (400 MHz,
DMSO-ds, b): 8.13 (s, 1H), 7.98 (s, 1H), 7.44 {s, 2H), 728-7.02 {m, 5H), 6.72 {bs, 1ED, 553 (3,
1H), 5.41 (5, 1H), 4.63 {d, } = 5.3 Hz, 1H), 4.09 (dd,] = 5.1, 55 Hz, 1H),3.97 {dd, ] = 7.0,9.5 Hz,
1H), 3.81 (bs, 1H), 3.71-3.60 {m, 2H), 2.01-2.67 {m, 1H), 2.67-2.70 {m, 1H), 2.47-2.37 (m, 1H),
2.30-2.09 {m, 2F), 1.89-1.72 (in, 1H), 1.19-1.05 (in, 1H) ppm. LC/MS: R = 113 min, ES' 436
{AA smndard).

Example 2  {{1R,2R354R)-4-[(6-[[(15)-33-Dimethyl-2,3-dihydro-1H-inden-1-yllacnino) -
pyrimidin-4-yl}amino]-23-dihydroxycyclopentyljmethyl sulfamate
{Compound I-21)

[0172] To a solution of 3,3-dimethylindan-1-one (925 mg, 5.77 mmal) and (R}-(-)-2-
phenylglycnel (853 mg. £.51 mmel) in toluene {10.0 mL) was added p-loluenesulionic acid
monohydrate (625 mg, 0.328 mmol}, The reaction was heated 1o reflux under an
atmosphere of nitrogen for 20 min. At this point, the mixture was cocled and diluted with
toluena (200 mmL). The mbxture was washed wilh saturajed aqueous NaHCQ, sclutien and
H,O. The organiclayer was concentraled in vacuo and the residne was dissolved in THF
(10.0 mL) and cooled to 0 °C. AcQOH {(1.13 mL, 19.2 mmol} was added, followed by sodijum
borohydride (251 mg, 6.64 mmuol} and the reaction was allowed to warm to 23 °C overnlght.
The mixhure wag pariHoned between DCR and saturated aqueons NaHCO, solution. The
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organic layer was concentrated and silica gel chromatography eluting with a gradient of 5 to
25% EOAe in DCM afforded the tile compound (1.49 g 74%). LC/MS: R, = 1.92 min, E5"
282 (AA standard).

Step b: _ (15)33 Dimethylindan-}-amine

[0173) A solution of (2R)-2-{[(15)-3,3-dimethyl-2 3-dikydro-1H-inden-1-yl Jamino)-2-
phenylethanol (1.44 g, 5.13 mumol) in MeOH (40.0 mL) was added to a stirred solution of lead
keboacetate (3.75 g,.. 8.8 mrmol} in MeQH (60.0 mL) at 0 *C dropwise over 20 min. After
stirring for 45 min, the reaction was quenched via addition of a 1074 solubion of Na,CO, in
H.O (76.0 mL) and the mixture was stirred for 10 min. DCM (200 mL) was then added and
the layers were separated. The aqueous layer was extracted with DCM (50.0 mL). The
combined organic layers were concentrated in vacuo and the residue was dissolved in EtOH
{190. mL) and treated with a 10.4 M aqueous soludon of HCl (5,70 mL, 593 mmol). The
resulting mixture was then heabed to reflux for 16 he The cooled reaction was cancentrated
In vacuo and partioned betwesn FL,O (150. mL) and EtO (50.0 mL). The aqueous layer was
adjusted to pH 10 via addibon of Na,CO, and extracted with EEC (3 x 50.0 mL}. The
combined organic layers were concentrated m vacuo and sillea gel chromatography eluting
with a gradient of 0 1o 10% MeOH in DCM to afford Lhe title compound as a pale yeliow oil
{220. mg, 5190, ‘HNMRE {CD,OD, 300 MHz) §: 7.34-7.14 {m, 4H), $45-4.37 (m, 1H), 2.38 (dd,
J=7.1, 124 Hz, 1H}, 1.73 (bs, 2H), 1.60 (d4d, ] = 8.7, 12.4 Hz, 1H), 139 (5, 3H), 1.19 {5, 3H)

[0174] The Htle compaund was prepared following the procedure described in
Examnple la-e vsing {15}-3,3-dimelhylindan-i-amine in step c. 'H MR (CD, 0D, 400 WEHz)
B: 7.95 (s, 1FL), 7.28-7.15 {m, 4H), 5.52 {5, 1H), 5.39 (s, 1H), 4.22-4.12 {m, 2H]), 3.52 (bs, 1H),
3.88 (dd, [ =55, 5.5 Hz, 1H), 3.78 (dd, [ = 5.5, 5.5 Hz, 1H), 246-2.27 (i, I, 1.84-1.76 {m.
1H), 1.32 {s, 3H), 1.35-1.27 (m, 2H), 1.25 (s, 3H) ppm. LC/MS: R = 1.42 min, ES" 464 (AA
standard).
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Example3:  [{1R2R354R}4-[{6-[(15)4-Chloro-2 3-dlhydro-1H-inden-1-yl[armlno}-
pyrimidin-d-yi}amino]-2,3-dihydroxycyalopentyl)methyl sulfamate
{Compound 1-24)

10175) The kille compaund was prepared following the procedure described in
Example 2a-¢ using 4-chlorpindan-1-one in step a. "H NMR (CD,0D, 400 M=z} 5: 8.01 (5,
1H}, 726-7.15 (m, 4H), 5.69 (s, 1H]}, 5.44 (ba, 10, 417 (dddd, f =52, 9.7, 9.7, 9.8 Hz, 2T), 3.95
(bs,1H), 3.88 (k, J = 5.4 Hz, 1H), 379 (, J=56 Hz,1H), 3.12-3.04 (m, 1H), 2.88 (ddd, ] =82,
82, 16.4 He, 1H), 2.66-2 56 (m, 1H), 2.43-2.28 (m, 2H), 1.99-1.88 {m, 1F), 138-128 (m, 1H)
ppro. LC/MS: R, = 1.08 min, ES 470. (FA standard).

Exampled:  [(1R2RAS4ARM-[(6-{{{15)-5.6- Fidluoro-2 3-dihydro-1H-inden-2-ylJamino)-
pyrimldin<4-yl)amino]-2 3-dihydroxycyclopentylimeihyl sulfamate
(Compound I17)

0176} The title compound was prepa.;'ed following the procedure described in
Example 2a-¢ using 5,6-difluoroindar-1-one in skep a. 11 NMR (CD,0D, 400 MELZ) &: 7.95 (s,
1H), 7.14-7.02 (m, 3H), 5.62-5.58 {m, 1H), 5.3% {5, 1H), 5.28 (bs, 1H), 422413 {m, 2H}, 3.69
(dd. f = 5.5, 5.5 Hz, 1H), 3.78 {dd, | = 5.4, 54 Hz, 1H), 3.00-2.91 (m, 1H), 2.88-2.77 (m, 1H),
2.64-2.55 (m, 1H), 2.44-232 (m, 1H), 1.97-1.86 (m, TH), 1.43-1.20 (m, 2H) ppm, LC/MS: R =
1.02 min, ES" 472 {FA standard).

Example 5  [{1R2R.354R)-4-](5-(I{154.7-Difluora-2 3-dihydro-1H-inden-1-ylJamino] -
pyrimidin-4-yl)aming)-2,3-dihydroxycydopentylime thy] sulfamate
(Compound I-5)

{0i77] The title compound was prepared following the procedure described in
Example 2a-c using 4,7-difluoroindan-1-gne instep a. 'H NMR (CD,0D, 400 MHz) §: 7.55 (s,
1H), 7 02-6 86 {m, 22}, 5.62-5.50 {m, 2H), 4.23-1,12 {m, 2H), 3.92 (bs, 1H), 3.88 (dd, [ = 55,55
Hz, 1H), 3.78 (dd, J = 5.3, 5.5 Hz, TH}, 3,16-3.05 (m, 1H), 2.95-2.85 (m, 1H), 2.62-2.50 (m, 1H),

_ 2.45-238 (mn, 2H), 2.31-2.00 {m, 1H), 1.37-1.25 {m, 1H} ppm._ LC/MS: R, = 0.94 min, ES' 472
(EA standard).

Example6;  [(1R,2R3S4R)}-4-[(6-[[{15)4-Fluoro-2 3-dihydro-1H-Inden-1-ylJaminc}-
pyrimidin-4-yl)amino]-2 3-dihydroxycydopentylimethyl sulfamate

{Compound I-1}
[017E] The lifle compound was prepared following the procedure described in
Exarnple 2a-c using 4-flucroindan-1-one in step a, 'H NMR (CD,OD, 300 MEz) 5. 6.06 (3,
1HY, 7.28-7.17 (m, 1H), 7.15-7.05 (m, 1E5), 7.03-6.91 (m, 1K), 5.75 (5, 1H], 5.42 (bs, 1H), 4.27-
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411 (m, 1H), 4.08-3_89 {m, 21}, 3.89-3 B0 {m, 1F), 3.16-3.02 {m, 1H}, 296-2.80 (m, 1H}, 2.73.

2.535 {m, 1H), 2.47-227 (m, 2H), 2.06-1.82 {m, 1H), 1.47-123 {m, 1H} ppm. LC/MS5: R, ={.94

min, ES* 454 (FA standard).

Example7:  [(1R2R,35,4R)-4~{(6-[(1R)-23-Dihydro-1H-inden-1-ylamino]|pyrimidin-4-yl}-
aming)-2 3-dihydroxycycdopentyllmethyl sulfamate (Compound I-8)

[tn79] The title compound was prepared following ithe procedure described in

Example la-¢ using (R}-(-}-l-aminolndan in slep ¢. "H NMR (CD,0D; 400 MEE) &: 7.96 (s,

1H), 7.27-7.12 (m, 4H), 5.66 (s, 1H), 5.30 (bs, 1H), £23-4.13 (m, 2H), 3.95 (bs, 1K), 3.90(dd, ] =

55, 5.5 Hz, 1H), 3.80 (dd, ] = 56, 5.6 Hz, 1H), 3.05-2.94 (m, 1H), 2.92-2.81 {m, 1H), 2.63-2.50

{m, 1H), 2452 28 {m, ZH), 1.96-7 80 (m, 1H}, 1.38-1.27 (m, 1H) ppm. LC/MS: R, = 107 min,

E5' 436 (FA standard).

Example B:  ({1R2R,35AR)-4-([6(Benzylarino)pyrimidin-4-yljamino}-2.3-
dihydroxycyclopentylymethyl sulfamate (Compound T-27}

[0180]) The title compound was prepared following the procedure described in

Example la-e using benzytamine in step ¢ 'H NMR (CD,0D, 300 MHz) §: 7.92 (5, 1H), 735~

7.16 (rn, 5H), 5.4% (5, 1H), 4.42 (5, 2, 4.21-4.07 {m, ZH), 3.91 (bs, 18), 3.57 (dd, [ =5.2, 5.2 Hz,

1H), 2,74 (dd, ] = 5.6, 5.6 Hz, 1H), 2 39-2.19 (m, 2E1), 1.46-1.11 (m, 1H) ppm. LC/MS R =114

min; ES 408 (A A standard).

BExample §:  [(2R.2ZR.35,4R)-4-{}6-[Benzyl(methylamino]pyrimidin-4-yljamino)-2,3
dihydroxycydopentylimethyl sulfamate (Compound [-22}

[me1] The tille compound was prepared following the procedure described in

Example la-¢ using N-melhylbenzyl amine in slep ¢. "H NMR (CD,0D, 300 MHz) &: 7.99 (5,

1H), 734-7.14 (m, 5H}, 5.62 {5, 1H), 4.75 {5, 2H), 4.2%-4.09 {m, 2H), 4.01-3.90 {m, 1H), 3.87 (dd,

J=5.5, 5.5 Hz, 1H}, 3,76 {dd, | =55, 5.5 Hz, 11}, 2.99 {3, 3H), 2.42-2.25 (m, 2H), 1.35-1.20 (1H)

ppm. LC/MS: R, =127 min, ES 422 (AA standard).

Example 10: {{1R,2R354R)}-4-[{6-{[(L5)-5-Chlore-2,3-dihydro-1H-inden-1-yllaming}-
pyrimidin-4-yDamino}-2 3-dihydroxycyelopentylimathyl sulfamate
(Compound [-19)

[0182] The title compound was prepared following the procedure described in

Exarnple 2a-c using 5-chloroindan-1-one in step a. 'H NMR (CD,0OD, 400 MHz) 5: 7.94 (s,

1H), 734-7.18 (m, 2H), 7.18-7.12 {m, 1}, 5.62 {5, 1H), 5.30 (bs, 1H}, 3.88 (dd, f = 5.5, 55 Hz,
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iH), 3.77 (dd, J = 5.5, 5.5 Hz, 11, 3.03-294 {m, 1H), 2.92-2.81 (m, 1H), 2.61-2.51 (v 1H), 2.42-
226 (m, 2H), 1.57-1.B4 {m, 1H), 1.35-1.23 (m, 1H) ppm. LC/MS: R, =144 min, ES 470.{AA
standard).

Example1l: [{1R.ZR35,4R}23-Dihydroxy-4-((6-[(15)-12,3,4- terahydronaphthalen-1-

vlaming]pyrimidin-4-yljaminc)cyclopentyl imethyl sullamate {Compound I-
13

[0183] The tille compound was prepared following the procedure desaibed in
Example la-¢ using (5)-(+}1,2,3 4-tetrabydro-1-napthylamine in step e. "H NMR (CD,0D,
400 MH=) 8: 7.93 (s, 1H}, 727-7.20 (mn, 1H), 7.18-7.06 {m, 31}, 5.5% (s, 1H), 4.92 (bs, IH), 4.23-
4.11 (m, 2H), 3.92 (bs, 1H), 388 (dd, f=5.5,55 He, 1H), 3.77 {dd, = 5.5, 5.5 Hz, 1H), 2.9¢-
2.70 {mn, 2H), 2.43-2 26 (m, 2H), 2.08-1.76 {m, 5H), 1.35-1.22 (m, 1H) pprx. LC/MS: R, =133
min, ES* 450. (AA standard).

Bxample12- [{1R.2R 354R)-23-Dihydroxy-4-[{61[(18,25)-2-methoxy-2 3-dihydro-1H-

inden-1-yl]amino}pyrimidin~4-yl)amino]cyclopentyllmethyl eulfamate
(Compound 1-2)

ferd- 1H-in

10183] {1R 25} i-Aminoindan-2-0l (1.83 g 12.3 mmol} was dissolved in DCM {70.0

ml) and TEA (3.42 mL, 245 munol] was added. Di-tert-butyldicarbonate (2.81 g, 12.9 renol)

was added and the reacion mixture was stirred for 5 h. The soluton was concentrated in

vacun and puriffed via silica gel chromatography eluting with a gradient of 0 1o 100% EtCAc

in hexanes (o afford the title compound (3.12 g 100%). LC/MS: R, = 1.55 min, ES" 250. (AA
_standard).

[01B5} A mbeture of fzr-butyl [(1R 25)-2-hydroxy-2 3-dihydro- 1H-inden-1-y1]-
cacbamate {680. mg, 2.73 mmol), DMF (21.1), barium monoxide (5.02 g, 327 mmol), barium
hydroxide (2.80 g, 16.4 mnol) angd iodomethare {170 ml., 273 mmel) was stirred ovemnight.
LC/MS showed no slarting materlal. The reactlon was quenched via addition of a saturated

* solution of NaHCO, and was extracted with DCM. The arganic layer was washed with 5,0
{2x), ded over sodlum sulfake and concentraled invacuo, The residue was purified via
silica gel chromatopraphy eluting with a gradient of 0 to 50% EtQAc in hexanes to afford the
title compound (178 mg, 25%). LC/MS: E, = 1.24 min, ES* 264 (AA standacd)-
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2= L] f=1-amine

[o18E) * To terf-butyl {(1R 28)}2-methoxy-2 3-dihydro-1H-inden-1-yllcarbamate (253
mg, 1.961 mmol} was added a 4.00 M soluticn of HCl in 1 4-dioxane {(5.00 mL) and the
mixture was stired for 10 min, after which a white solid gashed out. The suspension was
concentrated in vacuo and co-evaporated with toluene to afford a white solid, which was
dissolved in FLO. The solution was adjusted to pH 10. via addltion of Na,CQ,. The mixture
was then extracted with Et( (3 x 30 mL} and the organic extracts were concentrated in
vacuo to alford the title compound (150. mg, 99%), LC/MS: R = 0.85 min, ES5' 164 (AA
standard).

& i 1R 29)-2-1methemy- inden-i-

(01871 The Hile compound was prepared following the procedure described in
Example 2a-c using (1R, 25)-2-methoxyindan-1-amine in step a. "H NMR (CD,0D, 400 MHz)
E: 7.97 (s, 1HD), 7.28-7 30 (mn, 450, 536 (bs, 1H}), 421-4.10 {m, 2H}, 3.93 {bs, 1H), 3.86 (1. =54
Hz, 1H), 3.77 (L, | = 5.6 Hz, 1H), 3.32 (3, 3H), 3.12-2.95 {m, 2H)}, 2.44-2.26 (m, 2H), 1.38-1.25 (m,
1E) ppmc LC/MS: R, = 0.84 min, ES” 466 (FA standard).
Example 13:  [(1R 2R A5 AR)-4-{[6-[{Cyctohexylmethyl}Jamino] pyrimidin-4-yljamino)-2,3-
dihydroxycydopentylmethyl sulfamate {Campound I-14)
. [0188] The tte compound was prepared following the procedure described in
Example 1a-e using cyclohexanesmethylamine in step . "H MMR (CD,0D, 400 MHz) §: B.08
(s, 1H), 5.69 (s, 1H), 4.22-4.13 (n, 2H), 4.00 (bs, 1H), 3.69 {dd, [ = 5.2,52 He, 11, 382 (dd, [ =
6.2, 6.5 Hz, 1H), 3.18-3.07 (m, 2H), 2.42-2.29 (I, ZH), 1.83-1.53 (m, 7H), 1.44-1.14 (. SEI).
1.07-0.92 (m, 2H) ppm.. LC/MS5: R, =131 min, ES 414 (AA standard).
Example 14:  [(1R2R,354R)}-2.3-Dihydroxy-4-({2-[(3-methy}-2,3-dthydro-1H-inden-1-y1)-
amino]pyrimidin-4-yl]amine)cyclopentyllmethyl sulfamate (Compound I-10)
5 . AMethylindan-] .
[0169) To a solution of 3-methylindan-1-cne (221 mg, 1.5t mmol) and
hydrmxylamine hydrachlodide (295 mg, £.25 mmal) in MeOH (4.00 mL) was added a
solution of NaOH (200 mg, 5.00 mmol) in H,;O (2.00 mL} and {he mixture was stirred at 80-°C
for 2 h. The cooled reacton was concenirated in vacuo b remove moest of the MeOH, and
the residue was partitioned between DOM and HO. The arganic layer was concentrated Ln
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vacuo to afford the dls compound as a waxy solid (232 mg, 5%} LC/AMS R = 1.51 min,
ES" 162 (AA standard).

1-amt
[o150] A mixture ol J-meihylindan-1-onc oxime {223mg, (.38 mmol) and 10%!
palladivm on cathon (147 mp, 50% water wet} in MeQH (5.00 L) was stirred under an
atmosphece of bydregen overnight, The mixture was then filkered through celite, washed
through wilh WeQH and the cormbined filtrates were concentraked In varuo to afford the
tifle comprmand (195 mg, 96%), “H NMR (CDCl,, 300 MHz) §: 7.39-7.14 (m, 4H), 4.26 (dd, J =
7.2.9.4 Hz, 1H), 3.13-2.95 (m, 1H), 271 (ddd, = &9, 6.8, 125 Hz, TH), 1.75 (bs, 25, 135 (d, ]
~6.8 Eiz, 3H), 135 (ddd, = 5.9,9.9,11.7 Hz, 1H) ppm.

tep - IR E i = 1-2 h 1H-inden-1-y1}-
i - i : - milfamate {Cq A 11D

JOLE

[o192] The title compound wag prepared following the provednre desecibad In
Example 1a-e using 2,4-dichloropyrimidine in step 3 end 3-methylindan-1-amine in step C
"H NMR (CD,OD, 300 MHz) 5: 7.65-7.36 {m, LH), 7.34-7.04 (m, 5H), 6.23-5.99 (m, 1H), 5.62
(b=, 1H), 4.53-4 38 {m, 1H), 422-4.09 {m, 217}, 3.94 3 81 {m, ZH), 3.253.08 (m, 1H), 2 91-2 75
{m, 1H), 1.66-1.44 {tn, 1H), 1.44-1.20 (;n, 6H) ppm. LC/ME: R = 115 min, BES" 450.(AA

- skEandard}).

Example15:  |{1R2R35AR)-4-[(2-[[(15)-3.3-Dimethyl-2,3-dihydro-1H-inden-1-yllaminol-
pyrimidin-4-yljamino)-2.3-dihydroxycydopentyllmethyl sulfamate
(Compound 1-15)

. foasz] The title compound was prepared following the procedure desaibed In

Exemiple la-e using 2 4-dichloropyrimidine in step a and (15)-33-dimelhylindan-1-amine in

step c. "H NMR (CD,0D, 400 MHz) 8: B.A7 (s, 1H), 759 {s, 1E0). 7.32-7.17 (m, 4H), 6.0 (bs,

1H), 5.64 {bs. 1H), 4.36 {bs, FH), 4.21-4.09 (m, 2}, 3.91-3.81 {m, 2H), 2.47 (dd, } =73, 124 Hz,

1H), 2.41-223 (m, 2HD, 1.91, {bs, 1H), 1.42 {s, 3H}, 1.25 (s, 3H), 0.59-0.88 {m, 1H) ppin.

LC/WIS: R, = 1.24 min, ES 464 (AA standard)-

Example 16:  [{1R2R 35 AR)-4-([2-[(Cyclohexylmethyllaminojpyrimidin-¢-yllamine}-2,3-
dihydroxycyclopentyllmethyl sulfamate {Compound I-4)

[0153] The title compound was prepared following the procedure described in

Example a-¢ using 24-dichloropyrimidine in step a and cyclohexanemethylamine in step <.
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'H NMR (CD,0D, 400 MHz) §: 750 (d, ] = 73 Hz, 1H), 6.04 (d, ] =7.1 Hz, 1H), 442 (dd, [ =

7.9,13.8 Hz, 1H), 4.22-1.43 (m, 2H), 3.93-2.85 (m, 2H), 3.68 (s, 1H), 2.46-2.28 (m, 2H). 1.84-1.55

(m, 7H), 1.37-1.13 {m, 5D, 1.07-0.93 (m, 2H) pprn. LC/M5: R, =1.11 min, ES” 416 (A&

standard).

Example 17:  [{1R.2R,35AR}-4-(12-[Benzyl(melhyl)amino]pyrimidin-4-yl)aming)-2,3-
dihydroxycyclapentyt]methyl sulfamate {Compound 1-20)

[0194) The title compound was prepared following the procedure described in

Example la-¢ using 2 4-dichloropyrimidine in step a and N-methylbenzyl amine in step c.

"H NMR (CD,0D, 400 MHz) & 759 (d, ] = 6.8 Hz, 1H), 7.36-7.25 {m, 5H), 6.14 {d. = 6.6 Hx,

1H), 5.03-4.95 (m, 1ED, 4.37 {bs, 1H), 4.14 (d, J = 4.6 Hz, 2}, 3.89-3.85 (tn, 2H), .68 (s, 2F1),

3.15 (s, 361, 2.86 (5, 1H), 235-2.22 (m, ?H], 1.28 (bs, 1H) ppm. LC/MS: R, = 1.16 min, ES® 424

(AA standard). .

Example 18:  ((1R,ZR,35,4R)-4-({2-(Benzylamino)pyrimidin-4-ylJamino}-2,3-
dihydroxycyclopentyl}methyl sulfamate (Compound 1-7)

[0195] The tille compound was prepared following the procedure desaibed in

Example la-e using 2,A-dichloropyrimidine in step a and benzylamine In step c. "HNMR

(CD,0OD, 400 MHz) §: 7.58 (d, | = 5.4 Hz, 1H), 7.36-7.26 (m, 4H), 7.24-7.19 (m, 1H), 590 (d. [ = -

6.3 Hz, 1H), 4.63-4.47 (m, 2H), 4.26 (bs, 1H), 4.18-4.07 (m, 2H), 3.86 (dd, ] =53, 53 Hz, 1H),

3.80 {dd, f=5.9, 63 Hz, 1H), 2.34-2.1% (m, 21, 131-1.14 {m, IH} ppm. LC/M5: R =167

min, ES* 410. (AA standard).

Example 1%  [{1R,2R35AR)}-4-({6-((15)-2,3-Dihydro-1H-inden-1-ylamino]-2-
methylpyrimidin-d-ylJamino)-2 3-dihydroxycyelopentyll methyl sulfamate

and ({1R,2R 35 AR)-4-[{6-amino-2-methylpyrimidin-4-yl)amino]-2,3-
dihydroxycycdopentyllmethyl sulfamate (Compounds 1-18 and 1-13)

[t125] The title compounds were prepared following the procedure described in
Example la-e using 4.6-dichlore-2-methylpyrivnidine m atep a anvt (5)-(+)d-aminoindan in
slep ¢ Analykcal data for [(1R2R 35 ,4R)-4-({6-[{15)-23-dihydro-1H-inden-1-ylarmina]-2-
melhylpyrimidin-4-yl)amine}-2,3-dihydroxycyclopenty!] methy] sulfamate {Compound I-
16): 'H NMR (CD,0D, 400 MHz) §: 731-7.14 (m, 4H), 5.54 (5, TH), 5.29 (bs, 1H), 422-4.11 (m,
2H), 3.92 (hs, 1K), 350 (dd, [ =52, 5.2 Hz, 1H), 3.78 {(dd, ] = 5.7, 57 Hz, 1H), 3.06-2.96 {m,
1H), 2.93-2.82 {m, 1H), 2.63-2.52 (m, 1H), 2.40-2 31 {m, 2H), 2.29 (s, 3H), 1.98-1.85 (m, 2H],
1.43-1.24 (m, 2H) ppm. LC/MS: R, = 1.28 min, ES” 450. (AA standard). Analytical data
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for| (1R 2R 35 ARM-{(6-amino-2-methylpyrimidin-4-yamino]-2, 3-dihydrexycyclopentyl]-

methyl sulfamate {Compound I-13): 'H NMR (CD,0D, 460 MHz) §: 745 {s, 111), 5.4 (3, 1H),

425-2,11 (m, 2H), 3.95 (bs, 111), 3.92 (dd, J = 5.3, 5.8 Hz, 1H), 3.78 (dd, J = 5.8, 5.8 Hz, 1H),

2.62 (5, 1H), 2 44-2.31 {m, 1H)}, 227 (5, IH}, 1.45-124 (m, 1H) ppm. LC/ME: R =0.76 min, ES'

334 (AA standard) -

Example 20;  {(1R 2R 38,4R)}-4-[[6-(Benzylamino)-2-methylpyrimnidin-t-yIlaminal-2.3-
dihydraxycycdopentylimethy] sulfamate (Compound 1-30)

[0197] The title compound was prepared [ollowing the procedure desaibed in

Example 1a-e using 24-dichloropyrimidine in step a and benzylamine in step ¢. 'HNMR

(CD,OD, 300 MH:) 5: 7.41-7:31 (m, 4F1), 7.91-7.22 (o, 1H), 5.55 {5, 1H), 4.52 (3, 2H), 421107

{m, 2HT), 387 {dd, J = 49,42 Hz, 1i), 379 {dd, J = 59,6 8 Hz,1H),242 (5, 3H}, 2.37-221 {m, -

2H), 1.41-1.21 (i, 28} ppm. LC/MS: R, = 1.16 min, ES™ 424 (AA standard).

Example 21:  {{1R254R)-4-(16-[(15)-2,3-Dikydro-1H-ind en-1-ylamino] pyrimidin-4-yl}-
amino)-2-hydroxycydopentyl]methyl sulfamate (Compound I-25)

Shep a: 15 o) indin4-y])amino]-2-{irydro [ clopentan

[0198] To a neat mixture of {15,2R AR}H-amino-2-(hydroxymethyl)cyclopentancl
(3-.00g 229 mmol} and 4 6-dichloropyrimldine (3.70 g, 24.8 mmol} was added isopropyl
alcohol (30.0 mL) and Et,N (8.00 ml., 574 mmol) and the resulting mixture was heated to 90
*C for 1 h. The mixture was then cocled lo 23 *C, fllered 2nd concentrated in vacuo. The
residue was purified via silica gel chromatography eluting wilh a gradient of 5 to 7% MeQH
in DM, and the compound was reayslallized from EtOAc to afford the title compound as a
white solid (3.30 g, 55%). LC/MS: R, = 0.84 min, ES’ 224 (AA standard).

[0199] A mixhure of (15.2R,4R)-4-[{6-chloropyrimidin-4-yljarmino]-2-
(hydroxymesthylicyclopentanel {500. mg, 2,05 mmol), 1-butanol (4.00 mL) and (5)-(+}-1-
aminpindan (0.805 mL, 6.16 mmal) was healed to 200 *C for 90 min in a sealed tube using
MWI. The mixture was concentrated in vacuo and purified via silica gel chromalography
cluting with a gradient of 5 to 25% MeOH in DCM o afford the title compound a5 an

amorphous solid (513 mg, 73%). LC/MS: R, = 1.20 min, ES” 341 (A A standard).
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Stepc.  lerb-Butyl (chlorogulfonyllcarbamate

[0200) To a stirred solution of chlorpsulfonyl isocyanate (320 mL, 36.0 mmol) in
tenzene (15.0 mL) in a water bath at 23 °C was added {zri-butyl aleohel (350 ml, 362 mmol)
dropwise via syringe under an abmosphere of nitrogen. After 2 h, the mixture was diluted
with hexanes (30,0 mL} and the resudting white precipitate was filtered and washed wilh
hexancs (3 x 20 L), The collected solid was dried in a vacuum desiccator under house
vacuum for 10 min 1o afford Lhe tille compound as a while solid (5.08 g, 65%). The product
was stored under nitrogen in a freezer. "H NMR (00 Mz, CDCL, 8): 8.4 (bs, 1H), 157 {s,
O0H) ppm. LC/MSC R, = 0.939 min, ES' 215 (AA standard). Reference: F, Hirayama et al.,
Biorg. Med, Chemn, 2002, 10, 1509-1523.

Step o ferl-Butyl {[[(1R 254 RY-4-t16-[(151-2 F-dihydro-1 Hudnden-1-ylaming!pyrimidin-d-
¥llaming)-2-hydroxyeyclgpentyllmethoxy]sulfonylicarbamate
(0201) A neat mixture of {15,2R 4R} 4-{[6-[(15)-23-dihydro-1H-inden-1-

ylamino)pyrimldin-d-ylJamino)}- 2-(hydroxymethyllcyclopentanol {100. mg, 0294 mmol) and
2,6-di-tert-butyl-4-methylpyzidine (181 mg, 9.881 mmel) was dissolved in ACN (5.00 mL)
before tert-butyl (chlomsul fonyl}carbamate (95.0 mg, 0.441 mmol, as prepared in Example
21c) was added. The reaction was stirred for 2 h before belng quenched via addltion of
MeOH (2 L), The resulting mixture was concentrated in vacuo and purified vie silica gel
chroratography elubng with a gradient of 10 to 20% MeOH in DM 1o afford the title
compound a3 an amorphous solid (50.0 mg. 33%). EC/MS: R, = 1.24 min, ES’ 520. (AA

[0202] To a solution of tert-butyl ({[{1R,25A4R)-4-{[6~[(15)-2,3-dihydro-1H-inden-1-
ylamino)pyrimldin-4-yllamino)}-2-hydrexycyclopentylimethoxysulfonyl)carbamate (S0.0
mg, 0.0962 mimol) in TX M {2.00 mL) was added trifludroacebe acid (0.500 mL, 649 mmwol),
and the mixture was stitred for 30 min. The mixture was concentrated in vacuo and the
residue was purified via silica gel chromatography cluling with 10% MeOH in DCM, and
the product was dissolved in MeOH and treated with solid NaHCO,. The suspension was
filtered and the filtrate was purified via sllica gel chromatography elubing with 10%
MeOH/DCM o afford the lile compound as an amorphous solid (32.0 mg, 30°%). "HNMR

(CD,0OD, 400 MHz) & 7.94 (5, 1H), 7.25-7.12 {m, 4H}, 5.53 (5, 1H), 532 (bs, 1H}, 4.23-4.08 (m,
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4H), 3.06-2.96 (m, 1H), 2.93-2.82 (m, 1H), 2 61-2.50 (m, 1H), 2.45-234 (m, 1H), 2.26-2.15 {m,
1H), 2.06-1.98 {m, 1H), 1951 78 (m, 2H), 1.37-1 25 {m, 2 ppm. LC/MS: R, = 1.29 min, ES
420. {AA standard).
Example 222 ((LR,2R.35,4R)-23-Dihydroxy-4-[{8-phenyl-9H-purin-6-yl)amino]cyclopentyl}-
mieihy! sulfamate {Compound 1-5)
(0203} The title compound was prepared following the procedure described in
Example 1a-b, then 1d-e using 6-chloro-B-phenyl-9H purine in step a, 'H NMR (DMSO-d6,
400 MHz) 5: 13.4 (s, 1H), 8.28-8.10 (m, 4H), 7.76-7.6& (m, 1H), 7.568-7.40 {m, 7H), 4.69-4.75 (m,
1H), £70-4.5% {m, 1H), 4.59-4.50 (m. 1H), 4.15-4.07 (m, 2H), 4.05-3.99 {m, 1H), 3.91 (bs, 1H),
3.80-3.74 (vn, 2H), 3.17 (d, ] = 5.2 Hz, 1H), 2.34-2.15 (m, 3H), 1.37-1.21 {(m, ZH) ppm. LC/MS:
R, =1.14 min, ES" 421 (AA skandard)-

Exnmple 23:  [{1R2R,354R)-23-Dihydroxy-4-(2H-purin-6-ylaminojcydopentyl Jmethyl
sulfamate {Compound I-3)

[0204] The Etle compound was prepared following the procedure descrited in
Example 1b using {1R,2538 SR}3-amino-5-(hydroxymethyl)cyclopentane-1,2-dic]
hydrochloride. *H NMR (CDCL, 300 bMHz) 5: 476 (d, f = 5.5 Hz, 1H), 420(d, = 4.8 Hz, 1H),
370 (dd, J = 3.9, 11.3 Hz, 1H}, 3.56-3 47 (m, 2H), 305 (bs, 2F), 2.53-2.35 (m, 2H), 1.41 (s, 31D,
1.33-1.21 {m, 5H) ppm.

grclopentaldii]l Adivuck4-ymethana}
i0205] The title compound was prepared following the procedure described in
Example 1a using [(3aR AR,6R, 6a5}-6-amino-2 2-dimethyltetrahydro-3aH-
cydopenta{d] (1 3]dioxol-4-yllmethanol, LC/MS: K, = 139 min, E5’ 306 {(AA standard).

[0206] A suspension of [(3aR 4R,6R 6a5)-2,2-dimethyl-6-(9H-purin-5-
ylarning)tetrahydro-3aH-cyclopantald){: 3]dioxnol-L-yl]methanol (288 mg, 0.943 mmol) and
EL N {0.400 mL, 287 mmol) in BCM (5.00 mL) was cooled bo 0 *C, A 2.00 M solukion of
chlorosulfonamide in ACN (0.94 mL, 1.B8 mmol, as prepared in Example 1d) was added
dropwiss, and DME (1.50 mL) was added o bring the mixhire into solution. The solution
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was allowed lo warm to 23 *C and was stirred for 5 h befora being concentrated in vacuo to
dryness. The crude mixture was weated with a 1.00 M solution of HCE in FLO (5.00 m1, 5.00
mmol) and stivred for 10 min. The mixtyre was concentrated o dryness and purifed via
reverse phase (C1B preparative HPLC eluting with a gradient of { to 40% of 0.1% FA /95%
ACN/S5% H,Q in 0.1% FA /99% H20/ 1% ACN aver 16 min to afford the title compound
(95.0 mg, 29%). "H NMR (DMSO-d6, 400 MHz) §: 12.9 (bs, 1K), B.25-8.01 (m, 2H), 7.66-7.29
{m, 3H), 512430 (mn, 3T, 4.10 (24, J = 5.8, 9.6 Hz, 1H), 4.01 (dd, J = 7.0, 9.6 H=, 1H}, 2.85
(dd, ] =556, 5.5, 1H), 3.75 (dd, ] = 5.2, 52 Hz, 1H), 2.35-2.13 (m, 2H), 1.33-1.19 (m, 1ED ppra.
LC/MS: R, = 1.02 min, E5' 345 {AA standard). ’
Example 24: [{15254R)}4-{[6-[(15)}-23-Dihydro-1H-inden-1-ylamino]pyrimidin-d-yl|-
amino}-2-hydroxycyclopentylimethyl sudfamale (Compound 1-5)
1 K I bicyclo[31.0lhexan:

[0207) (15,55)-5-(Hydroxymethylcyclopent-2-en-1-01 (3.19 g, 27.9 mmol) was
dissolved in DM (143 mL) and the solution was cooled to 0°C. 3-Chloroperbenzoic acid
(752 g, 335 mmol) was added and the mixture was stirmed at 23 °C for 4 h. TLC Indicated
wmplete converslon. Silica gel (20 g) was added, Lthe mixture was concentrated to dryness
and was purified via silica gel chromatography eluting with a gradient af 0 to 100% EtOAc
in XM to afford Lhe title compound (2 75g, 76%). 'H M-(C[ﬂy 3 MH=2) 5: 458 (d, [ =
81 Hz, 1H), 3.69 (s, 1H), 3.68 (s, 1H), 3.60 (s, 1H), 352 {5, 1H), 2.47-2.40 (m, 1E), 2 14 {ddd, [ =
1.5, 10.2, 153 Hz, 1H), 2.01 (dd, J =15, 15.3 Hz, 1H), 1,62 (bs, 2H) pprm LC/ME: R, = 037

min, BS” 121 (AA standard),

[0206] {1R.2R 35,55)-3-(Hydroxyme lhyl)-6-oxabicyclo[3.1 Olhexan-2-0l {3.65 g 210
mol) was dissolved in DCM (121 mL) and 1the soluton was cooled to 0 *C. 1-
(Dimethoxymethyl}-&methoxybenzene (10.7 mL, 63.1 mmol} was added [olowed by
pyridinium p-teluenesulfonate {S30. mg, 2.11 ﬁtmnl]. The mixture was stirred at 23 °C
overnight. TLC indicated complete conversion. The reaction mixture was concentrated in
vacuo and the residue was purified via silica gel chmmatography eluting with a gradient of
0 to 50% EtOAc in hexanes 1o afford the kitle compound {410 g, 78%). 'H NMR (CDCL, 400
MEiz) b: 7.44 (d, [ = 8.9 Hz, 2FD), 6.89 (d, [ = 8.8 Bz, 2H), 5.03 (1H, s), 458 (d, ] = 8.4 Hz, 1H),
4.05 (s, 1H), 4.03 (s, 1H), 3.80 (s, 3H), 3.71 (d, ] = 2.4 Hz, 1H), 3.51 (&, ] = 2.4 Hz, 1H), 2.50-2.48
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(e, £H), 1.87 {ddd, ] = 15, 8.0, 14.8 Hz, 1H), 177 {d, ] = 148 Hz, 1H) ppm. LC/MS: R, = 1.68
roun, ES” 249 (AA standard),

-[{4a =7-E 2 iyl
he 2111 3]ds -1H-ispindol -dlone
[0209] Toa nJE-'.atmlxtu:e of {1a5,1bE 52 5,4a5)-3-(4-me thoxyphenyl)-

hexahydropxirenn[4,5]cyclopenta[l.2-){1,31dioxine (600. mg, 2.42 mmol), phihalimide {(1.07
B 7.25 mmol} and phthalimide potassium salt {1.34 g, 7.25 mmo}) was added DMSO (15.0
mL) and the mixture was stirred at 120 °C for 18 h. The mixhure was concentrated in vacuo,
treated with FLO and extracted with EtOAc The crgandic layer was dried over MgSO,,
liltered and concentrated in vacuo, The realdue was purified via silica gel chromatography
* eluting with a gradient of 0 10 15% EtOAc in DCM to aford [he Gtle compound as a white
solid (602 Mg, 63%). LC/MS: R, = 1.68 min, ES' 395 (AA standard).

(02107 To a stitred solution of 2-[(4a8,68,75,7aR)-7-hydroxy-2-{+methoxyphenyl}-
hexahydrocyclopenta[d){1,3]di oxin-6-y1}1-1H-isoind ole-1,3(2H)-dione (126 g 3.19 mmol) in
DCM (150, mL} was added DMAP (1.37 g, 9.54 munol) and pheny! chiprathionoformate
{0,661 mL, .78 mmol) under an atmosphere of argon. After 2 b, the mixhre was
concentrated in vacno and the residue was purified via silica gel chromatagraphy eluting
with a gradient of { to 5% EtQAc in TXCM to afford the HHe compound as a white
amorphous solld (1.64 g, 97%). LC/MS: R, =221 min, E5" 532 (AA standard).

. Step

[o211] Te a solulon of O-[(445,6R,75,72R)-6-(1,3-dioxe-1 3 dihydro-2H-iseind ol -2-

¥1-2-(4-methoxyphenyl)haxahydrocyclopenta[d]fl 3)dioxin-7-yl] O-phenyl thiccarbonate
(56.9 mg, 0107 mmol) in toluene (3.00 mL) was added tris{trimethylsilyl)silane (0.0700 mL,
0.27 mmol). Air (2.0{tmL) was bubbled through the solubon and a 1.00 M solution of
triethylborane in hexane (0,0320 miL, 0.0320 mumnol) was added and the reaction was stirred
for 2 h. More tris(trimethylsilyl)stlane (0.0700 mL, 0227 mmotl} and 1.00 M tricthylbarane in
hexane (0.0300 mL, 0.0300 mmol) were added, and the mixture was stixred ancther 6. The
mixture was then concentrated in vacuo and the residue was purified via silica gel
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chromatography elubing with a gradient of 0 to 20% EtOAc in DCM. to afford the e
compound (169 mg, 2%} LC/MS: R, = 240 min, E5 360. (AA standard).

[o212] 4 mixture of 2-](4a5, 6K, 7a5)-2-(2-methoxyphenyl)-
hexahydrocycopentafd][1,3]dioxin-6-yl]-1H-isindole-1,3{2H)-dione (390. mg, 1.03 mmol),
EtQH {113 mL) and hydrazire {0.0362 mL, 1.23 mmol) was stirmed at 90 °C for 18 h. The
resulting mixture was purifled via silica gel chromatography eluting with a gradient of 10 1o
50% MeOH in DCM. LC/MS: R, = 1.08 min, ES™ 250, (4A standard).

oro-MN-{4a% A-{4-melh he

hexahydrocydopentald][1 3dipxin-G-y]Ipyrimidin-d-amige

(0213] A sealed tube containing (4a5,6R, 7aS}+-2-{(4-methaxyphenyl)-
hexahydrocyclopentald]f1,3]dioxin-§-amine (120. mg, 0481 mmol), 4,6-dichloropyrimidine
(143 mg, 0.963 mmol), DIPEA (0.0920 mL, 0.526 mmol} and EtOH (30.0 mL} was heated 1o
110 *C for 20 h. The cooled mifxture was concentrated in vacuce and the residue was purified
via slliea gel chromatography eluting with a gradient of 0 to 5% MeOH in DCM (120. mg,
69%). LC/MS: R, = 1.74 min, ES" 352 (AA standard).

- 0214} . A neat mixture of 5~chlore-N-1{4a5,6R, 7aSk2-{&methoxyphenyl)-

hexahydrocyclopenta[d]f1,3]dioxin-6-yi)pyrimidin-4-amine (120. mg, 0332 mmol) and (5}
{+)}l-aminoindan {0.170 mL, 1.33 mmaol) was heated to 180 °C for 6 h In a sealed tube using
MWI. The reaction was purified via silica gel chromatography eluting with a gradient of 0
to 15% MeOH in DCM to afford the title compound (33,1 mg, 41%). LC/MS: R, = 0.90 min,

ES" 244 (Aa standard),

5 ; AR 1523 T 1 H-inden-1-ylamino imidi i)-2-
{hydroxymethylicyslopentanol
{0z15] A mixture of {15,25,1R}+[{6~dﬂ0mpyﬁrrﬂdin—4—yl]aminu]-2—

(hydroxymethylxcydopentanol (33.1 mg, 0.136 mumol), 6-chloro-N-[(a5,6R, 7a5)-2-(4-
methoxyphenylhexahydmeycopentaid][1,3]dioxin-6-yllpyrimidin-4-amire {81.6 mg, 0226
mmol}, ($}{+)- l-aminoindan (0,272 mL., 1.73 mmol) and 1-butanel (108 mL) was heated o
180 °C for 6 h in a sealed tube uslngMWI. The reaction was purifiad via silica gel
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¢hromalography eluting with a gradient of 0 to 15% MeOFH In DCM to afford Lhe litle
compound (77.8 mg, 63%). LC/MS: R, = 129 min, FS’ 341 (AA standard).

) 1 sulf, O -

[0216] The title compound was prepared follewing the procedure described in
Example 21d-e using {15,25,4R)-4-({6-[(15)-2,3-dih ydro-1 H-inden-1-ylamino)pyrimidin-4-y1]-
amino)-2-tydroxymethyl)cyclopenlanol and THE in step d. "H NMR. (CD,0D, 4010 MHz) 5:
7.94 (5, 1IT), 7.38-7.12 (m, 5H), 5.51 (s, 1H),5.32 (bs, TH}, 437-4.32 (m, 11D, 429 (dg, [ =77,
9.7 Hz, 1H), 4.27-4.18 {m, 1H), 4.12 {dd, | = 7.3, 9.7 Hz, 1H), 3.05-2.96 (m, 1H), 2.93-2.82 (m,
1H), 260-2 51 (m, 1H), 2.51-2.42 {m, 1H), 221 (ddd, ] = 1.8, 7.6, 13.9 Kz, 1H), 2.04 1.85 (m,
2H), 1.61 (ddd, J = 49, 7.1, 13.8 Hz, 1H), 1.74-1.64 (m, 1H), 1.44 (5, 1H) ppm. LC/MS: R, =

1.38 min, ES" 420. {AA standard).

Example 25: [(152R354R)-4-{|6-[(15)-2,3- Dihydro-1R-inden-1-ylamino]pyrimidin-4-yI|-
amino)-2,3-dihydroxycyclopentyl}methyl sulfamate {Compound I-11)

[0217] "Fhe Hile compound was prepared following the proredure described In
Example 24 steps a-, followed by steps F-g, and Anally steps i4. 'H NMR (CD,0OD, 300
MFHz) &: 794 (s, 1H), 730-7.11 (m, 4H), 5.60 {5, 1H), 5.30 (bs, 1H), 4.32 (dd, ] = 79, 9.4 Hz,

1H), 4.14-3.96 {m, 3H), 3.3% (dd, ] = 3.8, 7.7 Hz, 1H), 3.08-2.95 [m, 1H), 2.87 (ddd, | =80, 8.0,
15.8 H=, 1H), 2.62-2.44 (m, 2}, 2-15-2.01 (m, 1H), 1.96-1.81 {m, 1H), 1.70-1.57 {(m, 1H) ppm.

 LC/MS: R, = 132 min, E5” 435 (A4 standard).

Example26: [(1R2R354R)4-{[4-{(15)}2,3-Dihydro-1H-inden-1-ylaminol-1.3,5-trlazin-2-
yllaming}-2, 3-dihydroxycyclapentyl]methyl sulfamate {Compound 1-246)

[0215) To a solution of cyanuric chlaride {631 mg. 3,42 mumol) in THF (2.00 mL) at 0
°C was added (5}-(+)-1-amineindan (0.385 mL, 3.00 runpl) 2nd DIPEA (0596 mL, 3.42
mmel) and the mixture was stirred at D °C for 2 b The reaction was ihen poured inko
HOextracted wilth EX"M and the organic layer was dried over MgS0,, filtered and
concentrated in vacuo. The residue was purified via silica gel chromalography eluting with
a gradient of 0 to 20% EtOAC in hexanes to afford the title compound as a yellow solid (738
mg, B7%}. LC/MS: R, =1.98 min, ES® 281 (FA slandard).
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[D2193 A mixture of 4,6-dichloro-N-[(15)2 3-dihydro-1 H-inden-1-y1}-1 3, 5-triazin-2-
amine {735 mg, 2.61 mmaol), (1R,253R 5R)-3-amino-5-(hy droxymethyl)cyclopentane-1,2-diol
hydrochioride (400. mg, 218 munol), pokassium carhonate (602 mg, 4.36 mmel) and 1 4-
dioxane (3.60 mL) in a sealed hube was heated o 150 °C for 20 mins using MWI. Silica gel
chromatography eluting with a gradient of 2 to 7% MeOH in DCM afforded the title
compaund as a white solid (750. mg, 88%). LC/MS: R, = 1.42 min, ES” 392 (FA standard).

(0220] The Bitle compoimd was prepared following the procedure described in
Example 1b using {1R,25,3R 58)F3-{{4-chloro-6-[(15)-2 3-dlhydro-1 H-inden-1-ylamino]-1,3,5-
tdazire2-ylJamino}5-(hydroxymethylicyclopentane-1.2-diol, TC/MS: R, = 1.51 min, ES" 432
(FA standard).

daR

=2.2-li lietrah i —4-y]

02211 To a solution of [(3aR 4R 6R,6a85)-6-(|4-Chiore-6-[{15)-2,3-d thydro-1 H-inden-
1-ylamino]-1,3,5+ triazin-2-yl)amino}-2,2-dimathyltetrahydro-3aH-cyclopenta[d][1,3]dioxol-4-
ylimethano! (182 mg, 0.421 manel) in BEIOH (291 ml) was added 10% palladium on carbon
(44.8 mg) and {he mixture was placed under an atmosphere of hydrogen for 2 d. Filtration
of the mixture through a pad of celite, followed by sillca gel chromatography eluting with
5% M=0H in DCM afiorded the tiffe compound as a white solid (0.0 mg, 48%). LC/MS5: R,

= 124 min, ES" 398 (FA standard).

[ozz2} The hitle compound was prepared foliowing the procedure desoibed in
Example 1d using [(3aR ARGR,6a5)}-6-(}4-[(15)-23-Dihydro-1H-Inden-1-yiaming]-1,3.5-
triazin-2-yt|aminn).2,2-dimethyltetrahydro-3aH-cyclopentald]{1 3]dioxol-t-yl]methanol and
pyridine. "H NMR (CD,00, 400 MHz) & 8 16-7.83 (m, 1H), 7.37-7.11 (m, 3H), 5.66-5.45 {m,
1H), 439-4.00 {m, 3H), 3.91-3.77 {m, 1H), 3.06-2.92 {m, 1H), 2 92.2 75 (m, 1H), 2.61-2.48 (m,
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1H), 2.40-2.20 {m, 2H), 2.02-1.79 (m, 2H}, 137-1.17 (m, 11) ppen. LC/MS: R, = 1.07 min, ES"
437 (FA slandard).

Example 27 [(1R,2R,35,4R)-2,3 Dihydroxy-4-{lsonicatinpylamino)cyclopentyllmethyl
sulfamate (Compaund 1-28)

i02z23] To a selution of feri-butyl (1R, 45)-3-0x0-2-azabicyclo[2.2.1[hept-5-ene-2-
carboxylate (500, myg, 2.3 mmol) in acelone (20.0 mI) was added a 4% agueous solution of
osmiumn hoxdde in HO (16153 L, (W00239 mmol}. To the resulling mixhare was added a
102 M aqueous solution of N-methylmorphotine N-oxide {0.262 mL, 267 mmol) dropwise
over 1 h. Atihis paint, a 0240 M soluton of aqueous sodlum bisulfite {100 ml, 0240 mmaol)
was added, the mixture was filtered through celite and concentrated In vacuo, The residue
was purified via slllca gel chrormatography eluting with a gradient of 20 to 70% EtOAcin
DM to afford 1he tiHe compound (420. mg, 72%). LC/MS: R, = 094 min, ES™ 244 (FA
standard).

[0z24] A solution of tert-butyl (3R, 45,5R 65)-5,6-dihydroxy-3-0x0-2-

" azahlcydo[2 2.1 ]heptane-2-carboxylate (2.00 g, 8.22 mmol), pyridine (5.00 mL, 61.8 mmol),

EE N (2.29 mL, 16.4 mmol) and DMAP (100, mg, 0818 mmel) in DCM (5.00 mL} was cooled
ta 0 °C and benzoyl chloride (4.77 mL, 41.1 mumnol) was added dropwise. The mixhire was
allowed towarm o 23 *C and shir for 2 k. The reaction was then diluted with DCM, washed
with sahurated aqueous NalICO, (3x), copper {TI) sulfate solubion {3x) and water {3x}. The
organic layer was Lhen dried ever sodium sulfate, filtered and concentrated in vacuo. The
residue was purified vla silica gel chromatography eluting with a gradient of 5o 4056
EtOA« in hexanes 10 afford the title compound {292 g, 79%). LC/M5: R, =215 min, ES™ 452
(FA standard).

e (IR2SIRSK Butoxycarbonvlamingl-5-(hyd Beyelopentane-

12-diyl dibenzoate
[or2253 To asolution of tert-butyl (LR, 45.5R,65)-5,6-bis(benzoyloxy}-3-oxo-2-

azabicyclo(2.2.1]heptane 2-carboxylate {2.09 g, 4.62 mmal) in MeOH (60.0 mL) was added
sodium borohydnde (700, mg, 18.5 mmme!) at 0°C and the reachon was allowed to warm to
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1t After 1.5 b, the mixture was quenched with 1.00 N HCl solubion {20.0 mlL), and
concentrated invacuo. The aqueous Jayer was extracted with DCM (3 x 50 mL) and the
combined organic layers were washed with HLO (100. mL}, dried over MgSO, and
concentrated in varno. The residue was purified via silica gel chromatography eluting with
a gradient of 20 to £0% EtOAc in hexanes to afford the title compound (1.50 g, 80%).
LC/MS: B, =1.95 min, FS" 456 (FA standard).

fo226] (1825 AR 5RY-3-[{tert-Butaxycarbonyllamingl-5-{hydroxymethyl)-
cydopentane-12-diyl dibenzoate (1.42 g, 3.11 mumol) was ireated with a 4.00 M solution of
HCl in 1. 4-dioxane (17.0 mL, 62.3 mmoT) and the reaction was stirred for 35 min. The
rezction mixture was concentrated In vacuo and EtO was added to predipitate the product,
which was washed with EHO to afford the title compound as a white solid (1.05 g, 90%).

LZ/MS: R, =1.06 min, ES” 356 (FA standard).

(02271 A solution of (1R 25,3 5R}-3-amino-5(hydroxymethyljcyclopentane-1,2-diyl
dibenzoate hydrochlaride (150, mg,. 0360 mmeol} in DCM (10.0mL) a1 { °C was reated with
" EUN (0.170ml,, 122 mmot) and stirced for 20 min. Isonicotinoyl chloride (83.0 mg, 0.490
mmal} was then added and the mixture was stirred For 2h. The reaction was reated with
saturated aqueous solution of ammonium chloride (30 mL} and cxtracted with DCM (2 x50
mL). The combined oxganic Jayers were dried over sodium sulfate, fltered and
concentrated in vacuo. The resulting residue was purified via silica gel chromalography
elubng with a gradient of [ to 10% MeOH in DOM to afford the tifle compound (100. mg,
B0°%). LC/NS: B, =149 min, ES" 451 {FA standaxd).

F: i riyl)o 1
isonicplingylami 1 iyl di te
[0224] To a solubon of (1528 3R SR)-3-(hydroxymeihyl)}-5-
(isonicotinoylamino)cyclopentane-1,2-diy! dibenzoate (160. mg, 0.330 minel) in ACN {104
mL} at [ °C was added DBU (0.0600 1, 0.401 mmol) and the mixtire was stirred for 15 min,
A freshly prepared 1.40 M solution of chlarosulfonamide (0500 mL, 0.700 mmol, as
prepared in Example 1d} was theri added dropwlse via syringe and the mixture was tirred
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for 25 haat 0 °C before belng allowed ta warm to t. The mixture was concentrated in vacuo
and the residue was purified via silica gel chromatagraphy elubing with a gradient of 0 to
10% MeOH in DCM to afford the title compound (500 mg, 27%), LC/MS: R, =1.57 min, ES
540. (FA standard)-
Step g Isonicotin i thyl
suifamate (Compoynd X-28)
[022a] A solution of (15,2R 3R, SR>3 [(aminasulfanyThoxy | me thyl -5~
(isomecotinoylamino)cyclopentane-1,2-diyl dibenzoate (61.1 mg, 0.113 mimel) ina 700 M
solubon of arnmonia in MeQOH (1.50 mL, 1.5 mmol) was stirred for 2 days. The reachon
mixture was then comcentrated in vacuo and purified via reverse phare C18 preparative
HPLL eluting with a pradient of 5 to 70% of 0.1% FA /95% ACN/5% ILO in 0.1% BAJ99%
H20/1% ACN over 16 min to afford the Hile compound (15.0 mg, 40%). 'H NMR (CD,OD,
300 MHz) §: 867 (m,2H), 778 (m, 2H). 4.38-4.32 (m, 1H), 4.19-4.17 {m, 2H), 3.93-3.92 (m, 2H},
2.38-231 {en, 1H), 1.76-1.72 (m, 1H), 1.43-138 {m, 1H) ppm. LC/MS; R, = 0.76 min, ES" 332
(FA standard),
Example 28:  [{1R2R,354R)-23-Dihydroxy-4-{{pyridin-2-¥lachonyDaminc]cyclopentyl|-
meihyl sulfama ke (Compound 1-23)
[0236] The ttle compound was prepared following the procedure described in
Example 27a-e using pyridine-2-carbonyl chlaride in step ¢ *H NMR (CD,OD, 300 ME=Z) &
_ B.62 (s, 1}, B.09-8.06 (tn, 1H), 7.57-7.94 (m, 1H), 7.55-7.51 (m, 1H), £.34-4.32 (m, 1H), 415
4,18 {tn, 2]}, 3.95-3.93 {m, 2H), 2.64 (3, 1H), 2 38-2.35 {m, 2H) ppm. LC/ME: R =1.23 min,
ES" 332 (FA standard).
Example29:  [(1R,2R35,4R)-2.3-Dihydroxy-3-{{pyridin->ylearbonyl)amino]eyclopentyl]-
methyl sulfamate (Compound I-16}
{0231) The ti'l':le compound was prepared following the procedure described in
Example 27a-e using nicoBnoy] chloride in step & "H NMR (CDJOD, 300 MHz) &: B.97 (5,
1H), B.67-8.66-(m, 11}, 8.26-8.23 (m, 1H), 7.55-7.50 {m, 113), 4.35-4.11 {m, 3F), 3.95-3.92 (m,
2H), 2356234 (m, 2H), 1.43-1.38 {m, 1H) ppm. LC/MS R = D83 min, E5" 332 (FA slandard).

[0232] The following additional compounds were also prepared.
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Example3t:  [(15.25,4R)-4-{(6-{(15)-2.3 Dihydro-1H-inden-1-ylamino]pyrimidin-4-ylloxy)-
2-hydroxycyclopentyljmelhy] sulfamate (Compound I-31)

[0233] The title compound was prepared in a manner similar to Example 34 using
{5)-2-amineindane. The title compound was prepared as a 4:1 mixture of desired compound
and (15,25,4R)-4-{[6-[(15)-2,3-dihydro-1H-inden-1-ylamino] pyrimidin-d-yl)oxy}-2-
(hydroxymethyljcycdopentyl sullamate. Analytical data for {{1525 4R)}-4-{{6-[(15)-23-
Dihydro-1H-inden-1-ylamino]pyrimidin-4-¥1] oxy}-2-hydroxycycdopentyl]methiyl sulfamate:
'H NMR (CD,0D, 300 MHz) & 8.13 (s, 1H), 7.26-7.12 (m, 4H), 5.85 (5, 1H), 533-531 (m, 11,
d4.42-4.36 {m, 1H), 4.32 (dd, ] = 7.5, 9.7 Hz, 1H), 415 (24, J = 7.2, 9.7 Hz, 1H), 3.06-257 (m,
TH), 2.93-2.82 (m, 18), 2.62-2.47 (m, 2H), 2 32-2 24 (m, 1H), 2.15 (s, 1H), 2.13-1.79 {m, 4H)
‘ppm. LC/MS: R, =1:38 min, S 422 (FA standard). Analytical dala for (15,.25,4R)-4-(16-
[(15)-2,3-dihydro-1H-inden-1-ylaminojpyrimidin-4-yl joxy)-2-(hydraxymethyl)cyelopentyl
sulfamate: 'H NMR (CD,OD, 300 MHz) 5: 8.13 (s, 1H), 7.25-7.12 (mn, 4H), 5.85 (5, 1H), 5.33-
5.31 (m, 3H), 5.14-5.07 (m, 1E), 4.59 (s, 1ED), 3.78 (dd, J = 7.1, 11.0 Hz, 1H), 3.61 {dd, ] = 7.0,
11.1 Hz, 1H), 3.06-2.97 (m. 11D, 2.73-2.61 (m, 1H), 2.61-2.47 (m, 2H), 2:32-2 24 (m. 1H), 2.17 (s,
1H), 2.13-1.80 (m, 3H) ppm. LC/MS: R = 1.38 min, ES” 422 (FA standard).

Example 31: [{15,254R)-4-{[6-1(15}-2.3-dihydro-1H-inden-1-ylaminol-Fmethylpyrimidin-
4-ylloxy)-2-hydroxycyclopentyl methyl sulfamate (Compournd 1.32)

[0234] The title compound was prepared in a manner similar o Example 34 using
(5)-2-aminoindane and 4,6~dichloro-5-methylpyrimidine. 'HINMR (CD,OD, 300 MEIz) 5:
B.10 (s, 1H), 726-7.07 (m, 4H), 5.74 {1, ] = 7.9 Hz, 1H), 5.59-5.49 (m, 1H}, 4.45-4.57 {m, 1H),
4.34 (dd, [ = 7.5, 9.8 H=, 1H), 416 {dd,  =7.2,9.7 Hz, 1H), 3.08-2.94 {m, 1H), 293-2.72 (m,
1H), 2.65-2.46 (m, 2H), 237-2 23 {m, 1H}, 2.18-2.13 {m, 3H), 213-1.90 {mn, 2F}, 1.89 (3, 3H)

ppm. LC/MS: B, = 1.55 min, ES™ 435 {FA standard).

Example 32: {(15,2545)=1{6-[(15)-2,3-dshyd ro-1H-inden-1-ylamine)pyrimidin-d-yl}-
methyl)}2-kydroxycyclopentyllmethyl sullamate (Compound I-33)

[0235] The Gitte compound was prepared according to Example 85. 'H NMER
(CD,0D; 400 MI=) &: 8.34 (s, 1H), 7.27-7.15 (m, 4HD, 641 (bs, 1H}, 5.65-5.48 (m, 1H), 430425
(m, 28D, 4.09 {dd, ] = 4.1, 41 Hz, 1H), 3.07-3.00 {mn, 1H}, 2.94-2.85 (m, 1H), 2.72-2.55 (m, 4FI},
2.43-2.35 {m, 1H), 1.93-1.85 (m, 2H}, 1.75-1.67 [m, 1H), 156-1.51 (m, 22 ppoe LC/MS: R, =
1.38 min, FS" 419 (AA standard).
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Example33:  ((1535)-2|[8-{1-raphthy-9H-purin-6-yl]oxy)cyclopentyl)methyl sulfamate

(Compound 1-152)
[D236]) A mixtire of S-chloro-4 5-d:aminopyrimidine (319 mg, 0.09359 mol) and 1-

naphthalenecarboxylic add {618 myg, 0.00359 mol) In phosphoryl chloride (2.0 mY, 0.021 mol}
was heated at 110 °C under an abmasphere of nitrogen for 5.5 hours. The reaction was
cooled and the residue was washed several imes with ether. The residue was dissolved in

CHLCL, and agqueous NaHCO, The layers were separated and the anueous wag extracted
with EtOAc (1x) and CH,CI, (1). The combinad organics were washad with saturated
aqueous NaFICO,, brine, dried (Na,SO,}, filtered, and collerted in vacuo to obtain 810 mg
(B0F%) of an orange solid. LC/MS: R, = 1.68 min, ES” 261 (FA standard).

b o - h 7 H- - H-pirin
[0237] To a solutien of §-chloro-B-{1-naphihyl)}-9H-purine (810 mg, £.0029 mol) in
THF (32.4 mL, 0399 mol} was added pyridinium p-toluenesulfonate FO mg, 0.0003 mol) and
dilydropyran (11.0 mL, §.121 mol) and the mixture was heated at &0 °C overnight. The
reacion was cooled, quenched by addlition of saturated egueous NaFHCO, and the mixhere
was exiracted with EtOA¢ (3x). The organic layers were combined, dded (N=,S0,), filtered
and concantrated. The dark residue was purified by flash chuomatography (10 to 40%
EtDAc/hexanes) to obtain 5345 (51%) mg of a light yellow solid, LC/MS: B, = 2.03 min, 5"
345 (FA standard).

ep 1 B tangsl

[0228] To a solution of methyt (1535)-3-hydroxycyclopentanecarboxytate (472.3 mg,
0.003275 mol} in THF (132 mL} at 0 °C was added LialH, (145 g, 0.00382 moal)
(WARNIMNG: SIGNIFICANT GAS EVOLUTION). The mixture was slirred for 1 hour at 0
°C, then quenched at O "C by dropwise addition of waler (145 pL, 00805 mol), 15% aqueous
MNaOH (145 pL) and water {435 pL}. The resulting gray suspension was shrred vigerously
overnight. The resulting off while suspension was fltered through celite and rinsed with
THF and MeQY. The combined Organics were concentrated 1o obtain 454.3 mg (>99%) an
off-yellow solid. The mabkerial was carried on without further purificatan.
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i535 teri-bobylid e thylsilyd meth Loy ol

[0239] To a solution of (15,35 3Hhydroxymethylkycopentanol (453.0 mg, 0.003276
mol) and H-imidazole (669 mg, 0.00983 mal) in DMF {358 ml.) under an atmosphere of
nitvogen was added teré-butytdimethylsilyl chloride (494 mg,0.00328 meol}. The mixture was
sHrred for 125 hours, then ferf-butyldimethylsily! chloride (49 mg, 0.00033 mal} was added.
After an additional hour of stirring, the reacon was quenched with water, extracted with
ethiyl acetate (3x), dried with anhydrous Na SO, filtered, and concentrated. The residue was
filtered through a plug of silica with 30% EtOAc/hexanes to oblain 234.1 mg (31%) of the
tile comnpound.

ilyl \ 1 -

e 1 - i
naphthyl}-9-{tetrahydro-2H-pyran-2-yN}-9H-puring
{02403 To a solution, of (15,35)-3{[[tert-butyl{dimethylsilytloxylmethyl)-

cyclopentanal (111.0 mg, .0004817 mol) (azeatroped with tolueng) in DMF (36 mlL) al D °C
under an atmosphere of nitrogen was added sodium hydride (24.1 mg, 0.000602 mol) . The
mixture was stirred for 15 min. Te this cold solution was added a solutiom of 6chlorg-8-{1-
naphthyl)-3-(wetrahydro-2H-pyran-2-yiF9H-purine (163 myg, 0.0004)1 mal) in DMF (1.8 mL).
The flask was rinsad with DMF {1.0 m1.)} and this was added to lhe reaction as well. The
resulting mixture was stirred for 20 b The reaction mixture was quenched with water and
Lhe mixture was extrarted with EtQAc (3x). The combined organic layers were dried over
Na S0, filtered and collected in vacue. The residue was purified by flash chromalography
(10 to 40P% EtOAc/ hexanes) W obtaln 156.9 mg (¥0%) of the Hitle compound a3 a white solid.

aphth H-puyrin 1] e clopen

[0241] To a strred satudan of 6-([(15.35)-3-([ter-butyl{dimeithyDsilyloxymethyl)-
cydlopentylloxy)-8-(1-naphthyl)-9-(tetrahydro-2H-pyran-2-y}-0H-purine (156.9 mg,
00002808 mol) in THF (3.8 mL) was added waler (3.8 mL) and AcOH (7.6 mL), and the
reaction mixture was stirred for 7 hours. The reaction mixture was quenched by the slow

addition of saturated NaFCQ),, and the resulling mixture was extracted with EIQA¢ (3x).
The combined organic layers were washed wilh brine; dried (Na,50,), filtered arid
concentrated. The residue was purified by flash chromatography (0 to 5% MeOH/CFHLCL)
bo oblain 85.7 g {85%) of the title compound as a white solld. LC/MS: R, =151 min, BS”
361 (FA standard)-

111



Step g= 1 - thyi)- 1 Tirne thyl

[0242] Ta a solution of ({15,35)-3-{[8«{1-naphthyi}9H-purin-5-ylloxy|cyclopentyl)-
rnethanol (6.1 mg, 0.000183 mol) in DMA {8.12 mL} at 0 °C was added chlorosulfonamide
{106 mg, 0.000517 mol) In CHLCN (2.0 mL), The reaction was stirred at 0 °C for 10 mins, then
23 °C for 3 hours. The reaction was quenched with water and extracted with EIOAc (32).
The combined organics were washed wilh water (2x), dried (Na,S0),), filtered, and
concentrated. The residue was purlfied by flash chromatography {0 to 6% MeOH/C14 CL)
to obtain 56.3 mg (70%) of the title compound as a white solid. 'H NMR (CD,0D, 400 MHz)
&: 8.52-8.48 {m, 2H), 8.10-8,07 (m, 1H}, 8.01-7.98 (m, 1H), 7.90-7.87 (m, 1H), 7.65-7.57 (m, 3H),
5.89-5.85 (m, 1H), 412-4.07 {m, 2H), 2.75-2.65 {m, 1H), 2.30-2.21 {m, 2H), 2.16-2 01 (m, 25T},
1.93-1.85 {m, 1H}, 1.62-1.53 (m, 1H) ppm. LC/M5: R = 1.38 min, ES" 442 (FA standard).

Example34:  [(1525AR}2-hydroy—4-J(6-1{{1R,25)}-2-methoxy-2,3-dihydro-1H-inden-1-y1}-
aminolpyrimidin-4-yl)oxylcyclopentyl|methyl sulfamate (Compound I-115)

tep e 1 3 _hubyl(di syl o byl fidime i1yl
ohey imici
[0z43f To a suspension of sodinm hydride (75.6 mg, 0.00189 mol) in THF {2 mL) at ¢

°C under an atmosphere of nilrogen was added {1R,35,45)-3-[[ter#-buty] (dime thyl)silyl Joxy)-
4-({[tert-butyl{dimethyljsilyljoxymethylicyclopertanol {0.60 & 0.0017 mot) in 1.5 mL TEF -
dropwise at 0 "C, The mixture was stirmed at0°C for 10 min- To this was next added 4,6~
dichloro-pyrimidine (0.225 g, 0.00151 mol) In 2 ml THF at 0 °C. The suspenslon was stirred
al 0 “C for 2hrs. The reacHon was quenched with 8 mLL saturated aquegus NEE (T and
extracted with -BuOMe {3x). The organic layers w-ere combined and washed with brine,
dried over anhydrous MgSO4 and then concantrated to give 0804 g of an oil. The residue
was purified by flash chromatography (D to 10% EtQAc/ hexanes) to give 0.63 g (E0%) of the
title compound.

[2244] A mixture of 4-[[(1R,35,45)-3-{[fert-butyl{dimethyl)silyljoxy}-1-(§[fer-
butyl{dimethylsllyl]oxymeihylcyclopentyl]loxyl-6-chloropyrimidine (260.0 mg, 0.0605454
mol); (1R,28)-2-methoxyindan-1-amine {0.35% g, 0.00220 mol) and triathylamine (115 pL,
0.000624 o) in 1-butanod (0.57 mL, 0.011 mol) was sublacted o microwave jrmadiation (300
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watts, 200 °C) for 30 minutes. The resulting dark brown mixture was fillersd and
concentrated. The residue was purified by flash chromatography (0 to 15% EtOAc/hexanes)
to give 026 g (79%) of the Hile compound. LC/MS: R, = 3.42 min, ES” 600 (AA standard).

[0245] A solution of &-{[(1R,35,45x3[ter2-butyl{dimethyl)silylloxy]-4-{ [[tere-
butyl{dimelhyl)silyl]loxy]methyDoyclopentyl]oxy]-N-[{1 R, 25)-2-methoxy-2,3-dlhydro-1T1-
inden-1-yl]pyrimidin-4-amine (0.32 g 0.00053 maol) in THF (2.88 mL), water (2.88 mL}, and
acetic acid {8.64 mL) was stizzed for 3 days. The reaction was concentrated and azeotroped
2x with toluene. The residue was purified by flash chromatography (3 to 0%
EtQAc/hexanes) give 0.20 g (77%) of the title compound. LC/MS: R = 1.59 min, ES" 486 {RA.

standard).

2 [teri- dimeth 1 -me x
jhydro-1H-Inden-1-y]lJamino i o 1| methyl L]
(0246] The Gitle compound was prepared following the procedure described in

Example 1 step d. LC/MS: R, =2.16 min, ES” 565 {FA standard}.

(02471 T a solution of [(15,25,4R)-2-[[fert-butyl{dimathyl)silyl] ooy )-4-[{6-{[ (1R 25)-2-
melhoxy-23-dihydro-1H-inden-1-yl]lamino)pyrimidin-4-yl)oxy]cyclopentyl | methyl
sulfamate (0.239 g, 0.000423 mol) In pyridine {3.44 mi) and TEF (3.44 mL) was added
 pyridine hydrofluoride (0.953 ml, 0.0106 mol) dropwise. After stirring the reaction for 2
hours, an additional amount of pyridine hydrofluoride {3.50 m1., 0.0055 mol) was added.
Afier 2.75 hours the reaction was quenched by alow dropwise addibon of saturated aqueous
NaHCO, and extracted with EtQAc (4x). The combined organic phases were dried (Na 50),),
fillered and concenfirated. The residue was purified by flash chrematography {0 to 10%
MeOH/CH,C1,} and then by preparative plate chromatography (EtOAc) i obfin 100 mg
{52%) of the title compound, "H NMR (CD,0D, 400 MiEz) &: 8.15 (s, 15), 724-7.15 {m, 4H),
5.98 (3, 1H]), 5.34 (bs, 1H), 4.41-4.38 (m, 1H), 4.32 {dd, 1H, [ = 75, 9.7 Hz), 424470 {m, 1H),
4.17 {dd, 1K, { = 7.3, 9.8 Hz), 3.35 (3, 31),3.13-3.00 {m, 3H), 2.57-2.48 {m, 1H), 231-2.25 (m,
1H) 212-1.93 (mn, 4H) ppm. LC/MS: R = 133 min, ES" 451 (FA slandard).

113



Example 35: {(15254R)-2-hydraxy-4-{{3-{[(1R,25)-2-methoxy-2,3-d[hydro-1H-Inden-1-yl]-
aminol-13 5-triazin-2-ylaming]cyclopentyl)methyl sulfamate (Compound I-
125)

an 1 3 methyl]-4-{[feri- 1 1silyl openitan

[0248] A suspension of (LR,45)-3-[(benzyloxy)methyl]-4-({teri-butyl (dimethyl)allyl]-
oxylcyclopent-2-e71-1-dl (7.54 g, 0.0225 mol) (Ruediger, E; Martel, A; Meanwell. N; Solomon,
C: Turmel, B. Tetrahedran Lett. 2004, 45, 738-742), sodium carbonate (3.7 g, 0.054 mol) and
10% P /C (2 g 0002 mol) in BtOAe (90 mL) was stirmed under an atmosphere of hydrogen
for three hours. The reaction flask was purged with nitrogen and the mixture was filtered
through celite with E¥DAc The Bltmie was concenbrated 1o obtain 7.16 g (76%) of the Btle
compound ag a 4:1 mixhune of diastereorners (destred:undesired).

: 535 k 1 t-butyl{dirne! 1o 1
mathacegulfonaty
[0249] To a stirred solution of {15,35,45)-3-{(benzyloxy)methy |- | [tert-

butyl(dimethylsilyfloxylcydopentanol (2.04 g 0.00606 mol) in CH,Cl, (96 mL) was added
pyridine (2.4 mL, 0.030 mol}, DMAP {100 mg, 0.001 mol), and eethanesulfonyl chloride (700
KL, 0.0051 mal) under an atmosphere of nilrogen , The mixture was stirred 23 °C for 45
minutes, then warmed to 403 °C for 3 hours. To the reaction was added DMATF (100 mg,

0.001 mol) and methanesulfonyl chloride (00 uL, 0.0091 mol}. After stirring for 40 min, the
reacton was cooled then ¢oncentrated in vacuo. The restdu= was purified by flash
chromatography {0 1o 15% EtQAc/hexanes) to obtain 1.39 g (35%) of the title compound as
one dlastereomer (separated undesired diastereomer from step a).

fo2s01 To a solution of (15,35,45)-3-[(benzyloxy)methyl]-4-|[tert-butyl{dimethyl)-
silylloxylcycopentanc] (138.9 mg, 0.0004127 mol) and PPh, {118 mg, 0.000451 mol) In THF
(2.7 tnL) at 0 °C was slowly added DEAD {71.1 uL, 0.000451 mol). The resction was stirred
for 5 minutes, then diphenylphasphonic azide (97.4 pL, 0.000452 mol) was added dropwise.
The mixture Was stirred for ene hour. ‘The reaction was partiioned with water and EtOAe.
The layars were separated and the aqueous extracted with BEtOAc {2x). The combined
orgamcs were Washed with brine {Ix}, dried (Na,50,), filtered, and collected In vacuo. The
residue was purified by flash chromatography (0 to 10% EtOAc/ hexanes) to obtain 93.5 mg
{63%} of the tifle compound.
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d. 5451 nzyloxyimethyll-4- u imnethylisilyl Jowyt-
en mine
[0251] A sugpension of {({15,25 4R H4-azido-2-[(benzyloxy)methyllcyclopentyl]-
ooy){ter-butyldimethy!lsilane (2,20 g, 0:00608 mol) and 10% P4 /C (0.16 g, 0.00015 mol) In
EtDAc (23.9 mL) was stirred under an almasphere of hydrogen cvemnight. The reaction was
purged with nitrogen and the mixture fittered through celile with E¥OAc. The filtrate was
concentrated 1o obtaln 2.01 g (98%) of the title compound.

amine

[0252] To a solutlon of (LR 25)-2-methoxyindan-I-amine (242 8 g, 0.001488 mol) in
THF (1 mL} was added cyamirle chlorlde {313 mg, 0.00170 mol) at ¢ °C, followed by DIFEA
{300 pl., 0.002 mol) and the reactiom was stitred at 0 *C for 1.5 hours. The reaction was
poured inlo water and extracted with CH,Cl,. The organic layer was dried (NaS0,), filtered
and concentrated. The residue was purified by flash chromatography (0 10 15%
EtQOAc/hexanes) to obtain 229.1 mg (49%) of the tifle compound. LC/MS: R, = 2.03 min, ES”
311 {FA slandard},

[(0253] To a sclution of (1K,35,45)-3-[(benzyloxymethyl]-4-Htert-butyl{dimethyT)-
silylloxy|cyclopentanamine {486.5 mg, 0.001450 mal) and triethylamine (055 ml, 0.0040
mwol) in THF (2.1 ml} was added 4,6-dichloro-N-[{1R.25)-2-melhoxy-2 3-dihydro-1H-inden-
1ayl}-1.3,5-triazin-2-arnine (410 mg, 0.0013 mol) and the mixture was stisred for 2 hours. The
reaction was concenirated and the residue was purified by flash chromatography {0 to 25%
EtOAc/hexanes) to obtain 250 mg (31%:) of the Hile compound. LC/MS: R, = 2.96 min, ES’

610 (FA standard),

2-fJtert- ' 1 1 - -
d -ind =y laming-21 tiazin-2- i el lhancl
[D254] A suspension of N-((tR,35,45)-3-{{berzyloxy)metiyl}-4-{[tert-butyl{dimetiyl}-

silyl]oxyleyclopentyl-6-chloro-N-[(1R,25-2-methoxy-2 3-dthydro-1H-inden-1-y1]-1,3,5
trlazine-2,4-dlamine (250 mg, 0.00041 mol) and 10% Pd/C {44 mg, 0.000041 mol) in methanol
(1.561 mL) was stirred under an atmosphere of hydrogen for 2 days. The reactom was
purged wilh nitggen and filtered through celite with EtOAC. The filtrate was concentrated
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to obtaln a yellow il The cil was taken up in CH,ClL, and saturaied NaHC(D,. The layers
were separated and the aqueolts was extracted with CELCL (1x). The combined organics

were dried aver NaS0,, filtered, and concentrated. The residue was purified by flash
chrematography (0 to 10% MeOH/CHCL} to obtain 114 mg (57%) of the tille compound.
LC/MS: R = 1.68 min, ES' 485 (FA standard).

i0255) The tille compound was prepared following the procedure deseribed in
Example 34 steps d-e. 'H NMR {compound exists as a —1:1 mixture of rolamers by 'H NMR}
(CD,0D, 400 MEH>) §: 8.08 and 7.92 [{(d, f = 4.6 Hz and s), 1H], 7.25-7.15 (m, 4H), 5.69 and 5.57
[{d, f = 51 Hz and m), 1H], 4.674.54 (m, 1H), 431-4.19 {m, 310, 4134.06 (m, 1H), 3.37 (5,
3H), 4.13-2.98 (m, 2H), 253-2.43 (m, 1H), 21%-2.14 {m, 1H). 2.06-1.98 (m, 1H}, 1.85-1.72 (m.
2H) ppm. LC/MBS: R, = 1.07 min, ES” 451 {FA etandard).

Erxample 3&  [(1525,4R)4-{{4-§{(15)}-2,3-dIhydro-1H-inden-1-y1 amino]-1.3,5-triazin-2-y})-
amino)-2-hydroxycycopentyljmethyl sulfamate {Compound 1.153) '

02561 The Htle compound was prepared in a fashion analogous to Example 35. 'H
NMR (compound exists as a ~1:1 mixture of mamers by "H NMR) (CD,0D, 400 MHz) §:-
8.03-8.00 and 791 [(m and g), 1H], 7.26-7.14 (m, 4, 5,66-5.50 (mn, 1H), 4.65-4.57 {m, 1H), -
4.33-4.25 (n, 2H), 4.12-4.08 {m, 1H]}, 3.04-2.99 (m, 1H), 292-2.80 {m, 1H), 261-2.44 (m, 2EY),
222-2.16 (m, 1H), 204-1.71 {m, 4H) ppm. LC/MS: R, = 1.07 min, ES® 421 (FA standard)-
Example 37:  [(15,254R}-2-hydroxy-4-((6-[(15)-1,2,3.4-tetrahydronaphthalen-1-ylamino]-
pyrimidin-4-ylloxy)cydopentyllmethyl sulfamate (Compround 40}
[0257] The titte compound was prepared in a fashion aralogaus o Example 34, steps
a-c (uming (S)«{+)-1,2 3,4-tetrahydre-I-naphthylamine in step b} and Example 65, step d to
cbtain the title compound. 'H NMR (CD,0D, 400 MHz) &: 8.12 (s, 1E]), 7.22-7.08 {m, 4E}). 5.77
{s, 11}, 5.30 (bs, 1H), 4.40-4.28 {m, 2H), 4,17-4.13 {m, 1H), 2.89-2.71 (in, 2H), 2.54-2.47 (m, 1H),
226221 (m, 1H), 2.10-1.79 (m, BH) ppm. LC/MS: R = 6.66 min, ES' 435 (FA long).
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Example 38: {{15,254R)-4~{[6-{1 3-dihydro-2H-isoind ol-2-yl)pyrimidin-d-y1Josxy]-2-
hydraxycyclopenty ymethyl sulfamafe (Compound 1-120)

[0258] The title compound was prepared in a fashion anatogous 10 Example 34, steps
a~c (using fsoindoline in step b} and Examnple 65, step.d to obtain the Hile compound. 'H
NMR (D6-DMSO, 300 MEz) 5: 6.27 (s, 1H), 7.60-7.29 (m, 4H), 5.81 (5, 1H), 547 (bs, 1), 4.81
(d, 1H, J = 4.4 Hz), 4 74 (bs, 4H]}, 4.24-4.18 (m, 2H), 4.03-3.97 (m, 1H), 2.38 (bs, 1H}, 222-2.14
(m, 1ED), 2.01-1.77 (m, 3H) ppm. LC/MS: R, = 6.40 min, ES' 407 (FA long).
Example3%: ((15.254R)}-4-[[6-(3,4-dihydroisoquinolin-2(1H)-y]) pyrimidin-g-ylloxy)-2-
hydroxyryclopentylimelhyl sulfamate {Compound I-51)
[0255] The HHe compound was prepared in a [ashion analogous o Example 34, steps
a-c (using tetrahydrolsoquinoline in step b) and Example 65, step d to obain the tile
compound. 'H NMR (CD30D, 400 MHz) 5: 8.17 (s, 1H), 7.17-7.14 {m, 4E1), 5.93 (s, LH), 4.63
(5, 2H}, 4.39-4.30 {m, 2H), 4.18-4.13 (m, TH), 3.78-3.75 {m, 2H}, 330 (5, 1H), 2.90-2.87 {m, 2H),
2 54-2 47 {m, TH), 2.30-2.24 {m, 1H), 2.09-1.91 (m, 3H) ppm. LC/MS: R, = 7.05 min, E5+ 421

{FA long).

Example 40:  [{15,254R}-2-hydroxy-4-{pyrimidin~4-ylaxy) cyclopentyl]methyl suffamate
{Compound I-97)

[zea] A suspensian of 4-4[{1R,35,45)-3-([tert-huty){dime thyDsilylloxy|-3-(|[teri-
butyl{dimethyl)silyl}oxy|methyl)cyclopentylloxyl-6-chloropyrimidine (3155 mg, 0.0002441
mol), sodlum earbonate (62 mg, 0.00058 moel) and 10% Pd/C (26 mg, 0.000524 mol} in
meihanol (1.1 tnL) was stirred under an atmeosphere of hydrogen for 2 days. The reaction
was purged with njtrogen and Bllered through celite with EtOMAc. The flltrate was
concentrated and the residue was purified by fllash chromatography (0 to 15%
EtOAr/hexanes) o obtain B mg (70%) of the tifle compound.

[0261) The Eitle compound was prepared in a fashion analogous 1o Examp.lle 34, step
b and Example 65, step d to cbtain the title compound. "H NMR (CD,OD, 400 MHz) §: 6.70

{5, 1H), 8.40 (d, = 6.1 EE=, 1H), 6.83 (dd, | = 1, 6.1 H2, 1H]), 5.66-5.61 (m, 1H), 4.41-4 38 {m,
1H), 2.33 (dd, f = 7.3, 9.8 Hz), 4.16 (dd. [ = 72, 9.7 Hz), 2.58-2 48 {m, 1H), 2 36-2.30 {m, 1H),
2.11-2.03 {m, 2H), 2.00-1.84 [, 1H) ppm. LC/MS: R, = 4.08 mnin, ES+ 220 {FA long),
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Example4l: [{15254R)-4-([¢-[(4-chlorobenzyloxy]pyrimidin-d-yljoxy}-2-
hydroxycycdopentyllmethyl sulfamate (Compound 1-£9)

[o262] To a salution of 4-([{1R,35,45)-3-[teré-butyl{dimethyl)silylloxy}-4-{ | [tert-
butpl{dimethyDsilylJoxylmethyleyclopentyl]oxy]-6-chloropyimidine (0.205 g, 0006433
mal) and 4-chlorobenzyl alcohol £.130 g, 0.000910 mal) in DMEF {1 mL) under at atmesphere
of nikegen was added sodium hydride (36,4 mg. 0000910 mol} (60% in cil). The reaction
was stirred for 3.5 hours. The reaction was gquenched with water and extracted with EtOAc.
The organic layer was washed with brine, dried (MgS0), fltered and concentrated. The
residue by purified by lash chromatogre phy (0 to 7% EtQAc/hexanes) to obtain 98 mg
{40%) of the Hile compound. . :

5 4-ghloroh ] jmidi 2
hydeeycydiopentylimethy] sulamets
{0263] The title compound was prepared in a fashjon analpgous to Example 34, siep

b and Example 65, step d {followed by TBAF removal of secondary silyl group) to oblain the
Hile compound. "H NMR (CD,0D, 400 MHz) 5: 6.82 (s, 1H), 5.88-579 {m, 4H), 462 (s, 1H),
4,98-3.95 [bs, 1H), 3.81 (3, 7H]}, 2.842 .75 (m, 2H), 2 64-2 58 {m, 1H), 1.04-0.91 {tn, 1H), 0.79-
0.72 {m, 1H), 0.63-0.37 {m, 3H) ppe. LC/MS: K, = B.62 min, ES+ 430 (FA long).

Exmmpled2: N-([{15254R}-2-hydroxy-4-[{&-|[(1R25)-2-melhoxy-2,3-dlhydro-1H-inden-1-
yllamino]pyrimidin-4-yloxyjcyclopentylme hyl)sulfamide (Compound I-82)

teri- 1 {aminosulii 15 BY-2-{[tere-b ime lhylysilyl [
o i H-in -]~ inn i 1}-
5 me cark
[0264] To a solution af [(15,25,4R)-2-{[teri-butyl(dimethyDsilyl joxy}-4-[(6-I[ (1R 25)2-

methoxy-2,3-dihydro-1H-inden-1-ylJamino)pyrimidin-d-yl}oxy]eyclopentyl jmethanol {1053
mg, 0.0002168 mol) , N-Boc-sulfonarnide (58.9 mg, 0.000300 mol) and triphenylphosphine
(853 mg, 0.000325 mol} in ErOAC (4.15 mL) under an atnosphere of nitrogen was added
diethyl azodicarboxylate {51.% uL, C.O0N33D mot). The mixhare was stirred for-four hours.
The solvent was removed and the orange residue was purified by flash chromatography {10
to 50% EtOAc/ hexanes) to obtain 135.2 mg (24%) of the Hte compound -

I18



[0265] To a solutian of Zert-butyl (aminosulfonyl){{(15,25,4F)-2-{[tarl-
butyl(dimethyl)siytoxy|-4-[(6-1(1R,25r2-methoxy-2.3-dihydro-1H-inden-1-ylJaming}-
pyrimidin-4-ylyoxy)cyclopentyl]methyl)carhamate (331.5 mg, 0.0004094 mol) in THF (1.84
mL,, 0.0228 mol) and pyridire {1.84 mL) at 0 °C was added pyridine hydrofluoride (0.25 mL.
0.0028 mol) dropwise. The mixture was allowed to slowly warm to 23 °C and abirred for 19
hours. Te the reaction waa added pyridine hydrofluoride {825 mL, 0.0028 mol) and the

- mixture waa stirred an additional 6 houra. The reaction was quenched by the dropwise
addition of saturated aqueous NaHCO,. The mixture was partiioned with additional
saturated aqimous NaHCO, and EHOAe, separated, and the aqueous was extracted wilh
BtOAc (2x) and CELCL, (2%}, The combined organics were washed with brine, dried over
NaSC,, filtered and concentrated. The residue was purified by flash chromatography (30 to
70% EtOAc/hexanes) to collect 34.5 mg (15%) of the title compound. LC/MS: R, = 1,64 min,

ES+ 550 (FA standarcd}.

aminolpyrimidin-d-vhoxvicvclopentylimetilsut{amide

[D2&6] To a solution of tert-butyl (aminusulfnny]j({ﬂS,ZSAR}—!—hydmxy—i—[{ﬁ-
I[{1R,25)-2-methoxy-2,3-dihydre-1H-inden-1-yl]armino}pyrimidin-4-yljoxylcyclopentyl)-
methyl)carbamate (34.5 mg, 0.0000528 mol) in CEL.CL (1.4 ml) was added Filluorcacelic
acid (.70 mL, 0.0051 mpl) and the mixture was slirred for 15 minutes. The mixture was
diluted with toluene and evaporated to dryness. The residue was purified by flash
chromatography {0 to 10% MeOH/CH CL) to obtain 23.8 mg (84%} ol the Llle compound as
a white restdue. 'H NMR (CEROD, 400 MHz) 5: 815 (5, 1H), 7.24-7.14 {m, 4H), 5.98 (s, 1H),
557 (bs, 1H}, 529 (bs, 1H}, 4.28-4.35 (m, 1H), 423-4.20 (m, 1H), 3.34 (s, 3H), 3.25-3.20 (m,
1H), 3.13-3.0D (m, 3H), 242-2.33 {m, 1H), 2.29-2.24 {m, 1H)}, 2.10-1.54 {m, 3H} ppm. LLC/MS:
R, = 1.16 min, ES+ 450 (FA stanidard),
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Example 43: [(1R.2R 35 4R)4-{|4-{(15}2 3-dihydro-1H-inden-1-ylamino}-f-methyl-1,3.5-
triazin-2-yl]amino}-23-dihy droxycyclopentyllmethy] sulfamate {Compound

(02671 To a sclution of 2 4-dichloro-6-methyl-1,3,5razine (0.90 g, 0.0055 mol) in
DMF {350 mL) and toluene {1.5 mL)} at § °C was added (5)-{+}1-aminoindan {0.64 mL,
0.0050 mol) fotlowed by DIPEA (0.991 mL, 0.00569 mwol) - The mixture was stirred at 0 *C for
30 min. The reaction was poured into water and extracted with CFLCL. The organlc layer
wag dried aver MgS0, filtered and concentrated. The residue was purified by [ash
chroeakography (0 to 15 % EtOAc/hexanes) to afford 0.69 g (52%) of the Htle compound.

dimnetiyltetrahydra-3aH-cyclopental dlf1.3]dioxot-4-v{l-N" (1523 dihydro-1E-{
den-1- me - 1Az tamine
[0268] A mixture of (3a5,4R 68 SaRy-6-([[tert-butyl(cimethyl)sityl]oxy|methyl)-2,2-

dimeihylktrahydro-3aH-cycdopentald][1.3]diexol-4-amine (191.8 mg, 0.0004703 mol), 4-
chlore-N-[{15}-23-dihydro-1H-inden-1-yI}-&-methyl-1,3 Striazin-2-amine (127.1 mg,
0.0004876 mol) and potassium carbonate {0.130 g, 6.000940 mol) in 1,4-dloxane (077 mL) was
subjected to microwave irradiation (300 watts, 160 °C) for 30 mintiles. The mixhure was
Hitered with CH (L, and concentrated. The resldue was purified by flash chromatography
(10 to 100% EACO A/ hexanes) to oblain 6 myg (24%) of 1he title compaund. LO/M5: R, =2.03
min, ES+ 279 (FA standard).

[0269] " To a solution of N-[{3a5 AR 65,6aR)-6-{{[tert-butyl{dimethyl)silyljoxy] methyl)-
22-dimethylte rahydro-3aF-cyclopentald][1.3] dioxol-4-y1]-MW-{(15)-2 S-dihydrm-1H-inden-1-
yli-6-methyl-1.3, S-triazine 2 4-diamine {0.23 g 0.00044 mol} in THF (I mL) was added 1.00
1 of TBAF in THF {1.31 ml). The reaction was stirred for 30 minutes. The soluton was
concentrated and the residuc purified by flash chromatography (0 to 4% MeOII/EtOAC) to
afford 210 mg (=99%) of the ttle compound. LC/MS: R, = 1.24 min, ES+ 412 (F4 skandard).
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5 - -2 i 1H-inden-1- ing]- thyl-l
iazin-2-vllamino}-2 ithydro 1l farnabe

[02703 The title compound was prepared in a fashion analogous to Example 65, step
d. 'HNMR {CD,0D, 400 MHzZ) & 7.29-7.16 {m, 4H), 5.65 (, f =75 Hz, 1H), 435{dd, [ =7 7,
14,8 Hz, 1H), 4.14 (s, 1H}, 3.92-3.84 (m, 1H}, 3.10-3.90 {rn, 1H), 2.952.84 {m, 1H), 263-252 (m,
1H), 235233 {m, 2H), 2.30 (s, 31, 2.08-1.5(¢ {m, 1H), 1.39-1,26 (i, 1H) ppm. LC/MS: R, =
1.13 min, ES+ 451 (FA standard).

Example 44:  [{15,254R)-2-hydroxy-1-{{6-{[(1 R 25)-2-methoxy-2,3-dihydro<1H-inden-1-yl]-
arino}pyrimidin-4-yl)amino]cyclopentyl Jmethyl sulfamate (Compound I-47}

[0271] To a sotubion of (1R,35,45)-3-{[fert-butyl{dimehysilyljorcyt-4-A{[[tert-
butyl{dimethyl)stiylloxylmethylcyclopentanamine (0.400 g 1.11 muenol) in EtOH (3.0 mL)
was added 4,6-dichloro-pyrimidine {(0.192 g, 133 mmol} and EtM (0310 m], 222 mmol}.
The reaction was heated 10 140°C for 1 h In a sealed tube using microwave hradiation then
concentrated in vacuo. The residue was dissolved in CHC and purified by flash
chromatography {CH,CL) to afford the e compound (0300 g, 57%).

[oz72] A mixture of N-[{(1R 35,45)-3-|[feri-butyl{dimethyl)stlylloxy)-4-{[{teri-
butyl{dirmethyDsilylJoxylmethyl)cydopentyl}-6-chloropyrimtdin-d-amine (0.114 g, 2.42
mmoal), (tR25)-2-methoxyindan-1-amine (0.170 g, 1.04 mmel) and Na,CO, (010 g, 0.57
mmmod) was heated to 186 °C for 2 h in a sealed tube vsing an il bath. The reaction was
woled and filtered. The filirate was concentrated in vacue. The resldue was purified by
tash chromatography (5010 &0 % ElOAc/hexanes) to afford the title compound as a beige
foamn (0.065 g, 46%). LC/MS: R, = 2.20 min, ES" 599 (Formic Acid).

[o27al To a solution of N-[{1R,35,45}-3-((fzrt-butyldimethysilyloxy)-4-{{ [teri-
butyl(dimethyi)silylJosy|methyDeyclopentyl]- N-[(1R,25)-2-methoxy-2 3-dikydro-1H-inden-
1-yl]pydmidine-4, 6-diamine {0.188 g, .314 mmol) in THF (2,70 mL) and IO (1.70 mL} was
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added AcOH (5,09 ml}. The solution was stired overnight then concentrated in vacuo and
purified by flash chromatopraphy (0 b 5 % MeOH/EtOAC) 1o abtain the hile compound

(0.132 g, 74%}. LC/MS: R, = 1.46 min, ES” 485 (Formic Adid).

R Fint o Farrl - i 1H-in =] ]-
i i Ja) 1 unc

[Dz74) A solution of {(1R.2R 45)-2-{[tert butyl {dimethyl)sil ylloxyH-[(6-1{(18.2R)-2-
methoxy-2,3-dihydro-1H-inden-1-yl Jamino] pyrimidin4-ylJamino]eyclopentylJmethancl
(0.112 g, D231 mmol) (azetroped with teluens) and pyridine {0.0374 mL, 0.462 munol) In
anhydronus acetonitrile {23 mil) was cogled to 0 °C. A 2 N sotelion of chlorosullonamide in
acetontrile (0.116 mL) was added dropwise and the reaction was stirred for 3h Additional
2 N solution of chlcrosul(onamlide in acctonitrile (0.026 mL) and pyridine (00041 g, 0.052
mol) were added and the reaction was strred for 1 h then quenched with methanal. The
solubion was concentraled in vacuoe and purified by flash chromatagraphy (0 to 10%
MeOH/DCM) to afford the Hile componnd as a white solid (0.059 g, 57%). 'HNMR
{CD,OD, 400 MHz, 5): 826 (s, 1H); 8.01 (s, 1H); 726-7.16 {m, 3H); 5.70 (5, LH); 5.47-5.33 (bs,
1H); 435 (t, J= 4.5 Hz, 1H); 4.31 (d, J= 7.5 Hz, 1}); 428 (d, = 7.5 Kz, 1H); 425421 (m, 1H);
415411 {dd, J= 7.3 Hz; J= 2 5 Hz, TH); 3.36 (5, 3H); 3.16-2.00 (., 2H); 2 54-2.45 {m, 1H); 2.256-
2,19 {m, 1H); 2.16-1.98 (m, 1H); 1.57-1.78 {m, 1FL); 177-1.69 {m, 2H), LC/MS: R, = 1.11 min,
ES' 450 (FA standard).

Example 45: {(15.254R)}-4-[{5-{[(15)-3,3-dImcthyl-2 2-dlhydro-1 H-inden-1-ylJarnino]-

p]n';mldm-d-}rl}nxy]-z-hydmxycydnpmtylimeﬂ\yl snlfarnate (Compound I-
124

[o275] The title comnpound was prepared in a fashion analogous to Example 34 steps a-
e using (15)-3,3-dimethylindan-1-amine in step b 1o ubtain the Htte compound. 'HNMR
(CD,0D, 400 MHz, 8): 8.14 (s, 1H); 7.26-7.15 (m, 4B); 5.83 (s, 1B); 5,59 (bs, 1F); 5.31 (ba, 1H);
439 (dt, I= 5.0 Hz; J= 2.0 Hz, 1H); 432 {dd, [= FAHz; ]= 25 H=, 1H); 4.16 (dd, =73 H=z; =
2.5 Bz, 1H); 2.57-2 47 (m, 1H); 2.46-2.39 (m, 1H); 231-2.24 (m, 1H); 2.12-1.90 (m, 3H); 1.82-
1.75 {m, 1H); 1.39 (5, 3H); 1.25 (5, 3H). LC/MS5: R, = 1.51 min, ES" 449 (FA standard). -
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Example 46: {1525 AR-4-{{4-[(1 513, 3Fdimethyl-2, 3-dihydro-1H-inden-1-ylJamino]-1,3,5-
triaz(n-2-yljamino]-2-hydroxycydopentyl)methyl sullamate (Compound I-

[0276] To a solubion of {15)-3,3-dimsthylindan-1-amina (0.67 g, 42 munol) in THF (3
mL) eooled to 0 °C was added cyanuric chloride (0.874 g, 4,74 mumol} resulling in a white
solid. CHPEA (0.724 mL, 4.16 mmol} was added and the yellow mixture was stirred [or'1.5
hours, The reaction was quenched with FLCO and extracted with DCM (3x). The comblned
organic layers were dried (Na 50, filred and collected In vacuo to give a pale yellow oil-
The residue was purified by Qash chromatography (O to 25% EtOAc/haxares) to afford the
title compound {0.771 g 60%) as a white golid. LC/MS: R = 220 min, ES’ 310 (FA standard).

102771 To a solution of (1R 35,45)-3{{tert-butyl{dimethylsilylloxy}-4-{([feri-
butyl{dicnethyl)silylloxylmethyleyclopentanamine (G200 g, 0.536 munel), TEA (0.2 mL,
1.50 mumol} in THF (0.80 mL) was added 4,6-dichloro-N-[(15}-33-dimethyi-2.3-dihydro-1H-
inden-1-y1}-1,3,5- iazin-2-amine (0.160 g, 0.500 mol). The reaction was shirred for 3.5 h then
concentrated in vacuo. The residue was purified by preparative TLC (10% ElOAc/hexanes)
followed by DICMWL The relevant band was cut and washed using acetone, fillered, and
concentrated in vacuo 10 afford the fitle compound (0228 g, 71%). LC/MS: R, =277 min,

E5" 633 (FA standard).

Step e {(1R 2R A5 2 {[tert-butyl{dimethvl)silyljoxy }-a-[{4-chlom-6-|{{1 R}-33-dimethyl-
2 dro-1H-inden-1-¥lla =13, 5-triaz|n-2-yIlamnj 1} m
fo278] The Htle compound was prepared following the procedure described in

Example 44 step c vsing N-[(1R 35,45 3-{[terr-butyl{dimeihyDsilylleccy]-4-{{[2ert-
butyl{dimethyl}silyljoxy] methyl)cyclopentyl]-6-chloro-N-[{15}-3 3~dimethyl.-2 3dihydreo-
1H-inden-1-yl}-1,3,5-triazine-2,4-diamine. LC/MS R, = 2.20 min, ES' 518, 520 {(FA standard).

d: 7 [tert-Bubyl [dime lhylisily} =1 4~ - 1-2
dih 1H-An 1- i triazln-2-vilamino l]meithanal
[D279] To a solution of [{1R2R,45)-2-[[lert-butylidimelhyl)silyl]oxy -4 {{4+chloro-6-

([{1R)-3.3-dimethyl-2 3-dihydre-1H-inden-1-ylJaminc}-1,3,5- riazin-2-yljamino] cyclopentyl!-
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methancl (0.083 g, (.16 mmnY) in EHOH (1.11 mL} was added Pd (10% on carbon)} (00170 g
0.0160 mmol) and the mixture was stirred under an atmosphere of hydrogen for 4d. The
reacton was purged with nitrogen for 30 minutes then PA(OH), (20% on carbon dry weight)
{ﬂ.ll.'.rll £, 0016 mmal} was added and the mixture was stitred for 4 h under an atmosphere of
hydrogen. Filttation of the mixture through a pad of celite, followed by flash
chromatography (50-100 % EtQAc/hexanes) afforded the title compound (0.027 g, 35%).
LC/MS: R, = 1.861 min, ES* 484 (FA standard).

* & 1 -4 3 3-dlmpthyl2 H-inden-1-yltamino)-1

. [0250] The Htle compound was prepared following the procedure described in
Example ¢4 step d using [(15,25/4R}-2-{[lert-butyl{dimethy silyl]oxy}-4-[(4-[1(15)-3,3-
dirnethyl-23-dihydro-1H-inden-1-ylJaminol-1,3,5- triazin-2-yaminolcyclopentyi] methanol,
"H NMR (CD,OD, 400 MEz, 5): B.17-7.61 {m, 1H); 7.27-7.15 (m, 4H); 5.71-5.57 (m, 1H); 4.65-
4.49 (m, 1H); 4.36-423 (m, 2H); 420-4.00 {m, 3H); 2.53-2.33 {m, 2H); 225-2.10 {m, 1H); 206~
1.68 {m, 4H); 1.29 (5, 3K; 1.24 {5, 3H). LC/MS: K, = 1.20 min ES™ 449 (FA standard),
Example 4%  {(1R,2R,35,4R)-2,3-dihydroxy-4-](4-{[{1R 25)-2-methoxy-2,3-dlhydro-1H-

inden-1-yljaminal-1,3,5-triazin-2-yl)Jamlnojcyclopentyl]methy! sulfamate
{Compound 1-55)

[o2511 The title compournd was prepared lollowing the procedure described in
Example 46 (step €} using |(3aR,4R 6R.6a8)-6-[(4-([{(1R,25)-2-methoxy-2,3-dihydro-1H-inden-
1-yijamino}-1,3,5-triazin-2-yljamino]-2 2-dimethyl mtrabwdro-3aH-cyclopenta[dlf1,2] dioxc)-
4-yl)methano| (prepared as in Exarnple 26). 'H NMR {CD,00, 400 MHz, §): 8.10-7.95 {m,
1H); 7.30-7-14 (m, 4H); 5.72-5.56 (m, 1H); 4.26-4.08 {m, 4H); 3.95-3.78 {m, 261); 3.37 (s, 3E);
3.15-2.93 {m, 2H}; 2.42-2.17 (m, 2H); 1.37-1.78 (m, 1H). LC/M5 R, = 1.07 min ES' 467 (FA
standard).

Example 48: ((1R,2R,35AR)-2,3-dIhydroxy-43-{[6-(phenylethynyl)pyrimidin-4-yllamino)-
cyclopentyl)methyl sulfamate {Compound I-108)

5 : iR R}3 imnidin—4-yllami h
cyelopentane-1.2-dial

{oza82] To a solution of (2 R,25,2R 3R }-3-amino-5-(hydrexymethyl)cyclopentane-1.2-
diel«HC] (1.00 g, 5.44 munol) and 2-amino-4,6-dichioropyrimidine (0.982 g, 599 mmol) in
isopropyl alechol (8 miL) was added ELIN {1.90 mL, 13.6 mmol), The reaction was heated to
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90 °C for 1 h in an il bath then cooled, Bllered and concentrated in vacuo. The residue wasg
disaolved in CH,C), and purified by Aash chromatography (20 to 50% MeOH/ CH.CL) 1©
afford the Hlle compound as an off-white solid (2.025 g, >99%). LC/MS: R, = 051 min BS”
250 (FA standard).

Clep b: sty
1.2-dlol
(D283} To a solubion of (iR 25,3R SR}-3-[(6-chloropyrimidin-4-ylJamino}-5-

(hydroxymethyl)eyclopentane-1.2-dicl (1.880 g, 7239 mmol) In hydrolodic add (23.9 mL)
was added sodium iodide (5.42 g, 36.2 mmol). The mixture: heated 10 70 °C for 10 min then
conecentrated and azeptroped using oluene (3x). The residue was dissclved in acetone and
NaHCO, was added. The suspension was filtered and Lhe filfrate was concentrated in vacuo

10 cbtain the e compound (24 g, >99%). LC/MS: R = 0.76 min ES' 352 (FA standard).

[0284) The title compound was prepared following the procedure desaribed in
Example 1 step b using (15,2R,3R SR)-3-(hy droxymethyl}-5-[{&-lodopyrimidin-4-yl}-
aminp]eyclopentane-1.2-dicl. LC/MS: R, 1.24 min ES' 392 (FA standard).

Step d: ! - i 1 }-2.2-
i dro-Ja enta{d][t 3]dioxol i jirnidi arming

(e285) To a solution of {{3aR 4R 6R,6a5)-6-[(6-icdopyrimidin-4-yDamine]-2,2-
dimethyltetrahydro-3aH-cyclopenta[d][1,3]d{oxol-a-ylimethanol {1.321 g. 3.38 mmol) and
1H-imidazole (0.552 g, B.10 mmol) in DMF {16.9 ml} was added ferf-butyldimethylsilyl
chlorde (0.534 g, 3.54 munol) and the reaction was stirmed overnight  The solubon was
diluted with HO and extracted with E¥OAc (3x). The combined organic layers were washed
with brine, dred (NaS0,), filtered, and concentrated In vacuo. The crude mixture was
purfied by flash chmi:namgmph}r {10 te 0% ErDAc/hexanes) to afford the title compound
(1465 g 86%). LC/MS: R, = 2.47 min E5* 506 (FA Standard).

Slep e: N-[{3a8 4R 6R GaR)-6-({[Feri-butyl{dimethylisilyl oxylmethyl)-2,2-
cimethyltetrahydro-3aH-ryctopentaldlil 3]dionol-d-yl] -&{phenylethynyl}-
pyrimidin-4-aming

[0286) To a solution of N-[{315 4R, 6R 6aR)-6-({[lert-butyl{dimethyl)silylJoxy rmethyl}-

22-dimethyltetrabydro-3aH-cyclopenta[d][1,3]dlaxol-4-yl]-E-lodapyrimld in-4-amine ((.300
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g 0594 mmgl) in DMF (246 mL) was added Cul (0.0113 g, 0.0594 mmicl) and
bls{triphenylphosphine)palladium{Il) chloride (0.0252 g, 0.0415 mmol). The tube was sealed
and flushed with argon. EtN (0.165 mL, 1.19 mol} was added ang the reaction was stirred
for 1 h. Fhenylacetylene (0,216 mi., 1,96 mmol} was added and the reaction was stirred
overmight. The suspension was filtered and Ehe filltate was concenicabed in vacuo. The
crude mixture was purified by flash chromatography {10 to 40% EtOAc/hexanes) to afford
the title compound as a yellow oil (0.238 g, 84%). LC/MS: R, = 247 min, E3" 480 (FA
standard).

[02497] . To a solution of N-[{2aS 4R, 6R,6af)-6-{{ [teri-Dutyl{dimethyl}sllyl]oxy jmethyl)}
2, 2-dimsthyltetrahydro-3aH-cyclopentaldj[13ldionol-4-ylH-(phenylethynylypyrimidin-4-
amine (0275 g, 0573 mrnol) in THF (2 mLL) and pyridine (2 mL) in a teflon vial was added
pyrdine hydrofjuoride 1.3 mL, 0.014 mol} drapwise. The reachon was stirred for 1.5h
then quenched using a saturated aqueous Na,CQ, solution {15 mLY and EtOQA<c. The
agueous layer was extractked with EtOAe (3 x 20 mL). The combined organic layers were
dried (Na,50,), filtered and concentrated in vacuo. The residue was purified by flash
chromatgraphy (0 to 5 % MeQH/EtOAC) 1o alford the title compound a5 a yellow solid
(0.172 g, B27%), LC/MS: R, = 1.29 min, ES® 356 (FA standard).

[oza8] The title compound was prepared following the procedure described in
Example 1sleps d-e using ((3aR,4R,6R,6a5)-2.2-dim ethyl-6- [[6-{phenylethyny))pyrimidin-4-
ylJaminetetrahydro-3aH-cyclopentald][1 3ldioxol-4-ylmethanol. 'H NMR (CD,0D, 400
Mz, 8): 8.36 (s, 1H); 7.80-7.54 (mn, 2ED); 7.457.36 (m, 3H); 6.69 (bs, 1H); 4.33 {bs, 1H); 4.23-
4.14 {m, 2H); 3.92-3.88 (m, 1H); 2.85-3.61 (m, 1H); 3.22-328 {m, 2H); 2.46-2.30 {m, 2H), 1.39-

1.27 (m, 1H). LC/MS: B = 1.08 min, ES" 405 (FA standard).
Example 4%: [(15,25,4R}-2-hydroxy-4-{{6-[(L-naphthylmethyljamine]pyrimidin-d-yl}-
uxylcyclopentyllmethyl sulfamate (Compound I-42)

[0285] The title compound waa prepared in a fashion analogous to Example 34 steps a-
e using l-naphthalenemethylamine In sbkep b to obtain the title compound. 'HNMR

(CD,OD, 400 MEiz, 5): 8,13 (s, 1H); 8.04 (d, ]= 9.0 Hz, 1H); 7.87 (d, J= 7.5 Hz, 1H}; 7.79 (d. J=
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8.0 Hz, 1H); 7.54-7.39 (my, 5H); 5.75 (s, 1H); 531-526 (m, 1H); 4.92 (5, 2H); 439425 {m, 2H);
4.17-4.06 (m, 1H); 2.52-2.42 {m, 1H); 226-2.19 (m, 1H); 2.05-1.54 (m, 2ZH). LC/MS: R =155
min, ES® 445 (FA standard).

Example 50: [(15,25,4R)-2-hydroxy-4-([6-[(1-naphthylmethyljamino] pyrimidin-4-yl}-
oxy)cyclopentyllmethyl gulfamate (Compound <119}

[e290] To 2 solution of 4-[[(1R,35,45)-3-[[feri-bulyl(dime Bul)silylloxy }-4-([ftert-
butyl(dimethyD)sliylJoxy)methyl)cyciopentyl]oxyl-6-chloropyrimidine {0.200 g, 0.423 mmaol)
and 1-naphthaleremethanol (1240 g 0888 mmo!l)in DMME (1 ml) was added sodinm

hydride (0.0355 g, 0.888 mmol) and shisred for 3 h. The mixbure was diluted with HO and
extracted with EtQAc. The combined organic layers were washed with brine, dried
(Na,50), filtered, and concentrated in vacuo. The residue was purified by flash
chromatography (D to 20% EtDAc/ hexanes) to affard the dtle compound (0.139 g, 55%}.

Skep e 2- snaphth [jarmin irnddi 1
axyicydopentyllmethyl sulfarmate
[0251] The title compound was prepared following the procedure desaibed in

Example 44 (stepa o-d) and Example 48 (step f) using 4-{[{1R 35.45)-3-{[teri-butyl{dimathyl)-
sllyl]oxy)-4([[teri-butyl{dimethyl}sil ylloxy)methyl}cyclopentyllosy] -6-(1-naphthylmethoxy)
pyrimicine. "H NMR (CD,0D, 400 MHz, §): 8.39 (s, TH); 8.01 (d, J= 8.8 Hz, 1H); 7.88-7.81 (m,
2H); 7.57 (d, J= 7.0 Hz, 111); 7.53-7.40 (m, 3H); 6.14 {5, 1H); 5.79 (s, 2H); 5.50-5.42 {m, 1H);
4.35-4.31 {mn, 1H); 430425 {m, 1H}; 4.154.03 (m, 1H); 2.53-2.42 (mn, 1H); 230-221 {m, 1H}:
2.08-167 (m, 3H). LC/MS: R, = 1.82 min, ES" 446 (FA standard),

Example51: ({15,258 AR)-2-hydroxy-4-|[6(2-phenylethyl)pyrimldin-4-¥l]amino]-
cyclapentylimethyl sulfamate (Compound I-51)

el lyljoxyl-

[0292] The title compound was prepared following the proceduse described in
Example 44 step a ualng 4,6-<liocdopydmidine heating to 150 °C for 300 sec.
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5 i - ubyifdime silyl tart-hubyl{ dimethyl)sil -
1 - = oym a

[0293] The Htle compound was prepared following the procedure described in
Example 48 step e. LC/MS: R, = 3.56 min, ES™ 538 (FA standard),

5

[02%4] The HHe compound was prepared following the procedure described in
Example 3d using N-[{1R 35,48)-3-[[ tert-butyldime thyl)sylloxy H4-({[tert-butyl{dimetiyl)-
silyllexylmethyl)cyclapentyl]-6-(phenylethynylpytimidin-4-amine and Pd(OF), on carbon
(20% dry welght), LC/MS: R, =230 min, ES" 542 (FA standard).

Stepd: __ {{2525,4R)-2-hydrowy-4-1[6-{2-pherryleth i arp 1
methyl sulfamate (Compaynd I-81)
[0295] The Hile compound was prepared foliowing the proced ure described in

Example 46 steps c and e and Example 48 step £, "H NMR (CD,0D, 400 MFz, 8): B30 (s, 1H);
7.26-7.20 {m, 2H); 7.18-7.13 (m, 3H); 6.18 {5, 1K): 4.35-4.26 {m, 2H); 4.15-4.05 (m, 1H); 2.97-
2.90 (rn, ZH); 2.85-2.76 (0, 2H); 2 51-2 41 (m, 1H); 2 24-2 15 {m, 1H); 1.82-1.73 (m, 1H); 1.70-
1.60{m, TH); 0.94-0.85 {m. 1H). LC/MS: R, = 1.38 min, ES' 393 (FA standard).

Example 52: ((15,25,4R)-2- hydroxy-4-|{6-(2-naphthylmethoxy)pyrimidin-g-ylloxy}-
cyclopentyl)methyl sulfamate (Compound I-141)

[0298] The tile compound was prepared following Lhe procedure described in
Example 50 using 2-naphthalenemethancl. 'H NMR (CD,0D, 400 Mz, &): 8.39 (s, 1H); 7.68
(s, 1HD); 7.86-7.81 (m, 3H); 7.52 (dd, = 8.5 Hz, J= 1.76 Hz, 1H); 749-7.44 (m, 2H); .12 (3, 1H);
533-53.48 {m, 1H); 4-36-4.35 (m, 1H); 4-34-4.29 {m, 1H); 4,17-4-12 {m, 1H); 2.56-2.46 {m, 1H);
232-2.26 (m, 1H); 203191 (m, 3H). LLC/MS: R, = 1.82 min E5' 446 {FA slandard).

Example 53:  ((15.25A4R)-2-hydroay-4-[(6-1[{1R, 25} 2-me lhoxy-2, 3-dihydro-1H-inden-1-vl]-
oxy|pyrimidin-4-yloxylcyclopentyljmethyl sulfunate (Compound 1-96)

Stepa: _(1R.25):1-T(6chloropyrimidin-2-yloxylindan-2-ol and {IR,25)-2-1{6-
chlorgpyrimidin-g-vhoxylindan-1-ol
[0z97] The title compounds were prepared [ollowing the procedure described in

Example 34 step a using (1R,25)indane-1,2-diol (0.5 g, 3.00 mumol} (Yanagimachl, K. S;
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Stafford, D; Dexter, A; Sinskey, A; Drew, 5; Stephanopoulos, G. Eurgpean fournal of
Biocheristry. 2001, 268, 4950-4960) as a 1.2:1 ratio of 2-O-pyrimidine to 1-0-pyrimldine.

[0298) Toa Hame dried flask cantaining 4A malecular sieves {0.700 g) cooled vnder
njtrogen and equipped with a reflux condensar was added silver(l) oxide (3 g. 10.0 mmol),
(LR, 25)-1-[(6~chloropyrimidin-4-yhoxylindan-2-0} (365 g, 1.39 mmol) , and ELO (10 mL).
Mel (3.08 mL, 495 runal) was pre-purified through an alumina plug 2and added to the
mixture. The reaction was heated o 40 *C for 2 h. The reaction was diluied with ELO,
fltered through a pad of celite and concentrated in vacuo. The residue was purified by flash
chromatography (15 to 30% EtOAc/hexanes) to obtaln the title compounda as a i:1 mixture
(0.540 g, 70%6).

[0295] Te a solutian of (1R,3545)-3-{[terl-butyl{dimethyDsilyl)oxy)-4-({[rert-
butyl(dimethyDsilyl]oxy)methyllcydopentanel (0,334 g, 0.928 mmol) and sodium hydride
(0.0779 g, 1.55 mmol)ln DMF {3 mL) was added 4-chlorc6-[[(1R.25+2-methoxy-2,3-dlhydro-
1H-inden-1-ylloxylpyrimidine {0.539 g 1.95 rumol). The mixhire was sticred For 5 h then
quenched with FLO and extracted with EtOAe (3x). The combined organic layers were
washed with brine, dried (Mg50,} and concentrated in vacuo. The residue was purified by
Itash chromatography (0 to 30 % EtOAc /hexanes) to obtain the tille ecompounds (0124 g,
22%).
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[0300) The title compounds were prepared using the procedure described in Example
51 step d using 4-[f(1R.35,45)-3-[[tert-butyl(dimethyslylloxy}-4-{{fterl-butyl{dimethy
Ysilyi]osy|methyl)cyclopentyljoxy-6-{[(1R,25)-2-methoxy-2,3-dihydro-1H-inden-1-ylloxy}-
pyrimidine, and ferf-butyN[(15,25,4R)-2-{{fzr-butyl{dimethyl)styljoxyl-4-{3-[(1R,25)-1-
methaxy-2,3-dihydro-1H-inden-2-yf oxy) phenoxy)cyclopentyifmethoxy)dimethylsilane, and
(AR A5A53-([tert-buty)l{dimethyDsilyl]oxy] 4-{{[ter+-butyl(dimethyl)silylloxylmethyl)
cyclopentylJoxy)-6-([(15,2R}-2-methoxy-2,3-dihydro-1H-inden-1-ylJoyipyrimidine, and fer:-
butyl[(15.254R)-2-[Ttert-butyl(dimethyl) silylloxy]-4-(3-{[(152R)-1-methary-2 3-dihydro-1H
-inden-2-yiloxyjphenoxy)cyclopenty)}methoxy)dimefhylsilane.

Example 54: [{15.25,4R}-2-hydmxy-¢-[{5-|[{1Rﬂﬁ}z-mmoxy.z.a-dihgmm-mdm.Lﬁ]-
oxylpyomidin<4-y)oxyleyclopentyllmethyl sulfamate ound I-95)

(0301} 'H NMR (CD,0D, 400 MHz, 5): 8.4 {5, 1H); 7.45 {d, J= 7.3 Hz, 1H); 7.32-7.25 (m,
2H); 722-7.17 (m, 1H}; 653 (d, J= 5.0 Hz, 1H); 6.12 (5, 1H); 5.52-5.4% (m, 1H); 4.39-4.35 (mn,
1H); 4.35-4.27 (m, 2H); 4.14 (dd, J=9.8 Hz, J= 2.5 Hz, 1H); 3.37 (s, 5H); 320-3.06 (mn, 2H); 2.56-
2.47 {n, 1H); 2.34-2.25 (m, 1H); 211-1.89 (m, 3H), LC/NS: R, =164 min, ES' 452 (FA
standard).

Example 55  [(15254R)-2-hydroxy-4-[(6-{[(1R25)}-1-methoxy-2,3-dihydro-1H-inden~2-y1]-
oxylpyrirnidin-&-yloxykyclopentyllmethyl sulfamate (Compound I-79}

[0302) "H'NMR (CD,0D;, 400 MHz, 8): 8.40 (s, 1H); 740 (d, J= 7.3 Hz, 1H); 7.33-7.23 (m,
3H); 6.13 (g, 1H); 5.78 (q, J= 5.77 Hz, ]= 552 Hz, 1H); 5.54-547 {m, 1H); 494 {d, J=4.77 Hz,
1H); £.41-4.36 (m, 1H); 4.35-4.29 {m, 1H); 4.18-4.12 {m, 1H); 3.36 {s, 23H); 3.28-3.23 (m, 1H);
3.20-3.12 (m, 1H); 2.57-2.47 (m, 1H); 2.33-2.25 {m, 1H); 2.10-1.90 (rn, 3H). LC/M5: R =164
min, ES* 452 (FA standard}.

Example 56: ({1525 4R)-2-hydroxy-4-((6~{[{15.2R)-2-melhoxy-2,3-dihydro-1H-inden-1-y1]-
oxy]pyrimidin-4-yloxylcyclopentyl)methyl sulfamate (Compound 1-98)

[0303] "H NMR (CD,0D, 400 MHz, §): 8.44 (s, 1H); 7.45 (d, J= 7.5 Hz, 1H); 7.32-7.25 {m,
2H); 7.23-7.16 (m, 1H); 653 {d, J= 5.0 Hz, 1H); 6.12 (s, 1H); 553-5.47 (m, TH); 4.40-435 (m,
1H); 4.34-4.27 (m, 2H); 415 (dd, ]=7.3 Hz, J= 5.1 Hz, 1H); 337 {5, 3H): 3.19-3.06 {m, 2H); 255
2.47 (m, TH); 2.33-2.25 {m, 1H); 210-1.90 (m, 3E]). LC/MS: R = 1.65 min, ES” 452 {(FA
slandard).
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Example 57:  [{15254R)-2-hydrocy-4-[(6-{[ (15, 2R}-1-methoxy-2, 3-dihydro-1H-inden-2<yl]-
oxy}pyrimidin-4-yljoxylcyclopentyl|methyl sulfamate {Compound I-77)

[0304) "H NMR (CD,0D, 400 MHz, 5): 840 (s, 1H); 7.41 (d, J= 7.0 Hz, 1H); 733-723 (m,
3:); 613 (5, 1H); 5.31-51.?6 {m, 1H}; 5.55-5.48 (m, 1H); 4.94 {d, J= 5.0 Hz, 1H1); 441-4.36 {Im,
1H); 432 {dd, = 9.8 Hz; J= 2.3 Hz, 1H); 4.15 (dd, J= 5.6 Hz; |= 2.5 Hz, 1H); 3.38 (s, 3H); 3.28 -
322 {m, 1H); 3.20-3.12 (m, 1H); 2.57-2.47 (m, 1H); 233226 (mn, 1H); 2.10-1.93 {m, 3H),
LC/M5: R, = 1.64 min, ES' 452 (FA Standard).

Example58: [(15,25,4R)-2-hydroxy-4-[(6-phenylpyrimidin-d-yljoxylcyclopentyl Imethyl

sulfamate {(Compound J-114)
Step a 1K 3-{[eeri Wlirne th 1
methyl Ipyrimidin

10305 A flask containing 4-([{(3R,35,45)-3-[{tert-butyX(dimeihyl)silyTJoxy}-4-([[ter2-
butyl{dimethyl)silylloxylmethyljcycopentyljoxy)-G-chloropyrimidine (0300 g, 9.634 mmol),
phenylboronte acid {0.0626 £ 0.570 muno!), a 2.00 M zolution of ¥,C0, In FLO{0.317 mL},
EtOH (0.0244 mL) and toluene (1.417 ml) was purged with argon for 20 minutes.
Tetrakis{triphenylphesphine)palladium{0} (0.0264 g, 0.0229 munol) was added and the
mixture was refluxed overnlght. The reaction was cooled and diluted with HO. The
aqueous layer was extracted with CELCL (3x). The combined arganics were washed wilh
brine, dried (Mp50.) and concentrated in vacuo. The residue was purified by flash
chromatography (0 10 10% EtOAc/ hexanes) to afford the title compound (0224 g, 76%:).

[0305] The title compound was prepared as described In Example 46 steps ¢ and e and
Example 48 step f using 4-{[{1R35,45)-3-[fert-butyl(dimethyDsilyl Joxy]-3-({[tert-
butyl(dimethyl)silylloxyimeihyl}cyclopentyljoxy)-6-phenylpyrimidine. "H NMR {CD,0OD,
400 Mz, 8): 8.73 (3, 1H); 8.03-7.98 {m, 2H); 7.51-7.47 (m, 3H); 7.21 (s, 1H); 5.70-5.65 (m. 1H);
4.44-499 (m, 1H); 435 (dd, J=7.5Hz, [= 2.3 Hz, 1H); 4.17 (dd, |= 7.3 Hz, |= 2.5Hz, 1H); 3.30
(g.J= 393Kz, )= 1.6Hz, 1H); 2 62-2.51 (m, 1H); 2.38-2 30 (m, 1H); 2-17-1.96 {m, 3H). LC/MS5: R,
=1.55 min, ES" 366 (FA standard).
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Example 5%  [(15254R)4-[(6-benzylpyrimidin-4y])oxy]-2-hydrexycyclopentyllmelhyl
sulfamate (Compound I-132)

10307} To a solution of 4-|[(18,35,45)3-{[fert-buty [{dimethyDsilyljoxyl-4-{(tert-
butyl(dimetiysilylloxy Imethyl)cyclopentyljoxy}-6-chloropyrimiding (0:264 5, 0.559 mmal)
and ferric acetylacetonate {00385 g, 0.112 munal} in THF (¢ mL) was added a 1.00 M solution
of benzylmapgnesium bromide in THF (2.52 mL) and the mixture was sHmed overnight. The
reaction was quenched using NFLCl and extracted with EtQA«c {3x). The combined arganic
layers were dried (Na,50,), fltered and concentraled in vacuo. The residue was purified by
Aash chromatagraphy (0 to 15% EtQAc/hexanes) to afford the tifle compound as a clear ¢il.
(0.254 g, B6%).

[0308) The title compound waa prepared as described in Example 46 steps c and € and
Examnple 48 step f using 4-benzyl-6-{[{1R,35,45)-3- (Itert-butyl(dimethyf)silyi}oxy }-4-{([ters-
butyl{dire thyl)sliyt] oxylmethylcyclepentytloxyipyrimidine. 'H NMR (CD,0D, 400 MHz,
8): 8.69 (s, TH); 7.38-7.22 (mn, 6H); 6.41 (s, 1H); 5.65-5.58 (m, 1H); 4.52-4.47 {m, 1H); 4.45-4.39
{m, TH); 431-4.25 (m, 1H); 403 (5, 2H); 2.63-2.53 (m, 1H); 2.37-2.28 (m, 1H); 2.16-1.84 (m, 4T1). -
_LC/MS: R, = 1.42 min, E5" 380 (FA standard).

Example 60: ((1R.2R 35,4R)-2,3-dihydroxy-4-[[6-(2-phenylethyl)pyrimidin-4-pllamino]-
cyclopentyl)methyl sulfamate (Compound I-85)

Slepa: R 2 2=dimethy] &-{2-phern Lnidin-4- inol-
[l 1.3]1di 4yl
[0agu] The ttle compownd was preparcd follawing the procedure described in

Fxample 46 step d uslng ((3aR 4R,6R, 6a5)-2,2-dimethyl-6-][6-(phenylethynyl} pyrimidin-4-
yljaminoltetrahydro-3aH-cyclopenta[d)[1.3]diexd-4-ylmethanol .

[0310} The tifle compound was prepared following the procedure described in
Example 48 step g using ({3aR 4R 6R,6a5)-2 2-dimethyl-6-{[6-(2-phenylethy]) pyrimidin-4-y1]-
arnino] tetrahydro-3aH-cyclopentald}f1,3]dioxol-4-yiimethanol. 'H NMR (CD,0D, 400 MEz,
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&): B.45 {5, TH); 7.30-7.16 {rm, 5H); 6,41 (bs, 1H); 441 (bs, 1H); 4.19-4.12 {n, ZH); 3.90-3.85 {m,
1H); 3.83-3.78 (m, 1H); 330 {5, 2H); 5.03-2.86 (m, 4H); 2-41-2.29 {m, ZH); 1,37-1.26 (m, 1H).
LC/MS: R, =0.99 min, E5” 409 (FA slandard).
Example 61;  [(15,3R AR)-3-([6-1(15)-2,3-dihydro-1H-inden-1-ylamina)pyrimidin-4-yt|-
amino)-4-hydmxycyclopentyi)methyl sulfamate (Compound -76)
IR 2 = ape
[0311] A solubimm of (1R, 3R, 55)-5-oxabicyclo[3. 1.0 hex-3-ylmethano! (0.419 g, 3.67
mmel) (Feeya, David. Journal of Organic Chemistry, 1981, 46, 3512-3519) In amamonium

hydroxide (7.22 ml) was heated to 65 % ovemnight. The solution was concentrated in vacun
and azeotroped with toluene (3x} lo afford the bile compound as 2 elear oil (0473 g, 36%).

SI’E h:’

[0312] The title compound was prepared following the procedure deseribed in
Ewample 48 steps ¢-d using (18,28 AR)-2-amino-4-fhydroxymethyl}cyclopentanol-

[0313) To a solution of {1R,2R AR)-4-{{[tert-butyl{dimcthylsilyl]oxy]lmethyl)-2-({6-
[(15)-23-dihydre-1H-Irden-1-ylamirolpyrimidin-4-yt|amino}cyclopentanc! (0.193 g 0.424
mmol), N,N-dimathylamingpyridine (4.7 mg, 0.039 mmol) and pyridine (0.281 mL, 3.48
mmol) in DOV (21 mL) was added acefic anhydride (0.044 mL, 0146 mmol) and the mixture
stirred overnighl. The reacton was diluted with CH,CL, (10 mL) and H;( (20 mL) then
stirred for 10 m. The organic layer was separated and the aqueous layer was extracted with
CELCL, and combined organics were washed with ELO. The urg;-mic layer was dried
{MgSO,), Hltered and concentrated in vacuo to obitain the Litle compound. LIC/MS: R, = 1.74

min, BS” 498 (FA Standard),

(0314] The tille compound was prapared following the procedure described in
Example 57 skep & using {1R2R ARy-4=(|[feri-buty{dimeathyl)silytloxy)methyl}-2-(16-](15)-2,3-
dihydro-1H-inden-1-ylamino]pyrimidin-4-yljamino)cyclopentyl acetate. "HNMR (CD,OD,
400 ME, 8): 7.95 (s, 1H); 7.28-7.14 {m, 4H); 5.66-5.61 (m, 1H); 5.30 (bs, LET); 4.07 (5, 1FD): 4.05
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{s, LH); 4.02 (g, J= 53Hz, 1H); 3.62 {ba, 1H}; 3.05-2.956 {m, 1H); 2.92-2 82 (m, 1H); 2 53-2 52 (m,
ZH); 2.41-2.30 (m, 1H); 139-1.28 (tn, IH). LC/MS: R, = 0.94 min, ES" 420 (FA standard).

Example 62=  [(1R,3RAR}-3-[6-[{15)-2,3dibydro-1H-inder-1-ylamino) pyrirmdin-4-yi}-
arnino}-4-hydroxycycopentytjmelhyl sulfamate (Compound 1-58)
foais] The Htle campound was prepared following the procedure desccibed in
Example 59 steps a-d using (15.25 AR)}-2-amino-4-(hydsoxymethyt joyclopentanol, 'L NMR
(CD,OD, 400 Milz, 8 7.95 (s, 1ED); 7.29-7.13 (m, 5H); 5.61 (d, J= 5.0Hz, 1H); 5.30 (bs, TH); 4.08
(s, TH); 4.06 (s, TH); 4.01 {q, = 6.3z, 1H); 3.82 (bs, 1H); 2.04-2.95 {m, 1H}; 2.92-2.83 (mn, 1H);
2.61-2.46 (m, 2H); 225-2.17 {mm, 1H); 2.05-1.95 (m, 1H); 1.93-1.82 (m, 113); 1.80-1.73 {m, 131);
1.45-1.40 {m, 1H). LC/MS: R =094 min. ES" 420 {FA standazd). !

Ezample 63:  [(1R,2R 35 4ARy4-[{6-[(15)-2,3-dihydro-1H-Inden-1-ylamIne)pyrimidin-£-y1}-
{methyfamino]-2,3-dihydroxycyclopantyl hnethyl sulfamate (Compound I-
10#)

tepr a: 3a R ~6-{{[ter 1fdi ilyiloxylm 2.2~
i ah ioxal-4- N-
m loyrimidin-d-
[0316] To a mixed solution of N-[(3a54R 6R,6aR)-6-({{tert-butyl{dimethyl)=ilyl]oxy -
methyl}-2,2-dimethyltetrahydro-3aH-cyclopentald][1,3} dioxol-¢-y1]-6-chtoropyrimidin 4- -
amine {405 mg, 0.98 nmol) in THF {20.0 mL) and DM (2.50 mL) was added sodiwn
hydride (47.0 myg, 1.17 mmol) under an atmogphere of Argon, and the mixiure was stirred
for 15 minites. Methyl iedide {0.08 mL, 1.27tunol) was added to the mixbure, and the -
te=mlling misxhome was stirred for 1 he Aflter quenching by addition of brone (20.0 ml), the
mixture was exkracted with ethyl acetate (3 x 400 mL), The organic layers were combined,
dried over MgSO,, filtered, ard evaporated under vacuum, The residue was purified wia
sllica gel column chromatography eluting with a gradient of 5 to 15 % ethy] acetate in DO
bo afford the Gitle compound (381 mg, 91 %) as a colorless ofl. LC / M5 : R = 2.55 min, ES*

428 3 (AA standard).

03171 To a stirred solution of N-{(3a5,4R 6K, 6aR}-6-{|[tert-butyl{dimethy])silyl]oxy)-
methyl}-2,2-dimethyltetrabhydro-3aH-cyclapentaldif1,3]dicxal-4-y1]-6-chtoro-N-
methylpyrimidin-4-amine {400 mg. 0.93 mmel) In THF (10.0 mL) was added 1M solutdon of
tetra-n-butylammonium fluoride in THP (1.00 mL, 1.00 munol), and the mixture was stirred
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for 2 h After quenching by addition of brine (20.0 mL), the resulting mixture was extracted
with ethyl acetate (3 x 40,0 mL), The organic layers were combined, dried aver Mp30,,

filtered, and cvaporated under vacuurn. The residue was purified via silica gel column
<hromatography eluting with a gradient of 40 to 100 % ethyl acetate in DCM to afford the
Htle compound (261 mg, B2 %) as a colodess oil LC / W5 : R, = 1.24 min, ES 3142 (AA

[0316] [(3aR AR R, 6a5)-6-[(6-chloropyrimidin-d-yl)(meihyl)arnine]-2,2-
dimethyltetrahydro-JaH-cycopentald][1,3]dicxol-4-y]jmethanal {130 mg, 0.41 mmol) was
weighed into a microwave reacton ube and dissolved in 1-butanol (150 mL). To this
solution was added N N-diicopropylethylamine {0.22 ml., 1.24 mmaol) and (5)-(+)-1-
arninwindan (0.16 mL, 1.24 runel) and the mixture was heafed in a s2aled twbe onder
micowave irradiation at 200 *C for 4 . The reaction mixture was concentrated under
vacwn, and the residue was purified via silica gel column chromatography eluting with a
gradient of 2 ko 5% methanol in DICM Lo afford the title compound (40.5 mg, 24 %) asa
colorless oil. LC / M5 : R,= 1.49 min, 5" 4115 (A A standard).

[0315] The titie compouns] was prepared following the procedure descibed in
Exarmple 1 step d. LC / MS : B, = 1,68 min, ES’ 4903 (A A standard).

Step o1 R ih i 1y-1-ylamino amnidi
ming ihyd clopeniyl]meth Em d I-106

[03208 To a stirred solution of |(3aR,4R,6R 6aS)}-6-[[6-[(15)-2,3-dihydro-1H-inden-1-yi-
amino}pyrimidin-d-yl{methyl)Jamino]-2,2-dimethyl tetrahydro-3aH-cyelopentald]f1,3]dioxol-
4-yl)methyl sulfamate (12.0 mg, G.02 mmol} in methanol {3.00 mL} was added 1.00 M
hydmchleric add {ir.'.'.lﬂ ml), and the mixture 1;.w.rsn.-;. stirred for B h. After qt-mnching by
addition of saturated NaHCO, solution, the resulbing mixhire was evaporated under
vacuwm. The residue was purlfied via silica gel column chromatography eluting with a
gradient of 5 to 10 % methanol in DCM to afford the title compound (7.80 mg, 71 %). 'H-

NMR (400MHz, CD,00) &: 8.01 {5, 1H}, 7.27-7.13 {m, 4H), 5.67 (s, 1H), 5423 im, 1H},
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4.B8-4.75 {m, 1H), 4.17 {d, 2H, J= 5.6 Hz), 4.04 {dd, 1H, J= 8.8, 6.1 Hz), 3.98 {dd, 11, J= 5.8, 4.1
Fiz), 3.05-2.95 {m, 1H), 2.89 (5, 3H), 1.03-2.63 {m, 1H)}, 2.62-2.52 (m, 1K), 2.34-224 (m, 1),
2.01 {dr, 1H, &= 13.0, 8.3 Hz), 1.94-1.83 {m, 1H), 144 (ddd, 1H, J= 13.0, 19.5,9.1). LC / M5:R,
= 5.79 min, B5" 450.2 (AA Walers).

Bample §4:  [(1R,2R 35AR)4-([2-[(15)2.3-dihydro-1H-inden-1-ylamino]-5-luaropyrimi

din-4-yi)arrino)-2 3-dihydroxycyclopentyl]lmethyt sulfarmate {Compound I-
113)

[0a21} The title compound was prepared following the procedusre described in
Example 1 using 2, 4-dichloro-5-fluoropyrimidine instep a, LC / MS : R, = 0.82 min, ES’ 276.0
(BA standard). )

[0222] The title compound was prepared following the procedure described in
Example 1 using (1R, 253R SRy {2~chloro-5-Auomopyrimidin-4-yl}amino}-5-
thydroxymethyl)eyclopentane-i.2-diol in step b. LC / MS: R = 1.42 min, E5 3i8.1{FA
standzrd).

[0323) The title componnd was prepared following the proredure described in
Example 1 using [{3aR AR 6K £a5}-6-[{2-chioro-5-Aluoropyrimidin-4-y Jamino}-2 2-
dimethyltetrahydro-3aH-cydopenta[d][1 3 dioxol-4-yllmethano! in step e LO / M5 B =120

min, ES’ 415.5 {FA standard).

Ste

[0324] The tile compound was prepared [cllowing the procedure described in
Example 65 step d. (635mg, 62%) "H-NMR (400MHz, CD;OD) 5 : 8.29 {bs, 1H), 7.65 (d, 1H,
j=4.6 Hz), 7.29-7.13 {m, 4H), 5.43 (8, 1H, J= 73 Hz), 4.44-437 (m, 1H), 417 (dd, 1H, J=9.6,5.1
Hz), 413 {dd, 1H, J= 9.8, 5.3 Hz), 3.93-3.86 (m, 2H), 3.01 {ddd, 1H, = 16.0, 8., 3.5 Hz), 2.87
(dt, IH, J=16.0, 8.0 Hz), 2.62-2.53 (m, 1H), 2.35-224 (m, 2H), 1.58-1,87 (m, 1H), 1.40-1.27 (m,
1H). LC / M5: R, = 4.21min, E5 4542 {FA long)-
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Example 65: ({1525 4R)-4-{(5 luoro-6-{[{1R 25}-2-methoay-2,3-dihydro-1H-inden-1-y1]-
amino]pyrimidin-2-yloxy]-2-hydroxycycopentylmethyl sulfamate

{Compound [-83)
B:  4-{[(1R i ' tert-butyl{dimethy]isi -
1 1 airo-5-flun irrddi
[0325] To a stirred suspensicn of sodium hydride (37.4 mg, 0.93 mmol) in TEHF (5.00

mL) was added a solution of (1R,35,45)-3-[tert-butyl{dimethylaily)]oxy)-4-{|[Lert-
butyl{dimethyI)silylloxylmethycyclopentanal (255 mg, 0.79 mmol) in THF {2 50 mL}at 0 °C
under an atmosphere of Argon, and the mixture was stirred for 15 minutes. 'To this cooled
suspension was added a solution of 4,6-dichlore-5fluorcpyrhmidine (120 mg, 0,72 mmel) in
THE {250 mL) at 0 *C, and the resalling mixhee was stimved for 19 h at 23 °C Aller
quenching by addition of saturated NELCI solution {EU.E.I mL), the mixkure was extracked
with ethyl acetate {3 x 70,0 mL). The organic layers were combined, dried aver MgS0,,
{iltered, and evaporated under vacuum. The residue was purified via silica gel column,
chromatography eluting with a gradient of 5 to 7 % elhyl acetate in hexanes to afford the
title compound (295 mg, 79 %). "H-NMR (400MEHz, CDCL) & - 832 (s, 1H), 5.67-5.61 {m, 1H),
4.41-4.37 (m, 1H}, 3.73 (dd, 1H, J= 98, 7.1 Hz), 3.59 {dd, 1H, /=9.6, 6.6 Hz), 233-2.25 (m, 1),
2.101.96 (m, 2H), 1.50{ddd, 1K, J= 13.8, 7.7, 1.8 Hz), 1.55 (s, 18H), 0.59 (s, 6E1), 0.88 (s, 6H).

Step b 6-1{(1R 35 45% 3 |[tert-butylidimeibyDsilvloscr -4 {J[tart-butyl{ dimethylsilyl oy~

a1

f0326] 4-1[{1R,35,45)-3{[tert-butyl(dImethylisilyl Joxy}-4-(|[tert-butyl(dimethyD)silyi]-
mrytmethyl)cyclopentyl]oxy)-6-chloro-5-flucropyrimidine (260 mg, 0.53 mmol), (1R,25)-2-
methoxyindan-1-amnine (364 mg, 2,12 mmol), and sodlum carbonate (224 mg, 2.12 mmol}
was weighed into a mlcrowave reaction hube, Thia mixture was heated in a sealed ube
under micowave irradiation at 180 °C for 2 h. The reaction mixiure was diluled with DCM
{100 mL), and the suspersion was filtered. The filirate was washed with saturated NHACL
soluHon {100 ml}), and ihe organic layer was dried over MgE0,. This suspension was
filtered, and evaporated under vacuum. The residue was purified via silica gel column
chrornatography eluting with a gradient of 0 to 10 % methanel in DCM to afford the Gile
compound {313 mg, 91 %).
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= 15, -[[terd ymrethiyl)sibyl -4 voro-5[[(1E 2-meth

(03271 The HHe compound was prepared following the procedure described in
Example 34 using 6-][{1R,35,45)-3-({teri-butylidimethylallyl]oxy H-( | tert-butyl(dimethyl)-
silylloxylmethyl)cyclopentylloxy)-5-fluorc-N-[{1R 25)-2-methoxy-2,3-dlhydre-1H-Inden-1-
yllpyrimidin-4-amine in step ¢. LC 7 MS : R = 2.60 min, ES’ 504.5 {FA standard).

Step dr 1R eth ik ‘H-inden- ATEATIO
= e M L H ] - | H 1Ry Like M)

[325] To a stred solution of [(15,25,4R)-2-|[tert-butyl{dimethyl)sailyl]oxy)-+-[(5-
fivora-6-{[{1R,28)-2-methoxy-2,3-dihydro-1H-inden-1-y]lamino) pytimidin-d-y1)-
oxylcyclopentyljmethanol (190 my, 0-56 mmol) In TIF (5,40 mL) was added triethylamine
{0.08 mL, 0 54 mmol) and [{diphenylamino)marbonytlsuliamoyl chloride (186 mg. 0.54 mmol)
at D *C under an abmosphere of Argon, and 1he mixtire was stirred for 30 min. The reacHon
mixture was added 1.00 M Hydrochioric 2did in {5.40 m1L) at 23 “C, and the resuling mixbure
was stirred {or 16 h. The reaction mixture was quenched by addition of saturated NaHCQ,
solution (80.0 mL) and extracted with elhyl acetate {3 x 160 mL), The organic layers were
combined, dried over MgS02, filtered, and evaporated under vacuum The residue was
purified via silica gel column chromatography eluting with a gradient of 0 to 10 % methano!
in DCM to afford the lile compound (91.0 mg, 51 %). "H-NMR (400MHz, CD,0D) 5 :8.01 (5,
1H), 7.25-7.13 (o, 4H), 5.72 (d, 1H, j= 6.5Hz), 5.65-5.58 (m, 1E), 4.43-4.39 (m, 1), 433 (d4,
1H, [=9.7,7.6 Hz), 422 (dt, 1H, J= 5.0, 2.4 Hz}, 416 {dd, 1H, ]= 9.7, 7.3 Hz}, 335 (5, 3H}, 3.14
{dd;1H, J=16.6, 2.4 Hz), 3.02 {dd, 1H, J= 16.6, 5.0 H=), 2.60-2.49 (rn,, 1}, 231 {ddd, 1, d=
14.8,6.8,23 Hz), 2.12 (ddd, 1H, J= 14.8, 5.0, 4.7}, 2.08-1.95 (m, 2H). 1L.C / M5: R =676, ES™
4569.3 (FA long).

Example 66: [{15254R}-4-[{6-|[(15)-2.3-dimethyl 2,3dihydro-1H-Inden-1-yl]aming-5-

fluoropyrimidin-4-yljamine]-2-hydroxycyclopentyllmethyl sulfamate
(Compound I-71)

[0325} A soluton of 4,6-dichloro-5-flucropyrimidine {102 mg, 0.61 mmol), (1R 35,45)-
3-{[tert-butyl(dimethylsilylJoxy]4-({{tert-butylidimethyl)silyloxy|meLhyl)-
cydopentanarmine (200 mg, 0,56 mmol). and triethylamine {0.16 mL, 1.11 munel) in ethanol
(200 mL) was heated in a saaled fybe under microwave irradiation at 140 °C for 1 b The
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reaction mixhure was concentrated under vacuum, and the residue was punified by {lash
chromatography (G to 15 % ethyl acetate / hexanes) to afferd the Hte compound (213 mg, 70
%) as a ight yellow solid. LC / MS: B, = 2.60 min, ES™ 490.5 (A A standard).

(0330} A mixture of N-[(1R 35,45)-3-|[tert-butyl{dimethylsilyl]oxy}-3-({{teri-
butyl{dimethyl)silyl]oxy)methyljcycdopentyl]-6<hlore-5-Aucropydmidin4-amine (205 mg,
0.38 mmpl), (15}-3,3-dimethylindan-1-amine (243 mg, 1,51 mmol}, and sodium carbonate
{160 mg. 1.51 mmol) was stirred at 1B0 °C for 3 hin an il bath. The reacticn mixture was
diluted with DCM and the suspension was Hltered. The Alrate was concentrated under
vacuum and the residue was purified by flash chromatography (5 1o 10 % el.h]rll

arelate /hexanes} to afford the title compaund (213 mg, 70 %) as 2 colorless amorphous solid,

15,25 AR}-2- i Hyl imethyl-2

gL LI YOI LR

{0931) The hille compound was prepared following the procedure described in
Example 34 step . LC / MS : R, =2.51 min, FS™ 501.5 (AA standard).

(0332] The HHe compound was prepared following the pracedure described in
Example 65 step d. (635 mg, 62 %). "H-NMR (400MHz, CD,OD) § : 7.84 (d, 1H, j= 1.2 Hz),
7.25-7.15 {m, 4H), 5.68 (dd, 1H, J= 8.8, 7.7 Hz), 4.67 {ddd, 1H, =163, 8.0, 4.3 Hz), 4.37-4.33
{m, TH), 4.31 (dd, 1H, [=9.8, 7.5 Hz), 4.13 (dd, 1H, [=9.8, 7.1 Hz), 2.58-2.47 (m, 1F}, 2.40 (dd,
1H, = 123, 73 Hz), 222 (ddd, 1H, J= 13,6, 7.8, 1.8 FIz), 2.04 {ddd, 1H, [= 13.5, 10.1, 4.5 Hz2),
1.91-1,61 (m, 2H), 1.73 (ddd, 1H, J= 13.5, 8.7, 4.0 Hz), 1.40 {s, 31T, 1.23 (5, 3H). LC / MS: R, =

7.53min, ES" 466.2 (FA long).
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BExample 57:  ({1R2R.354R)-2 3-dihydroxy-4-{{6-{5.6,7 8-tetrahydronaphthalen-1-ylamina)-
pyrimddin-4-yllamine|cydopentyl)methy] sulfamale (Compound 1-115)

SEE D

[0333] The hle compound was prepared following the procedure desaibed Ln
Example 1steps a and ¢ using 5,6,7.8-tetrahydro-1-naphthylamine in step c. LC / MS:R =
1.29 min, ES” 3713 (AA standard).

b: BaR ~dlme & (5,5, drona en-1-
Ia o iridin-d-v]]aminc]le dro- - tald]l1 i 1
methanol .

[0334] Ta a stirred solution of (15,28 3R 5R)-3-(hydroxyme thyl)-5-([6-(5.6,7.8-
tetrafyydronaphthaten-1-ylamino)pyrimidin-4-ylJamingjeyclopentane-1,2-diol (70.0 mg, 0.19
mmol) in acetone (5.00 mL) was added 2.2-dimethoxypropane {0.21 mL., 1.70 mmol) and
pyridininm p-toluenesulfomate {570 mg, (.23 mmaol), and the mixture was shoed for S5h
The reaction mixture was quenched by addidon of sakirated MNaHCO, selubon (50.0 mL}
and then exiracted with ethyl acetate (3 x 50.0 mL). The organic layers were combined,
dried over MgS0,, filtered, and evaporated under vacuumn. The residue was purified by
Hash chromatography (2 to 109 Methanol /DXCMW) to afford the Ete compound (72.0mg, 65
%) as a light yeliow amorphous solid. LT / MS : R,= 1.59min, ES’ 411.3 (AA standard).

il i amin entylimethyl sulf ke (Compo I-
{0335] The Htle compound was prepared [ollowing the procedure described in

Example ¢5 step d. "H-NMR (400MHz, CD,0D) & : 7.96 (5, 1H), 7.13-7.02 {m, ZH), 6.97 (d,
1H, f= 72 H=), 5.46 (s, 1F), 4.18-4,08 {m, 2H), 4, 2-3.97 (m, 1HD, 3.85 (dd, 1H, J=55, 4.0 Hz),
3.73 (dd, 1H, J=5.4, 55 Hz), 2.82-2.76 {rn, 2H), 2.65-2.59 (m, 2H), 2,37-2.25 (m, 2H), 1.82-1.74
(m, 4H), 1.30-1.20 {m, 1H). LC / MS: R = 5.04 min, E5* 4502 (FA long)

Example 68: ({1525 4R)-4-[(6-{[{15)-3 3dimethyl-2 3-dihydro-1H.inden-1-ylJamino]-

pyrimidin~&yllamino]-2-hydroxycycopentyl jrnethy! sulfamate (Compound
165}

bep a: i jlyl
cyclopentangl
[033s] A suspension of (1K,45)-3-{benzyloxyymethyl}--| [tert-buhyl{dimethyl)silyl]-
ouylcyclopent-2-en-1-ol (1.47 g 0.00439 mol), godium carbonate (1.1 g, 0.01% maol) and 1%
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Pd/C{0.3 g 00003 mal) in E3AC {20 ml, 0.2 mol} was stuzed wnder an abmosphere of
Hydrogen overnight. The reaction was purged with nitrogen and filtered through celite
with Ei0Ac The fil trate was concentrated to abtain 1.45 g (98%) of the Glle compourd as a
5:1 mixture of diastereomers (desired-undesired).

15 3- me byl Heli ityl s
methangsulfonate
(03371 The ttle compound was prepared following Lhe procedure described in
Example 35 stkep b,

Step =

[033R] A suspension of (15,35,45)-3-[(benzyloxy) methyl]-4-{ [lerf-butyl{dimethysihyl]-
oxylcyclopentyl methanesn¥onate (690 mg, 0.0017 mol) and Palladlnm hydroxide, 20wk %
Pd on earbon (160 mg, 0.00012 mol) in methanol (10 mL, 02 mol) was stirred under an
atmosphere of hydrogen for 2 hours, The reaction was purged with nitrogen and filtered the
mixture through celite with DCM. The fittrate was concentraled 1o obtain 350 mg (65%).

Step d: . I i Bzilyl openbrlimethanol

[0334] To a solution of (15,35 45)-3-([tert-butyl{dimethy))silyl]oocy] -4-(hydroxymetiyl)-
cyclopentyl methanegulfanate (0.470 g, 0.00145 mol) in NN-Dimethylformamide (6 mL, 0.08
mwl) was added sodium azide {0.4 g 0.006 mol) 23 "C, and the mixture was heated at 55 °C
for 3 hours. The reaction was cooled to 23 °C, quenched by additon of water and extracted
with Et,O (3x), dried (MaS0)), filtered and concentrated. The esidue was purified by flash

chromatography (10 to 25% ethyl acetate /hexane) to obtain 211 mg (53.7%).

10340] A suspensian of ((15.25,4R)-4-azldo-2-{[teri-butyl{dimethyl Jsilyl]oxy) -
cycdopentyl)methanal (0.211 g 0.000777 mol) and 10% Pd/C (0.047 g, 0.000044 mol} in
EtQAc (6 mL, 0.056 mol) was stirred under an atmosphere of Hydrogen ovemight. The
reaction was purged with nitrogen and filtered Lhe mixture through celite with DCM, The
filtrate was concentrated to obtain 167 mg (87.5%) of the Utle compound,
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5 2-[[ters-butylicli glhyl = midIn-d-ylaminp]-
cyclopentyllmethanol

[a341) A mixture of {(15,25,4R)-4-amino-2-{[ter-butyl{dimethyl)silyloxyfeyclopentyi)-

methang] (8,132 g, 0000538 mol), pyrimidine, 4,6-dichloro- (0.09¢ g, (00064 mol) and

tristhylamine (0.1 mL, 0.001 mol) In ethanol (1.5 mL, 0.025 mol) was subjected to mlcrowave
irradtaton (140 °C) for 60 minutes. The resulting dark brown mixhire was concentrated.

The residue was purifled by flash chromatography (0 ko 10% MeOH/DCM) to give 158 mg

(82%).

[0342] The tlle compound was prepared following the procedure described in
Examnple 44 (steps b and d) using (15)-3,3-dimefhylindan-T-amine. "H NMR (CD,0D, 400
MEz) & 8.15 (s, 1H), 7.33-7.21 {m, 4H), 5.66 (s, 1H), 4.39-4.36 (m, 15D, 431 (dd, [ =73, 9.7 Hz,
1H), 4.13 (dd, [ = 7.4, 9.7 Hz, 1H), 2 53-2 44 (m, 2H), 2.27-2.22 {m, 1H), 2.08-2.01 {m, IH), 1.91-
1.84 (m, 2H), 1.76-1.72 {m, 1H), 1.41 (5, 3H), 1.27 (5, 3H) ppm. LC/MS: R, = 1.54 min, E5'

44838 (AA standard).
Example 69:  [(15.25AR)}-2-hydroxy-4-[(6-([(15,25)-2-methyl-2,3-dihydro-1H-inden-1-yl]-
amino}pyrimidin-¢-yljoxylcyclopentyllmethylsulfamate (Compound 1-43)
[0343) The title compound was prepared following the procedure described in
Example 34 using {15.25)-2-methyl-2 3-dih ydro-1H-ind en-1-amine (Zhang, Z; Zhu, G.;
" Fiang. Q5 Xiao, D; Zhang, Z. J. Org. Chem. 1999, 64, 1774) in step b. "H NMR (400MHz,
CD,00) §: B.13 {5,1H), 7.26-7,14 (m, 4H), 5.88 {5, TH), 5.56 (bs, 1H), 532 (bs, 1H), 4.40-4-30 (m,
2H), 4.18-4.12 {m, 1H), 3.10-3.02 {m, 1H), 2.90-2.78 (m, 11), 2.68-2.62 (m, 1H), 2.57-2.47 {m,
1H), 2.31-2.23 (rn, 1H), 2.11-1.91 (m, 3H), 0.91(d, ] = 7.03Hz, 31) ppm. LC,/MS: R, = 1.65 min,
E5" 435 (AA standard).
Bample70:  |(1525AR)4-[{& ([(1R)-2,2-Difluoro-2 3-dihydro-1H-inden-1-ylJaming}1,3.5-

trlazin-2-yl)amine]-2-hydroxycyclopentyljmethyl sulfarmate (Compound -
147) ) .

(02443 The title compound was prepared following the procedure in Examiple 46
steps a-d using (1R}5-chloro-2 2-diflu oroindan-i-amine in step a. The sulfamation was
carried out acrording to the procedure in Example 65 step d to give the tille compound. 'H
NMR (CD,OD 400 MHz) 8: B.05 (d, 0.5H), 7.95 (s, 0.5H), 7.30-7.28 (m, 4E), 6.06-5.89 (m, 1),
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4,62-4.59 (m, 14}, 4.27-4.24 (m, 2H), 4,14-4.08 (m, 1H), 3.50-3.41 (m, ZH), 2.4% (bs, 1H), 2.22-
2 14 (m, 1H), 2.05-1.97 {m, 1H), 1.87-1.80 (m, 1H), 1.76-1.70 (m, 1H)} ppm. LC/MS: R, =561

min, E5” 457 (FA lang).

Example 71:  }{(15,25,4R)-2-hydroxy-4-[(6[(1R,25)-2-melhoxy-1,2,3,4-
tetrahydronaphthalen-1-yllamino] pyrimidin-4-yEoucy]cyclopentyl) methyl
sulfamate (Cornpounds I-142 and 1-143)
{03453 The Hitle cornpound was prepared as a 1:1 mixture of diastercomers fellowing
the procedures in Example 34. Rel-{1R.25)-2-melhoxy-1,2,3 A-tetrahydronaphihalen-1-
arning, generated by adapting the following literature precedent: Marcuns, B. F.; Karady, 5,;
Reider, P. ] Miller, R. 4. Biba, M.; DiMichele, L; Reamer, B A. J. Org, Chem. 2000, 68,
BO85-8091, was naed as a coupling partner in step b. The mixhure was then separated by
chiral HPLC (Chiralpak AD 2250, eluent B5/15,/0.1% hex/EtOH /DEA at 20 mL/min}.
Analyteal dat for [(15,25,4R)-2-hydroxy-4-[{6-|[{1R.25)-2-methoxy-1,2.3 4-
tetlrahydronaphthalen-1-ylJamino|pyrimidin-4-yljoxyloycopenty]) methyl sulfamate
{Compound I-142): 'H NMR (CD,0OD, 400 MHz) &: 833 (d, J = 0.8 Hz, 1H), 7.20 {d, ] = 7.3 Hz,
180}, 7.15-7.01 {m, 3H), 5.93 (s, 1K), 5.48 (bs, 1H), 5.34 531 {m, 1H), 4.40-437 {m, 1H), 432
(dd, J = 76,98 Hz, 1H}, 415 (ad, ] = 7.5, 9.6 Hz, 1H), 3.77-3.74 (m, 1H), 2.41 (s, 3H), 3.00-292
{m, THD, 2.78-2.71 {m, TH), 2.55-2.48 (m, 15, 2.31-2.19 (mn, 2H), 2.12-1.90 (m, 4H) ppm.
LC/MS: B, =6.22 min, ES" 465 (FA long). Analytical data for [(15,25 4R)-2-hydroxy-4-[(&-
1[{15.2R)-2-methoxy-1,2,3,4-tetrahydronaphthalen-1-yllamino| pyrimidicn-4-yI)-
oxylcyclopentylimethyl sulfamate (Compotnd 1-143): *H NMR (CD,OD, 400 MEZ) 5: £13
(d,] = 0.8 Hz, 1K}, 7.19 (d, ] = 7.3 Hz, 1H), 7.157.08 (m, 3H), 5.93 {3, 1EY), 5.50 (bs, 1], 5.3¢-
531 (m, 1H), 4.40-437 (m, 1H), 4.32 (dd, ] = 72, 9.8 Hz, 1D, 4.16 (dd, ] = 7.3, 9.8 Hz, 1H),
3.77-3.74 (m, 1D, 341 (5, 3H), 3.00-2.92 {m, 1H), 276-2.71 (mn, 1H), 2.55-2.49 {m, 1H), 2.21-
219 (rn, 2H), 2.12-1.90 (m, 4H) ppre. LC/MS: R, = 6.09 min, ES” 465 (FA long).
Bxample 72 [{1R 2R 38 4AR)-4-[(6-{[(1R 2R} 2-{benzyloxy}cyclopentyllamino} pyrimidin-4-
yhaminol-2,3-dihydroxyeyclopentylimethyl sulfamate (Compound I-85)
[0336] The thle compound was prepared foliowing the procedure described in
Example 1, steps a-c using (1R 2RH+)-2-benzyloxycyclopentylamine and Example &5, step
d. 'H-NMR (400MHz, CD,0D) 5 : 7.90 (s, 1H), 734722 (m, 5H), 5.59 (s, 1H), 458 (d, 1H, |=
14.5 Hz), 455 (d, 1H, J=14.5 Hz), 4.16 {dd, 1H, j= 9.8, 4.8 Hz), 4.13 (dd, 1, J=9.9,55 Hz),
405-3.96 (m, 1H), 3.95-3.84 (m, 3H), 3.75 (¢, 1H, J= 5.5 Hz), 2.41-2.25 (m, 2H}, 220-2.10 {m,
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2H), 1.99-1,50 (m, 1E3}, 1,83-1.68 {m, 3H), 1.56-1.45 (m, 16, 1.29(d1, 1H, }=12.5, 83 ¥=z). LC /
MS: R, = 5.17 min, ES" 473.2 (FA long)

Example 73:  [(1R2R 35.4R)-2-[(6-[{15,25)}-2-(benzyloxy)cyclopantyllamino] pyrimidin-1-
ylamino)-2, 3 dihydroxycydopentyllmethyl sulfamate (Compound 1-22}

- [0347] The title compourul was prepared following the procedure described in

Example 1, steps a- using {1525)-(+)}-2-benzyloxycyclopentylamlne and Example 65, slep d.
"H-NMR (a00M¥z, CD,OD) & : 7.91 (s, 1H), 733-7.21 (mn, 5H), 557 (s, 1H), 4.57 (s, 2H), 4.19
(dd, 1H, J=59.6, 4.7 Hz), 4.14 (dd, 1H, [= 9.6, 5.5 Hz), 4.06-3.90 {m, 2H]), 3.90-3 83 {m, ZH]), 3.77
{t, 11, J= 5.5 Hz), 2.45-2.28 {m, 2H), 2.20-2.10 (m, 2H), 2.00-1.85 (m, 1 H), 1.82-1.68 (m, 3H).
1.54-1.43 (m, 14), 1.31 (dt, 1H, J= 12.6, B.4 Hz), LC / MS : R, = 1.16 min, ES’ 4942 (FA
standard).

Example 74:  ({1R 2R, 45)-4-[{6-{{(1R,2R)-2-[(dimethylamino)carboryll-2 3-dihydro-1H-

inden-1-yl}amina)pyrimidin-4-ylJoxy}-2-hydroxycydopentyl jmethyl rel-

sulfamate (Compound [-66)
t : tert-bu ro-1 H-indeno(1 2-blazete-1-
rarboxylate
[0344i To a mixed sotution of rel-(2aR,7bR)-1,2a,3, 7b-tetrahydro-2H-indeno[1,2-blazet-

2-one (120 g, 754 mﬂ;{}l} and NuN-dimethylaminopyridine {020 g, 2.00 mmol) in acetonitrile
{24.0 tnL} was added di-feri-bulbyldicarbonate {329 g, 15.1 mmal) 2t ¢ °C under an
atmosphere of Argon, and the mixture was stixred for 1 h at23 °C. The reaction mixture was
added DCM (ca.200 mL) and then the organic layer was washed with saturated NaHCO,
salution and brine. After deying over MgSO,, the suspension was filtered and the filirate
was evaporated under vacuum The residue was purlfied by {lash chromatography (10 to 30
% ethyl acetate /hexanes) to afford the tille compound (1.85 g 90 %) as a light pink solid. 'H-
NMR (400MHz, CDCL) & : 758 (d, 1H, [= 7.5 Hz), 7.96-7.23 (m, 3H), 524 (d, 1H, J= 5.0 Hz),
3.98 (ddd, 1H, J=10.5, 5.0, 2.4 Hz), 338 {dd, 1H, j=17.4, 1.2 Hz), 3.13 (dd, 1H, j=17.4, 10.5
Hz), 1.52 (s, 9H).

Step b

(03421 To teri-butyl rel-{2aR bR} 2-0x0-2 24 3, 7Th-tetrahydro-1 H-indenof 1,2 -blazete-1-
carbexylate (200 mg, 0.77 mmol) was added 2,00 M dimethylamine in THF (1.90 mL, 3.0
mmol} in the sealed tube, and 1he mixhare was miccowaved al 120 °C for 30 minutes. The
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reacHon mixhure was correnirated under vacuum, and then [he residue was washed wilth
small amaunt of hexane to give the title compound {226 mg, 91%) as a white solid.

L . ref-(1 —ami i lindane-2-carboxami

[a350] To a shrred sotution of tert-butyl ref-{(1R,2R)-2-{(dimethylamino)carbonyil-
2,3-dihydro-1H-inden-1-ylicarbamate (690 mg, 2.15 mmol) in DICM (250 mL) was added
#nc dibromide {(370mg, 431 mmol) and etranol 025 mL, 431 mmal), and the mixtue was
strrad [or 18 h. The reaction mixture was quenched by addition of water (20.0 mL) end the
resulbing mixbure was stirmed for 2 b To this mixture was added 1.00 2 NaOH {300 mL)

and extracted with DM (3 % 100 mL). The organic layers were combined, dried over
Mg=0, filtered, and evaporated under vacuum. The residue was purified by flash
chromatography (10 to 30 % Methanol /DCh) o afford the tite compound {438 mg, 95 %) as
a colorless ofl. LC / M5 : R, =0.69 min, E5' 205.2 [AA standard).

(03511 The Liie compound was prepared following the procedure described in
Example 34, steps a-c and Example &5, step oL "H-NMR (400Miz, CD,0D) §: 838 (s, 1H),
7.28-7.16 {m, §H), £,14-5.94 {bs, 11, 5.61-5.71 (bs, 1H), 5.31-5.23 (bs, 1H), 4.39-4.35 (m, 1H),
431 (dd, 1H, J= 9.7, 7.5 Hz), 4.13 {dd, 1H, }=0.7, 7.3 H2), 3.98 (dd, 1H, = 15.6, 7.8 Hz), 3.53
(dd, 1H, }=16.1, 7.3 Hz), 3.17 (s. 3H}, 3.01 (dd, 1H, J= 16.1, B.1 Hz), 2.73 (s, 3H), 2.56-2.45 (m,

1H), 2 25-2 20 (m, 1H),-2.04-1.88 {m, 3H3). LC / M5 : R, = 5.70 min, ES' 452.2 (FA long).

Example 75 {{(1R 2R 45)-4-{[6-{{(1R,25)-2-[(dimethylamincimethyl}-2.3-dihydro-1H-inden-
1-yl)amino)pyrimidin-4-yljoxy}-2-hydroxycyclopentyl)methyl rel-sulfamate

(Compaund F53)
Stepa: _ rel 211l L i -
[0352] To a shrred suspension of lithium tetrahydroaluminate (256 mg, 6.74 mmoel) In

THF (20.0 mL} was added a solution of r2/-(1R,2R}-1-aming-N,N-dimethylindane-2-
carboxarnide (580 mg, 2.70 mmal) in THF {10.0 mL} a1 0 °C under an atmesphere of Argon,
and then the mlxture was stirred for 1 b at 60 °C fallowing by stirring for 14 h at 23 °C_ The
reaction mixture was quenched by addition of waler and 1.00 M NaOH {5.00 L), and the
resulting mixture was stirred for 2 h This suspension was filtered through a Celite pad, and
the fillrabe was concentrated In vacuo. The residue was purified by flash chromatography (5
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to 20 % Meathanol /DCW with 1 % NH,OH) to alford the ttile compound {438 mg, 85%) as a
iight brown oll.

103531 The tille compound was prepared fellowing the procedure described in
Exammple 34, steps a-¢ using rd{1m-2-[(djmmy1mmﬂn}methy1ﬁndm-1m and
Example 65, El'ep d. "H-NMR (400MFiz, CD,;0D) & : 8.14 (s, 1H), 728-7.14 {m, 4H), 5.90-5.78
{bs, 1H), 5.70-5.40 {bs, 1H), 5.38-524 (bs, 1H), 4.41-1.36 (m, 15D, 432 (dd, 1H, [= 9.8, 7.5 Ha),
4.15 {dd, 1H, j=9.8,7.3 Hz), 3 09-3.00 (m, 1H), 2942 82 {m, 2H), 2.57-2.46 (m, 1H), 2.37 (br d,
2H, J= 62 Hz}, 2.30-2.20 (m, 1), 2.22 (5, 6H), 2.11-1.91 {m, 3H). LC / MS: R, = 434 min, ES’
478.2 (FA long). '

Example 76:  {(15.25,4R)-4-[{2-{[{15)-5-chloro-3,3-dimathyl-2, 3-dithydre-1H-Inden-1-y1]
amino|pyridin-4-yDoxy]- 2-hydroxycyclopentylimethyl sulfamate

(Compound F-35) -
Step a: 1-(a-chigroph A methylb -
_[0354] To a suspension of magnesium {295 g, 0.123 mol) in ether (30 mL) was added

iodine {0165 g. 0.000651 mol). Fo this was slowly added a solation of 4-chlorobenzyl
bromide {24.00 g, 0.1168 mof) in ether (100 mE). Upon addition of approximately 1 mL of

] solution an exXotherm was noled and the mixture reached rellux, The adqdition of soluban
was elowly continued to mainkzin a gentle reflux (-%0 min). Cn completion of addition, the
reaction was heated for 30 minutes at 45 °C. The reactian was then cooled o 0°C,
Isobutyraldehyde (12.7 mL, 0.140 mol) in ether {10 mL) was then added slowly over 2 hours.
On completian of the addition the reaction was allowed to warmm 10 23 *C and stirred
overnight. The reaction was quenched with ice (~200 g) and acidified with 2M HCI (~100
mml). This was extracted twice with ether and he organic phase was evaporated. The residue
was purified by fash chromatography (0 to 10% MeOH/CH,CL) to alford the title
compound (2.89 g, 43%).

S : oro-1,1 -l ind ane

[a3ss] To a solution of concentrated sulfuric add {3.00 mL, 0.056 mal) in water (D28
mL, 0.0156 mol) was added 1-{4-chlorophenyl}-3-methylbutan-2-ol {1.00 g, 0.00503 mol} over
30 minutes. Additional sulfuric acid was added to dissolve the splid. The mixture was
stirred for 2 hours. The mixture was poured onto ice then extracted with ether. The organic
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phase was washed {water), deled (Mg50,), Altered, and concentrated. The residue was
filtered through a plug of silica wilh CH,Cl, to alford the Gia compound (0568 g 63%).

10356] To a solution of &cﬁnm—:l,‘l-dhnel:h}rlindanﬂ (6.00 g, 0.0332 mol) in acekone
(100 mL, 2 mol) was added 15 M of magnesivm sulfate n water (30 mloy and potassjum
permanganate (12.3 g, 0.0780 mol). The reaction was strred ovemnight, the resulting depesit
was filtered, and the solution was concentrated to a reduced volume. The solution was
extracied with EKAe (3 x 100 IFII} and the organic layer was concentrated. Purification by
flash chromatl}ug,mphy {10% EtQAc /hexanes). afforded the tile compound (433 g, 679) asa

white =olid.

[Das7] To a mixture of S-chlaro-3.3-dimethylindan-1-one {4.33 g, 0.0222 mol) and
{K}-{-)-Z-phenylglyrinol (3.2 g, 00234 mol) in toluene {200 mL) was added p-teluenesulfonic
add monchydrate {241 mg, 0.00127 mol). The reaction was stitred at reflux {140 °C) under
an abmosphere of nitrogen ovemight, cooled and diluted with oluene. The mixture was
washed wilh saturated aqueons NaHCO, and water and the organic phase was
concentrated. The residue was dissolved in THF (200 mL) under an atmosphere of nitrogen
and cocled at 0 *C.  To this was added acete acld (3.79 mL, 106567 mol} and sodinm
borohydride (1.256 g, 0.0334 mol). The reaction was stirred under at atmosphere of nilrpgen
overnight. The reaction was partitioned between CH,CL and saturated aquecus NaHCO,
solution,separated, and the organic phase was evaporaled. The resldue was purified by
flash chuomalography (20 Lo 100% BIOAc/hexanes) to afford the title compound (625 g,
2{%) as a white solid

LTI -l-2ming*
foasai To a golubion of lead(IV) acetate (9,92 g, 0.0212 mol) in methanol {60 mL) atQ
"C under an abmosphere of nitrogen was added (2R}2-[[{15}-5-chloro-3,3-dimethyl-2,3-
difiydro-TH-Inden-1-yllamina]-2-phenylethano] (4.288 g, 0.01358 mol} as a solaton in
methano! (80 mL) dropwise over 10 min. On completion of the addibon, the mixture was
warmed to 23 °C and stirred for 80 mins. To this was added 0.943 M of sodlum carbonate In
water {194 mL) and the mixture stirred for 10 min. CELCL (500 ml,} was added and the
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mixture was [iltered and washed with CH)Cl,. The filrates were collecied, the organic
phase was separated and the agqueous extracted with CH,CL, (25 ml). The comhined organics
were evaporated to dryness. The residue was dissolved in ethanal (500 mL) and 10.4 bl of
hydrochioric acid in water (15.6 L) was added. The mixture was heated to reflux {55 °C)
overnlght. The mixhirne was m;c.led, evaporated and the residue was treated with ether and
sonlcated. The solid was isolated by filbration, washed wilh ether and dried to yleld the title
compound (2.704 g, 86%) as the HC] galt.

Step £ 1R A8 1fdimelhylisilvi]o teri-butyl{dimethyl)sityl

[pasel To a mixture of [1.3-bis(2.6-dlisopropylphenylimidazelidin-2-y1]{chlora)l(2.3-
»+{12}1-phenylprop-1-ene-2 3-diyl)paltadivn(2+}) (3.4 myg, 0.0300052 mel) and potazsium
tert-butoxide (32.0 mp., 0.000286 mol) under an atmasphere of argon was added &
I[{1R,35,45)-3-{[tert-buty’(d imethysilylloxy}-a-{{[tert-butyl(dimethy)silylJoxylmethyl)-
cyclopentyljoxy}-2-chloropyridine {D.1226 g, B,0002596 mal} in 1.00 ml DME, [ollowed by
(15)-5-chloro-3,3-dimethylindan-1-amine (0.046 g, 0.00025 mol) In 1 m) DME, The mixture
was stired overnight, and the solution was poured into 50 mil E¥QAC, washed with 10 ml
water and concentrated, The residue was purified by preparative plate chromatography
(70% EtQAc/hexanes) to afford the titte compound (26.0 mg, 18.0%).

tep g 2 [tert- imethyl)silyllo - i I-
i 1H- inden-1-yllamin jcdi entyl]melb
[0360] The hHe compound was prepared by a method analogous to Example 24, step
c
he 2-[[tert. i ilyiloxy]-4- [{2- i 1-
23-di - Inden-1-yljamin: idi Tjox: l 1jmethyl
sulfamate
[1361} To a sohution of [(15,25,4R)}-2[{tert-butyl(dimethyDsilylloxy)-4-[(2-[(15)-5-

chiore-3,3-dimethyl-2 3-dihydro-1H-inden-1-yllaminojpyridin-g&-yl)oxylcyclopentyl)-
methanol (28.1 mg, 00000543 mel) in DMA (1.00 mL) was added chlorosulfonamide (0.0251
g: 0000217 mol} in 0.50 ml scetonltrile. The mixture was stirred for 30 min then poured into
50 ml E#DAcand 1,00 ml EtN. The layerawere scparated and the arganic layer was washed
{water) and roncentrated, The resldue was purified by preparative plate choomatography
{85% ElOAc/hexanes) to afford Lhe Hie compound {20.7 mg, §9%) a5 a white solid.
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idin 2-h fx) llmethyl 5

[D3ez] A zolution of {{15,254R)-2-[terr-butyl{dimethyl)silyl]oxyl-2-[(2-{[(15)}-5
chlorg-2.3-dimethyl-2, 3-dihydro-1H-inden-1-yl Jamino]pyridin-4-yl) oxylcycopentyl jmathyl
sulfamate (0.0287 g 0,0000481 mol) in 3.08 (V/V) HCL In ethanol (25.0 ml) was stirred for 4
hrs. The reaction was concentrated and dissolved in 50 ml EtOAc and 1.00 mi triethylamine.
The solution was washed with water, conventrated, and the residue was isalated by
preperative plate chromatography (5% MeOH/EtQAC) to afford the title compound (165
mg, 71%) as a white solid. "H NMR {CDCL, 400 M=) §: 7.92 (d, 1H, ] = 5.8Hz), 7.22-7.20 (m,
1H), 7.17-7.24 {m, 28], 6.16 (dd, 1, ] = 6.0 Hz, ] = 2.3 Hz) 565 (d, 1H. ] = 2.0 Hz), 530 (m,
1H), 4.92 {m, 1FD), 4.70 (d, 1H, ] = 85H=), 4.50 (dt, 1H, | = 5.0He, ] = 1.9Hz), 4.40 (dd. 1H, ] =
73 Hz, [ =235Hz),4.28(dd, 1H, | = 7.3Hz, ] = 2.5Hz), 200 (s, 1H), 250 (g, 1H, | = 7.0H=z),
2.31-2.25 (m, 1H), 218212 (e, 1), 1.95-1.87 {m, 2E1),1.79 (m, 1H), 125 (5, 6H). LC/MS: R =
1.81 min, ES+ 482 {AA standard). |
Example 77:  ((15,25,4R)-2-hydroxy-3-{[2- (1-naphthyl}-3H-imidazof4,5-b]pyridin-7-yiloxy)-
cyclopentylymeihyl sulfamate (Compound I-103}
Step a: . 2-amino-4-chloro-3ni idi
[0363] To a solution of Z-amino-4-chloropyridine (5.00 g, 0.0889 mol) in sulfuric acid
(40.8 mL} with sbrring at 0 °C was added a solution of nitrie add (2 72 g 0.038Y9 mal) and
sulfuric acld {(3.89 g, 0.0389 mol). The mixture was stizred (1 hr) then poured inlo 200 g ice
and 100 ml water. The solid was filtered and collected. The solution was neutralized with
25% NH, in water to pH ~5. The soluion was extracted with
EtOAc {3 x 300 ml). The solid also was dissolved in EBHO A and ne utralized with 28% NH, In
FLO. The crganic layers were combined, concentrated with 30 g sillea gel, and purified by
flash chromatography (20 to 60% EtOAc/hexanes) to alford the title compound (2.40 g, 36%)
as a yellow solid.

Skeph: - S-{{feri-bmbyl (dimeByylisilyl tert-bubyl(di isilyl -
hylcye! Noxyl-dni - din2 amine
[0364] To a solution of (LR, 35A5)3-{[fert-bulyl{dime thyl)all ylJoxy]-4-(({tert-

butyl(dimethyl)silylloxy| methyl)cyclopentanci (0.782 g 0.00217 mol) in THF (30.0 mL) was
added NzH {0.156 g, 0.00650 mol) and the mixture was stirred for 1 b To this was added 2-
amino-4-chloro-3-nitrapyridine (0376 g, 0.00217 mol) and the mixture was stirred overnight.
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The solubon was concentrated and the resldue was purified by flash chromatography (256%
EtOAc/hexanes) to afford the title compound (0381 g, 35%) as a yellow soltd.

5 : 1{diore

[0ass5] ‘T a solution of 4{{{1R.3545)0-3([tert-butyl(dimethyDsilyilowy)-2-{i[tert-
butyl{dimethyl)silyl)oxy)methyllcydopentylloxy)-3-nitropyridin-2-ardne (0,361 g 0.000725
mal} in CH,C, (6.00 mL) and acetic add (3.00 ml) was added zinc {0.474 g, 0.00725 mpl) and
the mixthure was stirred for 30 min. The suspension was Allered and the filtrate was
conrenirated. The residue was dissolved in 50 mil EHOAc and 3 ] BN then vashed with -

.- water (2 x 16 mL), The arganic Jayer was dred (Mg50,) and concentrated to af{ord the cude
product {0.297 g, BA%).

[¢384] A mixture of - naphlhalenecarboxaldehyde (115 mg, (.000738 mol), 4-

([{1 R 35,45)-3-[{rers-butyl (dimethylsityl Joxyl-2-{{{tert-butyl{dimethyljsilyloxyjmethyl)cyclo
pentylloxy)pyridine-2 3-diamine (115.1 mg, 0.030246) mol) and sodium metabisullite {0.140
& 0.000738 mol) In acetonitrile (2.00 mL) was subject o mlcrowave imadialon at 180 °C lor
25 mins. The mivhire was Rllred and the filtrate was concentraled. The residue was
purified by preparative plate chromatography (25% EtQAc/hexanes) to afford the tile
compound (0.101 g 68%) as a whille solid.

[0363] To a solution of ((15,25,4R)-2- ([teri-butyl{dimethyl)silyloxy}-4-([2-{1-
naphthyl}-3H-imJdazo[4,5-blpyridin-7-ylloxylcyclopentylymethanol (0.0524 g, 0.000127 mol)
in DMA (2.00 mL) was added chlorosutforamide (0.0736 g, 0000637 mol) and Lhe mixture
was stimmed for 10 min. To this was added 12 M of hydrochloric add in water (2,00 mL}
dropwise at 0 °C and the mixbure was stirred For 10 min. The mixbure waa added] dropwise
to 50 mL of a 2N Na {0, solution, and was extracted by CH,CL (3 x 30 ml). The combined
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arganic {ayers were concentrated and the residue was purified by flash chromatography (0
ko 10% MeOH/EtOA) to provide the title compound {145 mg, 25%) as a white solid. 'H

- NMR {CD,0D, 400 MHz} §: 8.49 (m, 1H,), B28 (m, 1H), 8.06 (d, 1H, J= §3Hz), 7.97 (m, 1H),
7.87 (dd, 1H,J = 7.0 Hz, ] = 1.0 Hz) 7.63-7.54 (m, 3H), 6.59 (d, !H, ] = 5.8Hz) 540 (bs, 1H),
445(dL1H, J=49Hx, J=19Hz2),4.35{dd, ¥, J=72Hz [ =25Hz), 419 {dd, 1H, =72
i1z, T = 25 Hz), 262 (m, 1H), 244-2.39 {m, 1H), 233-2.25 (m, 1H), 2.16-2.14 {m, 2F]). LC/MS:
R, = 1.55 min, BS+ 455 {AA standard).

Example 78:  ((15,.25 AR}4-{([6~chloro-2-{1-naphthyl-3H-imidazo{4.5-b]pyridin-7-yljarminal-
. 2-hydroxycyclopentyl)ymethyl sulfamate (Compound I-56)

ai 4 teri-b i ilyl = i ilyrl]-
meth n nl dine-2 4-diamni
{0365] A soluton of 4, 5-dichloro-3-nitrapyridin-2-amine (0.0385 g, 0.000175 mol}

Gohansson, H; Lawitz, ¥: Nikilidls, G; Sjoe, P; Storm, P. P'.'.'."I'_Int. Applicaion
WOR004/016611), (1R,35,45)-3-[tert-butyi(dimethyDsilyljoxy-4-{([tert butyl{dimethy])sily]]-
oxylmethylicyclopentanamine (0.0947 g. 0.000263 mol} and DIPEA {0.0907 g, 0.000702 mol)
in ethanol {10.0 rnL) was relluvad overnight. The reaction was concentrated and purified by
flach chromatography (20% EWDAc/hexanes) ta affard the Hile compound (0.0768 g, 82%) as
a yellow sotid.

Step b: - N4} R 35 4 53-3- [Jerf-buty i dimethyl)silyll oyl -4-{[[ teri-bubyl(dirne thoyl)sily]l-
1 idine-3 Iriarnd
[0370] M(ay-1(1R 35,45 -3[{tert-butyl{dimethy [silylJoxyl-4-{{ [fer-butyl{dimethyl}-

-4 gilylJoxylmethylicyclopentyl]-5-chioro-3-nitropyridine-2 4-diamine (0.875 g, 0.00165 mol)

and zine (0,431 g 0.00659 mol} was added to acetic add (40.0 mL, 0.704 mol} with shirring for
10 mins. The mixture was stirred for 10 min and the solid was Gliered off. The filtrate was
concentrated, dissolved in B¥OAc (50 mL) washed with water (2 x103. To the organic phase
was added 2 ml E&N and the mixture was washed with 10 mL water. The organic layer was
concentrated and purified by flash chromatography (30% EKOAc/hexanes) to afford the Glle
compound {0.746 g, 30%) as a white solid.

Slep

[0371] The tiflc compound was prepared in an analogous fashion to Example 77,
steps d-£. "H NMR (CD,OD, 400 MHz) 5: 9.13 (d, 1H, ]=9.9), B.05-7.92 (m, 4H), 7.65-7.57 (m,
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3H), 5.62 (bs, 1H), 4.41 (dt, 1H, [=5.0Hz, ]=1.9Hz), 4.32 (dd, 1H, J=73Hz, ]=2 5Hz), 4.37 (dd,

1H, }=7.3Hz, J=2 5Hz), 3.25 (g, 2H, J=7.0Hz), 240-2.28 (m, 2H), 2.05-1,94 (m, 2H). LC/MS: R,

= 1.68 min, ES+ 488 (AA standard).

Example 79  {{15.254R)-4-([6-{cyclopentylamino)pyrimidin-a-ylJoxy}-2- h}rdmxyq'ﬂupen
_ tylymethyl sulfamate (Compound I-127)

[0a72) The bille compound was prepared in a manner analogous to Example 24, step

b using cyclopentanamine and Example 76, steps g-i. "H NMR (CD,OD, 400 MEEz) 5: 8.08 (s,

1), 5.74 (s, 1H), 5.31 (b=, 155), 4238 (dt, 1L J =50 Hz, ] = 1.9 F2), 430 (dd, 1H,J=72Hz,|

=25Hz), 4.15{dd, 1H,J =72 Hz, [ = 2.5 Hz), 2.51 (m, 1H), 2.34-226 (m, 1H), 2.09-1.96 {m,

. 6H),1.76 {m, 2H), 1.64 (m, 2H}, 1.51 (m, 2H). LC/MS: R, = 1.46 min ES+ 373 (AA standard).

 Example 80:  [{15,254R)-4-([2-[{15)-2,5-dihydro-1H-Inden.1-y] amino]pyzidin-iyl]oxy}-2-
hydroxycyclapentylmethyl sulfamate (Compournd [-94)

[0373] To a solution of (1R,35,45}3[[tert-butyl{dimethyl)silyl oy} --(([rert-
butyl{dimethyljaRyljoxylmethylicyclopentancl (973.5 mg, 0.002699 mol) in DMF (8.00 mL.,
£.103 mol) was added NaH (202 mg, 0.00504 mol} {60% in oil). After stirring the mixtare for
18 minutes, 2-chlore-4-nitro-pyridine {400.0 mg, 0.00252 mol) was added and the mixhire
was strred overnight The reaction was quenched with water and extracted with {3 x 50 ml
EtQAc). The combined organic layers were dried (Na,S0,), fltered and concenirated in
vacuo. The residue was purified by flash chromatography (0 to 10% EtOAc/hexanes) to
obtain the title cornpound {0.9852 g, 83%) as a clear ail.

1R 3| teri- I{di iy oocy p-4-(E¢ Hdimethyllsilyl -

[0374a] To a mixture of [1,3-bis{2 6-diisopropylphanyl)imidazolidin-2-yl]{chlora)[{23-
*}-{1Z}y1-phenylprop-l-ene-2 3-diyl)paliadium(2+} (7.8 mg, 0.000012 mol) and polassium
eeri-butoxide (73.7 mpg, 0.0D0ES6 mol)y under an atmosphere of argon was added 4-

1[(1R35 48)-3~([tert-butyl{dimethylsityl Joxy)-4-{{{teri-butyl{dimelhyl)silyl]oxylme thyi)-
cyclopentyl]oxy)-2-chloropyridine (281.8 mg, 0.0005968 mol) in 1 ml DME. The scluton was
stirred for 5 mins, then (5)-(+}-1-amincindane {0.10 mL, 0.000775 mol) in 1.0 ml DME was
added dropwise gver 15 min. The aolution was stirred overnight, then dissolved in 50 mL
ElDAc, washed with water, and concentrated. The msidue was purified by flash

152



chromatography (30% EtOAc/hexanas) to afford the title compound {0.3219 g, 95%) as a
white solid.

Step 18 2-[{15)-2 3-dilv 1H-] =yl idi =
re lopen |;
103751 The tide compound was prepared in a manner analogous o Example 76,

steps g-i. "H INMR {CDCL, 400 MHz) 6: 7.75 {(d, 1H, ] = 6.0 Hz), 7.27-733 (mm, 3H), 6.16 {dd,
18, T= 63Hz, ] = 2.4 Hz}, 533 (L, 1H, [ = 7.5 Hz), 455 (m, 1H), 450 {dt, 1H, ] =51 Hz, | =20
Hz), 431 (dd, 1H, J = 73 Hz, | =2 4 Hz), 415 (dd, 1H, F = 73 Hz, | = 2.4 Hz), 2.032.96 (m,
1H}, 2.86 (m, 1HD, 2.61-2.46 (m, 2H), 2 29-2.23 {m, 1H), 2.10-2.03 (m, 1H]), 2.00-1.95 {n, 1H),
1.90-1.80 {m, 1H), 1.15-1.10 (rr, 2H}.

Example 81: * {{15,25,4R)-4{(6-{[{1R,25)-2,7-dImethoxy-1,2,3,4 tetrahydronaphthalen-1-yl]-

amino}pyrimidin-4d-yl)oxy]-2-hydrocycycopentyl]methyl sulfamate
(Compourd 1-149)

[6376) The tile compound was prepared as a 1:1 mixhue of with the compound in
example 82 according Yo Example 34, steps a-d, followed by HOl-mediated desilylation.
Rel-{1R,28)-2 7-dimethoxy-1,2,3,4-tetrahy dronaphthalen-1-amine, prepared according to the
reference foumd in Examplé 71, was used as a coupling pariner in step b. The title compouma
was then isolated via chiral HPLC (Chiraleel OD 20250, eluent 88/1270.2%
 hex/EtOH/DEA at 20 mL/mir). "HNMR (CD,0D, 400 MEz) 5: 8.14 (d, ] = 07 Hz, 1H), 7.00
(d,J=83Hz, 1H)}, 6.76-6 71 (m, 2H}, 5.94 {5, 1H}, 532 (s, 1H), 435 {ddd, [=2.2,52, 52 Hz,
1H), 4.32 (dd, | = 7.4, 9.8 Hz, 1H), 415 (dd, ] = 7.3, 9.8 H, 1H), 3.73 (ddd, J = 2.1, 3.8, 6.4 Hz,

" 1H), 3.67 (s, 34, 3.40 {3, 3H), 2.93-2.80 (m, ZH), 2.67 (ddd, | = 5.6, 5.6, 11.6 Hz, 1H), 2.56-2 46
(m, 1H), 228 (ddd., J = 22, 6.8, 14.8 Hz, 1H), 2252.16 {m, 1H), 2.12-1.87 {m, 4H). LC/ME: R,

=125 min, 85' 495 {PA standard).

Example B2: {1525 AR}4-[{6-([(15,2R)-2,7~dimethoxy-1,2 3 4-tetrahydronaphthalen-1-y1]-
amino}pyrimidin-{-yl)oxy]-2-hydroxycyclopentyl|methyl sulfamake
{Compound I-148)

@37 The title compound was prepared 25 a 1:1 mixture of with the compound in
example 81 according to Example 34, E'EE]JF; a-d, followed by Hﬂ-meé.iattd desllylation. Rel-
(LR 25)-2,7dimethoxy-1,2.3 A-tetrahydronaphthalen-1-amine, prepared according to the
reference [ound in Example 71, was used a5 a coupling pariner In step b. The title
compound wasd then i=zolated via chiral HPLC (Chiraleel OD 202250, eluent B8 f12/0.2%
hex/BtOH/DEA at 20 mL/min). "H NMR (CD,OD, 400 MHz) §: 6.14 (d, ] = 0.7 Hz, 1H), 7.00
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{d, f = 83 Hz, 1H), 6.76-671 (mn, 2H), 5.94 (s, TH), 5.32 (bs, 1H), 439 (ddd, J = 21,51, 51 Hz,
1H), 432 (dd, J = 7.5,9.8 Hz, 1H]), 4.15 {dd, ] = 73,98 Hz, 11}, 3.74 {ddd, ] = 2.1,3.9, 6 6 Hz,
1H), 3.67 (5, IH), 340 {5, 3H), 2.95-2.82 {m, 213), 2.67 (ddd, ] = 5.7, 5.7, 11.5 Uz, 1H), 2.56-2.47
(m, 1ED), 226 (ddd, [ =22, 6.8, 14.8 Hz, 1H), 2.25-2.16 {m, 1H), 2.12-1.67 {m, 4H). LC/MS. R,

=125 min, ES" 495 (FA standard).

Example 83: [(15254R)-2-hydroxy-4-{(6-([(152R)-?-methoxy-4,4- dimethyl-1,23,4-
telrahydronaphthalen-1-ylJamino}pyrimidin-4-yljoxy]cyclopentyl jmethyl
sulfamate (Compound 151}

[0378] The title compound was preparved as a 1:1 mixture.of with the compound in
example 84 according to example 34, steps a-d, followed by HCl-madlated desilylaton and
then treatnent with 1.0 equivalents of potassiwm hydroxide a5 a solution in methanol to
afford the corresponding potassiun sale. Rel-(1R.25)-2-methaxy-4,4-dimethyl-1,23,4-
{etrahydronaphthalen-1-amine, prepared according to the reference found in Example 71,
was used as a coupling partner in step b, The Hile compound was then isolated via chiral
HPLC (Chiralpak AD 20x250, eluent 85/15/0.1% hex/FtOH/DEA at 20 mL/min). 'H NMR

(CD,OD, 400 MFTz) &: 8.13 (s, 1H), 7.39-7 34 (m, 1H), 7.25-7.18 (m, 2H), 7,13-7.06 (m, 1H), 590
(s, 1H}, 5.64 (ba, 1H), 5.24 (bs, 1H), 4.40 (ddd, ] = 1.7, 5.6, 56 Hz, 1H), 4.14 (ddd, J =13, B.5,
100 Hz, 1H), 400 (ddd, ] = 2.0, 6.4, 10.0 Hz, 1H), 3.78 (ddd, J = 3.0, 4.1, 10.4 Hz, 115, 3.42 (5,
31), 2.53-2.38 (m, 1EHD, 226 {dddd, [ = 1.8, 1.8, 6.7, Hz, 1H), 2.12-1.81 {m, 4H), 1.77 (dd, ] =
20,136 Hz, 1H), 143 (3, 5H), 131 (s, 3H}. LC/MS: R, = 1.61 min, ES' 493 (FA standard}. -

Example 84: {(15,25AR}-2-hydroxy-4-[(6-{[(1R,25}-2-methoxy-4,4-dimethyl-1,23,4-
lefrahydrenaphthalen-1-ylJamino|pyrimidin-&yhoxylcydopenty]| methyl
sulfamate (Compound 1-150)

[o374] The Htle compound was prepared as a 1:1 mixture of with Lhe compound in
exarple 83 according bo example 34, steps a-d, followed by HCl-mediated desilylation and
then treatment with 1.0 equivalents of patassinm hydroxide as a solution in methanol to
afford the corresponding potassium salt. Rel{1R.2S)-2-methoxy-4,4-dimethyl-123 4~
tetrahydronaphthalen-l-amine, prepared according 1o the reference found in Example 71,
was used as a coupling partner in step b. The Hile compound was then 1z0lated wia chiral -
HPLC {Chiralpak AD 20x250, eluent §5/15/0.1% hex/EtOH/DEA at 20 mL/min). 'H NMR
(CD,OD, 400 MEz) b: 8.14 (s, 1H], 7.40-7.45 (n, 1HD), 7.26-7.18 {rn, ZED), 7.13-7.07 (m, 1H), 5.91
(s, 1H), 5.65 (s, 3H), 5.25 (bs, 1H), 4.40 (ddd, = 1.7, 56, 5.6 Hz, TH), 4.14 {(ddd, [= 13,85,
10.0 Hz, 1H), 400 (ddd, = 1.8, 6.4, 2.9 Hz, 1H), 3.79 {dad, | = 3.4, 3.4, 10.4 Hz, 153, 342 (5.
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3H), 2.52-2.38 {m, 1H), 2.32-2.21 (m, 1H), 2.12-1 51 {rn, 4H), 1.78 {dd, ] = 2.0, 135 Hz, 1H),
1.43 (s, 3H), 1.32 (s, 3H). LC/MS: K, = 1.61 min, ES’ 493 (FA standard).

Example 85:  [{15,2545)4-{[6-[(15)}-2.3-dihydro-1H-inden-1-ylamino|pyrimidin-a-yl)-
methyl)-2-hydroxycyclopentyljmethyl sulfamate (I-33)

[a380) 2,4-Dichlarc-&methylpyrimidine {254 g 0.156 mol) was dissolved in ethanol
{100 mL} and N.N-Diisporopylethylamine (4.07 mlL, {23 mol} was added fallowed by (5)-1-
Amingindan (.00 mL, 0,156 mol). The solubon was heated to reflux for 2 hours, TLC
indicated complete conversion. The solvent was removed in vacuo and the residue was
purified vang chromatography on silica gel using gradient 0 to 50% ethy} acetate in hexane
to afford the hitle compound (1.95 g, 46%). LC/MS: Rl‘m 1.90 min, S 260 (AA standard).

Stepb: ___ N-{{16)2 3 dihydro-1H-inden-1-yll-6-methylpyrimidine-4-amine
[0381] 2-Chloro-N-[(15}-2 3-dihydro-1H-inden-1-y1}-6-methy!pyrimldine—4-amine
{1.55 g, 7.5 muol) was dissolved in ethanol (3 mL) and 10% Pd/C {3.140 g, 0.13 mmal) was
added. The flask was filled with hydrogen and stirred gvecnight. At that time, TLC
Indicated complete conversion Palladiwm was filtered off and the solvent was rernoved in
vacuo. The residue was purfied usmg chromatography on silica gel using gradient 50 to
1007 ethyl acetate in hexane to afford the Htle compound (1.65 g, 93%). L /MS: R, = 1.51
min, ES’ 226 (AA standard).

[0382] N-[{15)-2,3-dihydro-1H-Inden-1-y1}-6-methylpyrimidina 4-amine (0.575 g,
255 mmol} was dissolved in THF {24 mlL) and 1.6M Phenyllithiumn In di-n-buty] ether (298
mL, 536 mmel) was added and strred for 1 hour, The mixture was cooled to 0°C anda
solution of {1a5,1bR,5a5,6a5)-3(4-me (hoxyphenyl)hexahydrooxireno[d 5]cyclopenta[1,2-
d}{1.3]dioxine (0.634 g, 2.55 memol) In THE {15 mL) was slowly added. The mixture was
strred a? 0 *C ior 45 minutes and 23 °C for 2 hours. Al that ime, LCWS indlcated —70%
conversion. The reaction was quenched using saturated ammonium ehloride (30 ml),
extracted wilh ethyl acetate (3 x 20 mL), dried with anhydrows magnesium sulfate, flltered,
and evaporated in vacuo. The residue was purified using chromatography on silica gel
using gradient 50 to 100% athyl acetate in hexane to afford the Htle compeund {0465 g, 36%).
LC/ME: B, =177 min, 5" 474 (AA standard).
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{0383] (4a5,65.75,7aR)}-6-16-[¢15)-2,3-Dihydro-1H-Inden-1-ylasrino)-pyrimidin-4-y1}-
methyl}-2-{3-methoxyphenyhexahydroeyelopentald][1,3]dicxin-7-ol (0465 g 0.98 mmcl)
was dissolved in DM (17 ml) under an atmosphere of argon and 4-{dimethylamine)-
pyridine (024 g, 1.96 mmaol) was added followed by phenyl chlorothionocarbonate (204 mL,
1.47 mmal). The mixture was stirred for 1 hour. The salvent was concentrated in vacuo and
ke residue was purified via silica gel chromatography elubing with a gradient of 50 ig 100%:
EtDAc in hexanes on a column pre-treated with 1% TEA in hexanes to affard the title
compound {0.508 g 84%). LC/MS: R, = 2.3 min, E5” 610 (AA standard).

(034l -[{4a5,65 75, 7aR )6 [[(15}-2,3-Dihydro-i H-inden-1-ylamino]-pyrimidin-4-
ylimethyl}-2-{4-methoxyphenyhexahydrmocydopentald][13]dioxin-7-yl] O-phenyl
thiocarbonate (0508 g, 0.83 rnumol) was dissolved in toluane (14 mL) undear an abndzphere of
nitrogen and tri-n-bulyliin hydride (0.448 mL, 1.67 mmol) was added followed by 2.2"-azo-
bis-isobutyronitrile {0.027 mp, 017 mimol). The solution was heated fo reflux for 1 hour, Lhe
mixture was cooled down, the solvent was concentrated to 30 mL and the residue was
purified via silica gel chromatographiy eluting with a gradient of 50 1o 100% EfQAc in
hexanes to afford the title compound (0.280 g, 73%). LC/MS: R, = 1.94 mln, ES" 458 (A4
standard}.

[0385] N-{(18)-2,3-Dihydro-1H-inden-1-y1]-6-|[{425.65,725)-2-(4-methoxyphenyl)-
hexahydrocydopentald](1,3)dioxin-6-yi)methyljpyrimidin-4-amine (0.280 g, 0.61 mmeol) was
dissolved in THF {2 mL), water {2 mL)Y and AcOH (& mL., 0.106 mmol) were added. The
mixture was abdrred ander an atmosphere of argon for 60 h. The mixture was conrentrated
under reduced pressure and the residue was purified-via silica gel chromatography eluting
wilh a gradient of 0 to 10% MeOH in DXCM to alford the ndle compound (0190 g 91%)-
LC/MS: R, = 1.29 min, ES” 30 {AA standard}).
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(0286} The ille compound was preparcd following the procedure described in
Example 65, step d. "H NMR (CD,0OD, 400 MHz, 5): B34 (s, 1H), 727-7.15 (m, 4H), 641 {bs,
1H), 5.65-5.48 (m, 1H), 4.30-4.25 (m, 2H), 409 (dd, ] = 4.1, 4.1 He, 1H), 3.07-3.00 (m, 1H), 2.9¢-
2,85 {m, TH), 2.72-2.55 (m, 4H), 2.43-2.35 (m, 1H), 1.93-1.85 (m, 2H), 1.75-1.67 (m, 1H), 1.56-
152 {m, 2H)). LC/MS: R, = 1.38 min, ES" 419 {AA standard).

Example 86;  ((15,25,4R}-4-14-[(15)-2,3-Dihiydro-1H-Inden-1-ylamino]-5,6-dihydro-7H-
pyrrolof2 3dlpyrimidin-7-yi]-2-hydroxyeyclopentylimelhyl sulfamate
{Compeound 1-146)

tep a: 4 H-li !

[0367) (4.6-dichloropyrimidin-5-yljacetaldehyde (2.96 g, 15.5 mmol) was dissolved
in methangl {60 mL) and cooled at 0 °C, Sodium tetrahydroborate (3.579 g, 232 mmol) was
added and the mixhire was shrred for 1 hour. TLC indicaled compleb: conversion. The
reaction was quenched with water (20 mL), methano! was removed in vacuo and the residue
wag tortracted with ethyl acetate (3 x 30 mL). The combined organic extracts were dried with
magnesium sulfate, filtered and evapomated. The residue was purified using
chromatography on silica gel vsing pradlent 0 to 100% ethyl aceate in methylene chioride to
aFford ghe Hite compound (1.90 g 63%). LC/MS: R, = 0.93 min, ES' 194 (AA standard).

Steply 2 -inden-1-ylamino|pyrimid] 1

{0368] 2-{4,6-dichlorocpyrimidin-5yl)ethanol (1,50 g, 9.84 mmol) was disselved in 1-
butanocl (97 mL} and N N-Diisopropylefhylamine (3.43 mL, 19.7 mmol) and (5)-1-
Aminoindane (1.26 mL, 284 monol) were added. The soluton was heated at 120 °C for 3
days. Salvent was removed in vacuo and the residue was purified using chromatography on
silla gel using pradient 0 to 100% ethy) acetate in methylene chloride to afford e Hlle

compound (280 g, 98%). LC/MS: R, = 1.63 min, E5’ 290 {(AA standard).

(0385} 2-[4-chtoro-6-[(15)-2.3-dihydro-1H-inden-1-ylamino]|pyrimidin-5-yl]ethanol
(280 g. 59.66 mmol), phthalimide (1.56 g, 10.6 mmol) and triphenylphosphine (2.79 g, 10,6
mumol} were dissolved in TEF (105 ml) and the solution was cooled at 0 *C. DIAD {2.09 m1.,
1046 mmol) was added deopwise and {he mixbure was stirred 23 °C for 1 hour The solvent
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was removed in vacuo and the residue was purified using chromatography on silica gel

using gradient 10 to 50% ethyl acetate in hexane to afford the title compound (3.50 g, 86%).

LC/MS: R, =2.12 min, ES" 419 (AA standard). -

[0390} 2-(2-{4-chloro-6-[(15)-2,3-dihydro-1H-inden-1-ylamino]pyrimidin-5-yllethyl)-
1H-isoindole-1,3(2H)-dione (3.50 g, 8.32 mmol) was suspended in ethanol (102 mL) and
hydrazine hydrate (1.62 mL, 33.3 munol) was added. The mixtuie was heated to reflux for 1
hour. At that time, LCMS indicated complete conversion. The mixture was cooled to 23 °C,
crystals were filtered off, the residue was evaporated in'vacuo and purified using
chromatography on silica gel using gradient 0 to 20% MeOH in methylene chloride to afford

the title compound (1.20 g, 50%).. LC/MS: R, = 1.29 min, ES’ 289 (AA standard).

[0391] 5-(2-aminoethyl)-6-chloro-N-{(15)-2,3-dihydro-1H-inden-1-ylJpyrimidin-4-
amine (1.00 g, 3.46 mmol) and N,N-diisopropylethylamine (1.21 mL, 6.92 mmol) were
dissolved in 1,4-dioxane (19 mL) and the solution was heated in a pressure tube at 160 °C for
48 hours. At that time, LCMS indicated complete conversion. Solvent was removed in vacuo
and the residue was purified using chromatography on silica gel using gradient.0 to 20%
MeOH in methylene chloride to afford the title compound (0.81 g, 93%). LC/MS: R = 1.55

min, ES® 253 (AA standard).
Step f 7-{1R. ..3S; 4S./)-3-{[tert..2-butyl(dimethyl)silylJoxy} -4-{[... - tert-

butyl(dimethyl)silyljoxy}methyl .cyclopentenyl-. N-[(1S.)-2.3- . -dihydro-1H-inden-1-
y11-6.7-dihydro-5H.*~pyrrolo[2.3- d]pyrimidin-4-amine

[0392] N-{(15)-2,3-dihydro-1H-inden-1-y1}-6,7-dihydro-5H-pyrrolof2 3-d]pyrimidin-
4-amine (0.460 mg, 1.82 mmol) was dissolved in DMF (20 mL) and NaH (60%, 0.146 g, 3.65
mmol) was added. The mixture was heated at 60 °C for 5 minutes. (185,35 ,45)-3-{{tert-
butyl(dimethyl)silylJoxy}-4-{[tert-butyl(dimethyDsilyljoxyjmethyl)cyclopentenyl

- methanesulfonate (0.800 g, 1.82 mmol) in DMF (10 mL) was added and the resulting mixture
was heated at 100 °C for 2 hours. The solution was cooled to 23 °C, quenched with saturated
brine (20 mL), extracted with ethyl acetate (3 x 30 mL), dried with magnesium sulfate,
filtered and evaporated in vacuo. The residue was purified using chromatography on silica
gel using gradient 0 to 30% ethyl acetate in hexane to afford the title compound (0.22 g,
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20%). LC/MS: R, =7.17 min, ES' 596 {AA Nonpolar: Fhenominex Luna Sum C18 50X 4.6
mur column at 2.5 ml/min gradient of AC contalning 50 to 0 % 10 ml Ammonium
Acetate in FLO for Imin.)

10393] The tille compound was prepared following the procedures described in
Example 34, step ¢ and Example 65, step d. "H NMR (CD,0D, 400 MEHz) & 7.93 (s, 1H), 7.23-
-7.12 (i, 4H), 5.64-5.60 (m, 1H), 4.87-4.83 {mn, 1H}, 434431 (m. 1H), 4.29 {dd, ] =7.6, 9.6 Hz,
1H), 4.13 (dd, f = 7.2, 9.6 Hz, 1H), 3.58-2.53 (m, 2H), 3.03-2.95 {(m, 1H]), 2.90-2.77 {m, 3H), 2.59-
242 (m, 2H), 2.00-1,57 {mn, ZH), 1.91-1.82 (mn, 3H). LC/M5: R, = 4.98 min, ES” 446 (FA [ong).

Example 57: ((1R2R,354R)-4-|[2-2,3-dihydro-1H-indol-1-ylcarbonyl)pyridine 4-yllaming}-
2,3-dihydrexycyriopentyl)methylsulfamate {Compound I-145)

[0394] 'H NMR (400MHz, CD,0D) §: 8.20-8.00 {m, 2H), 7.30-6.70 (m, 5H), 4.26-4.02

{m, 3H), 3.86-3.78 (m, 2H), 3.17-3.11 {rn, 2H} 2.50-230 {rn, 2L, 1.40-1.20 {m, 3H), ppm.

LC/MS: R, =095 min, ES” 449 (A A standard).

Example B8: [{1R,2R35 4R)}-4-[{2-{[{15}2 3 dlhydra-1H-inden-1-ylamino]carbonyl}

ﬁmc;me-dnyl}anunu] -23-dihydroxycyclopentyl]methylsulfamate {Compound
" [0395] "H NMR (CD,0D, 300MHz) b: 8.05 (d, = 7.5 Hz,1H), 7.50 {bs, TH), 7.32-7.16
(m, 4H), 6.97-6.92 {m, 1H), 5.64 (1, | = 7.54Hz, 1H), 417 (d, J = 5.09Hz, 2H), 4.09-3.60 (m, 3H),
3.15-3.04 (m, 1H), 3.00-2.87 {m, 1H), 266-2.5% (m, 1H), 2.45-2.29 (m, 2H), 2.11-1.97 (m, 13D,
1.44-1.34{m, 1H} ppm. LC/MS: R, = 1.35 min, FS" 463 (AA standard).

Example 8% {{1525AR)}4-i8-(3-chlorophenyl} 9H-purin-6-yllamino}-2-
hydroxcycyclopentyl)methyl sullamate {Compound [-60)

54 . 5-chloro-8,5-dianmi imidi
[0396] A suspension of S-Amlnu-i,ﬁ-dld'tlmnp]rﬂmﬂme {3 g. 0.2 mel) In ammonia
{25 mL, ?NﬂvIeDH 0.175 mole) was heated at118=C uvenughi[undgr pressure}. The
reaction was cooled to 23 °C, filtered and washed with ethanol to obtain 1.92 g (70%).
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b: lor henyl}-9H:

[0397] To a mixture of 6-Chlarc-4,5-diaminopyrimidine (0.70 g, 4.84 mmol) and 3-
chlorebenzoic acid (0.76 g, 4.84 mmol) in the fask was added phasphory! chionde (40.0 mL},
and the resulting rixture was stirmed for 16 hat 100 °C. The reaction mixture was
evaporated to remove excess phosphoryl chinride, and the residue was added ko water (20
mL). The precipitate was filtered and purified by flash chromatography (0 to 5%
Methanol/ DCM) to afford the tile compaund (1.28 g, 3t %) as a yellow solid. LC / MS:R =

1.59 min, ES* 265.0 (FA standard).

Ste M- 5 1{di il fere- Nzilyl
eihy] a 11 In—-H-arrine
{0398] A solutdon of G-chlore-B-{3-chlorophe nyl}-9H-purine (155 mg, 0.58 mumol),

(LR35 45)-3-{[tert-butyl{dimethylsilylloxy]-4-(([tert-butyl{dime thyDsilylJoxy|methyl)-
cyclopentanamine {200 mg;, 0.56 memol) (Example 128, steps a-c), and N,N-
diisopropylethylamine (020 mL, 1.17 mmnol) in ethanol (2.00 L) was microwaved at 160 °C
for 30 minutes. The Teaction mixture was concentrated under vacuum, and the residue was
purifiedt by flash chromatography (0 to 5 % Methanol /DCM) to afford the title compound
{275 mp, 76 %) as a light yellow solid.

il =2-[[teri-bubyl{di silyl orophenyl -

Nami o

[0335} The title compound was prepared following the procedure described in
Example 34, step ¢ LC / MS : R, =2.07 min, ES" 4742 (AA standard).

[0400) The title compound was prepared {ollowing Lhe procedure described in
Example 65, step d. "H-NMR (400MHz, CD,0D) 8 : §.22 (s, 1H), 8.09 (s, 1ED), 8.00-7.94 {m,
1H),7.54-7 48 (m, 2F3), 4.93-4,84 (m, 1H), 4.44-4.40 (m, 1H), 435 (dd, 1H, j= 9.7, 7.8 Hz), 4.17
(dd, TH, J= 5.7, 73 Hiz), 2.64-2.54 (m, 1H), 2.35 (add, 1H, J= 14.0, 7.5, 1.2 Hz), 2.20-2.10 (m,
1), 1.96 (ddd, 13, }=14.0, 7.0, 4.8 Hz), 1.66 {ddd, 1H, J= 13.0, B2, 3.6 Hz). LC / M5: R = 5.48

min, E5' 439.1 (FA long)
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Example 90.  ((15254R)A-{[B-(2 6-dimethoxyphenyl)}-9H-purin-&-ylJamine)-2-
hydroxycyclopentylimethyl sulfamate (Compound 193}

[0401] The tifle compound was prepared following the procedure described in
Example 89 (steps 2-¢) using 2,6-dimethoxybenzoic acid. 'H-NMR (400MHz, CD,0D) §: 821
(s, 1FD, 746 (t, 1H, J= 8.6 Hz), 6.78 (d, 2H, J= 8.6 Hz}, 4.90-4.79 {m, 1H), $43-138 (m, 1H),
4.34(dd, 1H, J= 9.6, 7.5 Hz), 417 (dd, 1H, J=9.6, 7.3 Hz), 3.81 (s, 6K}, 2.62-2.52 {m, 1H), 234
{ddd, 1K, J=14.0,7 5, 1.7 Hz), .15 (ddd, 1H, = 138, 10.3, 8.5), 1.93 (ddd, 1H, ]=14.0,65,53
Hz), 1.84 (ddd, 1H, = 13.8, 8.6, 3.8 Hz), LC / MS: R, = 430 min, ES" 465.2 (FA long).

Example 91: [{15254R)-2-hydroxy-4-{|B-[2-(Hiflupromethylypheny]-9H-purin-t-yi|}-
aminoc)cycopentyl]methyt sulfamate (Compound I-122)

(04021 The title compound was prepared following the procedure described in
Example 89 (steps a-e} using o,2,¢-Trifluoro-o-toluic acid. "H-NMR (400MEH:z, CD,0D) & :
826 (s, 1H), 7.92 (dd, 1H, }=7 0, 1.9 Hz), 7.52-7.71 (m, 3H), 496-4.85 (m, 1H), 4.43-438 {m,
1), 434 {dd, 1H, J=9.8, 7.4 Hiz), 4.16 (dd, 1H, J= 95, 7.3 Hz), 2.63-2.52 (m, 1H), 2.34 {ddd,
1H, J= 140,75, 1.8 Hz), 2.15 {ddd, 181, J= 135, 10.6, B.8 Hz), 1.95 {ddd, 1H, J=14.0, 7.1, 5.0
Hz), 145 (dad, 1H, J= 13.5, 8.6, 3.8 Hz). L.C / MS: R, = 5.17 min, ES’ 473.2 (FA long).

Example 92: ({1525 4R}-2-hydroxy-4-([B-{2-phenoxyphenyl}-9H-purin-&-yl]amino}-
cyclopentyl)methyl sutfamate (Compound I-37)

(02631 The title compound was prepared following the procedure described In
Example B9 (stepa 2-€) using 2-pheroxybenzoic acid. "H-NMR (400hHz, THF-d8) 6 : B.40 {br
d, 14, j= 75 Hz), 8.18 (bs, 1H), 7.43-7 34 (m, 3H), 7.25-7.13 {m, 4H), 694 (d, 1H, [= 8.3 Hz},
6.87 (brd, 1H, J=7.5Hz}), 5.17-1.93 (m, 1H}, 4.41-4.35 (m, 1H), 435 (dd, 11, /= 9.8,2.7 Hz),
4.13 (dd, 1H, f= 9.8, 7.3 Hz), 2.63-2.52 (m, 1), 235-225 (m, 1), 220-2.06 (m, 1H), 2.01-1.51
{m, 1H), 187 (ddd, 1H, J=133, 8.8, 4.4 Hz). LC / M5: R = 5.683 min, ES" 497.2 (FA long).

Example 33:  {{15,254R}-2-hydroxy-4-[8-(1-naphthyl}-2H.purin-f-yllamino}cyclopentyl)-
methyl sulfamate {Compound 1-49)

[o404) The title compound was prepared following the procedure described in
Exeanple B7 (steps a-£)} using 1-naphthalenecarboxylic acid. TH-NMR (400MHz, CD,0D) &:
B.70-8.55 {(ba, 1H), 8.26 (s, 1H}, 8.02 {d, 1H, [= 8.3 Hz), 7.98-7 93 (m, 1H), 7.84 (dd. 1H.]=2.1,

1.1 Hz}, 7.61-7.52 (m, 3HD, 5.01-4.80 (m, 1H), 4.41-4.37 {m, 1K)}, 4.24 {dd, 18, J= 9.5, 7.6 Hz),
4.16 (dd, 15, J= 9.5, 7.3 Hz), 2.61-2.50 (mn, 1H}, 2.34 (ddd, 1H, J=14.0,7.6, 1.5 Hz}, 220210
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{m, 1H),1.94 (ddd, 1H, J=14.0, 7.0, 4.9 H=), 1.-34.- {ddd, 1H,/=13.1,83,3.8 Hz). LC / M5: R,
= 5.48 min, ES” 455.1 (FA lang).

Example 94: [(15254R}-4-{(B-dibenzolbd]furan-4-yl-9H-purin-6-ylJamino]-2-
hydroxycydopentyllmethyl sulfamate (Compound 1-39)

[p40s] The tile compound weas prepared following the procedure described
Example 8 (ste ps a-€) using dibenzofuran-<4-cathoxylic acid. "H-NMR @00MElz, CDOD) S <
8.25 (s, LH}, B.15-8.07 {m, 2H), 8.04 (d, 1H, [= 7.9 k=), 7.74 (d, 1H, J= 82 Hz), 7.56-7.50 {m,
1H), 746 (t, TH, = 7.6 Hz), 2.40 (dd, 1H, J= 7.9, 72 Hz), 4.91-4.77 (m, 1H), 4.47-4.43 (m, 1H),
4.38 (dd, 1H, J= 9.8, 7.5 Hz), 420 (dd, 1H, }= 9.8, 7.2 Hz), 2.67-2.56 (m, 1H), 238 {(ddd, 1H, J=
14.0, 78, 12 Hz), 224-2.13 (m, 1H}, 1.59 {ddd, 1H, /= 140, 6.7, 5.0 Hz), 1.89 (ddd, 1H, J= 130,
B.4,3.7 Hz}. LC / M5 : R, = 5.74 min, ES" 495.0 (FA long).
Example 95:  {{1525AR)}-4-}(8-Biphanyl-3-y1-9H-purin-6-yl)amino]-2-hydroxycyclopentyi]-
methyl sulfamate (Compmund I-105)
[D406] The title compound was prepared lollowing the procedure deseribed in
Example 89 {steps a-€) using biphenyl-3-carboxylic acid. "H-NMR (400MHz, THF-dB) § :
12 38-12 25 (bs, 2H}, 10 95-10.80 (bs, 1H), B.38 {t, 1H, = 1.8 Hz), B.17 (s, 1), 8.05 (d, 1H, J=
7.3 Hz), 7.72-7.68 {m, 3H), 7.55 (1, 11, J= 7.6 Hz), 7.48-7.43 (m, 2H), 735 (i, 1H, [= 73, 1.3 -
Hz), 6.87 (br d, 1H, J= 6.5 Hz), 6.57-6.45 (bs, 2H), 5.15-4.90 (m, 1H), 4.37-4.31 (m, 1H), 431
{dd, 1H, }= 5.5, 7.8 Hiz}, 4G9 {dd, 1H, J=9.5, 73 Hz). 3.95-3.85 (bs, 1H), 231-2.21 {m, 1H),
2.16-2.04 (m, 1H), 1.94 (ddd, 1H, J=13 1, 8.0, 4.4 H2), 1.84 {add, 1H, =133, 8.8, 42 Hz}, LC /
M5 : R, = 6.17 min, ES" 4810 (FA long).

Example 96:  ((15,25AR)-2-hydmcy-4-1[8-(5.6,7,B-1etrahydronaphihalen-1-yl)-9H-purin-5-
yllaminoleyclopentyl)methyl sulfamate (Campound I-126}

[0a07] The tite compound was prepared following the provedure described in
Example B9 {steps a-e)} using §.6,7 8-telrahydro-naphthalenes-1-carboxylic acid. "H-NMR
{4000Hz, CD,0D) 6 : B22 (3, 1H), 738-7.32 (m, 1H), 7.25-7.19 {m, 2H), 4.52-4.82 (m, 1H),
4.42-4.38 (m, 1H), 434 {dd, 1H, J- 95, 7.8 Hz), 4.16 {dd, 1H, J= 9.5, 7.3 Hz), 2.93-2.83 (in, 4H)},
262-2.51 (m, 1H), 233 {ddd, 1H, J= 12.8, 7.5, 1.8 H=z), 2.15 {ddd, 1H, J= 135, 103, 8.5 Hz). 1.94
{ddd, 1H, J=13.8, 7.1, 4.8 Hz), 1.88-1.73 {m, 5H). LC / MS : R, = 5.22 min, E5" 459.1 (FA long}.
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Example 57: {(1525AR}-2-hydroxy-4-{[8-(1-naphthyl}-9H-purin-8-yi Joxy|cyclopentyl}-
methyl sulfamate (Compound I-87)

[04DE] The title compaund was prepared following the procedures described in
Example 33 (steps a-b, e-f} and Example 65 (step d) using (1R35,45)-3-|[{ert-butyl(dlmethyl)-
silyl]oxy)-4-({{tert butyl{dimethyi}silylJoxy]methylcyclopentanol. "H-MMR (4000 1z,
CD,OD) b : 8,53-8.46 (m, 1H), 8.52 (s, 1H), B.08 {d, 1EL J= 8.0 Hz), 8.01-7.96 (m, TH), 7.88 (dd,
1H, J=73, 12 Hz)}, 7.65-7.55 (m, 3H), 5.98-5.91 {m, 1F), 1.90-4.85 (m, 1H), 4.48-443 (m, 1H),
426 (dd, 111 [=2.8, 7.5 H=), 420 {dd, 1H, J= 9.4, 7.2 Hz), 2 71-2 60 {m, 1H}, 2.44 (ddd. 1H, =
15.0, 6.7, 1.9 Hz), 227 (ddd, 1H., J= 150, 5.0, 4.5 Hz), 220-2.13{m, 1H}. LC / M5 R, =648

min, E5’ 4560 {FA long).

Example 58: {1525 4R)-41(8-biphenyl-2-yl-9H-purin-6-yl)amino}2-hydroxycyclopentyl)}-
methyl sulfamate {Compound I-48)

[o409] The Lite compound was preparcd Following the procedure described In

Example B9 (steps a-2) using 2-biphenylcarboxylic acid. "H-NMR {400MFz, CD,0D) & : 8.14

(s, 1H), 7.73 (¢d, 1H, J= 7.6, 1.1 Hz), 7.657.60 (rm, 1K), 7.57-7.50 { m, 2H), 7.30.7.24 (m, 350),

7.22-7.18 (m, 2H)}, 4.86-4.77 (m, 1H), 4.41-4 26 (m, 1H), 4.33 (dd, 1H, = 9.7, 7.5 Hz), 4.15 (dd,
1H, J=9.7, 7.5 Hz), 2.60-2.48 {m, 1H}, 2.34-2 25 (m, 1H}, 2.16-2.04 (m, 1H), 1.94-1.85 {m, 1H),

1.3:'1-1 74 {m, 1H}. LC / M5 : R, = 543 min, ES" 481.0 (FA long).

Bxample 99:  ((15,254R)-4-{[8-(2 2-dImethyl-2, 3-dihydro-1-benzofuran-7-y1)}-9H-purin-6-

. yllaminal-2-hydroxycyclopentylymethyl sulfamate {Compound 1-100)

E3410] The title compound was prepared following the proredure described in

Example 89 (steps a-g) using 2,2-dlmethyl-2,3-dihydro-1-benzofuran-7-carboxyllc acid. 'H-

NMR (400MHz, CD,00) § : B.30-8.19 (m, 1H), 8.06-8.02 and 7.90-7 80 {(each bs, total 1H),

7.34-7.28 {m, 1H), 6.99 (1. 1H, = 6.5 1z}, 4:9'0-4.80 {m, 1H}, 4.45-4.40{m, 1H), 435 (dd, 1H, |=

9.7, 7.7 Hz), 418 {dd, 1H, [= 9.7, 75 Hz), 3.15 (bs, 2IT), 2.64-2.52 {m, 1H), 244-2.30 {,, 1FD),

2.23-2.10 (m, 1H), 2.01-1.20 {m, 1FE, 1.86 (ddd, 1H, J=13.0, 42, 3.7 Hz}, 1.64 {bs, 3H), 1.61 (s,

3H). LC / MS : R, = 5.17 min, ES" 4753 {FA long}.

Example 100: [{18,25AR)~4-(|8-[4-(dimethylaminn}-1-naphthyl]-9H-purin-é-yllaming)-2-
hydroxycyclopentyimelhyl sulfamate (Compound I-64)

[D421] The tlle cormpound was prepared following the procedure described in

Example 69 (steps a-e) using 4-dimethylaminonaphthalene-1-carboxylic acid. "H-NMR
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{(400MEz, CD,0D) 5 : 8.70-8.58 (bs, 1), 834828 {m, 1H), 8.25 (3, 1H}, 7.77 (i, 1H, }= 79
Hz), 7.60-7.53 (m, 1H), 721 {d, 1H, J= 7.9 Hz2), 1.98-4.84 (m, 1H), 4.42-4.39 (m, 1H), 435 {dd,
1H, [= 9.8, 7.6 Hz), 4.17 (dd, 1H, ]= 98, 7.3 Hz), 2.64-2.53 {m, 1H), 235 {ddd, 1H, j= 140,76,
16 Hz), 2.22-2.12 {m, 1H), 1.97 (ddd, 1H, J= 140, 7.0, 5.0 Hz), 1.87 {ddd, 1H. }=125,8.6,35
Hz). LC / MS : R, = 5.39 min, ES" 495.0 (FA long).
Bxample 10L: ((15254R)-2-hydroxy-4-([8-(3-methoxyphenyl}-9H- purin-6-yl Jaminn}-
cydopentyl)methyl sullfamate (Compound 99}
[n412] The Etle compound was prepared following the procedure described in
E.'ﬂ-mrﬂq:-h‘: 89 {steps a-e) nsing 3-Methoxybenzoicadd., 'H-NMR (400 MElz, MeOD, &) &22 (s,
1H), 7.62 (m, 2E), 7.43 {t, J=7.9Hz, 1H}, 7.07 (dd, }=23Hz, 6.3Hz, TH), 4.42 {t, J=4 3Hz, 1H),
4.35 (dd, =7 7Hz, 9.7Hz, 1H), 4.17 (dd, =7 38z, 9.7Hz, 1H), 3.89 (s, 1H), 2.59 (m, 1H), 2.35
(ddd, J=1.1Hz, 7.6Hz, 14 2Hz, 1H), 2.15 (td, 1H, ]=9.4Hz, 133Hz), 1.96 {ddd, J=5.1Hz,
1=6.9Hz, ]=14.0Hz, 1H), 1.86 {ddd, [=3 8Hz, 85Hz, 13.1Hz, 1H), LC/MS: R, = 1.3 min, ES'
435 (a4 standard).

Example 102: [{15,25 4R)}-4{(8-benzy1-8H-purin-6-yl)amino]-2-hydroxycyclopentyl} methyl
sulfamate {Compound [-88)

(0415} The title compound was prepared following the procedure described In
Example 89 (steps a-€) using Benzeneaveticacid. "E-NMR (400MBz, CDOD) &:8.17 (5, 1H),
7.35-7.21 (in, 5H), £84-4.71 {m, 1H), 4.40-435 (m, 1H), 433 (dd, [ = 75, 2.5 Hz, 1FD, 4.19{s,
21), d.14(dd, J = 7.3, 9.8 Hz, 1H), 2.50-2.45 (m, 1H), 2:34-2 23 (m, 1H), 2.17-2.04 {m, 1H), 1.92-
1.62 {m, 1H), 1.82-1.72 (m, TH) ppm. LC/MS: R, =3.94 min, ES” 419 (FA Waters).
Exarnple 103: ({15,25.4R}—2—hj"d:01}'—‘i—|[B—ﬂiﬂ;ﬂ-’t&hﬂh}fdmmpﬁﬂmim—l—yl}-?ﬁ-puﬁn&
¥l]amino)cyclopentylmelhyl sulfamate {Compound J-121)
[0414] The Hte compound was prepared following the procedure deseribed in
Example 89 (steps a-e) using 1,2,3,4-Tetrahydro-1-naphthalenyl hydroperoxide. "HNMR
{400MHz, CD,0D) &: 8.17 {5, 1H), 7.26-7.03 (m, 3H), 6.93-6.83 (m, 1H), 4.82-4.70 (m, 1H), 447~
428 (mn, 3H), 4.17-4,10 {m, 1H), 3.00-2.79 (m, 2H), 2 57-2.43 (m,, 1H), 2.33-2.04 (m, 4H), 1.95-
1.68 {m, 5H) ppm. LC/M5: R, =4.30 min, ES" 459 (FA Waters).
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Fxample 102 [(1523 AR)-1-{{8-[2{dimethylamino)phenyl}-§H-purin-6-yljamino)-2-
hydroxycyclopentyllmethyl sulfamate (Cornpound I-137)

(0415] The tite compound was prepared following the procedure described in
Example 8% (steps a-¢) using 2-Dime fhylaminebenzolc add. "H NMR (400MFz, CD,0D) §:
823 (s, 1H), B.06-7.93 (m, 1E1), 7.48-7.39 (m, 1HL, 7.35-7.28 (m, 1E3), 7.20-7.12 (m, 1H), 445
439 (i, 1H), 436 (dd, { = 7.8, 9.8 Hz, 1H), 418 (dd, [ = 73, 9.5 Hz, 1)}, 2 &8 (s, 6H), 2.63-252
(tn, TH), 2.40-2.28 (m, 15, 2.21-2.09 {m, 1H), 1.59-1.90 (m, 1H), 1.69-1.80 {m, }H) ppm.
LC/MS: R, =3.28 min, BS” 44 (FA Walers).
Example 105: ((15,25AR)-4-({8-(2,3-dihydr-1,4-benzodiondn-3-yIH-9H-purin-6-yllamine}-2-
hydroxycyclapentyiymethyl snlfamate (Compound [-41)
[0416] The tille compound was prepared fallowing [he procedure described in
Example B9 (stepa a+e) nsing 2,3-Dihydre-1,4-benzadioxnine-5-carboxylic acid. "H NMR
(DMSO-d,, 400MHz) 5: 830-7.79 {m, 2H), 7.69-7.61 {m, 1H), 7.06-6.69 {m, IH), 4.94-4.15 (m,
9H), 2.46-2.40 {m, 1H), 2.26-1,84 (m, 4H), 1.82-1,67 {m, 2H) ppm. LC/MS: R, = 3.93 min, ES"
463 (FA Waters),
Example 106 [(15.25,4R)-4-{|6-{2-(benzyloxy)phenyi]-9H-purin-6-yljamino}-2-
hydroxycyclopentyl]methyl sulfamate {Compound I-68)
[0417] The Hile compouind was prepared [ollowing the procedure described in
Example B9 (steps a-e) using 2-Benzyloxybenzoic acid. "H NMR (400MHz, CD,0D) 5: 8.38-
£.02 (m, 2H), 7.49-7.07 {m, 8H}, 5.63-5.29 {m, 2H), 4.44-43% (m, 1H), 435 (dd, =75, 98 Hz,
1H), 417 (dd, | = 7.3, 9.8 Fz, 1H), 2.65-2.48 {m, 1H), 2.41-2.28 {(m, 1H}, 2.22-2.10 {m, 1H), 2.02-
1.78 {m, 2H) ppm. LC/MS: R, = 4.71 min, ES' 511 {FA Waters).
Examnple 107: {(15.25AR)-4-{(B—cyclohexyl-8H-purin-6-yl)arnino]-2-hydroxycyclopentyl)-
methyl sulfamate (Compound 128}
[0a26]1 The title compound was prepared following the procedure described in
Example B2 (steps a-€) using Cydohexanecarboxylic add. '"HNMR (CD,0D, 400 WHz) B:
8.16 (s, 1H), 4.82-4.77 (m, 1H), 4.42-4.39 (m, 1H), 434 {dd, J = 7.6, 9.7 Hz, 1), 4.16 (dd. = .
7.3, 9.7 Hz, 1H), 2.89-2.63 (m, 1H), 2.59-2.52 {m, 1H), 235220 {m, TH), 217-2.07 {m, 3H),
1.95-1,75 {m, 5H), 1.67-1.27 {mn, 5H) ppm. LC/MS: R, = 1.30 min, ES’ 411.08 (AA standard).
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Example 108: {(1525AR}-4-{{8-terl-butyl-9H-purln-6-yljamino]-2-hydroxycyclopentyl|-
methyl sulfamate {Compound 131

[0419] The title compound was prepared fallowing the procedure described In
Example 69 (steps a-e) using Trimethylacetic acid. "H NMR (CCLOD, 400 M) 5: 8.17 (s,
1), 4.83-475 (m, 1H), 4.42-4.39 {m, 1H), 134 (dd, J = 7.5, 95 Hz, 1H). .16 (dd. = 7.3, 9.8
Hz, 1H), 2.59-2.53 (m, 1H), 235-2.30 (m, 1H), 2 17-2.09 {m, 1}, 1.95-1 BB {m, 1H), 1.25-1.78
(m, 1H), 1.44 (5, 9H) ppm. LC/MS: R, = 1.08 min, ES* 385.24 (AA standard).

Example 109: {(1525 4R}4-{[8(¢-chlorophenyl)-SH-purin-6-yllaminp|-2-
hydmxyeyclopentylymeihyl sulfarnate {Compound I-111)

Stepa:  6-chloro8-{é-rhl henyl-9H-puri
f0a200 °  Toasolution of 6Chlorc-4.5-diaminopyrimidine (1 g, C.007 mol) (Example
B3, step'a) in 1,4-Dioxane (60 mL, 0.8 mol) was added 4-Chlorobenzaldehyde {2.2 g, 0.016
mol) and Ferric chloride {25 g, 0.015 mol} mixed with 28.6 g silica gel, and the mixture was
heated at 100 “C for 20 hours, The reaction was ¢ooled to 23 °C, filtered and washed with
10F% ethanol fethy) acctate and concentrated. The residue was dissolved in ethyt acetate and
waghed with water, brine, and concentrated. The residue was triturated in diethyl ether to
oblain 272 mg (10%). LC/MS: R, = 1.54 min, ES® 265 (A A standard).

[eaz1] The title compouni] was prepared {ollowing the procedure described in
Example 89 ;:aneps c-d) and Example 1, step d. "HNMR (CD,0D, 400 MHz) 5. 8.22 (s, 1H),
8.03 (d, ] = 8.5 Hz, 2H), 7.55 (d, | = BS Hz, 2H), 4.90-4.85 (m, 14}, 443441 {m, 1H), 435 (dd.
}=75,97Hz, 1H),4 .17 (dd, ] = 7.3, 9.7 Hz, 1H), 2.62-2.56 {m, 1H), 237-2.31 (m, 1H), 220-
2.12 {m, 1H), 2.00-1.93 {rm, 1H), 1.89-1.82 {m, 1H) ppm. LC/MS5: R, =135 min, E5' 439.29 (AA
standard).

Example 110 [(1525AR}-2-hydroxy-4-[(8-phenyl-9H-purin-&-yljamino]cyciopentyl methyl
sulfamate (Compound -69)

(0422] The title compound was p:eparedl'nllmﬁngl the procedures described in
Examnple 109 {step a) using benzaldehyde and Example 1 (step d) followed by TRAF
deprotection of the THS group. 'H NMR (CD,OD, 400 MHz) §: 8.22 (s, 130), 8.06-8.04 (m,
2H), 7.56-7.51 (n, 3H), 4.50-4.84 (m, 1F), 4.43-1.41 (m, 1H), 4.36-4.33 (mn, 1), 420-2.15 (m,
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1H), 2.62-2.56 {m, 1H), 2.37.2 31 (m, 1H), 2-28-2 11 {m, 11T}, 2.00-1 92 (m, 1H), 1.63-1.81 (m,
1H) ppm. LC/M5: R, = 1.24 min, ES” 405 (AA standard).

Example 111: [(15254R)-2-hydroxy-4-({8-[2-(trifluoromelhoxy)pheryl}-2H-pusin-6-yl}-
aming)cyclopentyl]methyl sulfamate (Compound [-62)

[0a23] The tifle compound was prepared following the procedures described in
Example 1{9 (step a) and Example B2 (steps l:-E] using 2-{Trifluoromethoxy) benzaldehyde.
"H NME (400MEz, CD,0D) & 8.26 {bs, 1H), 8.05-7.95 (m, 1H), 7.63-7.61 {m, 1H), 7.60-7.50
{m, 2H]}, 4.45-4,39 (mn, 1H), 435 {dd, J = 7.5, 9.8 Hz, 1H), 4.17 (dd, f =73, 9.5 Hz, 1H), 2 67-
251 {m, 1H}, 2.40-2.29 {m, 1H}, 272-2.10 {m, 1H), 2.07-1.91 {m, 1H}, 1.90-1.81 (m, 1H) ppm.
LC/MS: R, =5.71 min, ES" 489 (AA Waters).

E:um;:h: 112: {{15.254R)-2-hydroxy-H[B-{2-methoxyphenyl}-9H-purin-G-yl]amina}-
cydopentyiymethyl sutlamate (Compound 1-133}
[0424] The Htle compund was prepared following the procedure described in
Example 111 using 2-Methoxybenzaldehyde. "H NMR (400MEz, CD,0D) §: 8.41-8.00 (m,
2H), 7.53-7.44 (m, 1H), 724-7.16 (. 1H), 7.15-7.05 {m, 1H}, 485-4.76 (m, 1H), 4.45-4.40 (m,
1E0), 436 (dd, f = 7.8, 9.8 Hz, 1H), 416 (dd, [ = 7.3, 95 Hz, 1H), 4.05 {bs, IH), 264-2.51 {m,
1H), 2. 41-2.30 (e, 1H), 2.22-2,10 (m, 1), 2.00-1.79 {m, 2H) ppm. LC/MS: R, =3.93 min, ES'
435 (FA Walers).

Example 113: ((15254R)-2-hydrosxy—4-{[6-{1-naphthyl} 7H-pymrolof2 3-dlpyrimidin-4-yl}- -
aminojcydopentyljmethy] sulfamate {Compound I-74)

g-chl I-naphthyli-7 on - 2 omidin

[pa25] To a strred solution of N N-diisopropylamine {265 L, 1.89 ramnl) in THF
{3.00 mL) was added dropwise 1.60 M r-butylllthium in hexane (1.17 mL) at-78 °C under an
atrnosphere of Argon, and the mixhure was shrred for 20 minutes at-78 *C. To this mixture
was added dropwise a salution of 4-chioro-?-(phenylsulfonyly7H-pyrrola[23-d]pyrimidine
(500 mg, 1.70 mmol) in THF {5.00 mL), and the mixture was stimed forLhat 78°C A
splubon of zine chloride (278 mg, 2.04 mmol) in THF (2.00 mL) was added dropwise, and 1he
resulting mixture was taken out the cooling bath and allowexd to stir for 1 h. Te a suspension
of tetrakis(idpherylphosphine) palladium(li) {100 mg, 0.08 smmnol) in THF (200 mL) was
added 1-iodonaphthalene (0.30 mL, 2.06 munol), and the resulting yellow solution vwas
immediately added to the reaction mixture. The resulting mixtyre was heated at 80 °C for 1
h. After conling to 23 °C, the reaction mixhire was guenched by the addition of water (70.0
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mL) and the waler layer was acidified with 1.00M hydrochlaric add. The mixture was
extracted will DCM {3 x 100 L), and the crgaric layers were combined. The organic layer
was washed wilh brine, dfied over MgSO,, Aifered, and evaporaled under varunm. The
residire was purified via silica g2l colwnn chromalography elubing wilh 30% ethyl acefale in
hexanes to afford the Hile compound {665 mg, §2%). LC / MS: R = 11.11 min, ES' 420.0 (FA
long).

tE. : d-chl 1 1}-7H- o
[0426] To a stirred setution of d-chloro-6-(I-nephihyl}-7-{phenylsulfonyl}-7H-
pyirolo[2,3-d]pyrimidine (350 mg, 0.73 mmol} in THF (250 mL} was added a solution of
NaOH (205 mg, 5.13 mmol) in methanol (1.19:nL), and the mixture was stirred for 15
minutes, Alter quenching by addition of Sahmated NEHC selution {80.0 mlL}, the mixhare
was extracted with ethyl acetate (3 x 100 mL). The organic layers were combined, dried over
W30, filtered, and evaporated under vacmum The residue was dissqlved [n a smatl

amount of methanol, and the suspension was filtered through a glass pad flter. The white
solid was dried under high vacuum Lo aford the tile compound (14 1mg, $65%)

5 h 1 7H-pyreolo pyvisnidin-4-yit-
sminoloyelo thy! sulfamate 74
[©427] The tile compound was prepared following Lhe procedure desaibed in

Example 89 (steps e-g). 'H-INMR (400MIz, CD,0D) & : 8,31-8.25 {m, 1H), 8.16 (5. 1H), 7.96-
7.89 (m, 2H), 7.65 (dd, 1H, J= 7.0, 0.8 Hz), 7.58-7.49 (m, 3H), 6.91 (s, 1H), 4.92-4.80 {m, 119),

4.45-1.39 (m, 1H), 435 (dd, 11, J= 9.6, 75 Hz), 418 {dd, 1H, j= 95,7 3 1), 2 65253 (m, 1H),
234 (ddd, 1H, f<13.8, 7.5, 1.3 Hz), 2.21-2.11 (m, 1H}, 2.00 (ddd, 1H, J= 13.8, 7.0, 5.1 Hz), 1.87

(ddd, 1H, j= 13.0, 8.6, 40 Hz). LC / MS: R = 5.22 min, E5' 4541 (FA long).

Example 114 |{15,25,4R}-2-hydroxy—4-[(6-phenyl-7H-pyrrolo] 2 3-d]pyrimidin-4-yl)-
aminefcyclopentyllmethyl sullamate {Compound I-38)

[0425) The title compound was prepared following the procedure deserdbed in

Example 113. "H NiR (400MHz, CD,0D) 8: 8.0 (s, 1H), 7.78-7.7} (m, 2H), 7.45-7.38 (m,

Hz, 1H), 4.17 {dd, [ = 7.3, 9.8 Hz, 1H), 2.564-2.52 (m, 1H), 2.26-2.27 (m, 1H), 2.19-2.08 {m, 11T},

2.02-1,93 (m, 1H), 1.55-1.7% {m, 1H) ppm. LC/MS: R, = 4.02 min, ES' 404 (FA Waters).
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Bxample 115: ({1525 4R)-4-{[8-(F-chloroguinolin-4-y}-7H-purin-6-ylJoxy)-2-
hydroxycyclopentyljmethyl sulfamate (Compound 1-73}

[0424] In DMF (4 L, 0.05 mol) was suspended sodium hydride {47 mg, ¢.0012 mal}
at 0°C, to which was added a saludon of (1R,35,45}3-({tert-butyl(dimethy)silylJoxy -
{{[tert-butyl(dimethy])silylloxy)methyl)cyclopentanc] {0200 g, 0.000554 mol} in 2.5 mL DMF.
The mixture was stirrad.at 0 °C. for 10 minutes and waa added a solution of 6-Chloro-5-
{etrahydropyranyl}purine {D.265 g, 0.00111 mol} (Example 33, step b) in 4 mL DMF. The
reaction was stirred at 0 °C for 1 h and warmed to 23 "C aovernight. The reaction was
quenched by addition of saturated aqueous NH, (], and the mixture was extracted with

ethyl acetate, washed with brine, dried (#a,50,), filtered and concentrated. The residue was
purified bry ffash chremategraphy (0 to 5% acetone/ toluemie) to obtain 271 myg (86.8%5).

(0430] To a soludon of 5-{[(1R,35,45)-3-[[terl-butyl{dimethyl)silyl]oxy)-4-{([ters-
butyl{dimethyl}slylloxy|methylicyclopentylloxy)-9-{fetrahydro-2E-pyran-2-y1)-9H-purine
(288 ing, 0000512 mol) in THF (10 ml, {).1 mol) was added N-Jodosuorinimide {3576 g,
000256 mol), and the mixture was heated at 70 °C ovemnight. The reaction was cooled,
quenched by addition of saturated agueous NaHSO, and the mixture was extracted with
DCM (3x), washed with water, brine dried (Na,50),), filtered and concentrated. The residue
was purified by flash chromatography {0 to 10% EtCAc/ hexanes) to cblain 271 mg (76.9%).
Reference: Nolsoe, T WLY.; Gundersen, L-L.; Rise, F, Aciz Chemice Scaondinavica, 1999, 53, 366-
37

dimethyl}si terl- 1}si

[Da31] To a solution of 64{{1R,35,45)-3-[teri-buiy!{dime (hyl}silyl]oxy]-4-{[[lert-
butyl(dimethyl)silyl]oxy)methyl}eyclopentyl]oxy)-8-lodo-9-{te rahydro-2H-pyran-2-yl)-9H-
purine {2584 mg. 0.0003752 mol) in 1,2-Dimeihoxyathane (3.0 mL, 0.029 mol) was added 7-
chlorequinoline-4-boronic acid pinacol ester ((.158 g, 1.000546 mol), barium hydroxlde
{0228 &, 0.00133 mol), water (0.5 mL, 0.03 mol) and
Tetrakis(iriphenylphosphine)palladium(d) (.02 g 000002 mol), and the mixture was heated
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at 90 *C overnight. The reaction was cooled, quenched by addilicn of water and the mixture
was extracted with DOCM {3x), washed twith waler, bring, dried (INa,50), filtered and
concentrated. The residue was purified by flash chromatography (0 to 20% EtOAc/hexanes)
to obtain 180 mg (66.2%) mg. Refersnce: Cammidge, A N.; Crepy, K. VL. Tehahedron, 2004,
60, 437734284,
ar i i i =

h /) sukl ="
0432) The Gtle compound was prepared following the procedure described in
Example B9 (steps d-e). "H NMR (CD,0D, 400 MFI2) b .05 (d, f = 4.5 Hz, 1H), 891 (d, [ =
9.1 Hz, 1H), 8.57 (s, 1H), 8.15 (d, f =22 Hz, 1H), 7.92 (d, [ = 45 Hz, 1H), 7.72 (dd, j = 2.1, 9.1
Hz, TH), 6.00-5.95 (m, 1H), 4.48-4.45 (m, 1H), 437 {dd, [ =75, 9.3 Hz, 1H). 4.21 (dd, [=73,
9.7 Hz, 1H), 2.70-2.63 {m, 1H), 2.49-2.43 (m, 1H), 2.31-2.25 (m, 1H), 2.21-2.17 (m, 2H) ppr.
LC/MS: R, =6.12 min, ES” 490.98 (AA long).

Example 116: ({1525.4R)-2-hydroxy—4-{[8-(1H-indol-3-yI-7H-purin-b-yljoxylcydopentyl)-
methyl sulfamate (Compound 1-140)

[0433] The Htle compound was prepared following the procedure descibed in
Example 115 using 1-(Phenylsulfonyl)indole-3-boronic adid pinacel ester. "H NMR (CD,0OD,
400 MHz) &: 8.41-8.33 (m, 2}, B.08-8.02 (i, 1H), 7.48-7.45 (m, 1H), 7.26-7.19 (m, 2H), 5.94-
5.88 (m, 13T}, 4.48-4.42 (m, 1H), 438 (dd, J =73, 9.8 H=, TH), 421 {dd, J =7.0. 2.8 Hz, 1H).
2.70-2.63 (m, 11}, 2.46-2.40 (i, 1H), 228327 (m, 1H]), 2.17-2.140 (m, 2H) ppin. LC/MS:R, =
5.78 min, 5" 445.04 (Aa long).
Example 117; [{15,25AR}-4{{8-[4-(dimethylamino}-1-naphthyl]-7H-purin-6-yi oxy)-2-
hydroxycyclopentyllmethyl sulfamate (Cormpound I-103)
[04541 The tile compound was prepared following the procedure described in
Example 115 using N.N-dimnethyl-4-(4 4,5 5 telramethyt-1,3 2-dicxabomolan-2-y)aaphthalen-
1-amine. 'HNMR (CD,0D, 400 MFHz) & B.55-8.52 {m, 11, B.50 (s, 1H), 8.30-8.28 {m, 1H),
7.80-2.77 {mn, 1H), 7.55-7.53 {m, 2H}, 7.20-7.17 (in, 1H}, 5.94-5.92 (m, 1H}, 4.46-4.43 (m, 1H),
4.36 (dd, ] = 7.5, 9.8 Hz, 1K), 4.20 (dd, } = 7.3, 9.8 Hz, 11}, 2.55 (s, 6H), 2.66-2.60 {m, 1), 2.46-
239 (m, 1K), 2.28-2.22 {m, 1H}, 2.17 {m, 2F) ppm. LC/M5: R = 6.75 min, E5* 49916 (A5
long).
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Example 118: ((1525A4R)-4[6-{1-benzyl-1H-pyrazol-&-yt}+-7H-purin-6-yloxy)-2-
hydroxycyclapentylymethy! sulfamate (Compound 1-129)

[0435] The tille compound was prepared following the procedure described in
Example 115 using 1-Benzylpyrazole-4-boronic acid pinacol esler. *H NMR (CD,0D, 200
Mz} b: 41 {3, 1H), 834 {5, 1H}, 8.17 (5, 1H), 7357 30 (m, 5H), 5.90-5.85 (m, 1H), 5.43 (s,
2H), 446443 (m, 1H), 436 {dd, f =76, 98 Hz, 1H), 4.19 (dd, ] =72, 9.8 Hz, 1H], 2.66-2.60
{m, 114), 2.40-2.37 {m, 1H), 226-2.19 {m, 1H), 2.15-2.11 {m, 2H) ppo. LC/MS: R, = 5.72 min,

ES' 486.13 (AA long).

Example 119: [(15,25,4R)-2-hydroxy-4-{(8-isoquinolin-3-yl-7H-purin-6-yloxylcyclopentyl)-
methyl sulfamate {Compound 1-112) -

[0a3s) The title compound was prepared following Lhe procedure deseribed in
Example 115 using 4-Isoquinolineboronic acid pinacol ester. "H NMR (CD;0D, 400 MHz) &:
9.41 (5, 1H), 8.87 (3, 1H), 8.74 (d, ] = 8.6 Hz, 1H}, 8.55 (5, 1H), 825 (d, ] = 84 Hz, 1H), 7.94 (m,
1H), 7.82 (m, 1H), 5.98-5.96 (m, 1H), 4.424.46 {m, 1H), 4.37 (d4, [ = 7.5, 9.8 He, 1H}, 420 (dd,
I=73,9.7 Hz, 1H), 2.70-:2.63 (m, TH), 2.48-2.42 (m, 1H), 2.32-2.26 (m, 1H), 2.20-2.16 (m, 2H)
ppoL LC/MS: R, = 5.15 min, E5* 457.08 (A A long).

Example 120: {{15254R)-2-hydroxy-4-{[B-(4-pyrrolidin-1-yl-t-naphthyl)-7H-purin-6-yl]-
oxylcyclopentylimethyl sulfamate (Compound I-135)

Stepai  1-(4-bromo-1-naphthylipyrrolidine
[o437] " Toasolution of 1,4-dibromoniphthalene (500 mg, 0.002 mol), Pyrrolidine
(018 mL, 0.0021 mol), (R)}-{+)-22"-Bis{diphenylphosphino)-1,1-binaphthyl (0.022 g, 0.00035
mpl), Sodium tert-butoxide (0.24 g, 0.0024 mol} in Toluene (500 ml, 0.0462 mol) was added
Tris{dibenzylide neacetone)dipatladium(0}-{0.009 g, 0.000009 mol), and the mixture was
heated at 70 °C overnight. The reaction was cooled, quenched by addition of water and the

" mixture was extracted with DOM (2x), washed with water, brine, dried {Na,S0,), filtered
and concentrated. The residue was purified by flash chromatography {0 to 25% hexanes
JEC) to oblein 400 mg {B0%). Reference: Jean, L; Rouden, ].; Maddalung, J.; Laane, M-.
J. Org. Che. 2004, 69, BE93-8502. '

-[4 {4 thyl- -dloxabarolan-2- - 1 olidln

[D435) To a solution of 1{4-brome-1-naphthyl}pyrrolidine {400 my, 0.001 mal},
bis(pinacolato)diboron (0.40 g, 0.0016 mol), potasslum acerate (0,43 g, 0.0043 mol} in N,N-
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Dimethylformamide (8 mL, 0.1 mol) was added Tetrakis{triphenylphosphine)palladium(C}
{0.050 g, 0.000043 mpl), and 1he mixhare was heated at 100 °C overnight. The reacton was
cooled, quenched by addition of water and the mixture was extracted wilh diethy! ether,
washed with water, brine, drled INa,50}, fillered and concentrated. The residue was
purified by flash chromatography (0 to 25% DM / hexanes) to obtain 221 mg (50%),
Reference; Miyashita, K.; Saka, T.; Imanishi, T. Org. Lett, 2003, 5, 2683-2686.

cyclopentyimethyl gulfgl;lg te.{Compound 1.139)
04391 The e compound was prepared following the procedue described in
Example 115 using 1-[4-{4,4,5,5-letramethyl-1,3,2-dioxaborolan-2-yl)}-1-naphthyl]pyrralidine
'H NMR (CD,0D, 400 MHz) 5 858 (d, J = 8.1 Hz, 1H), .48 (s, 1H), 831 {d, ] = 5.0 Hz, 1H),
7.75(d, = 8.4 Hz, 1H), 7.54-7.46 (n, 2H), 7.02(d, ] = 82 Hz, 1H), 595-5.92 (m, 1H), 447445
{m, 1H), 437 (dd, J = 7.5, 9.6 Hz, 1H}, 420 {dd, } = 7.2, 9.8 Hz, 1H), 3.5 (s, 4H), 2.70-2.62 (m,
3H), 247-2.40 (m, 1H), 251-2.24 {m, 1H), 2.16 {dd, ] = 5.0, 9.0 Hz, ZF), 2.07-2.04 (m, 4H) ppm.
LC/M5: R, =735 min, ES' 52526 (AA long).

Example 121: [{15,25,AR}-2-hydroxy-4-([8-{(3-methylphenyisilfanyl]-7H-purin-6-yl-
oxy)cyclopentyllmethyi sulfamate (Compound 1-136)

lep a: 5 ter)- Kdim i tert-bubyl ethyl)sihyl o
cl -B-{(3-methylph K -GH-pari
{04401 To a polulion of 3-methylbenzenethiol (0.55 mL, $.0046 mol) in DMF (10 mL,

02 mol) was added sodlum hydride (2.093 g, 0.0023 mol). The mixhure was stived at room
termperature for 10 minutes and then &[{(1R35,45)-3-{[lert-butyl{dimethyDsilyl joxy}-4-
{{{tert-butyl{dimethylisliyvl]axy |methylicyclopentyl]oxy}-6-icdo-9-{te rahydro-2E1-pyTan-2-
y)-5H-purine (400 mg, £.0006 mol) (Example 115, steps a-b) was added and the solution was
heated at 150 °C for 8 hourg, The reaction was cooled, quenched by addihon of water and
the mixhire was extracted with ethyl acetate, washed with water, brine, dried {Na S0,
filtered and concentrated. The residue was purified by Oash chromatography (0 to 30% ethyl
acetate / hexanes) to obhain 296 mg {80%) of the title compound.

lep b: 2-h B-[{3-methylphe fanyl]-7H-purin-6-yl]-
rnethyd syl -
[Ds41) The HHle compound was prepared following the proced ure described in

Example 85 (steps d-e) "H NMR (CD,0OD, 400 MHz) 5: B.3% {s, 1E}, 7.40-7.20 (m, 4£D), 5.84-
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582 (m, 1H), 4.40-4.39 {m, 1H), 4.35-4.30 {m, 1H)}, 4.17-4.13 (m, 1H), 2.57-2.52 {m, 1H), 2-39-

2.3 {m, 1H), 2.33 (s, 3H), 2.19-2.04 (m, 3H) ppm. LC/MS: R, = .35 min, ES" 45204 {AA

long).

Example 12%: [(15,25,4R]—2—hyd.rnxy—4—{IB—I{S—meﬂiy]plmyl}sulfunyI]-BH-pum-&}'lF
oxy)ryclopentyl]methyl suifamate (Compound I-101)

[04a2] To a soluton of [{15,25 AR)-2-hydroxy-4-(|8-[(3-methyiphenyl)sulfanyl)-3H-
purin-6-yiloxy)cycdopentyllmethyl sulfamate {13 mg, 0.00029 mol} in methanol (1.0 mL,
0025 mol) at D2 was added a saluion of Oxane® (0.0354 g, 0.0000576 mol) in water (G5
mL, 0.03 mol). The reaction was stirred For 4 hours at 0 *C and then warmed to 23 =C
overnight. The reaction was partftioned wilh water and ethyl acelate-isopropanol. The layers
were separated and the aqueaus extracted with ethyl acetaterisopropanol. The combined
organics were washed with water, brine, dried (Ma $0,), filtered, and collected in vacuo. The
residue wag purified by flash chromalography {20% MeQH/DCM) to obtain 9 mg (60%5).
Reference: Ref.: Ramani R Ranahinge,” et Al, J. Med Chemr., 2004, 7, 2180-2193. ‘H NMR
(CD,OD, 40d MHz) & 8.54 (s, 1H), 7.94 (s, 1H), 791 (d, ] = 7.5 Hz, 1H}, 7.56 (d, = 75 Iz,
1H}, 7.52 (dd, f = 7.6, 13.3 Hz, 1H), 591-5.86 (m, 1H), 4.45-4 47 (m, 1H}, 424 (dd, J=75, 9.8
Hz, 1H), 418 (dd, ] = 7.3, 9.6 Hz, 1H), 2652.5% (m, 1H), 2.44 (5, 3H), 241-2.35 (m, 1H), 224~
2.18 (m, 1H), 2.13-2.09 (e, 2H) ppm. LC/MS: R, =5.10 min, ES' 484.11 {AA standard).

Example 123: [(15.25AR4-[(9-benzyl-9H-purin-6-yljoxy]-2-hydroxycyclopentyljmethyl
sulfamate {Compound [-80}

(04431 To a solution of 5-amino-4,6-dichloropyrimidine (8.4 g, 0.051 mol) in 1-
bulanol {50.0 mL, 0547 mol} was added iethylamine (12 mL, 0.064 mal} and benzylamine
{17 mL, 0.15 moD), and the mixture was heated at 100 °C for 3 hours. The reaction was coaled

at 0 C, filtered and washed with ethanol. The residue was dissolved in CH,CL and washed
with saturated aquegus NaHCQ,, and concentrated. The residue was friturated in diethyl
ether to obaln 11.5 g (96%} of a light brown sclid.

Step b: T |

[D444] To a solution of 40 M of hydrochloric add in 1,4-dioxane (23 mL) in NN-
dimnethyllormarnide {10.0 mL, 0.12% mol) was added ethyl orthofonmate (200 mE, 0.0120

mol) and N‘-henz_g,rl-ﬁ-dﬂmopyﬁnﬂdlne—d}djanﬁne (500 mg. 0.002 mol). The mixture was
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stirred for 3 days. The reaction was quenched by addition of riethylamine (1.5 mL, 0.011
mol), extracted with ethyl acetate, washed with satwated aqueous sodlum bicarbonate,
waler, brine, dried (Na 50,), filtered and concentrated . The resid ue was purified by fash
chromatography (3 to 5% MeQH/DCM) to oblain 336 g (60%). LC/MS: R, = 1. 49 min, ES”
245.08 (AA standard).

[0445) The title compound was prepared following the procedure described in
Example 115 (steps a and d). 'H NMR (CD,0D, 400 MHz) §: 851 (s, 1H), 832 (s, 1H), 7.34-
7.28 (rn, SH), 5.93-5.88 (m, 1K), 5.49 (5, 2H], 4.46-4.43 (m, 1H), 435 (dd, [ = 7.5, 9.9 Hz, 1H),
4.18 (dd, J = 7.1, 9.6 Hz, 1H), 2.66-2-59 {m, 1H), 2.43-237 {m, 1H), 2.25-2.18 (m, 1H}, 2.14-2.10
(m, 2H} ppm. LC/MS: R, = 6.04 min, ES” 420.11 (AA long).
Example 124: ({1525 ARy-4-[[E~(2,3-dIhydro-1-benzofuran-7-y1}-7H-purin-6-yllaminoc}-2-
hydmxycydopentyl)methyl sulfamate (Compound E-117)
[Da46] The title compound was prepared following the procedure described in
Example B9 using the appropriate carboxyllc acid. "H NMR (CD,OD, 200 MHz) 5: 8.29-8.20
{m, 1H), 8.05-7.81 {m, 1H), 7.36 (dd, [ = 0.9, 7.3 Hz, 1H), 7.01{, ] = 7.7 Hz, 1H), 486-4.78 (m.
3H), 4.44~4.41 (m, 1H), 436 (dd, ] =7.7, 9.6 Hz, 1§), 418 {dd.  =7.2, 9.8 Hz, 1H), 3.35-3.31
(m, 2H), 2.63-2 55 (m, 1), 236-2.32 (m, 1H), 2.20-2.12 {rn, 15), 1.99-1.92 (m, 1H), 1.59-1.53
(m, 1H) ppm. LC/MS: R = 5.75 min, ES” 447.14 {AA Tong),

Example 125 {{1525AR}2-hydroxy-4-[(8-quinolin-B-yi- ?H-punn—ﬁ-}rl]an'unn]qrdopentyll—
melhyl sulfamate (Compound I-84}

(04471 The title compotnd was prepared following the procedure descrbed in
Exemple 89 using the appropriate carboxytic acid. "H NMR (DMSO- d,, 300 MHz) §: 9,22-
9.12 (m, 1H), 8.93-8.76 (m, 1H), 8.62-9.54 (m, LH), 830-8.05 (m, 2H), 7.86-7.69 (m, 2H), 7.40-
7.3¢ (m, 1H}, £.81-4.70 (m, 1F5, 4.30-4.19 {m, 2H), 4.03-3.99 (m, 1H), 2.48-2 42 (m, 1H), 2 28-
2.20 (m, 1H), 2.13-1 74 {m. 3H) ppm. LC/M5: R, = £.00 min, ES” 456.04 (A A long).
Ezample125: {(15254R)-4-({8-[4-{benzyloxy}phenyl]-7H-purin-&-yljamina)-2-
hydroxycyclopentyi]lmelhyl sulfamate {Compound I-102)
[0448] The Litle compound was prepared following the procedure described in
Example 89 using the appropriate carbowylic acid. 'H NMR (DMSO- 4,, 400 MElz) 8: 8.15 (5,
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1H), 803 (d, J =82 Hz, 2H), 746730 (m, 5H), 7.15{d, ] = 0.8 Hz, 2H), 5.16 (s, 2F), 4.844.75
(m, 1H), 4.22-4.16 {m, 2H), 4.00-3.97 (m, 1H), 2.48-2.42 (m, 1H), 2.12-1.69 {m, 4 ppin.
LC/MS: R, =722 min, ES" 511.06 (AA long).
Example 127: ({15,254R)-4-[{B-{2,3-dimethoxyphenyl}-9H-purin-6-ylJarinc)-2-
hydroxycyclopentyl)methyl sulfamate (Compound 1-67)
[0449] The title compownl was prepared following the procedure described in
Example B9 {steps a-d) using the appropriate carboxylic acid and Example 1 {step d, using
HCl for TBS deprotection). 'H NME (CD;0D, 40{t MIz) §; 6.30-8.25 (m, 1H), 7.87-7.61 (m,
tH), 7.25-7-18 (mn, 2H), 4.92-4 80 (m, 1H), 4.43-4.40 (m, 1H), 4.38-1.34 (m, 1H), 421-2.16 {m,
1F), 3.90 (d, 6H), 2.63-2.54 (m, 1H), 2.40-2.31 (m, 1H), 220-2.12 {m, 113, 2.00-1.91 {m, 1H),
1.90-1.83 (m, 1H) ppm. LC/MS: R, = 5.92 min, £S5’ 465 (AA long).

Example 128: ((15.25AR)-2-hydroxy-4-[melhyl[8(1-naphthyl)-SH-purin-6-yljamina}-
cyclopentyl)methyl sulfamate {Compound 1-46)

5 Kdi ityl - imnethyRsi -
methylicyelopentyl methanesul fpnate
(0450] Ta a solution of (15,3545)-3-([teri-buty|{dime thyDsilyl]oxy}-4-({{fert-butyl-

{(dimethyl)silylloxy)methyljeyclopentancl (2 0% g, 0.00560 mol) in CH CL (55.0 mL, D.858
mol} at 0 °C was added triethylamine (1.8 mL, 0:013 moY) and methanesulfonyl chloride
(0.650 mL, 0.00840 mol) under an atmosphere of nitrogen. The mExture was stirred at 0 °C for
30 minutes, and then warmed to 23 °C for 1 hour. The reaction was quenched by addition of
saturated aquegus sodium bicarbenate, extracled with DOM, dried (Na,$0,), filtered and
concentraled to give 2.66 g (100 %).

(0451] To a solution of (15,35,45)-3-{[tert-buty}{dimethylsilyljoxy)-&-{[[teri-
butyl{dimethylsilyl]lonylmethyl)cyclopentyl methanesulfonate (2.66 g, 0.00606 mal) in NN-
DimethyHormamide (20 mL, D.2 mol) was added sodium azide (1.21 g, 0.0186 mol), and the
mixture was heated at 55 °C for 3 hours. The reaction was cooled 10 23 °C, quenched by

addltion of water and extracted with Et, O (3x}, washed with water, brine, dried (Na S0,
filtered and moncentrated. The residue was purified by flash chromatography {0 to 15% ethyl
acetate/ hexane) to obtain 213 g {91.1%).
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[0452] A suspenslon of [((15,25 AR)-4-azido-2-{[tert-butyl{dimethyl)silylloxy)-
cyclopentylimethoxylters-butyDdimethysilane {2.13 g, 0.00552 mol) and 16% Pd/C {027 g,
0.0026 mol) In BtOAe (450 mL, 0.461 mol} was stirred vnder an abmesphere of hydregen
overnight. The reaction wes purged with nitrogen and fAltered 1he mixture through celite
with EtOAc. The filtrate was concentrated to btain 1.83 g (92-1%) of the title compound.

tep d: 111 methylisil tert thyli-
) ailvl me on
~ [0a53) - Toa solution of (1R 35 45)-3-[(tert-butyl(dmethyl)sitylJoxy)-d-([Ltert-

butyl{dirnethyl)silyl]axy]methylcydopentanamine {0.093 g, 000027 mol} In Methylene
chloride (2.0 mL, 0.031 mal) at 0 °C was added triethylamine (0.076 ml, 000054 mol) and
benzy! chloroformate (0.054 mL, 0.00031 mol}. The reartion was warmed to 23 °C overmight.
The reaction was quenched by addltion of water, and the mixhire was extracted with

methylene chlorlde (3x). The organic layers were washed with brine, dried {(Na,50,), filtered

and concentrated. The residua was purified by fash chromatopraphy (0 to 8%
EvDAc/hexanes) lo abtain 73 me (54%).

[ﬂ-!?-54] To a sclution of beresyl-[ (1R 35 A5)-3-[[tert-butyl{dimethylsilyl]oxy] 4-([[teri-
butyl{dimethyDsilyl)onylmethyl)cyclopentyllcarbamate (0.073 g, 0.00015 mol) in NN~
dimethylformamide (2 mL, 0.02 mol) was added sodium hydride (0.028 g, 0.0012 mol). The
suspension was shirred for 10 minutes and was added methyl iodide {0.023 mL, 0.00037 mol)
{purified on alumina) and the mixture was stirred overnight. The reaction was quenched by
addibion of saturated aqueous ammonium chloride and Lhe mixture was extracled with ethryl

acetate, washed with brine, dried (Na,50,), fillered and concentrated.

AS5y-3{[lert-bulbvi{di ilyl ker dimethyligi
-me ne
[0455] A suspension of benzy[-[{1R.3545)-3-{[ter2-butyl{dimethyl)silylloxy] ~4-({[fert-

butyl{dimethyslylloxylmethyl)cyclopentyllmethylearbamate {0394 g, 0.000776 mol) and
16% P4/ C {0.04 g, 0.00004 mol) in ¢thanel (5.0 mL) was stirred nnder an abmosphere of
hydrogen overnight, The reaction was purged with nitrogen and filtered the mixtuce
through celits with ethanel. The filtrate was concentrated o oblain 0290 g (99%6).
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[0455) The title compound was prepared following the procedures described in
Example 89 (steps ¢ d) and Example 1 {siep d, using HCl for TBS deprotection). "H NMR
{CD,0D, 400 MHz) §: 895 (d, ] = 7.5 Hz, 1H), 823 (3, 1H), .03 (&, ] = 6.3 Hz, 1H), 7.57-7.52
(m, 2H), 7.63-7.54 (m, 3H), 6.58-6.44 (m, 1H]}, 4.43-1 41 (m, 1H), 435 (dd, = 7.8, 9.7 Hz, 1H),
419 {dd, [ =75, 9.5 Hz, 1H), 3.38 {5, 3H), 2.68-2.60 (m, 1H), 2.20-1 97 {m, 4H) ppm. LC/MS
R, = 1.49 min, E5 467.16 (AA standard).

Example 12% {{15254R)2-hydroxy-4-|[8-(2-methy]l phenyl}-9H-purin: 6-yllamino]-
cyclopentylymethyl sulfamate (Campound F107)

[0457) The title compound was prepared following the procedure described in
Example 89 using the appropriate carboxyllc acld. 'H NMR (CD,0D, 400 MHz) &: 823 (5,
1H), 7.60 (d, ] = 7.7 Hz, 1H), 7.44-7.92 (m, 9H), £ 43-3.40 {rm, 1H), 4.34 (dd, f = 7.5, 9.6 Hz, 1H),
2.17 (dd, | =7.3, 9.8 Hz, 1H), 2.61-2.53 {m, 1H), 2.53 (s, 3H), 2.37-2 31 {m, 1H), 2.20-2.12 {m,
1H}, 1.99-1.92 (m, 1H}, 1851 82 (m, 1H) ppm. LC/MS: R, = 1.27 min, ES" 41920 {(AA
standard).

Example 13¢: {{1525AR)-2-hydroxy-4-[melhyl{®methyl-8-phenyl-2H-purin-&-yl}-
aminalcyelopentylimethyl sulfamate (Compound I-123)

[0458] To a solution of é-chloro-8-phenyl-7H-purine {0200 g, 0.0008567 mol)
(Example 109, step a) in DMF (8.0 mL, 8.10 mol) was added sodium hydride (0.025 g, 0.0010
rmol). The mixture was stirred for 20 minutes and to this was added methy] iodide (0.065
mlL, 0.0010 mal) and the mixture was stirred for 2 hours, The reaction was quenched by
addibion of saturated aquecus NH,C, and the mixture was extracted with ethyl acetate,

washed with water, brine, dried {Na,SO,), filtered and concentrated. The residue was
purified by flash chromatography (3 to 10% acetone / toluene} to obtaln 145 mg (68%}.

methyNeye 1]-3-methy)-8-phenyl-9H-purin
[0a59] The Htle compound was prepared following the procedure described in
Example 82 (step c}.
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o - tert-by Thsil 2 H 1]silyl foscy)-
1 L9-dim 1 ~FH-purin {

{04601 To a solution of N-[(LR 35,45)-3-{[terf-butyl(dimethyl)silylloxyi-4-{f [feri-
butyl{dimethylsibylloxy lmethyl)cyclopentyl}-2-methyl-8- phenyl-9H-purin-6-amine (200 mg,
0.0004 racl) in N,N-dlmethylformamide (10 mL, 0.1 mol) was added sodium hydride (0.112
g 0.00280 mol). The mixture was stirred for 30 minules and to this was added methyl icdide
(0,05 mL, 0.0068 mol) and the mixture was stirred overtight. The reacHon was quenched by
addition of sahrated aqueous NH (], and the mixture was extracted with ethyl acetate,

washed wilh watcr, brine, dried (Na,SQ,), filtered and concentrated. The residue was
purified by flash chromatography (0 1o 10% MeQH / DCM) te oblain 200 mg (100%).

[0261] The: lille compound was prepared following the procedure described in
Example 89 (steps d-e}. "HNMR {cbpn, 400 MH=) E: B.24 (s, LH), 7-84-7.80 (i, 2H), 7.57-
7.52 (my, 3H), £44-636 (m, 1H), 440-4.38 (m, 1H), 433 (dd, ] = 7.7, 9.8 Hz, 1H), 417 {dd, ] =
7.3, 98 Fz, 1H), 3.63 (5, 3H), 3.4 (5, 21}, 263-2.56 (m, 1H), 216-1.92 (m, 4H} ppm. LC/MS:
R, = 1.41 min, ES" 433 (AA standard).

Example 131: ({1525A4R)-2-hydroxy-4-[(9-methyl-8-phenyl-8H-purin-6-y1)-
amino]cydopentyljmethyl sulfamate (Compound 1-130)

(0462} The titde compound was prepared following the procedures doscribed in
Examnple 130 (step a) and Example B9 (steps c-€). "H NMR (CD,0D, 400 MHz) §: 8.28 (s, 1H),
7.82.7.80 {(m, 211, 7.60-7.58 (m, 3H), 4.57-4.85 (m, 1H), 4.42-4.39 (m, 1H), 436431 (m, 1H),
4.18-4.14 (m, 1H), 3.85 {5, 3H), 2.59-2.54 (m, 1H), 2.36-2.30 (m, 1H]), 2.19-2.11 (m, 1H], 2.00-
191 {m, 1H), 1.87-1.80 {m, 15 ppm. LC/M5: R, = 1.30 min, ES 417 (AA standard).
Example 1532: ({1525 AR}-2-hydroxy-4-[(F-mathy)]-8-phenyi-7H-purin-6-y1)-
aminojcyclopentyllmethy] sulfamate (Compound 1-36)

-{4,6-di I i i 1 da
[B463] A mixture of S-amino-4,6-dichloropyrimidine {1.35 g. 0.00701 mol} and
benzoyl chioride (1.0 mL, 0.0086 rmol) was heated ot 100 °C overnight, The reacton was

cooled and the residue was titurated with diethyl ether, fillered and coliected to obiain 16 g
(B57%). ’
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: N-{d & dichloropydmidi T} 1he
1Da64] To a salution of N-(4,6-dichtoropyrimidin-5-ylbenzamide [3.0 g, 0.011 mol} in
tetrahydrofuran (70 mL, 0.9 mol} was added ceslum cirbonate (9.8 g, 0.030 mol). The
puspension was stirred for 5 minutes and to this was added methyl iodide (1.4 mL, 0.022
mol} (purified on aluminum gxide). After stirrlng for 1 hour, cesium carbonate (5.0 g 0.015
“tnol} and methyl iodide (0.70 mL, £.011 mol) {purified on alumina) were added. The reackion
was stirred for 2 hours, quenched by addition of saturated aqueous NE, C, and the mixiure
was extracted with elhyl acetate, washed with water, brine, dried (N2, 50,), filtered,
concentrated and bituration in diethyl ether ko abtain 2 54 g (B0%).

[*h MN-{d-aminn- [ [ S5-y1) -1y e

[0465) To a solution of N-{4,6-dIchloropyrimidin-5-yl} N-methylbenzamide (0.455 g,
0.00161 mol) in 1-butanal {5 mL, 0.05 mol) was added ammmonium hydroxide (0.50 mL, 0.013
mol) and the mixhare was refluxed for 24 h.  To the reaction was added ammonfum
hydroxide (3.0 mL, 0.026 mol) and the mixture was refluxed for 24 h, cooled, extracted with
a mixture of ethyl acetate-isopropancl, washed with saturated aqueous sodivan bicarbonate,
brine, dried (Na 50),), filtered, concentrated and triturated in diethyl ether to obtain 284 mg
(67.1%).

Sters d: 7. 1-8-phenyl-7H-purine

[C466] A suspension of N=(4-arnino-6-chloropyrimidin-5-yl}-N-methylbenzamide
(0.285 g, 0.00108 mol) in phosphoryl chloride (B mi, .08 moi} was heated at 115 °C
overnight. The mixture waa cooled, concentrated and briturated in diethyl ether fo obtain 224
mg (84.4%) yellow eolid, LC/MS: R, = 1,30 min, E5* 245.08 {A.A standard).

{04671 The tila compound was prepared following \he procedure described in
Example 89 (steps ce). 'H NMR {CD,0OD, 400 MEz) 5: 832 (s, 11D, 7.77-7.73 (m, 2H), 7.6~
757 {m, 3H), 4.98-4.91 (m, 1H}, 4.42-4.39 (m, 1H), 4.34 {dd, [ = 7.8, 9.5 Hz, 1H), 4.16 (dd, | =
73,99 Hr, 1H), 4.05 (5. 3H), 2.66-2 59 (m, 1H), 2.37-2.31 {m, 1H), 2.21-212 {m, 1H}, 2.03-1.96

{tn, 1E9), 1.92-1.85 {m, 1H) ppm. LC/M5: R, = 1.12 min, ES" 419.13 (AA standard).
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Example 133: ({15.254R)-4-[[8-(2-chlorophenyl9H-purin-&-yl]amino}-2-
hydroxycydopentyljmethyl sulfamate (Compound I-34)

fo463) The ttle compound was prepared lollowing the procedures described in

_ Example 89 (steps a, c-d), Example 105 (step a}, and Example 1 (step d, using TBAF for TBS
group deprotection). "H NMR (CD,0OD, 400 MHz} §: 8.25 (s, 1H), 7.82-7.88 {m, 1H}, 7.61 (d,
= 8.0 Hz, 1H), 7.55-7.47 (m, 2H), 4.42-441 (m, 1H), 435 (dd, ] = 7.7, 9.6 Hz, 1H), 417 (dd, ] =
7.5, 9.6 Hz, 1H), 2.61-2.55 (m, 1F), 2.37-2.52 (m, 1H), 220-2.12 (m, 1H), 1.99-1.92 (m, 1H),
1.69-1.82 (m, 1H) ppm. LC/MS: R, = 435 min, ES’ 439 (FA long).

Example 133: ((15,25,4R)-2-hydraxy-4-[{B-phenyl-9H-purin-&-yl}oxylcydopentyl)melhyl
sulfamate (Com pound I-53)

[0469] The tile compound was prepared following the proceduses described In
Example 123 {step a), Example 109 (step a), and Examnple 115 {step a).

b AR}~ . 1{di i henyl-FH-pusin-f-y1)-
o anol
foa7o] A suspension of 3-benzyl-5-{[{(1R,35,45+3-{[tert-butyl{dirmethyl)silyl]oxy |-

({[tert-butyl{dime thylsllyljoxy]methytcyclopentyl Joxy]-8-phenyl-9H-purine (0.161 g,
0.000249 mol}, 10% Pd /C (0.04 £ 00000 mol) and formic acld (0.1 mL, D.003 mol) in
methanol {11.0 mL, 0.272 mol) was stirred under an atmosphere of nitrogen overnight
Added formic acid (0.2 ml,, 0,005 mol) and 10% Pd /C (0.04 g, 0.00004 mol) to Lhe reaction
and stirred 24 h. Added 10% Pd/C {0.060 g, 0.000056 mol) and formic acid (02 mL, 0.005
mol) to the reaction and shirred an additional 24 h. The reaction was purged with nittogen
ard filtered the sdxture through celibe with DCM. The filtrate was concentrated, purified by
flash chwomatography {30 to 50% ethyl acetate/ hexane) to abtaln 30 mg (27%). LC/MS: K, =

2.08 min, ES* 441.18 (AA standard).

Step ¢ 1 -2 enyl-9H-purz by ethyl
Ul Farma ound I .

[0471] The title compound was prepared following the procedure described in
Example 89 (step €). "H NMR (CD,OD, 400 MHz) 5: 8 47 (s, 1H), B.16-8.11 {m, 2H), 7.57-7.54
{m, 3HD, 5.94-5.90 (m, 1ET), 4.49-4.45 (m, 1H), 4.37 (dd, | = 7.5, 8.5 Hz, 1H), 4.20 (dd, ] = 75,
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9.6 Hz, 1H), 2.70-2.64 {m, 1H), 2.66-2.40 (m, 1H), 2.30-224 (m, 1H), 2.18-2.14 {m, 2H} ppin.
LC/MS: R, = 1.15 min, ES” 406.11 (AA standard).

Example 135: {(15,25AR}-2-hydroxy-4-[(2-phenyl[1 2]oxazolo] 5 4-2]pyrimidin-7-y1)-
amino]cyclopentyl]melhyl sulfamate (Compeound 1-50)

[0a72] A mixture of S-aminc-4,6~dichloropyrimidine (1.05 g, 0.00640 mol) and
benzoyl chloride (0,89 mL, 0.0077 mo}) waa subjected to microwave irradiabon (100 °C) for 2
hours. The reaction was cooled and the residue was thihumted with diethyl ether, filtered

and collected to obinin 1.15 g (77.5%) of r yellaw solid. LC/MS: R, = 1.84 min, ES" 23219 -
{AA standand}.

7-y1}-

[0473] The title compound was prepared following the procedures described in
Example 89 {steps ¢-d) and Example 1 (step d, using TBAF for the TBS group deprotection).
"HNMR (CD,OD, 400 MH>) §: 8.28 (s, 1H), 8.19-8.16 {mm, 2H), 7.58-753 (m, 3H), 4 89-4.86 (m,
1H), 4.42-4.40 (m, 1H), 1,34 {dd, ] = 7.8, 9.5 Hz, 1H), 4,17 (dd, [ = 7.3, 9.6 Hz, 1H), 2.62-2 55
(m, 1H), 2.35-2.27 (m, 1H), 2.18-2.02 (m, 1H), 2.01-1.95 (m, 1F), 1.89-1.83 (m, 1H) ppm.
LC/MS: R = 144 min, E5* 40631 (AA standaed).

Example 136; Enzyme Freparalion

[0474] All proteln acceasion numbers provided herein refer to the Entrez Protein
database malntained by the Nabonal Center for Biokechniology Informabien {MCEI),
Bethesda, MD,

Generation of El enzymes

[0475] Follawing manufacturer insiructions, baculovinses were generated wilh the
Bac-to-Bac Expression Systern (Invitrogen} for the following proteins: untagged NAEa
{AFFEF1; NP_003896.1), N-terminally Eis-tagged NAER (UBELC; NF._.003559.3), untagged
SAEx (SAET; NP_005491.1), N-terminally His-tagged SAER (UBA2; NP_005490.13, M-
lerminally His-tagged murne UAE (UBE1LX; NP_033483). NAE;x/His-NAER and
SAEa/His-SAED complexes were generated by co-infection of 5f% cells, which were
harvested after 48 hours. His-nUAE was generated by single Infection of S/ cells and

181



harvested after 72 hours. Expreased proteins were purified by affinity chromatography (Ni-
WNTA agarose, Qiagen} using standard bulfers.

5 fE2

[0475] Ubcl2 (UBEZM, NP_003960.1), Ubco (UBE2L NP_003336.1), Ubc2 (UBE2A,;
INP_008327.2) were subclaned into pGEX (Pharmacia) and expressed as N-terminally GST
tagped fusion proteins in E. coli, Expressed proteins were purified by conventional affiniby
chromatagraphy using standard buffers.

G fion of Upl ;

[0477] Neddf (NP_008147), Sumo-1 (NP_003323) and Ubiguitin {with optimized
codons) were subcloned into pFLAG-2 (Sigma) and expressed as N-terminally Flag tagged
fusion proteins in E. coli. Expressed proteins were purified by conventional chromatography
using stangdard buffers. :

Example 137: E1 Enzyme Assaya.
Nedd8-Activating Enzyme (NAE) HTRE Assay.

(0478} The NAE enzymatic reaction totaled 50 uE and contained 50 mM HEPES (pH
75), 0.05% B3A, 5 mM MgCL, 20 uM ATF, 250 ul GSH, 0.01 pbf TIbe12-GST, 0.075 pid
MNeddg-Flag and 0.20 n recombinanl hurmnan NAE enzyme. The enzymatic reaction
mixture, with and without convpound inhibltar, was incubated at room temperature 24 °C
for 105minutes in a 384-well plate before kermination wilh 25 pl, of Stop/DetacHon buffer
{0.1M HEPES pH 7.5, 0.05% Tweeri20, 20 mM EDT A, 410 mbf KF, .53 nhi
Europinm-Cryptate labeled moncclonal anb-FLAG M2 antibedy (CisBio Intkernatianal) and
8.125 ug/mL PHYCOLINK goat anti-G5T allophycocyanin (XL-APC) antibody {Frozymae)).
Adter incubation for 1 hour at 24 °C, quantification of the FRET was performed on the
Analyst™ HT 96.384 {Molecular Devices).

[0479] Compounds I-1 to E-153 were tested in this assay. Compounds I-1, 12, I3, 1-5,
-6, I-6 to 112, I-14, I-15, 1-17, 118, 119, I-21, 1-24 to 1-27, [-25, 1-32, I-34, [-37 to 1-43, 1-45, 146,
147, 1—49-, 1-55, I-56, I-60. 1-52 to I—GEI.. 167, [-68, 1-69, I-71, I-73, - 74, 1-82, I-53, 1-B4, 1-87, 1-88,
50, 193, 199, I-160, 1-141, 1-102, I-100m, 1-105 to 109, I-111, I-112, §-3115,1-117, 3118, [-121,
1-122, 1-124, I-125, I-126, 1-126 to 1131, 1133, 1-134, 1-13§, 1-137, [.139, I-140, [-142, IF143, 1-146,
I-147, I-130, I-151, and 1153 exhibited I, values less than or equal ko 500 nM in this assay.
Compounds I-4, -7, I-16, I-28, 1-33, I-35, I-35, I-48, 1-53, I-54, I-59, 166, 1-77, I-79, [-80, T-61,
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1-86, 192, 1-94, I-96, I-95, I-110, I-113, I-114, I-119, I-120, k123, I-127, 1132, 1-136, 1-14], [-148, |-
149, and 1152 exhibited IC,, values greater than 500 ndvl and Jess than 10 1 in this assay.
Compounds [-13, I-20, I-22, 1-23, [-30, I-31, I-58, [-61, 1-76, I-83, I-89, I-97, I-144, and [-145
exhiited IC,, values greater than 10 pM in this assay.

gumo-Activating Ensymne (SAE} HTRE Assay,

[04a0) The SAE enzymatle reaction was conducted as outlined above [or NAE
excepl that Ubel2-GST and Medd8-Flag were replaced by 0.01 pM Ube®-G5T and 0.125 pM
Sumo-Flag respectively and the concentration of ATP was 0.5 uM. Recombinant human SAE
{0.11 nM) was the spurce of enzyme,

1blguikin-Activating Fnryme (FTAE) EITRE Assay.
[0a81] The UAE enzymatic reaction was conducted as outtined above for NAE

except that Ubc12-GST and NeddB-Flag were replaced by 0.005 uM Ubc2-GST and 0.125 pM
Ubiquitin-Flag respectively and Lhe concentrabion of AT was 0.1 M. Recombinant mouse:
UAE {03 nM) was the source of enzyme.

Example 138;: Cellular Assaye

Anti-Proliferabion Asgay (WST)

[0482] Calu-6 {2400/ wel) or other tumor cells in B0 pl. of appropriate cell culture
medium (MEM for Calug, Invitragen) supplemented with 10% fetal bovine serum
{Invitrogen) was seeded in wells of a 96-well ne!l culture plate and Incubated for 24 hours in
a fissue cutture incubator. Compound inhibitors were added in 20 pl cotiure media bo the
wells and the plates was Incubated for 72 hours at 37 *C 10% final concentration of W5T-1
reagent (Roche) was added to cach wetl and incubated for 3.5 hours {for Caluf) at 37 °C,
The optical density for each well was read at 450nm using a speckophotometer (Muolecular
Levices), Percent inhibition was caleulated using the values from a DWMSO control sot 1o
200% viability.

Any-Prolileration Acsay (ATPLite)

[0483] Calu-6 {1500 cells fveell) or other tumor cells wese seeded in 72 L of
al‘::-pmpriate cell culture medium (MEM for Calub, Invitrogen) supplemented with 1076 fetal
bovine serum (Invitrogen) in wells of a 384-well Poly-I-Lysine coated cell culture plate.
Compround inhibitors were added in 8 pL 20%DMS0/FBS 1o the wells and the plates were
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incubated for 72 hours at 37 °C. Cell culture medfum was aspirated, leaving 25 ul. in each
wall- 25 pl, of ATPlite 1step ™ reapent (Ferkin Elmer) was added ta each well. The
luminescence for each well wag read using the LeadSeeker Mlaoplate Reader (Molacular
Bevices). Percent Inhibibon was mlculaled wsing the values from a DVISO control set to
100% viability.

Example 13%: In vive Assays
[odsa] . Calu6 (5 x10° celis), HCT116 (2 x10° cells) or other tumaor cells in 100 L.
phosphate buffered saline were aseptically injected inlo the subcutanegus space in the right
dorsal fiank of femate N nude mice (age 5-8§ weeks, Charles Rlver) using a 26-gaupge
needle. Beginning on day 7 after inoculation, bumors were measured twice weekly using a
vemier caliper. Tumor volumes were calculated using standard procedures (05 x (length x
width’)). When the temors reached a volume of approximately 200mm’ mice were
randomized into groups and injected intravenpusly in the il vein with compound inhibitor
(100 L) at various doses and schedules. Alternatively, compound inhibitor may be
delivered 1o mice by Intraperitoneal or eubeutaneous injection or oral administration. All
control groups received vehicle alone. Tumor size and body weight was measured twice a
week and the study terminated when the control tumnrs reached approximately 2000 mon'.
'
(0485} The patent and scientdfic llterature referred o herein establishes knowledge
that'is available ko those with skill in the art. Unless otherwise defined, all technical and
sclentific termis used hersin have the sarne meaning as commonly understood by ane of
ordinary skill in the art Yo which this inventlon belongs The issued patents, applications,
and references that are cited herein aré hereby incarporated by reference to the same extent
as if each was apecifically and individually indirated to be incorporated by reference. In the
case of inconsistencies, the present disclasure, Induding definitions, will control,

[Ca86] While a number of embodiments of this invention have been deseribed, Itis
apparent that the provided basle examples may be altered to convey other ermbodiments,
which utilize the compounds and methods of this invention. kit will thus be appreriated that
the scope of this Invenbon has been represented herein by way of example and is not
intended to be |imited by the specific embodlments, rather is defined by the appended
claims.
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CLATMS:

1. A compoung of formuta (I):

or a pharmaceutically acceptable salt Lhereof, wherein:

H Ring 4 is 2 6-membered nitrogen-containing hetercaryl ring, optionally fused to
a 5- or &-membered aryl, hetercaryl, cyclealiphatic or heterocyclic ring,
wherein either or both rings is optionally substituted 2nd one ring nitrogen
ztom is opHonally oxidized;

W is -CH,-, -CHF-, -CF-, -CH(R'}:, ‘CE(R')~, -NH-, -N{R')-, -O-, -§-, or -NHC{O}-;
10 R'is C, , aliphatic or C, , fluoroaliphatic; or ' is a C, , alkylene chain that is
atlached to a ring position on Ring A to form a 5-, 6-, or 7-membered

fused ring, wherein the alkylene chain optionally is substituted with
¢, aliphatic, C, , fluoroaliphalic, =0, -CN, or -C{O)N(RY),;

X is -CH,, -CHF-, -CF,-, -NH-, or -O-;
15 Y is -0, -5, or -CRMR"

R’ is selected from the group consisting of fiydrogen, fuoro, -CN, -N,, -OF’,
-N(R'),, -NR'CO,R®, -NR'CIOIR’, -CIOIN(RY),, -CIO)R’, -OC{OIN(RY,,
-OC{O)R’, -OCO,R", or a C_, aliphatic or C, , fluoroaliphatic optionally
substituted with one or bwo substiluents independently selected from the
20 group consisking of -OR™, -N(R"“)R"), -COK™, or -C{ONR™)(R™); or R and

R’ together form a bond;

R is selecled from the group consisting of hydrogen, fluor, C, , aliphatic, and
C, . luoraaliphatic;
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R’ ts selecled from the group consisting of hydrogen, fluaro, -CN, -IN,, -OR’,
-N(RY,, -NR'CO,R’, -NR'CIO)R’, -C{ON(RD,, -C(OIR’, -OC{OIN(R ),
-OC({O, {.'CDERE', or a C,, 2liphatic or C, fluorealiphatic optionally
substituted wilh one or two substitien!s independently sclecied from the
group consisting of -OR™, -NR"™{RY), -CO,R™, or -CONR"HR™); or R” and
R‘ together form a band;

R’ 15 selected from the group consisting of hydrogen, flucro, C, , aliphatic, and
C,, fluoroaliphatic;

R is hydrogen, or C,,, aliphatic; or R, taken logether with one R and Ihe
inlervening carbon atoms, forma a 3- to 6-membered spirocyclic ring; or I,
taken together with R™ and the infervening carbon aloms, forms a fused
cyclopropane ting, which is optionally subshituted wilh one or bwo
substituents independenily selected from fluoro or C, aliphatic;

E¥ is hydrogen or C,, aliphatic; or R, taken together with R™ and the inlervening
carbon atoms, forms a fused ¢yclopropane ring, which is optionally
substituted with one or two substituents independently selected from uoro
or C , aliphatic;

cach R is independently hydrogen, fluore, C, | aliphatic, or C,, fluoroaliphalic; or
two R’ taken together form =0; or fwo R taken togeiher wilh the carbon
alom to which they are attached, formn a 3- Lo 6-membered carbocyclic ring; or
one R, laken together with R and the intervening carbon atoms, forms a 3- to
6-membered spirocyclic ring:

R™ is hydrogen, fluoro, -N{R‘}z, or an optionally substituted <, aliphatic group;
of R” and R” togelher form =0 or =C{R5]2; or R™ and R, taken together with
the intervening carbon atoms, form a fused cyclopropane ring, which is
opHonally substituted with one or two substituents independently selected
from fluoro or C_, aliphatic; or B” and R, taken together with Lthe
intervening carbon atoms, form a fused cyclopropane ring, which is
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optionally substtuted with one or two substituents independently selected

[rom fluoro or C, , aliphatic;

R" is hydrogen, flucre, or an optionally substituted C, , aliphatic group; or R" and
R" together form =0 or =C{R5}1;

each R* independently is hydrogen or an opticnally substituted aliphatic, aryl,
heteroaryl, or heterocyclyl gronp; or two R on the same nitrogen atom, taken
togelher with the nitrogen atom, form an optionally substituted 4- to
8-membered heterocyclyl ring having, in addition lo Lhe nitrogen alom, 0-2
ring heteraatoms independently selected from N, O, and 5;

R"™ is hydrogen, C,_ atkyl, C, , fluorcalkyl, or C, ,, ar(C, Jalkyl, the ary] portion of
which may be optonally substituted;

RY is hydrogen, C,, alkyl, C, , fluoroalkyl, C, , ar(C, Jalkyl, the aryl portion of
which may be optionally subsktuted, or an optionally substituted 5- or
6-membered aryl, heleroaryl, or heterocyclyl ring; or

R" and R, taken together with the nitrogen atom to which they are atlached,

form an optionally subsbtuted 4- to 8-membered heterocyclyl ring having, in
addition to the nitrogen atom, 0-2 ring heleroatoms independently selected
fromm N, O, and 5; and

each R’ independently is hydrogen or an opticnally substituted aliphatic, aryl,
heleroaryl, or heterocyclyl group;

each R™ independently is hydragen, C,, alkyl, C,, Buoroalkyl, or an optionally
substituted C,_, aryl or C, ; ar(C, Jalkyl;

each R® independently i3 an optionally substituted aliphatic, aryl, or heteroaryl
group; and

mis1, 2 or 3.

2, The compound of ¢laim 1, wherein W is -CH,-, -CHF-, -CF,-, -NH-,

-0-, -5, or -NHC(O)-.
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3. The compound of claim 2, characterized by one or more of the

followlng leatures:
{a) Xis-O
() Yis-CH-;
5 €) Wis-NH-
(d) R'is-OH;

{&)  R®and R"are each independently hydrogen or C, , aliphatic;
(§ R ishydrogen, lluoro, or -OK;
(@) R and R” are each hydrogen;

10 (h)  each R'is hydrogen; and

@  misl

4. The compeund of claim 2 or 3, characterized by formula (iT):

RO
DJ\{\J
R'R Re v W"'JQ"E/]\Rh
0 R
D:#-K H: Re
HoN R R an

or a pharmaceutically acceptable salt thereol, wherein:
5 Dis -N=or-C(R"=;
E is -N= or -C(R%)=;

RF is hydrogen, hale, cyang, -C(R)=C{RY,, -C=C-F’, -OR’, -5R’, -S{O)R", -SO,R,
SON(RY,, -N(EY,, -NRCOIR, -NR'CIOIN(RY),, -N(R)C=NR')}-N(RY),,
NRYC=NRYR, -NR'COR’, NR)SO, -NRISONRY,, -O-CO)R’,
20 -OCOR’, -OCIOIN(R",, -CLO)R’, -CO,R’, -COIN(R?),, -C{OINRY-OR,
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COMNRYCENRY-NRY,, -NRYCENR HNR-CIOIR’, -C(=NR)-N{RY,,
~C(=NR}-OR®, -N(®')-NRY, -N(RE)1OR’, -C(=NRI-NR"}-OF, -C{R9=N-OR,,
or an oplionally substituted aliphatic, aryl, heteroaryl, or helerocyclyl; and

each R" independently is hydrogen, halo, -CN-, -OR’, -N{R"),, -SR’, or an
optionally substituted C, , aliphalic group;

5. The compound of claim 4, wherein:

R* s hydrogen, C,, aliphatic, C, , Alucroaliphatic, halo, -R"%, -R®, -T"R'%, -T'-R”,

VUTLRYE, VTR, VRS or -T-V'-R';

T' is a C, , alkylene chain substituted with 0-2 independenlly selected K™ ot
R, wherein the alkylene chain optionally is interrupted by -C{R}=C(R)-,
-C=C-, O, 5, -S{O). S{0);, SON(R')-, -NR® -, NERIC(O)-.
NR'CON(RY-, -NRYCENR)-NR'F, -NERY-C{=NR")-, -N{R)CO,-,
-N(R'JS0;, -N(RISO,NR'}-, -OC(0)-, -OCOWN(RY)-, -C(O)-, -COy,
-C{OIN(R')-, -C(=NR)-N(R')-, -C(NR)=N{R}-, -C(=NR}-O-, or
eC{R‘]QN-O‘, and wherein T' or a portion thereof optonally forms par| of
a 3-7 membered ring;

V' is -C(R})=C(RY-, -C=C-, -O-, -5, -8(O}-, -5{0),-, -SO,N(R")-, -N(R")-,
-N(RYC(O)-, -NR'CIOIN(R}-, NEICENR INERY-, -NRIC(=NR')-,
NERYCO;-, -NRYS0,-, N{RISON(R')-, -OC(O)-, -OCOIN(RY)-, -C(O)-,
-COyr, “CIOIN(R")-, -CIO)N(R')-O-, -COIN(R)C(=NR")}-N(R')-,
-N{RY)C{=NR")-N(R')-C(O}-, -C{=NE)}-N(R)-, -CINR)=N(R’)-,
-C{=NR"¥0, or -C(R)=N-0-;

each R'® independently is an optionally substituted aryl, heleroaryl,
helerocyclyl, or cycloaliphatic ring;

each R independenty is -NO,, -CN, -C(R)=C(R"),, -C=C-R’, -OR’, -51’,
-S(O)R’, -SOR}, -SO,N(RY,, -N(R"Y,, -NR'CIO)E’, -NR'C(O)N(RY,
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-N(RYC(=NRY-N(R",, -NRIC(=NE)-R’, -NE'CO,R". -N(R)SO,R",
-N(R)SO,N(RY,, -O-C{OIR’, -OCO,R’, -OCQIN(R),, -C(OIR’, -COR’,
-CLOIN(R),, -CIO)N{R')-OR’, -CIOIN(R) C(=NR)-N{R),
NERICENRY-NER)-CIOIR’, -C(=NR}-N(R’),, -C(=NR")-OF’,
-NER}N(RY,, -N(R)}-OR”, -C{zl;JR‘)-N(R‘}-DR“, ar -C(R)=N-OR";

each R™ independently is selected from the group cansisting of -F. -OH,
-O(C, , alkyl), -CN, -N{R"),, -C{ONC, alkyl), -CO,H, -CO,{C, , alkyl),
“C(OWNH,, and -C{O)NH(C,, alkyl);

each R” independently is a C, , aliphatic optionally substituted with R or R,
or two substituents R™ on the same carbon atom, taken together with the
carbon atom bo which they are attached, form a 3- to 6-membered
cycloaliphatic ring; and

each R’ independently is an optionally substituted aryl or heteroary) ring.

6. The compound of claim 5, characterized by formula {(fIT}:

JO

b
0¥ IN
R[ Rf R® Y. W'JQ"EJ\ Rh
o Vi R¥
O=5-X c
4 R? R
HsN RY RH

or a pharmaceutically acceptable sall thereof, wherein:
Qis=T- or—v-T';
V' is -N(R")-, -O-, or -5-;

R* is hydrogen or C,, aliphatic;
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R" is hydrogen, C, , alkyl, C, , fluoroalkyl, C, ,, ar{C, Jalky, the aryl poriion of
which may be optionally substituted, ar an optionally substituted 5 or
6~membered aryl, heteroaryl, or heterocycyl ring; or

R™ and R¥, taken together with the nitrogen atom te which they are attached,

5 form an oplicnally substifuted 4- to 8-membered heterocyclyl ring having, in
addibon lo [he nitrogen atom, (-2 ring heteroaioms independently selecled

from N, O, and 5; and each R” independently is hydrogen, C,_ alkyl,
C,, luoralkyl, or an opticnally substituted C,  aryl or C_, ar(C, _Jaikyl.

7. The compound of claim 6, wherein Ring Cis a C_, cycloaliphatic,

10 phenyl, pyrrolyl, imidazolyl, oxazolyl, thiazolyl, isoxazolyl, isothiazolyl, pyrazoly,
triazolyl, tetrazolyl, oxadiazolyl, thiadiazolyl, pyrreliny), imidazolinyl, pyrazolinyl,
pyrolidinyl, imidazolidinyl, pyrezelidinyl, piperidinyl, morpholinyl, piperazinyl,
pyridyl, pynidazinyl, pyrimidinyl, pyrazinyl, or letrahydropyrimidinyl ring, any of
which is substituted with 02 R® and 0-2 R™.

15 a The compound of claim &, wherein Ring C is a C, , cycloaliphatic,
phenyl, oxazalyl, or isoxazolyl ring, any of which is substituted with 0-2 R™ and
optionally is [used lo an optionally subshituted benzene, dioxotane, or dioxane ring-

9, The compound of claim 5, characterized by lormula (IV):

(A

20 or a pharmaceutically acceplable salt thereof, wherein:

{71


efiling
Pencil

efiling
Pencil


i@

15

20

T is a C, , alkylene chain optionally subslituted with one or two groups
independently selected from fAvore, C, , aliphatic, and C, | fluoroaliphatic;

and

Ring C is a 3- to &-membered heleracyclylor eycloaliphatic ring, or a 5- or
&-membered aryl or hetercaryl ring, any of which rings is substtuted with 0-2
R®and 0-2 R™:
each R’ independently is halo, -NO,, -CN, -C{RY=C(R"),. -CaC-R®, -OR’, -5K",
-S(O)R’, -SOR’, SON(RY,, -N(RY,, NR'CIO)R’, -NR'CON(R"),
-N(RYCENRY-NR'Y,, -NRICENR)-RS, -NR'CO,RY, -N(R)SOR",
N(RYSO,NR'Y,, -0-CIOR’, -OCORY, -OCIOINGRY,, -C{OIR’, -CO,R’,
-COIN(RY),, COIN(RY-OF, -CONRICENRY-NER'Y,,
-N(RY)C(=NR)-N{R}-C(O)R’, -C{=NRJ-N(RY,, -C(=NR"}-OF’,
-C{=NR*}-N{R")-OR’, -C(R"»=N-OR’, or an optionally substituted aliphatic,
or an ppHonally subshihuted aryl, heterocyclyl, or hetercaryl group; or hwo
R’ on the same saturated ring carbon atom, taken together with the
carbon atem, form an optionally substiluted 3- to 8-membered spirocyclic
cycloaliphatic or heterocyclyl ring; or two adjacent R®, taken together wilh
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;

each R* independently is selected from Lhe group consisting of C,, aliphalic,
C, fluoroaliphatic, halo, -OR™, -N(R“}R™), or a C, , aliphatic or
C,, fluoroaliphatic optionally substituted with -OR™, -N{R™}R"™),
-COR™, or -C{OMNER™HRY);

R™ s hydrogen, €, alkyl, C, |, fluoroalkyl, or C_ ar(C, )alkyl, the aryl portion of
which may be oplicnally substituted;
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V'is-N(R", -O-, or S
R’ is hydrogen or C,, aliphatic; and

Ring D is an optionally substituted mone- or bicyclic ring system.

10 The compound of claim 9, characterized by formula {TV-A) or (IV-8):

O {

Ul 1
g i
. = ]
o 1 AL W ncm 0 L :RB
7 R® b Rﬂ ? R ] HHR
HMN - R (Iv-ay  HN R (Iv-B)

11. The compound of claim ¢ or 10, wherein Ring D selected from: lhe
group consisting of furanyl, thienyl, pyrrolyl, oxazolyl, thiazolyl, imidazolyl,
pyrazolyl, isoxazolyl, isothiazolyl, oxadiazolyl, tfazolyl, Ihiadiazalyl, pheny!,

10 naphlhyl, pyranyl, pyridyl, pyridazinyl, pyrimidinyl, pyrazinyl, triazinyl,
indolizinyl, indolyl, isoindoly), indazolyl, benzimidazolyl, benzthiazolyl,
benzolhienyl, benzofuranyl, purinyl, quinoly), isocquinolyl, cinnolinyl, phthalazinyl,
quinazolinyl, quinoxalinyl, naphthyridinyl, pteridinyl, tetrahydrofuranyl,
tetrahydrothienyl, pyrrolidinyl, pyrrolidonyl, piperidinyl, pyrrolinyl,

15 tetrahrydroquinolinyl, e trahy droisoquino linyl, decahy dreoquinglinyl, oxazolidinyl,
piperazinyl, dioxanyl, dioxolanyl, diazepinyl, oxazepinyl, thiazepinyl, morpholinyl,
quinuclidiryl, telrahydroquinolinyl, tetrmhydroisequinolinyl, indanyl,
phenanthridinyl, tetrahydronaphthyl, indolinyl, benzodioxanyl, benzodioxolyl,
chramanyl, cyclopropyi, cyclobultyl, cyclopentyl, cyclopentenyl, cyclohexyl,

20 cyclohexenyl, cycloheptyl, cycloheptenyl, cyclooctyl, cyclooclenyl, cyclooctadienyl,
bicycloheptanyl and bicyclooctanyl, any of which groups is aptionally substfuted.

iz, The compound of claim 11, wherein:
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each substitutable saturated ring carbon alom in Ring D is unsubstituled or
substituted with =0, =5, =C{R"),, =N-N(R"),, =N-OR’, =N-NHC{O}I",
=N-NHCO,R’, =N-NH50,R", =N-R’ or -R%;

each substitutable unsaturated ring carben atom in Ring D is unsubstituted or
substihuted with -RF:

each substitutable ring nitrogen atom in Ring D is unsubstihuted or substihled
with -R’F;

each Rf independently is hals, -NQ,, -CN, -C(R)=C(R’),, -C=C-F’, -OR’, -5,
-S{O)R’, -SO,R’, -SO,N(R"),, -N(R'),, -NR'CIOIR’, -NR'CO)N(R"),,
NRICENRY-NR"Y,, -NRIC{E=NRY)-R®, -NR'CO,R’, -N(R)50,]",
-NRSO,N(RY,, -O-C{OIR’, -OCOR’, -OC{OMNR"),, -CIO)R’, -COR’,
C(O)N(R",, -C{OIN(R"-OR’, -CIOMNR IC(=NR}-N(RY),
-N{RYYC{(=NR}-NRH-CO)R’, -C(=NRD-NRY,, -C=NR)-OF,
-C(=NR")-N(R')}-OR’, -C(R*)=N-OR’, or an oplionally substituted aliphatic, or
an optionally substituied aryl, heterocyclyl, or heteroaryl group; or bwa R” on
the same sahirated carbon atomn, taken together with the carbon alom to
which they are attached, form an optionally subshituted 3 to -membered
spirocyclic cycloaliphalic cing; and

each R¥ independently is -C{OJR’, -C(O)N(R"),, -CO,R, -SO,R", -SO,N(®'),, or a
C,, aliphatic optionally substituled with R or R,

13, The compound of claim 12, wherein:

each ¥ independently is selected from lhe group consisting of halo, C,, aliphatic,
C, , fluoroaliphatic, -R", -R¥, -T-R", and -T-R*; or two R® on the same
saturaled carben atom, laken togelher with the carbon atom Lo which Lhey are
attached, form an optionally substituted 3- ko 6-mernbered spirocyclic
cycloaliphatic ring;

T’ is a C, , alkylene chain subslituled with 0-2 independently selected B or R™
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each R'F independently is an optionally subshituted aryl, heteroaryl, or
heterocyclyl group; and

each R independenlly is -NO,, -CN, -C{R*)=C(R?,, -CaC-R’, -OR’, -SK", -S(OIR".
S0,R’, SO,N(RY,, -N{R"),, NR'C(O)R’, -NR'CO)N{R"Y,,
NEYC(=NRY-N(RY,, -N(R)C(=NR)-R’, -NR'COX, -NR)SOR’,
-NRYSO,N(EY,, -0-C(OIR’, -OCO,R", -OCIOIN®RY,, -C(OIR’, -COR,
-CIOIN(R"),, -CIOIN(R)-OR’, -C{O)N[R)C(=NR)-N(RY,,
-N{RYCENR)-NRYCO)R, -CE=NRI-N(RY,, -C=NRY-OR’,
-C(=NI"}-N(R}-OR’, or “C(RY)=N-OR’.

14,  The compound of claim 13, wherein Ring D I3 an optionally
substituted indanyl, telmhydronaphthyl, or chromanyl.

15.  The compound of claim 13, wherein:
V'is NER;

Ring D is selected from the group consisting ol:

RPy, AP,
— RP
(R, ) ,  Em

{R%Py,

each R” independendly is halo, -OR™, -N{(R*)R"), -CO,R™, or -C{O)NER")(R™), or
is a C aliphatic or C, , fluoroaliphatic oplionally substituted with -OR”,
-NRHR?, -COR, or -CLONR“WR™);

each R” independently is fluoro, -OR™, -NR"“}R™), ~<CO,R™, or -C(O)N(R"J(R"™),
or is a C,, aliphatic or C, , fluoroaliphatic optionally substituted with -OR”,
-N{R"™}RY), -CO,R™, or -C{OYN(R™IR™); or two R™ on the same carbon atom

together form =0 or =C{R™),; provided that when two R are attached to Lhe

same carbon alom, one must be selected from the group consisting of fluoro,
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~CO,R™, -C{ONER™R™), or a C, , aliphatic or C,, fluproaliphatic aptionally
substtuted with -OR®, -N({R™)(RY), -CO,R™, or -C{OYN{R"}R™); and further
provided that R¥ is other than -OR™ or -N(R“)(R"™) when Jocated at a position
adjacent to a ring oxygen atom;

5 5ia0,1,2, 3, ord; and

tis0 1, 0r2,
16. The compeund of claim 15, wherein R' is halo.
17.  The compound of claim 15, wherein R¥ is -OR™.

18.  Thecompound of daim 15, wherein each R" is independently
10 hydrogen, flnoro, - CH, - CF, or -OH.

19.  The compound of claim 15, wherein R* and R’ are both hydrogen, R’ is
=OH and I is hydrmogen or -OH.

20.  The compound of claim 5, wherein:
R'is -NRR;
15 R’ is hydrogen or C,, aliphatic;
R’ is hydrogen, C, , aliphalic, -T-R™ or -T-R"™;
T is a C, , alkylene chain substituted with 0-2 independently selected R or
R%;

Tisa C,, alkylene chain substituted with 0-2 independently selected R* or

]

30 R™;

R™is -CIR"}=C(R’},, -C=C-R’, -S(O)R’, -5O, &', -50,-N(R"),, -C(R}=N-OR’,
-COR’, -C(O)-CIOIR’, -CIOIR’, -CLOIN(R'),, -C(=NR")-N(R"),, or
-C{=NEY-OR’; and '
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R” is halo, -NO,, -CN, -OR’, -R", -N(R},, NR)COIR, -NR}CIOIN{RY,,
N(RY)CO,R’, -O-CO,F, -CHOIN(R Y, -OCIOIR’, -N{R")-N(R'),,
“N(RYS(O)R’, or -N{RISONERY,,
preferably wherein R’ is hydrogen or a C, aliphatic or C, , fluorealiphatic
optionally substituted with one or two substituents independently
selected from the group consisting af -OR™, -N(R"}R™), -CO,R™,
-COMNER™)RY).

21. The compound of claim 2 or 3, characterized by formula (V):

(RY),
"N
|
WS
. :
0:{5—1
HN ("

or a pharmaceutcally acreplable salt thereof, wherein:

Ring E is a 5- or 6~membered aryl, heteroaryl, cycloaliphatic or heterocyclic ring;

E is -N= or -C(R")=;

each R" independently is hydrogen, halo, -CN-, -OR’, -N{R"},, -SR’, or an
cptionally substituted C_ aliphatic group;

each R" independently is hydrogen, halo, -NQ,, -CN, -OR’, -SR’, -S{O)R", -50,R",
-SON(RY),, -N(RY,, -NR'CO)R’, -NR'C(O)N(R},, -N(R)C(=NR'}-N{R"),,
-NRIC(ENR)R, NR'COR’, -NERI)SOR", -NRYSO,NRY,, -0-COIR’,
-OCOR’, -OC{OMN(RY,, -C(O)R’, -COR’, -CIOIN(RY),, -CIOIN(RY)-OR’,
~C{OIN{RYCE=NRY-NIY,, -NRIC(E=NR)-NR)-CO)R, -C(=NR'}-NRY,
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-C{=NR"%-OF’, -N(R)-NRY,, -NR-ORF’, -C(=NR')}-N(R)-OF’, -C(R*)=N-OR’,
or an optionally subslituted aliphatic, aryl, heterparyl, or heterocyclyl; and

nisQ, 1,2, ord

22, The compound of claim 21, characterized by a} formnla (Vi):

pee M
Z N
(R e v. W HEJ\R"
.
D-_"-‘x M BRI
7 R b nR
HaN R* R (Vi)

or a pharmaceutically acceptable salt thereof, wherein:
U is a covalentbond, C, , alkylene, -0O-, -, -S{O}, or -S(O),~;

R™ is halo, C, , aliphatic, or C, , flucrpaliphatic; and

Ring F is an optionally substituted mono-, bi-, or tricyclic ring syslem,
10 preferably wherein Ring F is an ophonally substtuted phenyl, naplhul,
tetrahydronaphthyl, or dihydrobenzeluranyl, or

bl formula (VI

[
R[ R REI E
0O R®
o=5-x* " ¢
/ R b u'R
H,N RF R vin

[9&
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or a pharmaceuHeally acceplable sall thereol, wherein:
Eis -N=or-C{R"=;
Fis =N{R“}—, O, or-Siand
G is =N- or =C(R")-; and
5 R™ is hydrogen, -C{Q)R’, -CIOMN(RY,, -CO,R’, -SO,R’, -SON(R",, or 2

, , aliphatic opHenally substituted with Ror R,

prelerably characterized by formula {ViI-C) or {VTI-D}:

REI'
W Wai

/N 2
e’ .
r R R . W ‘EARP' p! q' RE v W “E-"L-Rh
0 ﬁ-:r Hn' q - Rc'
Q=5-X RE o=E-X Rt
b g { RS, p
HzH R (VII-C) HzM R {V1i-D)

or a pharmacentically acceptable salt thereof, wherein:
10 dashed lines indicate single or double bonds;
each R” independently is hydrogen, halo, -OR™, -NR™(R"), or a
C,, aliphatic ar C | fluoroaliphatic optionally substituted with -OR¥, -N{R*}R™),
-CO,R*, or -C{O)N{R™)(R™); or bath R”) taken together with the intervening ring
carbon atoms, form an optionally substituted fused 5- or 6-membered cyclozaliphalie,
15 aryl, heteroaryl, or heterocyclic ring.

23.  The compound of claim 21, characterized by formnla {V1l1);
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or a pharmaceutically acceptable salt thereo!.

24, Thecompound of claim 2 or 3, characterized by formula {IX-A):

(R%);

X
HN’L@"R”‘
oo~

e

E
o [LLLL]
0750 o

HaM Rt RY {IX-A)
5 or 2 pharmacentically acceptahle salt thereof, wherein stereochemical
contiguralions at aslerisked positions indicate absolute confipnration, and whetein:
D is -N= or -C{R")=;
Eis -N= or -C(R")=;
each R" independently is hydrogen, halo, -CN-, -OR’, -N(R"),, -SK®, or an
10 aptionally substituted C, , aliphatic group;

each R® independently is hato, -OR™, -N{R“}RY), -COR”, or -C{ONER™(R™), or
is a C,  aliphatic or C_, fluorcaliphatic optionally substituted with -OR™,
-NE")@R®), -CO,R™, or -CONR“IR™):
each R” independently is finoro, -OR™, -N(R™}R"), -CO,R™, or -CONR"HR*),
15 or isa C,, aliphatic or C, , fluoroaliphatic optonally substituted with -OR™,
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-NR™EY), -CDZR"", or -C{OIN(R™)R™); ar two R™ on the sarne carbon alom
together form =0 or =C{R*"),; provided that when two R™ are attached lo Lhe
same carbon atom, one must be selected from the group consisting of Muoro,
COR™, -CIOIN(R™)R™), or 2 C,, aliphalic or C,, fluoroaliphalic opticnally
substituted with -OR™, -N{R"}R"™), -COR™, or -C{OINR™R™); and further
provided that R is alher than -OR* or -N(R™)(R") when located al a position
adjacent to a ring oxygen atomy;

5is0, 1,2, 3. or4;and

PisD 1,012

25, A pharmaceutical composition, comprising a compound of any one of
claims 1 to 24 and a pharmaceutically acceptable cartier, preferably wherein

the composition is formulated for administration o a human palient.

26. A melhod of decreasing an E1 enzyme aclivity in a sample,
comprising contacting the sample with a compound of any one of claims 1 to
24, wherein the E1 enzyme is, for example, selected Iro the group consishing
of NAE, UAE, and SAE.

27, A compound of any one of claim 1 fo 24 for use in trealing cancer.

28, The compound of claim 27, wherein the cancer is lung cancer,

colorectal cancer, ovarian cancer, or a hemotological cancer.

29. A compound of any of claims 1 to 24 for use in treating an immune
response disorder or vascular cell proliferation disorder.

30.  Useofacompound of any one of claims 1 to 24 in the manufacture of
a medicament for treating cancer, an immune response disorder or a vascular cell

prolileration disorder.
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