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FIGURE 1

HCT-116 PD study: I-115

2

-+ 30mgke -115
25+
1004

&

Nedd8-Cullin levels
{% Vehicle Control}
M
tx

] i € o ) t b
2 4 8 12 16 20 24
Time Post Dose (Hours)

PK Parameters of ¥:1-115 in Female Necr Nude Mice
Bearing HCT 116 Tumor Xenografts
Follow ng 2 Single Subcataneous Administration at 30
mg/kg.

Samgle AUC last (M°hr)__ Cmax (nM) _
Plasma 282?1 271 3_8




U.S. Patent Aug. 19,2014 Sheet 2 of 10 US 8,809,356 B2

FIGURE 2

HCT-116 PD study: 10 mg/kg 1-216
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FIGURE 3

HCT-116 PD study: 30 mg/kg 1-216
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FIGURE 5
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FIGURE 7
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FIGURE 8
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INHIBITORS OF NEDDS-ACTIVATING
ENZYME

PRIORITY CLAIM

Ttis application claims the senefit under 35 US.C. §119
(e) of U.S. Provisional Paterit Applicatior. Ser. No. *1/526,
830, dled Aug. 24, 2011, whica is hereby incorpor=ted by
refersnce in its entirety.

FIELD

Tmis invention relates to compounds, zompositizns and
methods for the treatment of various disorders, pa—cularly
disorders of cell proliferation, ineluding cencers, anc inflam-
matary disorders. In particular, the inveat.on provides com-
pourds which inhibit the activity of NEDDS-activa:ing
enzvme.

BACKCGROUND

Tae post-translational mod:f cation >f prozeins by ubig-
uitiz-like molecules (ubls) is an important regulato=. process
witzin cells, playing key roles ir. contro’liag nrany Bological
processes including cell division, cell sigmaling and the
immune response. Ubls are small proteins that are covalently
attached to a lysine on a targzt profeir via an isopeotide
linsage with a C-terminal glyzine of the ubl. The wbiquitin-
lik= molecule alters the molecular surface of the taraet protein
and can affect such propert:es as protein-protein intzractions,
envymatic activity, stability and cellular localizazon cf the
tarzet.

Ubiquitin and other ubls ase activatzd b¥ a specifc El
enzyme which catalyzes the Zcrmation of an acyl-adenylate
intermediate with the C-terminal glycine of the utL The acti-
vated ubl molecule is then trans ferred to the catalyt-c cysteine
residue within the E1 enzyme throwgh “ormasion of a
thuoester bond intermediate. The El-ubl inte-mecmte end ar
[2associate, resulting in a thinzster exchange whesein the ub’
is “ransferred to the active site cysteine of the E2. The ubl is
then conjugated to the terget proteir, either di-ectly or in
conjunction with an E3 lizase, through isopzptice bord for-
mration with the amino grevp of a lysine side chain in the
terget protein.

The biological consequence of ub! modificat en depends
o the target in question, Ukigaitin is thz best charasterized of
the ubls and a consequence cf modification by ubquit:nation
iz the degradation of polw-ub quitinazed prcteins Sy the 263
proteasome. Ubiquitin is coijugated lo its target proteirs
t=rough an enzymatic cascadz involvirg its specic El acti-
vating enzyme, Ubal (ubiquitin activating enzyme, LAE), a
conjugating enzyme fror the family of E25, and a ubiquitin
Egase from either the RING or HECT classes of E=s. See,
Fuang et al., Oncogene, 23 1958-71 (20041, Ta-get soecifiz-
ity is controlled by the particular combination of E2 and E3
=rotein, with >40 E2s and >100 E3s being <now= at present.
_a addition to ubiquitin, the-e are at “east 10 u=iquitin-like
-roteins, each believed to be activatad by a spec fic =1 acti-
vating enzyme and processzd through simila- but distinct
downstream conjugation pathways. Other abls for which E1
activating enzymes have been identified inzlude Ned:I8 (AP-
PBP1-Uba3), ISG15 (U3Z1L) and ths SUMO fzmily (Aosl-
1ba2).
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The ubl Nedds3 is activated by the heterodimer Nedd8-
activating enzyme (APPBP1-Uba3) (NAE) and is transferred
to a single E2 (Ubcl2), ultimately resulting in ligation to
cullin protzins. The function of neddylation is tte activation
of cullin-kased ubiquitin ligases involved in the ubiquitina-
tion and hence turnover of many cell cycle and =l signaling
proteins, including p27 and I-kB. See Pan et al_ Oncogene.
23:1985-57 (2004). The ubl SUMO is activazec by the het-
erodimer sumo activating enzy me (Aos1-Uba2)SAE) and is
transferred to a single E2 (Ubc9), followed by coordination
with mult_ple E3 ligases, ultimately resulting in sumoylation
of target proteins. Sumo modification can affiec: the czllular
localization of target proteins and proteins ~wdified by
SUMO family members are -nvolved in nuzlear transport,
signal transduct on and the stress response. See Seeler and
Dejean, Nat Rev Mol Cell Biol 4:690-9, (2003). The function
of sumoy ation includes activation of cell signal.ng pathways
(e.g., cytokine, WNT, growth factor, and s-erzid hcrmone
signaling) involved in transcription regulatiom as well as
pathways involved in control of genomic intezrizy (e.g., DNA
replicativn, response to DNA damage, recomrination and
repair). See Muller et al, Oncogene. 23:1998-2006, '2004)
There are other ubls (e.g., ISG15, FAT10, Apg12p) for whick
the biological fanctions are still under inves-ig=tion.

A particular pathway of importance which is regulated via
E1 activating eazyme activities is the ubiquitim-protzasome
pathway (UPP]. As discussed above, the enzymies UAE and
NAE regulate the UPP at two different steps io the ubiquiti-
nation cascade. UAE activates ubiquitin in the frst step of th2
cascade, while NAE, via activation of Nedc8, ‘s responsiblz
for the aztivation of the cullir. based ligases, which in turn arz
requirec for the final transfer of ubiquitin to certam target
proteins A functional UPP pathway is required for normal ce |
maintenance. The UPP plays a central role 'n e turnover ¢ f
many key regulatory proteins involved in tramseription, cdl
cycle progress on and apoptosis, all of which ace important in
disease states, including tumor cells. See, e.z., King et al.,
Science 274: 1652-1659 (1996); Vorhees et al., Clin Cancer
Res., 9: 6316-5325 (2003); and Adams et al., Nat. Kev. Caa-
cer, 4: 349-360 (2004). Proliferating cells zve particulary
sensitive to inhibition of thz UPP. See, Drexler, Proc, Na‘l.
Acad. 3ci., USA 94: 855-850 (1977). The rele of the UPP
pathway in oncogenesis has led to the inves igation of pro-
teasome inhibition as a potential anticancer therapy. For
examp e, moculation of the UPP pathway by inhibition of tae
268 proteasome by VELCADE® (bortezomi=) has proven to
be an effective treatment in certain cancers and is approved
for the treatirent of multip_e myeloma and r—antle cell ly -
phome patierts who have raceived at least ome prior theraoy.
Examples of proteins whose levels are cantrolled sy cullin-
based ubiquitin ligases which are downstrezm of NAE &nd
UAE activitv include the CDK inhibitor p27%7" and -he
inhibiror of MFKB, IkB. See, Podust et al., Froc. Matl. Acad.
Sci., 97: 4573-4584 (2000}, and Read et al., Mol. Zell Bisl.,
20: 2326-2353 (2000). Inhubition of the degr=dation of p27 is
expected to klock the progression of cells through the G1 and
S phases of the cell cycle. nterfering with th2 degradation of
IxB saould prevent the nuclear localization of NF-xB, tzan-
scription of various NF-xB-dependent genes associated with
the malignant phenotype, and resistance to standard cytotoxic
therapies. Additionally, NF-kB plays a key role in ~he expres-
sion of a number of pro-inflammatory mediators, implicaiing
a role for such inhibitors in inflammatory diseases. Further-
more, inhibition of UPP has been implicated as a useful target
for additiomal therapeutics, such as inflammatory disorders,
including, e.g., rheumatoid arthritis, asthma, multiple sclero-
sis, psoriasis and reperfusion injury; nenrcdegenerative dis-
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arders, including e.g., Parkiason's disease, Alzheimer’s dis-
case, triplet repeat disorders; neuropathic pain; ischemic
disorders. ¢.g.. stroke, infarction, kidney disorders; and
cachexia. See, e.g., Fllion end Ross, Am. S Clin. Pathol..
116:637-46 (2001); Elliowt et al,, J. Mol. Med., 81:235-45
(2003): Tarlac and Storey, .. Newrosei, Res. 74: 406-416
(2003): Mori et al., Newroparh. Appl. Neurobiol., 31: 53-61
(2005). Manning, Curr Pain Headache Rep.. 8: 192-8
(2004); Dawson and Dawsan, Scierce, 302: 819-822 (2003);
Kukan, J Phvsiol. Pharmacol | 55: 3-15 (2004): Wojeik and
DiNapoli, Stroke, 35:1306-18 (2004); Lazarus et al.. Am J
Physiol., 2T:E332-41 (1999).

Targeting I'] activating enzymes provides a unique oppor-

tunity 1o interfere with a variety of biochemical pathways 1

important for maintaining the integrity of cell division and
cell signaling. B activating enzymes function at the first step
of ubl conjugation pathways; thus, inhibition of an E1 acti-
vating enzvme will specifically modulate the downstream
bielogical consequences of the ubl modification. As such,
inhibition of these activating enzvmes, and the resultant inhi-
bition of downstream eflects of usl-conjugation, represents a
method of mterfering with the integrity of cell division, cell
signaling, and several aspects of cellular physiology which
are important for discase mechamisms, Thus, E1 enzymes
such as UALE, NAE. and SAE, as regulators of diverse cellular
functions, are potentially important therapeutic targets for the
identfication of novel approaches 10 treatment of diseases
and disorders

U.S. patent application Ser. No. 11/346,469 (filed Feb. 2,
2006. publication no. US 2006/0139636) and International
Patent Appl. No. PCT/US06/04637 (filed Feb. 2, 2006, pub-
lication no. WO 2006/084281) (collectively, “Critchley et
al") report various I enzyme inhibitors of the formula:

g R s RS
(9]
nI!Sif'x :
ol R\

wherein:

Als

X
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-continued
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‘These applications do not rey ont the chemical entities that are
the subject of this application.

U.S. patent application Ser. No. 11/700,614 (filed Jan. 31,

2007, publication no. US 2007/0191293) and International

Patent Appl. No. PCT/US07/02560 (filed Jan. 31, 2007, pub-
lication no. WO 2007/092213) (collectively, “T.angston et
al") report various Bl enzyme inhibitors of the formula:
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wherein:
Alis

A-i
R, '
T 5i®
N \
iﬁ{ \H
—(
Rk
A-it
Rk
R
— RS,
Ny \
N
—~(
R)a
A-ii
RI
A
A-v
A-vy
Al

These applications do not report the chemical entities that are
the subject of this application.

U.S. patent application Ser. No. 11/890,338 (filed A_g. 6,
2007, publication no. US 2008/0051404) and Internadnal

20

30

i 1

6
Pate=+ Apal. No. PCT/USO7/17462 (fiked Aug. 6, 2007, pub-
lication no. WO 2008/019124) (collectively, “Clabore et
al.") repo-t various L1 enzyvime inhibitors of the formula:

wrereln:

Riag A is a 6-membered nitrogen-containing etz-oaryl ring,
crtionally fused to a S- or 6-membered aryl. hz-eroaryl,
cycloeliphatic or hetemcyclic ring; and W s —CH,—,
—CHF—, —CF,—, —CH(R")—, —CF(E.!}—, —NH—,

NR")—, —O0—, —3— or —NHC/0)

“hese applications do rot report the chemical entitucs that are
“he subject of this applxcation.

At this time, no inhibitor of an El activeting enzyme has
been approved as a treztment 5y a government healkth author-
ity. A need continues ¥o exist for inhibitors of =7 activating
2nzymes such as NAE.

SUMMARY

11 one aspect, the inventicn relates to the chemcal entities
which are the compound {(13,2S,4R)-4-[[6-]"(IR,2S)-5-
chloro-2-methoxy-2 3-dihydro-1H-inden-1-~1]
amino }pyrimidin-4-vl)oxy }-2-hydroxycyclepentyl } methyl
su famate (I-216) =nd pharmaceutically acceptable salts
thereol, and prodrugs thereol.

In one aspect, the invention relates to compositions com-
prising the chemical entity which s the compoand {(18,2S,
4%)-4-[(6-{[(1R,28)-5-chloro-2-mrethoxy-Z,3dihydro-1H-
inden-1-ylJamino } pyrimicin-4-yl"oxy]-2-
bydroxycyclopentvl}metkyl  su'famate  (I-216) or a
rharmaceutically acceptable sa't therecf, ¢r a prodrug
tnereof, and one ar more pharmaceutically acceptable carri-
ers.

In one aspect, the inventicn relates %o solid state forms of
the compound {(18,2S,4R)-4-[(6-,[(.R2S)-5-chloro-2-
methoxy-2,3-dihydro-1H-inden-1-ylJemino’ pyrimidin-4-
yljoxy]-2-hydroxycyclosenryl jmethyi stl-amate (1-216) ora
pharmaceutically acceptable salt thereof

In one aspect, the invention relates to methods of treating
cancer comprisi~g adm nistering to a paient in need of such
treatment the ch2mical ent.ty which is ke compound {(18,
28,4R)-4-[(6-{[(1R,2S-5-chloro-2-nethoxy¥-2,3-dihydro-
1H-inden-1-yl]amino } syrimidin-4-yoxy!-2-
hydroxycyclopentylJmethyl  sulfamae (1-216) or @

5 pharmaceutical'y accspteble salt thereof, or a prodrug

thereof.
BRIEF DESCRIFTION OF THE FIGURES

FIG. 1 shows the pharmacodynam c erd pharmcokinet ¢
parameters for {(18,28,4R)-2-hydroxy-4-[(6-{[(1R.2S-2-
methoxy-2,3-dihydro-111{-inden-1-yllamino} pyrimidin-4-
yl)oxy]cyclopentyl} methyl sulfamate (I-215) in female Ncr
nude mice bearing ACT116 mmbr xarografis following a
single subcutaneous administraticn £t 30 mg/kg.

FIG. 2 shows the pharmacodylaruc end pharmeokinetic
parameters for - (18,28,4R)-4-[(5-{[11R,28)-5-chlorc-2-
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methoxy-2 3-dihydro-111-inden-1-ylJamino }pyrimidin-4-
yhoxy]-2-hvdroxyeyelopentyl}methyl sulfamate (1-216) in
female Ner nude mice bearing HCT116 tumor xenografls
following a single subcutaneous administration at 10 mg/kg.
111G 3 shows the pharmacodynamic and pharmeokinetic
parameters  for  {(18,28,4R)-4-[(6-{[(IR.28)-5-chloro-2-
methoxy-2.3-dihvdro-1H-inden-1-ylJamino }pyrimidin-4-
vljoxy|-2-hydroxycycelopentyl methy] sulfamate (1-216) in
female Ner nude mice beering HCTI16 tumor xenografts
following a single subcutaneous administration at 30 mp/'kg.

FIG. 4 shows an x-ray powder dilfraction (XRPD) pattern
for crystalline Form 1 {(1S.284R)-4-[(6-{[(1R,28)-5-
chivro-2-methoxy-2,3-dihydro-1H-inden-1-y1]
amino }pyrimidin-4-yljoxy|-2-hydroxyeyclopentyl }methy!
sulfamate (I-216) hydrochlor'de.

PIG. 5 shows a differential scanning calorimetry (DSC)
thermogram for erystalline Foem | {(18,28 4R)-4-[(6-{[(1R,
25)-5-chloro-2-methoxy-2 3-Cihydro-1H-inden-1 -yl]
amino }-pyrimidin-4-yljoxy|-2-hydroxyeyclopentyl methy]
sulfamate (1-216) hvdrochloride.

FI1G, 6 shows a thermogravimetric analysis (TGA) thermo-
gram for crystalline Form 1 {{18.28.4R}-4-|(6-{[(1R,28)-5-
chloru-2-micthoxy-2,3-dihydro- 1H-1nden-1-¥1]
amino } pyrimidin-4-yljoxy]-2-hydroxycyclopentyl methyl
sulfamate ([-216) hydrochloride

FIG. 7 shows an x-ray powder diffraction (XRPD) pattern
for crystalline Form 1 {(1S.284R)-4-[(6-{[(1R,28)-5-
chloro-2-methoxy-2.3-dihydro- 1H-inden-1-y1)
amino fpyrimidin-4-yljoxy]-2-hydroxycyclopentyl methyl
sullamate (1-216) hydrochlonde produced in Example 2,
below.

FIG. 8 shows a differential scanning calorimetry (DSC)
thermogram for erystalline Form I [(18,28,4R)-4-|(6-{[(1R.
28)-5-chloro-2-methoxy-2.3-dihyd-o-1H-inden-1 -yl
amino }-pyrimidin-4-yl)axy|-2-hydroxyeyclopenty) tmethyl
sulfamate (1-216) hydrochloride produced in Example 2,
below

FIG. 9 shows a thermogravimetric analysis (TGA) thermo-
gram for crystalline Form 1 {(18.284R)-4-[(6-{[(1R,28)-5-
chloro-2-methoxy-2 3-dihydro- 1H-inden-1-y1]
.'uninu}p)-'rim':din—-al—}-'l}-..ncy1~2—hydrnx}’cyclopemyl}mcthyl
sullamate {1-216) hydrochloride produced in Example 2,
helow.

FIG. 10 shows an x-ray powder diffraction (XRPD) pattern
for crystalline Form I {(15.28,4R)-4-[(6-{[(IR.2S)-5-
chloro-2-methoxy-2,3-dihydro- 1 H-inden-1-yl |
amino } pyrimidin-4-yljoxy|-2-hydroxycyclopentyl fmethy|
sulfamate (I-216) hydrochloride produced in Example 9.
helow.
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DESCRIPTION

Provided are chemical entities that are effective as inh bi-
tors of Nedd8-aztivating enzyme (NAL). The chemical enti-
ties are useful for inhibiting NAE activity in vitro and in vivo,
and are useful for the treatment of disorders of cell pralifera-
tion, particularly cancers. and ather disorders associated with
NAEF activity. The chemical entities are the compound {(13,
28,4R)-4-[(6-{[(1R.2S)-5-chloro-2-methoxy-2.3-dihydro-
1H-inden-1-ylan ino} pyrimidin-4-yljoxy|-2-
hydroxyeyclopentyl fmethy! sulfamate (herein referred to as
“1-216M);

Cl

G H;

W

and non-covalently associated molecular entities. A chemical
entity comprising the corapound 1-216 thus includes, e g the

free compound 1-216, pharmaceutically acceptable salts of

1-216, pharmaceutically acceptable solvates of 1-216 and

5 pharmaceutically acceptable solvates of pharmaceutically

acceplable salts o 1-216. 1n some embodiments. the chemical
entity is the free compoind 1-216 or a pharmaceutically
acceplable salt thereof’ In some embodiments. the chemica!
entily is a pharmaceutically acceptable salt 01 1-216, In some
embodiments, the chemical entity is the free compound 1-216
or a pharmaceutically acceplable solvate thercof. In some
embodiments, the chemicel entitly is o pharmaceutically

acceptable solvate of a phamaceutically acceptable salt of

[-216.

Claiborne et al. report various inhibitors of E1 enzymes,
including NAE. For example, Claiborne ¢t al. report that the
compounds in the following Table | exhibited 1C., values less
than or equal to 500 nM in an NAE assay (Claiborne Example
137).

TABLE 1

k1 {(IR R3S AR)-4-[(6- {[{ 1§ )-4-Ruorn-2 J-dilyiro- 1 H-inden 1=yl jarmuno | pyrimidin-4-x1)-

aminn]-2 3-dihydmxyeyelopenty! hnethy! sulfamare;
{(]R.?R.}S,‘%R}I-E,S-sfiily‘thuky--‘e-nb-{[(l5{.35:-3-mc=imx_\'-fﬂ-\hhvdm-lH-l::drn-l-vll-
amino }pyAmidin-4-yljaminolevclopentyl fmethvl sulfamare;
{(LR.2R,35.4R -2 3-dihydroxy-4-(9H-purin-6-y lumino kyclopentyl methy] sulfaate:
[018,28.4R -4 {6-[(18)-2.3-dibydra- 1 H-wden--ylamio Jpyrimidin-d-y| Jarming j- 2
hydroxyeyciopentyljmethyl sulfunate;
{l.1li,'ER.}S,4R}-4—||’6-{[il5'»'a-4-"l‘w'11:111c:c-2_3-\1|h3«'dra)—lH-lhniun-l-yl]ﬁm:nu}pyn:nlihzl--;-
yllamine]-2.3-dihydroxycyclopenty| fmethy sulfamate;

[(IR2ZR38 4R )-4-({6-[{ 1 R)-2,3-cibvdre-1 Hoinden- | ylumaopyrimidin-d-yi Famino)-2 3
dihydroxyeyelopenty!fmethy! sulfamate;
{(IR2RISAR)-2.3-dihydroxy-d-[(8-phenyl 41 1-purin-6-y Jumine Jevelopentyl fmethy]
sul fueriate;

[L'1R‘zk.fis,dl{ﬁ-z,J-dihydmxy--‘e—f.{.‘.-'|'?-m:r_hy.-i,1-“]|h','-1.-<s-lli-in;ien—]-y!_‘--
amyno]pyrimidin-d-yl faminojeyvelopentyl jmethy | su! famase

[(1S.2R 35 AR -4-( { 6-[(18)-2, 3-dihyedro-1 Hetnoden-T-wlaminepynmidin-d-v] paming -2, 3-
dibydroxyeyclopenty!methy! sulfamate;

O
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TABLZ 1-continued

117

I-18

19

1-24

[-25

[-26

[-27

-29

-32

[-34

[-37

141
142
143
1-45
146
1-47
1-49
[-55
156
1-60
1-62

[-63
1-64

1-82
I-83

1-84

[(IR2R,38,4R)-2,3-dihrdroxy-4-({6-[(18)-1,2,3,d-tetrahydronaphthalaz 1-
ylaminopyrimidin-4-y|;amino)cyclopentyl jmethy! sulfa nat;
[(1R,2R,3S,4R)-4-({6-[cyclohexylmethyl)amino]pyrimadin-4-yl jamine)-2,3-
dikydroxycyclopentyl]methyl sulfamate;

{(1R,2R,35,4R)-4-((2- [(18)-3,3-dimethyl-2 3-dihydso-1 H- inden- 1 -¥|"amino}pyria.idin-&
yhamino]-2,3-dihydrozycyclopentyl jmethy! sulfamate;

{1 1R,2R,35 4R }-4-[(6-[(18)-5,6-d.fluoro-2,3-dihydra-1 H4nden- 1-¥ljemino -pyrirs din-4-
yi)amino]-2,3-dihydrex yeyclopentyl}methyl sulfamete;
[{1R,2R,38,4R)-4-({&[(18)-2,3-dihydro-1 H-inden- 1-ylarino]-2-metrylpyramidir <-yl}-
emino)-2,3-dihydroxreyclapentyl fmethy! sulfamate:

((1R,2R,38 4R )-4-[(8-{[(18)-5-ck loro-2 3-dihydro-1 E-infen-1-yl]arsno } pyrimid n-d-y )
amino]-2,3-dihydroxscyclopentyl pmethyl sulfamate;
{{1R,2R,3S,4R-4-[0€-{[(18)-3,3-dimethyl-2,3dibyd o-LH-inden- ( -+ [Jamiso}py rinidis-4-
yl)amino]-2,3-dihydeoxycyclopentyl fmethyl sulfamace;

{(1R,2R 38 4R)-4-[5-{[(15)4-chloro-2,3-dihydro- 1H-irden-1-yljmmnine [pyrimid n-d-y1)-
amino]-2,3-dihydrosycyclopentyl fmethyl sulfamaze:

[(1R,28,4R)-4-({6- 15)-2,3-dilydro- 1 H-inden- 1-ylamito]pyrunid 2-4-yl}amire -2-
hydroxycyelopentsd|methyl sulfamate;

[(IR,2R,38 AR)-4~ [4-[(15)-2,2-dihydro-1 H-inden-1-y amino]-1,33-triazin- 24 -amixo)-
2,3-dihydroxycyclopentylmetkyl sulfamate;

((1R,2R,38,4R)}-4- [6-(benzylemino)pyrimidin-&-y|Jamino}-2,3-c hydroxyeye ‘cpentyl)-
methyl sulfamate:

[(1R,2R, 38 4R)-2~({6-[(18)-2 3~dihydro-1 H-inder-1 -vlamino]rymmidiz-4-yl janing-2,3-
dihydroxycyclopsatyljmethyl sulfamate;

({18,285 4R )-4-({£-[(18)-2,3-cihydro- 1 H-inden-1-ylamino]-5-methylpyrimidin <-y|'oxy)-
2-hydroxycyclopentyljmethy. sulfamate;

((15,28 4R }-4-{ 3-(2-chlorophenyl}-9H-purin- 3-yl)amino}-2-hydroxyeyclopentyl ynethyl
sulfamate;

((18.28 4R)-2-kydroxy-4-{[3-(2-phenoxypheryl)-9H-purin-6-
yl]amino}eyclcpentyl)methy| sulfamate;

{(18,25,4R)-2-kydroxy-4-[1 6-phenyl-7TH-pyrrolo(2 3-d]pyrimi fin-4-
yl)amino]cyclenentyl Jmethyl sulfamate;

{(18,25,4R)-4-{(8-dibenza b,d]furan-4-yl-9F-puri 1-6-yljamire)-2-
hydroxycyclosentyl jmethr! sulfamate;

[(18,25 4R)-Z-hydroxy-4-1 {6-[(15)-1,2,3 4-wet-ahy dronaphta en-1—lamix)pyrimidin-4-
yl}oxy)eycloentyljmethy| sulfamate;
((18,28,4R)-3-{[8-(2,3-dinydro-1 4-benzod ozin-3-yl)-9H-purin-6-yl jam.10}-2-
hydroxycyclspentyljmettyl sulfamate;

[(18,25 AR )-2-hydroxy-4-({6-[(1-naphthylmecthysjamino Jry=midiz-4-
yl}oxy)cyclapentyl]metkyl sulfamate;

{(15,25 4R -2-hydroxy-+-{(6-{[(1S,25)-2-methr|-2,3-dibyc-0-1 H-inder I -

yl]amino} psrimidin-4-yi Joxy Jeyclopentyl freetiy| sulfamate;

[(1R,2R,3€ 4R)-4-({4-[ 18)-2,3-dihydro-* H-inden-1-ylam 10}-6-methy 1,3, -triazir-2-
yl}amino)-2.3-dihydroxycyclopentyljmetnyl sidfamate;

(18,25 AE -2-hydroxy-4-{methyl[8-(1-ap hthyl)-SH-puris-6-

yl]amino kyclopentyl) nethyl sulfamate;

{(18,28 Ak.)-2- hydroxy-4-[(6-{[(1 R,28)-2-me hoxy-2,3-dirydro- 1H-inden-1-

yl]amino -oyrimidin-4-yl Jamino]cyclopentyl }methyl su.famate;

((18,25 4R )-2-hydroxy-4-{ [8-(1-naphthyl -9 H-purin-6-y. amins eyc.ooenty] Jmethyl
sulfamat=,

{(1R,2R.35 4R )-2,3-dihydroxy-4-[(4-{ (IR,S)-2-metac<y-2,>-dihy *m- 1 H-inden-1-
yllamine}-1,3,5-triazin-2-yl)Jaminojcyclcpertyl methvl sulfamate;

((18,28 R )-4-{[6-chloro-2-(1-naphth¥l)-3F-imidazo 14.3-b]prridin-"-yl]amino}-2-
hydrox=cyclopentyl'methy! sulfamate

((15,25 4R )-4-{[8-(3-chlorophenyl)-9H-pus n-6-yl]ammo}-2-hydrcz=eyclopenty Jme:hyl
sulfamace;

[(18,25,4R)}-2-hydroxy-4-({8-[2-(tri fucromethoxyjphanyl]-CH-pu- £ -6-
yl}amuaoeyclopentyljmethyl sulfamate;

{15,254 R)-2-hydroxy-4-[(8-pheny!-GH-purin-6-yliczy)eyclopenty. jmechyl su famate;
[(18,28 4R )-4-({8-{4-(dimethylamiro}-1 -naphthyl |-95-puria-6-yI aminc - 2+
hydrozycyclopentylmethy| sulfamate..

{(18 75 4R)-4-[(€-{[(18)-3,3-dimethy]-23-dihydrc- H-inden-1-. 'amiro }pyri nidia-2-
yl)arnino]-2-hydroxycyclopentyl }rethy| sulfamate;

((18,28 4R )-4-{[3(2,3-dimethoxypheny )-9H-pur n-5-yl]amino"-Z-
hyd-oxycyclopertylmethy!| sulfarratz;

[(1S 28 4R )-4-({ 8-[2-(henzyloxy)ph2ny ]-9H-pur n6-yl}zmino)-2-
hycroxycyclopeatyljmethyl sulfamae;

{(15,25,4R)-2-Rydroxy-4-[(8-pheny |-9-purin-6-y Hamiro]eycsssentyl jmetkyl sulfamate;
{(5,25,4R)4- (6-{[(18)-3,3-dimcthyl 2,3-dikydro-1H-iaden- (-4l ]arino }-5
fluoropyrimidia-4-yl)amino]-2-hydroxvcycloperty Jmethyl su-mmates

((.3,25 AR )-4-{ [8-(7-chloraquinsl n-d-yl)- TH-pur n-6-yJoxy™-2-
h=droxycyclopentyl)methyl sulfarate

(118,25 4R)-2-hydroxy-4-{ [ 6-(1-naphehy!)-7H-¥=rolo[2,3-d}ry rimidin-4-
yd]amino }eyc opentyl)methyl sulfamste;

Y-({(18,2543)-2- hydroxy-4-[(6-{ [('R,28)-2-m thoxy-2,3-(ydro- 1 H-inden- -

= _Jamino }pyrimidin-4-ylJoxy]cyclopentyl}meths sulfamide

(15,28 4R)4-[(5-fuoro-6-{ [(1F.25)-2-methoxr-2,3dihydre-1 H-iaden-1-

31Jamino} pyrimidin-d-y!Joxy]-2-hycroxyeyclop=ntyl jmethy sulfamate;

(18,28 4R} 2-hydroxy-4-[ (8-3uino. in-8-yI-7TH-puri n-6-yl)emino]cyclopentyl ymethyl
sulfamate;
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TABLE 1-continued

159

=100

-1l

1-102

[-1013

1-107

1104

g

L-b i

I-142

l-115

i-129

1130

I-131

1-133

1-134

I-136

1-137

[-i349

{11528 4R - 2-hydroxy-4-{ [8-( L-naplhtly) -9 H-purin-6-yiJoxy jeyclopentylimethyl
sulfamate:

L1525 4R)4- |{8-benzy|-9H-punn-6-y! lamino]- 2- hydroxycyciopentyl fmethyl sulfamate;
[18.25,4R0-2- hydroxy-4-( (2-phenyl{ 1.3 Joxazolo[5 A-dlpynmidin-7-
voumnnoleyclopentyl Jimethyl sulfaumate;

(118,28 AR -4 {182, 6-dimethoxyphenyl - 9H-purin-6-yl |aming - 2-
hydroxyeyclopentylmethyl sulfamate;

(118,28 4R - 2-hydroxy-4-{{8-{ 3-methoxy pheny! - 9H-purin-6-

vl jumino}cyelopentyl methy! sulfamate;

(1828 AR pd- (1802, 2-dimethy]-2 3-dihydro-1 -benzofuran-7-y1-9H-purin-6-yi Jaming - 2-
hydrexyeyvelopentylimethy!| sulfamate;

[118.25 4R - 2-hyidroxy-4{ {8-[(3-methylpheny|sulfony! | -9 H-purin-6-

¥l }oxy joyclopeatyljmethy| sulfamate;

({1828 AR -4 {8-[4-(benzyloxy)pheny!}- TH-punn-6-yl jaming)-2-
xycvelopentylmethyl sulfamarte;

[{15.28 AR -] &-[4-dimethylamine)- 1 -naphthyl |- TH-purin-6-y | foxy 1-2-
hydrosyeyelopentyl |methy] sulfamate;

{11525 4R )4 [ B-puphenyl-3-yi-SH-pur-06-yljamine)-2-hydroxyeyels pentvl bmethy
suilamate;

[(TRIR 38 AR 15[ 6-[(18)-2,3-dihydros L H-inden-1-ylamnino |pyrimidin-4-

vlHimethyl amino|-2 3-dilydroxyeyclopentyl bmethy| sulfamate;

LS 28 SR 2hydroxy-d- | (84 2 methypheny! -9H-purin-6-yi]amine feyelopentylimethyl
sil Bunate:

(IR 2R ISARY-2.3-dibydroxy-4-{ |6 [phenylethyny) jpynmidin-4-

yijamina fevelopenty | methyl sul funate;

(18,28 4R - 2-hydroxy-4-{ [2-(1-naphthyl - 31 -inidazo[4, 5-bjpynidin-7-

oxy heyelopentybimethy] sulfamate;

AR A fH-(4-chloropheny] -9H-punin-6-y Namino }-2-bydroxyeyclopentyl miethy !
sul faminte;

B Rj-2-hydroxy-4-| (8-soquinolin-2-yl- TH-punn-5-yi joxy oyclopenty | fmethyl
sulfamare;

LS AR L hydroxy-4-{(6-{ |11 L.28): 2-methoxy-2 3-dihydro- 1 H-inden- 1 -
yllaminogpyrumdin-d-y!joxy |eyclopentyl methyi sulfamate;

((18.28. 4R +4-{[8-(2 3-dihydro- 1-benzofuran-7-y|)- 71 -purin-6-yl Jamino | -2-
hydroxyeyelopentylimethy] sulfurmate;

(TR2RISAR -2 3-dibydroxy-4-{[6-(5,6,7 84 etrahydronaphthelen-1-
ylaminolpyrmidin-d-yl Jamins feyelopentyljmethy! sulfamate;

((15.28 AR - 2-hydroxy-4-{ [8-( 1,23 d-tetrahydmnaphthalen-1-y1)-9H-purin:6-

yljamine fevelopenty! imethyl sulfamate;

[115.25 4R )-2-hydroxy-d-({ 8- [2-(tnMuoromethyl pheny! |-9H-purin-6-

yi}amino jevelopentyl jmethy! sulfamate;

{11828 4R )4 [(6-{{(18)-3,3-dimethyl-2,3-dihydro-1 H-inden- 1 -yl Junino }pymimidin-4-
yliexy|-2-hydroxyeyclopentyl methy! sulfunate;

{1 1525 4R 1-2-hydraxy-4-[(4-{ [(1 R.28)-2-methoxy-2.3-dihydro- 1 H-inden- L -yl jamine |-
1.3 S-triazin-2-yhanunc jeyclopeatyl ymethyl sulfamate;

15,28 4R - 2-hydroxy-4-{ (85,6, 7 B-reuahydronaphthalen-1-y!)-9H-purin- 6-
vijamnofeyclopentyljmethy! sulfamate;
{{'.S.ES.-iRJ-fl-[{K—U\-:I-Jhcx_vI-O]{-pu.rin-ﬁAyI}:u'ru'nn]-2-!1ydmxycyt!npcntyl}mﬂhy]
suifamare;

(1828 AR F4-{ [0 Lbenzyl- | H-py razol-4-v1 - TH-purin-6-y | joxy }-2-
hydroxyveyclopentylimethy! sulfunate;

[118,2854R) 2 hydroxy-4.{(9 methyi-8-phenyl-9H-punin-6-yl jamine Jeyclopenty! jmethy!
sulfamare;

({1828 4014+ [(B-tert-buty =91 -purin-6-yljamina J-2-hydroxycyclopentyl jmethyl
sulfamate;

(LR 28 AR - 2-hvd roxy-4-{ {B-( 2-methaxypheny -9 H-purin -6 -
vl]amino}eyclopentylimethy! sulfamate;

{1528 ARy [(4-{[118)-3. 3-dimethyl-2,3-dihydro-1 H-inden-1-yl jamino }-1,3,5-triazin- 2-
vimmino)-2-hydrosyeyclopentyl riethyl sulfamate;

[118.25 4R 2-hydraxy-4-( {8-[(3-methylphenylisulfany -7 H-purin-6-
vi}oxydeyclopenty! jmerhy | sul famate;

[118.28 4R p4-({&[2-idimethylamimo jpheny])-9H-purin-6-y1 jamino)-2-
hvdroxyeyclopentyl|metiv] sulfamate;

18,28 4R - 2-hydroxy-4- | 8-{4-pyrrelidin- 1-yl-1 -paphthyl - PH-purin- 6-

yiloxy leyelapenrylimethy ! sulfamate,

hyidro

18,28 AR - 2-hydroxy-4- T[8-( L H-lidol-3-v1 - TH-purin-6-yl juxy ) cyclopenty imethy!
sulfamate:

AR hydrowy 4| 10- (| (LR, 28 )-2-methexy- 1,23 4-tetrahvdmnaphthaten- | -

Hamine ppyrimidineg- v owy oy antyl lmethy] sulfamate,
2SAR-2-hydroxy<4-Tia-{[(15,2 J-2-methoxy-1,2 3 4-tetralivd ropap ithalen- |-

v baming fpynmudin- b oy jeyelopentyl bmethy | sulfamate;

IS IR AR 444 [018)-2 3-dihydro-1H- inden- L-ylamuno - 5.6-dihydro- TH-pyrrelo] 23
wdin-T-yl b= 2-hydroxycyclopentyimethyl sulfamare;

ARGA-(14-{11HR F2.2-dino o2 3 dihydro- 1 H-imden- 1yl jaming }+1,3,S-riazin-2-
Liame]-2-hydroxycyclopentyl bmethy] sulfamate;

] IS AR-2-hydrony=4-{ (6 {1(1R,28)-2 methoxy -4 4-dimethyl-1,2,3.4-
etrahydmonaphthalen- Ly jamine fpyrimidin-d-y Doxy Jeyclopenty | }methy! sulizmate;
(11828 4R)-2-hydrowy =4 (6-{ 118,21 - 2-methoxy -4 4-dimethyl-1,2,3 4-
tetrahvdronaphthalen- -yl famine fpynnidin-4-yloxy Jeyelopenty! hinethy! sulfamate; and

3
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TABLE 1-continu=d

1-153 [(18,28,4R)-4-({4 '(18)-2,3-dikydro-1H-inden- 1-ylammo}-1,3,5-trazin-2-yl ermine)-2-
hydroxyeyclopentsi]methyl su'famate.

Claiborne et al. further redort that the compounds i the
following Table 2 exhibited Cy, values greater than 500 aM
and less than 10 pM in this NAE assay (Cla bcrne Example
137).

TABLE 2

14 [(IR.2 R,SS,41;-4-({2—[(cy:lchexyImeﬂly[hnnrr-]ryrimidin—‘t—,fl}anﬁ noj-Z -
dihydroxycycopentylJmetayl sulfamate

-7 ((1R,2R,38,42)-4-{[2-(be1zylamino)pyrimidir-4-ylJamino }-2,3-dibydroxreyclosentyl
methyl sulfasrate

I-16 {(1R,zR,ss,:R)-2,1-dihyﬁox;.u;-{(p;uidin-3--tc,;:bony1,\nnfso]cydopem)1}mahyl
sulfamate

28 [(1R,2R,38.€R)-2,3-dihydroxy-4(isonicotmcylanino)cyclogentyl'methy sulfanate

33 [(15,25,483-({6-[(15)-2,3-dihydro-1H-icder--ylamino prrimidin-4-y " metiyl)-2-
hydroxycyelopentyl]me-hyl sulfamate

[-35 {(1S,?S,A#E.'u-éi-[(}{[{lS)-S-ch.lom-B,J-dillz-_hy.AEJ-dihy.I:J-lH—xuden-‘-yl]ul'mu}-
pytidin-d-v)oxy]-2-hydroxycyclopentyl pmetn: | sulfamace

136 {(15,25,42)-2-hydroxy4-| (7-methyl-8-phenyl-7H-purin-&-yl)amino Jey elopeatyl jm-thyl
sulfamate

148 {(18,28,£%)-4-((8-bipacnyl-2-yl-GH-purin-€-+ Jamino]-2 <aydrogyeyd penty | pmetkyl
sulfamate

153 ((15,25 4R )-4-{[6-({115,2R)-2-[ (dimethykn.no)methy]’-2,3-d hydrc- H-inden-1-41}-
amino)py rimidin-d-yiJoxy }-2-hydroxyeyclopentyljmeth, | sulfemate

[-54 (18,28 «R)-4-({6-[(18)-2,3-dihydro-1 -~ ndzn- 1-ylamins]-2-cx0-2, 3dihycropyri nidin-+-
yl}amino)-2-hydroxyeyclopentyljmethyl sulfamate

[-66 (15,25 4R)-4-{[6-({(15,28)-2-[(dimethrlariinojcarbomyl]-2,5-dihyeco- | H-inden-1-yl}-
amino pyrimidin-4-ylJoxy }-2-hydroxycelcpentyl jmethy! sulfamate

1-77 {(1S,2S,4R)—2-hyd'oxy-4-[(6-{1(lS,}_‘R}-1-nethoxy-l_‘-dih)'dm-lH-indet.-?-y[]ox}'}-
pyrinudin-4-yloxy Jeyclopentyl bmethy! su famate

179 {(15,23,4R)-2-hycroxy-4-[(6-{[(1 R.2S- 1-methoxy-2.3-dihydro- 1 H-indea-2-ylJoxy }-
pyrime din-4-ylJoxy Jeyclopentyl jmethyl 51 ifamate

80 {(18 .‘.'S,dR)-ét-[(E-benzyl-gH-purin-61-1}-xy]-E-hydnxycyclapcnfri}me-thyl sulfamate

I-81  ((1§ 28,4R)-2-hydroxy-4-{[6-(2-pheny ethy!)pyrimr idan-d-yJuniac jeye openty methy|
sulfanate

1-86  ((1E_2R,35.4R)-2,3-dihydroxy-4-{[6-(2-phenylethy pyrimidin-4-yl]ar ino leyelopensyl)-
metkyl sulfamats

192 {(1R,2R,35,4R4-[(6-{[(15,28)-2-(henzyloxy)cy=lepenty | Jamire }pyr midin-4-yl)amino)-
2, dihydroxycyclopentyl Jmethyl sulfamate

194 [(75.28 4R)-4-+ {2-[(18)-2,3-dihydre-1T-inden- 1-¥ amino]pyriin-4- Joxy)-2-
hvdroxycyclopentyljmethy sulfamste

196 {17 8,28,4R)-2-hydroxy-4-[(6-{[11E.25)-2-methozy-2,3dihyde-1H- nden-1-yl]oxy }-
poyrimidin-4-y. Joxy]cyclopentyl *meshyl sulfamete

198 £018,254R)-2-hydroxy-4-[(6-{I(1 3,23)-2-metkezy-2,3-dihydm- 111 inden-1-ylJory}-
primidin-4-lJoxy Jcyclopentyl}methyl sulfamate

I-110 18,28, 4R)-2-(hydroxymethyl)-4-{[&(5,6,7,8-terahyd-onapaialen- 1-y[}-9 H-purmn-6-yl}-
=mino}eyclcpentanol

113 (IR,2RISIR)-4-({2-[(15)-2 3-1 hydro-1 H-inden-1-¥lamin=]-5-fioropyrimidia-4-y1}-
amino)-2,3dihydroxycyclopeatylmethyl sulfanate

114 {(15,28,4R)-2-hydroxy-4-[(6-phenvipyrimid m4-yljexy]eyc'openyl jmehyl su'famate

119 ((18,25 4R} 2-hydroxy-4- {[6(7 -nephthylmetk oxy)pyrimid a-4-y Joxy oyclopentyimeyl
sulfamate

126 ((18,28 4K }-4-{[6-(1,3-dihy dre-2H-isoindok 2y )pyrimid =4-yl oxy }-2-
hydroxycvelopentyl)methyl s famate

11127 {(15,28,2R)-2-hydroxy-4-[methd (9-methyd-$-pheryl-9F- purin-6-yljaminojcrclopenty}-
methy! salfamate

127 {(1S,2S 4R)-4-{[6-(cyclopenmdanina)pyrim. din-4-ylJoxy --2-hydroxyzyclopentyl)metay’
sulfamate

152 {(18,284R)-4-[(6-benzylpy-in din-4-yljony]-2-hydroxyeyclosentyl fmethy! sulfamate

138 (18,25,4R)4-{|8-(2,3dikycro-1 4-benzodioxin-£-yl)-€ = -purin-6-yllamino’-2-
(hydrosymethy|jcyclopentasl

1741 ({18,258 4R)-2-hydroxy-£-{ 8-« 2-naphthelnethoxy)pyraidin4-yljosy jeyclopenty etk yi
sulfamate

148 {(1s,:s,4R;4-|{a-{[(15,2_{}2,1-dimcﬁo<y-1,:.3,4-t:t.-nhymnapnhuen-hyl]m-imi-
p)Tirr.idin—d—yI)oxy]-2-!;yf_m:yc,\'clope1t_'|.}rr1e'hyl so amate

149 {(18284R)-4-[(6-{[(1],28)-2,T-dimethexy-1 2 3, 4-t=rahydronapathaler-1-yljan nc }-
pyrimidin-4-yloxy]-2-hycrexycyclopertyl jmethyl sa famare

1-152  ((18,38)-3-{[8-(1-naphttsd } 9H-purin-€-yljoxy jeycd penty Jmethyl sulfumate

14
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Claiborne et al. also report that the compounds in the
following Table 3 exhibited 1C,, values greater than 10 uM in
this NAE assay (Claiborne Example 137).

TABLE3

determined by any analytical method capable of quantita-
tively distinguishing between a compound and its diasiere-
omers, Examples of suitable analytical methods include,

113 ((IR2R3E AR - {{ o-umino-2-methy Ipy rimidin-4-y| jumino - 2, 3-dibydroxyeyclopenty | }-

methy | sulfamate

1-200 [(IR 2R IS AR )-d-({ 2 [benzyl{methy! jarnino |pyrimidin-4-yl famine;-2

dibvdronyeyelopentyl methy] sulfamate

A

102 [LRZE IS AR -4 { o |benzy|{methylamino [pyrimidin-d-y i }amine)-2,3-

pentyl | methyl sulfamame

sulfamate

L300 (LR IS SR 14 [6-benzylaming - 2-methyleyrimdin-d-y| junne }-2,3-

dibivdrexycvelopemylimethy! sulfamate
B3 (1SS 4R pa-(f6-((18)
hvdroxyevelopentylmethy] sulfunate

LIRAR -2 3 dihydrosy-4-[{pynidin-2-ylearbony] kunine jevelopentyl Jmethy |

A-Dibydro-1Heden- L -ylanino Joyrimidin-4-yl foxy)-2-

158 [{LRIRARI-3-({6-[(15)-2 3-dibyddro- | H-inden- [-vlaminaJpyrimidin-4-yl amino)-4-
roxyevelopenty!jmethy! sulfamate
[-61 -thhydroisequinelin-2(1Hp-ylpyrimadin-4-yljoxy ) -2-
{ viomethyl suifumnate
76 31600182 3-dilydro- T Haden- L-ylemino]pynmdin-d-y| famino j<4-

hydroxyevelopenty | methy] sullumate

L85 [ R2RISAR 16 (L RIR 2 (benzyloxy jevelopentyl Juming pyrimidin-d-ylunico]-

41

hydrexveyelopeatyl ymethy! sulfamate
59

147 ;
L JRZRIS AR -4-(2-4]018
amingl-2 3-dikvdroxveyclopenty! i
143 ((IR2RASAR-{[2(
difivdroxyeyclopenryl imethy] sulfamate

ethyl sullarnate

SARR4-({es[i4-chlorobenzyloxy|pynnidin-4-yl foxy - 2-hydraxyeyelopentylmethyl

AR 2-hydroxy-4-(pynnndin-d-yloxy eyelopentyijmethy| sulfamate
3-dibydro-1H-inden- 1 -y lamino Jearbonyl}pyndin-¢-y1}-

2,3-dihydro- | H-indol- T-ylearbony ! pynidin-d-y Januno}-2,3-

Claiborne etal. also report sumo-activating enzyme (SAE)
and ubigquitin-activating enzyme (UAE) HTRF assays in
Fxample 137, However, no 1C,, values are reported.

As shown in the Figures. the plasma AUC for1-216 admin-
istered at 10 mg/kg (FIG. 1) is comparable 10 that observed for
I-115 administered at 30 mg/kg (FIG. 2), and approximately
hialf the AUC observed for 1-216 administered at 30 mg/ky
(116G 3). Thus, compound 1-216 is expected to be a 2- 1o
3-fold more potemt inhibitor of NAE than [-115.

The term “about™ is used herein to mean approximately, in
the region of, roughly, or around. When the term “about™ is
used in conjunction with a numerical range. it modifies that
range by extending the boundaries above and below the
numerical values set forth. Unless otherwise specified, the
term “about™ is used herein 16 modify a numerical value
above and below the stated value by a vanance of 10%.

Unless otherwise specified, the terms “include” and
“including™ and the like are intended 10 be non-limiting, For
example, “including” means including but not limited 10,
unicss otherwise indicated.

In the compounds described herein, where relative stere-
ochemistry is defined, the disstereameric purity of the com-
pound preferably is at least 80%. more preferably at least
H0%, still more preferably at least Y5%, and most preferably
at Jeast 9.9%. As used herein, the term “diastercomeric
purty™ refers 10 the amount of a compound having the
depicted relative stereochemistry, expressed as a percentage
ol the wtal amount of all diastereomers present.

Preferably. the enantiomeric purity of the compound is a1
least 80%. more preferably at least Y0%, stll more preferably
at least 95%, and most preferably at least 99%. As used

flerein, the term “enantiomene purity” refers to the amount of

a compound having the depicted absolute stercochemistry,
expressed as a percentage of the total amount of the depicted
compound and its enantiomer.

Methods for determining diastereomeric and enantiomeric
purity are well-known in the art. Diaslereomeric purity can be

30

40
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without limitation, nuclear magnetic resonance spectroscapy
(NMR), gas chromatography (GC), and high performance
liquid chromatography (HPLC) Similarly, enantiomeric
purity can be determined by any analytical method capable of
quantitatively distinguishing between a compound and s
enantiomer. Examples of suitable analytical methods include,
without limitation, GC or HPLC, using a chiral column pack-
ing material. Enantiomers may also be distinguishable by
NMR if first derivatized with an opt.cally enriched derivatiz-
ing agent, e.p., Mosher’s acid.

As used herein, “crystalline” refers to a solid in which the
constituent atoms, molecules, or foms are packed in a regu-
larly ordered, repeating three-dimensional pattern having a
highly regular chemical structure. In sarticular, a crystalline
saltmay be produced as one or more crystalline forms. Forthe
purposes of this application, the terms “crystalline form™ and
“polymorph” are synonymous; the terms distinguish between
crystals that have different properties e.g., different XRPD
patterns, dilTerent DSC scan results). Pseudopolymorphs are
typically different solvates of a material, and thus their prop-
erties differ from one another. Thus, cach distinet polymorph
and pseudopolymorph 1s considered 10 oe a distinet crvstal-
line form herein.

“Substantially crystalline” refers (o sa'ts that are at least a
particular weight percent erystalline. Particular weight per-
centages include 30%., 60%, 70%, 75%. 80%. R3%. 87%.
88%, BU%, 90%, 91%., 92%, 93%, 94%, 95%, 96%, 97%,
98%, 99%, 99.5% and 99.9%. In some embodiments, sub-
stantially crystalline refers 1o salts that are at least 70% crys-
talline. In some embodiments, substantially crystalline refers
to salts that are at least 80% crystalline. .n some embaodi-
ments, substantially crvstalline refers to salis that are at least
85% crystalline. [n some embodiments, substantially crystal-
line refers 1o salts that are at least Y0% crystalline. In some
embodiments, substantially crystalline refers to salts that are
at least 95% crystalline.
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The term “sobvate or sclvated™ means a physical associa-
tion of a compouad of this invention with oneor more solveat
molecules. ThiE physical association incudes hydrogen
bonding. In certain instaices the solvaze w1l be capable of
isolation, for example waen one or mcre solvent mclecuies
are incorporated in the crystal lattice of the crystallire so'id.
“Solvate or sowvated” ercompasses both solution-prase and
isolable solvates. Representative solvazes include, for
example, hyd-ates, ethanolates, and methanolates.

The term *“~ydrate™ refers to a solvate wherein thz solvent
molecule is F,0 that s present in a defined stoichiometric
amount, and ncludes, for example, heminydrates, monchy-
drates, dihycrates, anc trihydrates.

The term “‘mixture” refers to the combined componeats of
the mixture regardless of the phase-state of the ccmbinatior
(e.g., liquid or liquidscrystalline).

The term “seeding” refers to the addition of crystallin:
material to 4 solution or mixture (o initite crystellization.

Some emnbodiments of the invention are directed to fl.2
[-216 hydrochloridesalt, wherein at least a particular percer--
age by we.zht of the hydrochloride salt is crystal’ine. insorze
embodimants, the Fydrochloride salt is substantially crystz1-
line. Examples of a crystalline or stbstantially crystall e
hydrochl-ride salt include a crystalline form of the hydro-
chloride salt or a nrixture of different crystalline forms. Sc me
embodirents of the invention are directed to a aydrochloade
salt, wherein at least a particular percentage by weight o”"the
hydrocHoride sak is crystalline. Pa-ticular weight percant-
ages include 10%, 20%, 30%, 40% 50%, 60%, 70%, "5%.
80%, 85%, 87%, 88%, 89%, Y40%, 91%, 92%, $3%, 4%,
05%, 95%, 97%, 98%, 99%, 99.5% and $9.9%. When a
partictlar percentage by weight of the hydrochloride =alt is
crystaline, the remainder of the aydrochleride salt s the
amorphous form of the hydrochlonde salt.

Some emboaiments of the invention are directed o the
[-216 hydrochbride salt being a crystalline form, or beiag
substntially a crystalline form. Tae crystalline form may be
a paricular percentage by weight of the crystalline hydro-
chloade salt. Particular wesght percentages include 1(%,
20% 30%, 40%, 50%, 60%, 7C%, 75%, 80%, 852, 87%,
88%, 89%, 9%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,
08%, 99%, 92.5% and 99.9%. When a particular perceniage
by weight of the hydrochloride saltis a designated crystalline
form, the remainder of the hydrochloride salt is somz2 combi-
na-‘on of the amorphous form of the hydrochlorice salt, and
ome or mose crystalline forms of the hydrochlaride salt
excluding the designated crystlline form. In some emrbodi-
ments, the Jydrochloride salt s at least 90% by weight of &
crystalline form. In some embodiments, the hyarockloride
szt is at least 95% by weight of a crystalline forn. In some
embodiments, the hydrochlor de salt is at least 8¢ by weight
of a crystelline form. In som= embodiments, the hydrochlo-
ade salt is at least 85% by weight of a crystalline form.

Unless otherwise specified, when a crys:alline form of the
hydrochloride salt is identified using on2 or =ore XRPD
peaks given as angles 23, each of the 20 values *s undersicod
to mean the given value =0 2 degrees,

Throvghout the specification and clairas, w=en a crystal-
line form of the hydrochlo-ide salt is ideatified usiag one or
more temperatures frem a DSC profile (e.g., caset of endot-
hermic transition, meh, etc.), each cf the temperatare velues
is understood to mean the given vahe £2° C.

Solid State Forms

Prowided herein is an assortmert of charecterizing ‘nfor-
mation to describe crystalline form 1 (Form: T) of the Fydro-
chloride salt of I-216,

5
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FIG. 4 shows an X~ay powde- diifraction (XEPD) pattern
of Form 1 of the hyc-ochloride salt ¢f I-Z16 obtained using
CuKa. radiation. Pezks identifed r FIG. 4 iaclude those
listed in Table 4,

TABLE 4
Anzle Intens ty
2-Txta® %
249] €3]
7506 SE9
£89 27
©.847 4..f
13.274 231
L3418 2.1
14.613 ‘8
'5.176 100
.5.874 1.8
17.012 16.7
17.208 42,4
17847 234
18.241 n2
18.49 L7
19.177 3:9
19.454 33.6
20,045 334
1.3 67.6
217 £3.5
22,206 4.2
22,35 35.6
22.707 589
23.035 274
23.528 44
24032 69.3
24,803 53.6
25.354 41.1
26407 40,9
26 694 34.5
26932 331
27978 17
2836 16.7
22.06¢ 214

In some embodimenis, Form 1 fs characterized by an
XRPD patzemn having pezks at 20 angles of'4.5°, 15.2°, 21.3°,
21.8% anc 24.0°. In some embodir.eas, Form I is character-
ized by an XRPD pattem hav'ng peaks at 20 angles af 4.5°,
7.5%.14.4°,:14:5% . 15.2°. 1539, 19.5°, 21.3° 2] 8% 22.4°
22.7°, 24.0° ard 24.8% In some embodiments, Form 1 is
characterized by an XRPD pettern having peaks at 2€ angles
of 4.5°. 7.5°, 8.9°, 9.8°, 13.3°. 144°, 14.6°, 15.2°, 15.9°,
17.2°,19.5% 20,05, 21.5°; 21.8°, 22.4%, 22.7°, 24 9", 24.8°,
25.7° and 26.4°. In scme embociments, Form 1 is character-
ized by an XRPD pattern svbstantially as shown ir. £1G. 4.

In some embedimeats, Form © is characterized by ar
XRPD patter1 heving a reference peak with a 29 angle of
4.5+0.3° and having peaks at 208 angles 0of 10.7°,16.8°,17.3°
and 1:.5° relative to tke reerericz peak. The term * reference
peak™ refers to a peak in the XR2D diffractogrer that one
skilled in the art considers 1s infcrming the polymoephic form
of the matenal, re.. duffersntiztec from instrument noise. By
“relazive” it is meant that the obszrved 20 angle o7 each peak
will e the sum of th= 20 angle cf the reference peak and “he
relaive 28 angle of that peak. Ior example, if ‘Le reference
peak has a 26 angle of <.4, the relative peaks will have 26
ang.es of 15.1°,21.2°, 21.7° and 23.9°; if the reference peak
has a 28 a1gle of 4.5°, (ie ~eletive peaks will lave 28 angles
of 75.2°,21.3°,21.8° and 24.0°; if the reference peak hasa 26
angle of 4.6°, the relative pea'ss will have 20 aazles of 15.3°,
2'.4°,21.9° and 24.1°; etc. In some embodiments, Form I is
characterized by en XRPC pattern having a raference peak
witha 26 angle =1'4.520.5%, and having peaks at 28 angles of
302 9.9°,..01°.10.77, 51.48%.15.0°%/16.8% 17.3%, 1.9
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1827 19.5% and 20.3" relative 10 the reference peak. In some
embodiments, Form | is characterized by an XRPD pattern
having a reference peak with a 20 angle of 4.5£0.3%, and
having peaks a1 268 angles 0f 3.0, 4.4°, 5.3, 8.8%,9.9°,10.1°,
10:7°, 1147, 127, 1500, 1550, 16:8%, 17:3% 17.9% 18.2%,
19.5°, 20.3°, 21.2° and 21.9” relative to the reference peak,
Any of the peaks that one skilled in the art considers as
informing the polymorphic form of the material can serve as
the reference peak and the relative peaks can then be calcu-
lated. For example, if the reference peak has a 20 angle of
24.0°, then the relative peaks will have 27 angles of —19.3°,
—8.8%, =2.7% and -2.2° relative 10 the reference peak. FIG. §
shows a differential scanning calorimetry (DSC) profile of
Form 1. The DSC thermogram plots the heat flow as a function
of temperature from a sample, the lemperature rate change
bemg about 10" C./min. In some embodiments, Form 1 is
characterized by a DSC protfile substantiall as shown in FIG,
5 FIG. 5 shows an endotherm event with onset of about
129.8% C. and peak at about 135.6° C. cor-esponding to the
loss of water coupled with melting. A broad endotherm with
an ansct of about 181.6° C. and peak at about 195.5° C., and
a sharp endotherm with an onset of about 275.3° C. and peak
atabout 275.5% C. are also observed,

110 6 shows a thermal gravimetric analyeis (TGA) profile
of Form I of the hydrochloride salt of 1-216 The TGA ther-
mogram plots the percent loss of weight of the sample as a

function of temperature. the temperature raie change being 30

about 10" C/min. FIG. 6 shows approximately 3.7% weight
loss between 1007 C.to 150 C, suggesting that 1-216 HCI
Form | 1s a monohydrate. In some embodiments, 1-216 HCl
Form 1 is characterized by a TGA profile substantially as
shown in FIG. 6. Karl Fischer measurements show o water
content of about 3.5%, further suggesting that the loss of
weight seen in the TGA profile is due to the loss of water,
indicating Form 1 is a monohydrate.

FIG. 10 shows an X-ray powder diffraction (XRPD) pat-
tern of Form I of the hydro-chloride salt of 1-216 obtained
ising CuKa radiation. Peaks idemified in FIG. 10 include
those listed in Table 5.

TABLE 5
Angle Intensity
2-Thetz %
3:261 84
4,269 4.9
683 5.1
B.601 K13
] 2.6
11.252 iR
12426 LH4
13045 3.3
15.5%2 3.6
14529 13
15178 374
15708 1l
16,574 6.9
172483 11.3
18.2062 12
18,495 1.8
a7 |
200014 Xle
HELR13 2010
22004 I R.a
224586 23

23128 29

(4]

4

45

S

55

[

20

TABLE 5-continued

Angle Intensity
2-Thets © Ya
14234 504
18
16.5
9.6
29403 11

In some embodiments, Form 1l is characterized by an
XRPD pattern having peaks at 20 angles of 8.7°,15.2°, 15.7°,
19.6° and 24.2°. In some embociments. Form 11 is character-
ized by an XRPD patiern having peaks at 20 angles of 4.3,
8.7°,15.2°,15.7°, 19.6° 20.0°, 20.8%, 22.5°,23.1° and 24.2°,
In some embodiments, Form [1 15 characterized by an XRPD

' pattern having peaks at 20 angles of' 4.3°. 8.7°, 12.4°, 14.5°,

E52%: 159% 1735 1827, 1R.57 19:.6%,20.0°,:20.8%20.0%
22.5% 23.1° 24.2° 24.7°. 2577, 28.2° and 29.4°. In some
embodiments, Form 1L is characterized by an XRPD pattem

s substantially as shown in FIG. 10

In some embodiments, Form 11 is characterized by an
XRPD pattern having a reference peak with a 28 angle of
8.7+0.3%, and having peaks at 20 angles of 6.5°, 7.0°, 109"
and 135.5° relative 1o the reference peak. The terms “reference
peak™ and “relative” have the same meaning as previously
described. In some embodiments, Form 1T is characterized hy
an XRPD pattern having a reference peak with a 20 angle of
8.7£0.3° and having peaks at 28 angles of -4.4°, 6.5°, 7.0,
10.9°, 11.3% 12.19, 13.8° 14.4° end 15.5° relative to the
reference peak. In some embodiments, Form 11 is character-
ized by an XRPD pattern having a reference peak with a 20
angle of 8.7x0.3%, and having peaks at 26 angles of —4.4°,
378 587, .57, 1.0°; 6.:6% V.5% 98° 1097 11.3%,13.3°,
13.8%, 14.49,15.5%, 16.0°, 17.0° 19.5° and 20.7° relative w
the reference peak. Any ofthe peaks that one skilled in the art
considers as informing the polymorpaie form of the material
can serve as the reference peak and the relative peaks can then
be calculated. For example, if the reference peak has a 20
angle 01 24.2°, then the relative peaks will have 20 angles of
-15.5°,-9.0° -8.5% and -4.6° relative to the reference peak.
Synthetic Methods

Compound [-216 can be prepared by methods known
one skilled in the an and/or by reference 1o the schemes
shown below and the examples that follow, Exemplary syn-
thetic routes are sel forth in Schemes -4 below, and in the
Examples below.

Scheme |

(RR-NN-Bis3,5-d -ten-
utylsalicylidene -

1.2-oy XA ldmeLo-
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& -continued
o O
% Med, THF
-
0]
N KDtBu
0 {dow addition)
(6)
Cl
\ hydrazine
o M ————
/ cthanol
"'G (]
’ 4
0=
N
/
(6]
Cl
imOMe
NH;
(8)

Schems= 1 describes the syrthesis of (1R,28)-5-chloro-2-
methoxymdan-1-amine &) whica is further exempliied in
Example 1 below. 6-chicro-1H- rdeae (1) was epoxidized
using the Jacobsen catulyst to give oxirene (2) which was

4 treated with fuming sulfuric acid in acetonitrile which led,
il after the addition of water and heating to rel-(1R.2S)-1-
B ... B amino-S<hloroindan-2-cl  (3)  Rel-(IR,28)-1-amino-5-
' o Lt chloroirdan-2-0l (3) was chimlly resolved using D-(-)-man-
% 45 delic acid to give (1R,2S)-1-aminc-5-chloroindan-2-ol (5)
Ni : o after removal of the chi-el auziliary. Protection of the primary
(5) 0, amine i~ (5) was achieved usimyg phtbalic anhydride leading 10
compomd (6). Methyktion cf the hydroxyl group with
4 methyl *odde lead to compoand (7). which was subszquently
deprotected with hyd-zzine te ziva the desired (1R,2S)-5-
chloro-2-methoxyindar-1-amiqe (8).
Scheme 2
HO TBSD TBSC
\ enzymatic \ TRSO
""'-._ TBSCI ’ff.,\ ~esolution ’h;.___ TESC \
mdh { /,) m,24h { ;‘ T
Hno EX HO' TBSO
)] (D an (12)
racemuc raceEuUC

catecholborane
Rh catalyst
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-continued
cl
SN 0.5%
HO ] HCIEOH  TBSO
\ P —
Yir,, ] N ey, (9]
1880 rasg
(3 (14)
Cl
’ o O e
NH,
1-BuOIL DIPTA,
148 C.
akiMe
'l )
NI
| s
1 Chvaro- "_\
y sulfonanude HaNew i
HO ] L Tl e
\ = 22N HCL i
8] N

Scheme 2 shows the synthesis of {(18.28,4R)-4-[(6-{[ (IR,
25)-3-chloro-2-methoxy-2.3-dihydro-1H-inden-1-y1]
anino } pyrimidin-4-yljoxy]-2-hydroxycyclopentyl fmethy]
sulfumate [ICT Form 1 which s further exemplified in
Ixample 2 below. The primary alcohol of racemic-(9) was
protected as the tert-butyldimethylsilyl ether to give com-
pound (10) which was enzymatically resolved using Candida
Antartica on acrylic resin o give compound (11) with an
coantiomenc excess of greater than 99%. The secondary
aleohol in (17) was then protected as its tert-butyldimethyl-
silvl ether 1o atford (12). Compound (12) was treated with
catechol borane in the presence of Wilkinson's catalyst to
aflord (13) which was further reacted with 4, 6-dichloropyri-
midine to afford compound (14). The primary alcohol of (14)
was selectively deprotected and then the indane portion of the
molecule was installed by reaction ol (15) with (11,28)-5-
chloro-2-methoxyindan-1-amine (8) 1o afford compound
(16). 1-216 was prepared by reacting compound (16) with
chloresullonamide, followed by deprotection of the second-
ary alcohol under acidic conditions. 1-216 was treated with
hydrochloric ucid inacetonitrlle to afford Form [ of the hydro-

chionde sultof 2216,

41
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-continued
Cl

Y

(20)

Scheme 3 describes the preparation of (1R,28)-5-ch’oro-
2-methoxy-Z 3-dihydro-1H-inden-1-amise  hydrochloride
(20) which is further exemplified in Example 4 below
5-chloro-2,3-uihydro-1H-inden-1-one (17) was reacted with
trimethylorne formate under acidic conditions, followed by
treatment with Koser's reagent [PhI/OH)(OTs)] to give
5-chloro-2-methoxy-2,3-dihydro-1H-iuden-1-one (18). Th2
indenone was treated with (R)-tert-bw.yl sulfinamidz in ae
presence ~f titanium tetraethoxide to afford the corrzspomd-
ing sulficamide (19). The reaction was allowed to proce=d
until less than 5% of the undesired diastereoisomer coula be
detected S HPLC. The crude sulfinamide was reduced vs'ng
NaBH, t afford the primary amine which was treated with
hydrochicric acid to afford (1R,2S7-5-chloro-2-mrethexy-2,
3-dihydrc-1H-inden-1-amine hydrechloride (20).
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Scheme 4 shows a route for the preperation of 1-216 hydro-
chlcride salt Form [ which is further exemplified in Example
5 below. The epoxide in (1S,2R,38,5R*3{benzyloxy)-2-
(benzylexymethyl)-6-oxabicyclo[3.1 Oiha‘xd'lc (21) was ring
opened Dy treatment with lithium iisopropy’aride and the
resultinz anion was trapped by treztment with t-i metkylsilyl-
chloride to afford (22). The doub’e Sonc was reduced using
hydrogen and a Pd/BaSQO, catalyst and tre timeshylsilyl pro-
tecting group was removed to aff>rd secondary alcohol (23).
Secondary alcohol (23) was mesylated ana hea treated with
zetrabutylammonium acetate followed oy sodiam hydroxide
to afford (24) which was reacted with sodinm hydride and
4,6-Cichloropyrimidine to afford intermedsate (25). Removal
of the benzyl protecting grouns usi~g boron trichloride to
afford (26) followed by reaction with ["k.2S)-5-chloro-2-
methoxy-2,3-dihydro-11-inden-1-aninz hydrochloride (20)
at 130° C. and 50 psi led to the formatioa of ((13,28,4R)-4-
(6-((1R,28)-5-chloro-2-methaxy-2 3-dikyd-o-1H-inden-1-
ylamino)pyrimidin-4-yloxy)-2-hycroxy sy clopentyl)methyl
stlfamate (27). The primary a’colol in compound (27) was
sulfamated to afford I-216. Form 1 < ke bydrochloride saliof
1-216 was generated by treatirent of 1-21€ in isopropyl alco-
hol with 6M hydrochloric ac’d fedlowed by addition of iso-
propyl acetate as an anti-so’vent

Scheme 4
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Uses

The chemical entities ol this invention are usefu] inhibitors
ol E1 enzyme activity. In particular, the chemical entities are
designed 1o be inhibitors of NAE. Inhibitors are meant to
include chemical entities which reduce the promoting effects
of E1 enzymes in ubl (in particular, Nedd8) conjugation to
target proteins (e.g.. reduction of ubiquitination, neddylu-
tion}, reduce intracellular signaling mediated by ubl (in par-
ticular, Nedd8) conjugation, and/or reduce proteolysis medi-
ated by ubl (in particular, Nedd8 ) conjugation (e.g.. inhibition
of cullin-dependent ubiquitination and proteolysis (e.g., the
ubiquitin-proteasome pathway)). Thus, the chemical entities
ol'this invention may be assayed for their ability (v inhibit the
El enzyme in vitro or in vive, or in cells or animal models
according to methods provided in further detail herein, or
methods known in the art. The chemical entities may be
assessed for their ability 1o bind or mediate E1 enzyme activ-
ity directly. Alternatively, the activity of the chemical entities
may be assessed through indirect cellular assays, or assays
measuring downstream etfects of F 1 activation o assess inhi-
bition of downstream elTeets ol E1 inhibition (e.g.. inhibition
of cullin-dependent ubiquitination and proteclysis). For
example, activity may be assessed by detection of ubl-conju-
pated substrates (e.g.. ubl-conjugated 25, neddylated cul-
lins. ubiquitinated substrates); detection of downstream pro-
lein substrate stabilization (e.g.. stabilization of p27,
stabilization of INB): detection of mhibition of UPP activity;
detection of downstream effects of protein E1 inhibition and
substrate stabilization (eg., reporter assays, e.p., NFkB
reporter assays, p27 reporier assays). Assays for assessing
activities are described below in the Experimental section
and/or are known in the art,

[t will be appreciated that the chemical entities of this
invention may be derivatized at functional groups to provide
prodrug derivatives which are capable of conversion back to
the parent chemical entities in vivo. Examples of such pro-
drugs include the physiologically acceptable and metaboli-
cally lubile derivatives. More specifically, the prodrug of the

chemcal entity of this invention is a carbamate or amide of

the — NI group of the chemical entity, or an ether or ester
of the - ~OH group of the chemical entity.

Such carbamate prodrugs of the ~NH - group of the
chemical entity include the fallowing carbamates: 9-fluore-
aylmethyl, 9-(2-sullo)uorenylmethyl, 9-(2,7-dibromo)Juo-
renvimethyl,
2-chloro-3-indenylmethyl, benz[flinden-3-ylmethyl, 2,7,di-
tert-buty]-|Y-(10.10-dioxo-10,10,10,10-tetrahydrothioxan-
thyl)jmethyl, 1,1-dioxobenzo[blthiophene-2-yl-methyl, 2,2,
2-trichloroethyl. 2-trimethylsilylethyl. 2-phenylethyl, 1-(1-
adamantyl)-1-methylethyl, 2-chlorocthyl, 1,1-dimethyl-2-
haloethyl, 1.} -dimethyl-2.2-dibromoethyl, 1,1-dimethyl-2,2,
2-trichloroethyl, 1-methyl-1-(4-biphenylyljethyl, 1-(3,5-di-
tert-butylphenyi}-1-methylethyl, 2-(2'- and 4'-pyridyl)ethyl,
2.2-bis(4-nitrophenylethyl,  N-2-pivaloylamino)-1,1-dim-
ethylethyl, 2-[(2-nitrophenyl)dithio]-1-phenylethyl, 2-(N,N-
dicyelohexylearboxamideojethyl, tert-butyl. 1-adamantyl,
2-adamantyl vinyl,allyl, I-isopropylallyl, cinnamyl, 4-nitro-
cinnamyl, 3-(3'-pyridyl)prop-2-enyl, 8-quinolyl, N-hydrox-
vpiperidingl, alkyldithio, benzyl, para-methoxybenzyl, para-
nitrobenzyl. para-bromobenzyl,  para-chlorobenzyl, 2.4-
dichlorobenzyl,  4-methylsulfinyibenzyl, 9-anthrylmethyl,
diphenylmethyl, phenothiazinyl-(10)-carbonyl, N'-para-1olu-
enesulfonylaminocarbonyl and N'-phenylaminothiocarbo-
nyl.

Such amide prodrugs of the -~ NH— group of the chemnical
entty include the following amides: N-formyl, N-acetyl,
N-chioroacetyl. N-trichloroacetyl, N-trifluoroacetyl. N-phe-

7-tetrabenzofa.c,i.i]fluorenylmethyl,
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nylacetyl, N-3-phenylpropionyl, N-4-pentenoyl. N-picoli-
noyl,  N-3-pyridylearboxamido,  N-benzoylphenylalanyl,
N-benzoyl and N-para-phenylbenzayl,

Such ether prodrugs of the —OH group of the chemical
entity include the following ethers: methyl, methoxymethyl,
methylthiomethyl,  (phenyldimethylsilylymethoxymethyl,
benzyloxymethyl, para-methoxybenzyloxymethyl, para-ni-
trobenzyloxymethyl. ortho-nitrobenzyloxymethyl, (4-meth-
oxyphenoxy)methyl,  guasiacolmethyl,  tert-butoxymethyl,
4-pentenyloxymethyl. siloxymethyl, 2-methoxyethoxym-
ethyl. 2.2 2-trichloroethoxymethyl, bis(2-chlorocthoxy Jme-
thyl, 2-(trimethylsilyl )ethoxymethyl, menthoxymethyl, tet-
rahydropyranyl, 3-bromotetrahydropyranyl,
tetrahydrothiopyranyl. 1-methoxyeyclohexyl, 4-methoxytet-
rahydropyranyl, 4-methoxytetrahydrothiopyranyl, 4-meth-
oxytewrahydrothiopyranyl 8,S-dioxide, 1-[(2-chloro-4-me-
thyl)phenyl]-4-methoxypiperidin-4-yl,  1-(2-fuorophenyl)-
4-methoxypiperidin-4-vl, 1, 4-dioxan-2-yl,
tetrahydrofuranyl. tetruhydrothiofuranyl, 2.3.34,4.5.6,7.7a-

i octahydro-7 8 8,-tnimethyl-4.7-methanobenzofuran-2-yl,

L-ethoxyethyl, I-(2-chloroethoxy Jethyl, 1-[2-(irimethylsily])
cthoxyethyl, 1-methyl-1-methoxyethyl. 1-methyl-1-benzy-
loxyethyl, 1-methyl-1-benzyloxy-2-fluoroethy), 1-methyl-1-
phenoxyethyl, 2.2 2 -trichloroethyl,  1.1-dianisyl-2,2,2 -
trichloroethyl,  1,1,1,3.3 3-hexatluero-2-phenylisopropyl,
2-trimethylsilylethyl, 2-(benzylthio jethyl, 2-(phenylscelenyl )
ethyl, tert-butyl. allyl, propargyl. para-chlorophenyl. para-
methoxyphenyl, para-nitrophenyl, 2.4-dinitrophenyl, 2.3.5.
6-tetrafluoro-4-trifluoromethyljphenyl.  benzyl,  para-
methoxybenzyl, 3 4-dimethoxybenzyl, ortho-nitrobenzyl,
para-nitrobenzyl, para-halobenzyl, 2,6-dichlorobenzyl, para-
cyanobenzyl, para-phenylbenzyl, 2.6-difluorabenzyl, para-
acylaminobenzyl, para-azidobenzyl, 4-azido-3-chloroben-
zyl, 2-trifluoromethylbenzyl. para-(methylsulfinyl)benzyl,
2-picolyl, 4-picolyl, 3-methyl-2-picolyl N-oxide, 2-quinoli-
nylmethyl, l-pyrenylmethyl,  diphenylmethyl, p.p'-dini-
trobenzhydryl, S-dibenzosuberyl, wiphenylmethyl, alpha-
naphthyldiphenylmethyl, para-
methoxyphenyldiphenylmethyl,  di(para-methoxyphenyl)
phenylmethyl,  tri(para-methoxyphenylymethyl,  4-(4'-
bromophenacyloxy)phenyldiphenylmethyl. 4.4'4"-tris(4,5-
dichlorophthalimidophenyl)methy, 4.4 4"tri
(levulinoyloxyphenylymethyl, 4 4" 4"ari(benzoyloxyphenyl)
methyl, 4,4 dimethoxy-3"-[N-(imiduzolylmethyljtrity], 4,4'-
dimethoxy-3"[N-imidazoly lethyl]earbamoyljntyl, 1,1-bis
(4-methoxy-phenyl)-1'-pyrenylmethyl, 4-(1 7-tetrabenzola,c,
g.i|fluorenylmethyl)-4.4"-dimethoxytrityl, 9-anthryl, 9-(9-
phenylxanthenyl,  9-(9-phenyl-10-0xo0janthryl, 1.3-
benzedithiolan-2-yl, benzisothiazolyl S, S-dioxido,
trimethylsilyl, triethylsilyl. wriisopropylsilyl. dimethylisopro-
pylsilyl, diethylisopropylsilyl, dimethylthexylsilyl, tert-bu-
tyldimethylsilyl, tert-butyldiphenylsilyl, tribenzylsilyl, tri-
para-xylylsilyl, triphenylsilyl, diphenylmethylsilyl, di-tert-
butylmethylsilyl, tris(trimethylsilyl)silyl, (2-hydroxystyryl)
dimethylsilyl,  (2-hydroxystyryl }iisopropylsilyl,  tert-
butylmethoxyphenylsilyl and tert-butoxydiphenylsilyl.
Such ester prodrugs of the Ol group of the chemical
entity include the following esters: formate, benzoylformate,
acetale, chloroacetate, dichloroacetate, trichloroacetate, trif-
luoroacetate, methoxyacetate,  triphenylmethoxyacetate,
phenoxyacetate, para-chlorophenoxyacetate, phenylacetate,
para-P-phenylacetate. diphenylacetate, nicotinate. 3-phenyl-
propionate, d-pentenoate, 4-oxopentanoate, 4.4-(ethylenc-
dithio)pentanoate, 5-|3-bis(4-methoxvphenvlhvdroxymeth-
ylphenoxy Jlevulinate, pivaloate, 1-adamantoate, crotonate,
4-methoxycrotonate, benzoate, para-phenylbenzoate and 2.4,
6-rimethylbenzoate.  Additionally, any  physiologically
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acceptable eq.ivalents of the present chemical entitizs, simi-
lar to the metaholically .abile ether, esters of the —OH group,
or carbamatss or amices of the -—NE-— group, whick are
capable of producing “he parent chem:cal entities Jescribed
herein in vivo, are within the scope of this inventior.. See e.g.,
Greene and Wuts, Protective Groups in Organic Synthesis, 3™
Ed. John Wiley & Soas, Inc. (1999).

Some e—bodimens of this invertion relate to 1 composi-
tion compasing a cnemical entity of this invention and a
pharmacemtically acceptable carrier Some embodiments of
this inver="on relate to a compositior ccmprising a prodrug of
a chemicz] entity of this invention and a pharmaceuticaily
acceptalt’e carrier.

If a prarmace=tically acceptable sait is the ckemical endity
of the in~ention ntulized in these campositions, the salts pref-
erably are derivad from inorganic or organic acids end bases.
For rev ews of swlable salts, see, e.g., Berge et al, J. Pharm.
Sci. 66-.-19(1677) and Reming:on: The Science and Practice
of Phe macy, 20th Ed., A. Gennaro (ed.), Lippincoit Wiluams
& Wiieins (2000) (“Remington 's").

Examples of suitable acid acdution salts include the fellow-
ing: zcetate, adipate, alginate, aspartate, benzozte, benzene
sulfocate, biswfate, butyrate. citrate, camphorate, cemphor
sulfcnate, ¢y clopentanepropionatz, diglucenate, dodesylsal-
fate. ethanesclfonate, fumerste, lucohepianoate, giycero-
phasphate, hemisulfate, heptancate, hexanoate, hydrochlo-
ridz hydrokromide, hydroicdide, 2-hydroxyethanesnlforate,
laczate, maleate, methanesulfonate, 2-naphthalenesulfonate,
nicotinate, oxalate, pamoatz, pectinate, persulfate, 3-phenyl-
propionate, picrate, pivalaze, propionate, succinate, tartrate,
thiocyanate tosylate and undecanoate.

Suitab’z Hase addition salis include ammorium salts, alkali
metal sals. such as sodium ana potassium salts, alkalinz earth
metal saits. such as caleinm and magnesium salts, sal.s with
crganic bases, such as dicyclchexylamme salts, N-mehyl-D-
glucam’ne, and salts with amino acids such zs axginine,
“ysine, and so forth.

Alsc, pasic nitrogen-containing groups majy be quater-
nized wi-h such agents as lower alkyl halides, such as methyl,
ethyl, propyl, and butyl chloride, bromides and iodides;
dialkyl sulfates, such as dimethyl, diethyl, dibuzyl and diamy!
sulfates, long chain halides such as dzcyl. laury!, myristyl and
stearvl chlorides, brom’des and iodides, aralkyl ha'ides, such
as benzyl and phenethyl Sromides and others. Water or oil-
solublz or dispersible orcducts are thereby o>taired.

The pharmaceutica’ compositioas of the invention prefer-
ably are in a form swtable for administraticn tc a recipient
subject, preferably a mammal, mere prefera®ly a human. The
term “pharmaceutically acceptable carrier” is used herein to

refer to a material that is compaible with the recipient sub- 3

ject and is suitable for delivering an active agent to the target
s*-e without terminating the activity cf the zgent. The toxicity
= adverse effects, if any, associatec with the carrier prefer-
ab'y are commensurate with a reasorable risk/benefit ratio for
e intended use of the active egent. Many sixch pharmaceu-
‘jcally acceptabie carriers are known iz the art. See, eg.,
Remington's; Hanrdbook of Pharmaceutical Excipients, 6th
Ld., R. C. Rowe =t al. (eds.), Pharmace-tical Press (2009).
The pharmaceutical compositions of the invention can be
manufactured by methods well knowa in the art such as
conventional granlating, m'xing, dissolvirg, encapsulating,
lyophilizing, or emulsifying processes, among others. Com-
positions may be produced w various “orms, including gran-
ules, precipitates, or particalates, powders, including freez:
dried, rotary dried or spray dried powders, amorphous pow-
ders, tablets. capsules, syrup, suppos.iories, injections, emu’-
sions, elixirs. suspensions or solutions. Formulations m:y
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optionally contain stabil’zers, pH mcdifiers, surfactants,
solubilizing agents, bioavailability modifiers and combina-
tions of these.

Pharmaceutica"y acceptable carriers that may be use? in
these compositiors include ion exchargers, alumina, alumi-
num stearate, lecihin, serum proteins. such as humar se-um
albumin, buffer snbstances such as phesphates or cartorates,
glycine, sorbic acid, potassium sorbate, partial glyceride mix-
tures of saturated vegesable fatty acids, water, salts or elec-

1 trolytes, such as protamine sulfate, disodiun hydrogen ohos-

phate, potassium hydrogen phosphate, sodium chloridz, zinc
salts, colloidal silica, magnesium t-isilicate, polyviny | pyr-
rolidone, cellolose-based substances, polyethylene glycol,
sodium carboxymethylcellulose, polyacrylates, wexes, poly -
ethylene-polyoxypropylene-block polymers, podye:hylene
glycol and waol fat.

According (o a preferred embodiment, the comnositions of
this inventiom are fermulated for pharmaceutical administra-
tion to a mammal, preferably a human being. Suck pharma-
ceutical corpositions of the present invention may ne admin-
istered orally, parenterally, by inhalation spray, topically,
rectally, nesally, baccally, vaginally or via an implanted res-
ervoir. The term “parenteral” as used herein inzlvdes subcu-
taneous, intravenous, intraperitoneal, intramuszu’ar, intra-ar-
ticular, intra-synovial, intraste-nal, intratheca., intrahepatic,
intralesicnal and intracranial injection or infus.or. techruques.
Preferably, the compositions are administered orally, intrave-
nously, or subcutaneously. The formulations af the invention
may be designed to be short-acting, fast-releasing, or long-
acting. Still furher, compounds can be admiristered in a locai
rather than systemic means, such as admin®stration fe.g., by
injection) at a tumor site.

Pharmaceuiical formulations may be prepared as liquid
suspersions or solutions usang a liquid, such s an cil, water,
an alcohol, end combinations of these. Solnbilizing agents
such as cyc.odextrins may be included Pharmaceuticelly
suitable surfactants, suspending agents, or emulsifying
ager:s, may be added for oral or parentzre! admunistrauon.
Susrensions may include oils, such as peanut oil, sesame oi!,
cottonseed oil, cormn oil aad olive oil. Suspension preparation
may also contain esters of fatty acids suca as ethyl oleate.
isonropyl myristate, fatty acid glycerides end acetylatec farty
acud glycerides. Suspension formulations may mclude alco-
hots, such as ethanol, isopropyl alcohol, hexadecyl alcobod,
g'yeerol and propylen2 glycel. Ethers, such es poly ethyl-
eaeglycal), petroleum hydrocarbons such as mineral oil anc.
patrolatum; and water may also be used ‘n suspension formu-
'ations.

Steri.e injectable forms of the compesitions of this inven-
-ion may be aqueous or oleaginous suspension. These sus-
pensions may be fornulated according to techniques known
in the art using sunable dispersing -r wetting agens ¢nd
suspeading agents. The sterile in,ectable preparation may
also be a sterile inrectable solutioa or suspension in a ron-

¢ toxic parenterally acceptable diluent or solvent, for exariple

as a solution in 1,3-butanedio’. Among the acceptabl:
vehicles and solvents that may be employed are water. Ring-
er’s solution and sotonic sodium caloride solution. 12 addi-
tior, sterile, fixec oils ar: conventirnally employed as a sol-
vent or suspendir.g medium. For this purpose, any blaad fixed
oil may be employed ircluding syathetiz mono- cr d_-glyc-
erdes. Fatty acids, such as oleic acid and its gly-erids derva-
tives are useful m the preparaticn of injectables as are nataral
paarmaceutically-acceptable cils, such as olive oil cr cestor
cil, especially in their polyoxyeylated versions. These oi.
solutions or suspensicns may also contain a long-chain alco-
90l diluent or dispersant, such as carboxymethy! ceflulose cr
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similar dispersing agents which are commonly used in the
formulation of pharmaceutically acceptable dosage forms
including emulsions and suspensions. Other conunonly used
surfactants. such as Tweens, Spans and other emulsifying
agenis or bioavailability enhancers which are commonly used
n the manufaciure of pharmaceutically acceptable solid, lig-
uid, or other dosage forms may also be used for the purposes
oftormulation, Compounds may be formulated for parenteral
administration by injection such as by bolus injection or
continuous infusion. A unit dosage form for injection may be
in ampoules or in multi-dose containers,

The pharmaceutical compositions o! this invention may be
orally administered in any orally acceptable dosage form
including capsules, tablets, aqueous suspensions or solutions.
When aqueous suspensions are required for oral use, the
active ingredient is combined with emulsifying and suspend-
ing agents. 1f desired. certain sweetening. flavoring or color-
ing agents may also be added. In such solid dosage forms, the
active chemical entity is mixed with at least one inert, phar-
maceutically acceptable excipient or carnier such as sodium
citrate or dicalcium phosphate and/or 4) fillers or extenders
such as starches, lactose, sucrose, glucose, mannitol, micro-
crystalline vellulose and silicic acid, b) binders such as, for
example,  carboxymethyleellulose. — alginates,  gelatin,
sucrose, and acaciy, ¢ humectants such as glycerol, d) disin-
legrating agents such as agar-agar. caleium carbonate. poly-
vinylpyrrolidinone. croscarmellose, sodium starch glycolate,
potata or tapioca starch, alginic acid. certain silicates, and
sadium carbonate. ¢ solution retarding agents such as paraf-
tin. f) absorption accelerators such as quaternary ammonium
compounds. g} wetting agents such as, for example, cetyl
alcohol and glycerol monostearate, h) absorbents such as
kaolin and bentonite clay, and i) lubricants such as ale, cal-
cium stearate. magnesium stearate, sodium stearyl fumarate,
sold polyethylene glycols, sodium lauryl sulfate, silicon
dioxide and mixtures thereof, In the case of capsules, tablets
and pills, the dosage torm may also comprise buffering
agents,

The active chemical entity can also be in micro-encapsu-
lated form with vne or more excipients as noted above. The
solid dosage forms of tablets, dragees, capsules, pills, and
granules can be prepared with coatings and shells such as
enteric coatings, release controlling coatings and other coat-
ings well known in the pharmaceutical [ormulating art, In
such solid dosage lorms the active compound may be
admixed with at least one inert diluent such as sucrose, lac-
tose or starch, Such dosage forms may also comiprise, as is
normal practice, additional substances other than inert dilu-
ents, e, tableting lubricants and other tableting aids such a
magnesium stearate and microerystalline cellulose, In the
casc of capsules. tablets and pills. the dosage forms may also
comprise buffering agents. They may optionally contain
opaciying agents and can also be of o composition that they
release the active ingredient(s) only, or preferentially, in a
certain part of the intestinal tract, aptionally, in a delayed
manner. Fxamples of embedding compositions that can be
used include polymeric substances and waxes.

Altematively, the pharmaceutical compositions of this
invention may be administered in the form of suppositories
tor rectal administration. These may be prepared by mixing
the agent with a suitable non-irritating excipient which is
salid at room temperature but liguid at rectal temperature and
therefore will melt in the rectum to release the drug. Such
materials include cocoa butter, beeswax and polyethylene
glveols,

The pharmaceutical compositions of this invention may
alsu be administered topically, especially when the target of
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treatment includes areas or argans readily accessible by topi-
cal application, inchuding diseases of the eye. the skin, or the
lower intestinal tract. Suitable topical formulations are
readily prepared for cach of these areas or organs.

Topical application for the lower intestinal tract may be
effected in a rectal suppository formulation (see above) or in
a suitable enema formulation. Topically-transdermal patches
may also be used. For topical applications, the pharmaceuti-
cal compositions may be formulated in a suitable ointment
containing the active component suspended or dissolved in
one or more carriers. Ce rriers for topical administrtion of the
compounds of this invention include mineral oil, liquid pet-
rolatum, white petrolatum, propylene glycol, polyoxyethyl-
ene, polyoxypropylene compound, emulsifying wax and
water. Alternatively, the r harmaceutical compositions may be
formulated in a suitable lotion or cream containing the active
components suspended or dissolved in one or more pharma-
ceutically acceptable carr’ers. Suitable carriers include min-
eral oil, sorbitan monostearate, polysorbate 60, cetyl esters
wax, cetearyl alcahal. 2-octyldodecanol. benzyl alcohol and
waler,

For ophthalmic use, the pharmaceutical compaositions may
be formulated as micronized suspensions in isotonic, pH
adjusted sterile saline, or, preferably, as solutions in isotonic,
pH adjusted sterile saline, either with our without a preserva-
tive such as benzylalkonium shloride, Aliernatively, for oph-
thalmic uses, the pharmaceurical compositions may be for-
mulated in an ointment such ¢ petrolatum,

The pharmaceutical compesitions of this invention may
also be administered by nasal aerosol or inhalation. Such
compositions are prepared according to techniques well
known in the art of pharmaceurical formulation and may be
prepared as solutions in saline, employing benzyl alcohol or
other suitable preservatives, abscrption promoters to enhance
bioavailability, fluorocarbons, and/or other conventional
solubilizing or dispersing agents,

The pharmacentical compositicns of this invention are par-
ticularly useful in therapeutic applications relating 10 disor-
ders as described herein (e.g.. pmliferation disorders. e,
cancers, inflammatory, neurodegenerative disorders). The
term “subject” as used herein, means an animal, preferably a
mammal, more preferably o human. The term “patient” as
used herein, means a human. Preferbly, the composition is
formulated for adiministration to 4 patient ur subject having or
at risk of developing or experiencing a recurrence of the
relevant disorder being treated. Preferred pharmaceutical
compositions of the invention are the se formulated for oral,
intravenous, or subcutancous administration. However, any
ofthe above dosage forms containing « therapeutically effec-
tive amount of a chemical entity of the invention arc well
within the bounds of routine experimeatation and therefore,
well within the scope of the instant ‘nvention. In certain
embodiments, the pharmaceutical composition of the inven-
tion may further comprise another thera~eutic agent, Prefer-
ably, such other therapeutic agent is one normally adminis-
tered to patients with the disorder, disease or condition being
treated.

By “therapeutically effective amount™ is meant an amount
of the chemical entity or composition suff cient, upon single
or multiple dose administration, 10 cause a deteciable
decrease in Bl enzyme activity and/or the severity of the
disorder or disease state being treated. “Therapeutically
effective amount™ is also intended to includ 2 an amount suf-
ficient to treat a cell. prolong or prevent advancement of the
disorder or disease stute being treated (e.g.. prevent additional
tumor growth of a cancer, prevent additiona! inflammatory
response]. ameliorate, alleviale, relieve, or mprove o sub-

"



US 8,209,356 B2

32
ject’s symptoms of th2 a disordar beyond that expected in the
absence of such treatment. The amount of E1 enzeme inhibi-
tor ~equired will de~end on the particular compound of the
composition given, the type of disorder being treated, tne
route of administretion, and the length of time required to
treat the disorder. L= should ako be understcod that a specufic
desage and treatmant regimen for any particular patient will
depend upon a vanaty of faciors, including the activity of the
specific chemical entity ermployed, the age, body we'ght,
general health, sex, and diet of the patien:, time of adminis-
tration, rate of exzretion, drug combinations, the judgment of
the treating physician, and the severity of the particular dis-
ease being treatzd. In certain aspects where the inhib.tor is
administered in combination with another agent, the amount
of additional therapeutic agent present in a composition of
this invention typically will be no more thar the amount that
would normally be administered ina composition comprising
that therapeutic agent as the only active agent. Preferably, the
amount of ad¢ tional therapeutic agent will range from abtout

50% to about 100% of the amount normally present ‘n a -

composition comprising that agent as the 0aly therapeutically
active agent.

In some embodimerts, the invention re ates to a method o
inhibiting or decreasirg E1 enzyme activity in a sample com-
prising conzacting the sample with a chemical encity of this
invention, ¢~ composition comprisirg a chemical entity of ths
invention. The sample, as used herein, includes semple com-
prising pur‘fied or partially purified E1 enzyme, cultured cells
or extracts of cell cultures; biopsied cells or fluid ootairnd

from a mammal, oc extracts thereof; and bod¥ flud (eg., :

blood, serum, saliva, urine, feces, semen, tears) or extracts
thereof. Tnhibition 2f E1 enzyme activity in a semple may be
carried ¢t in vitre or in vivo, in cellulo, or in situ.

In some embodiments, the inventicn provides a wethed for
treating a patient having a disorder,  symptom of & disoder,
at risk -f developing, or experiencing a recurrenc of & dis-
order, comprising administering tc the patint & chenica
entity -r pharmazeutical composition accordig to the mven-
tion. “reating can be to cure, heas, alleviate, relieve. alter,
remedy, amelio-ate, palliate, improve or affect tae disorder,
the sy mptoms cf the disorder or the predispesition toward e
disorder. While not wishing to be bound by theory, trecting is
believed to cavse the inhibition of growth, zblation, o-kill ng
of a cell or tissue in vitro or in vivo, or otherwise reduce
capxcity of a 2ell or tissue (e.g., an aberrent cell, a ciseesed
tissue) to mediate a disorder, e.g., a disorder as aascrbed
herein (e.g.. a proliferative disorder, e.g., a cancer, ‘nflanuma-
tory disorder). As used herein, “inhibitng the growth™ or
“i~hibition of growth” of 2 cell or tissue (e.g., a pr-liferative
ce'l, tumor tissue) refers tc slowing, interrupling, srrestng or
stopping its growth and metasiases and does not necessarily
indicate a total eliminaticn of growth.

Diseaseapplications irclude those disorders in which inhi-
-ition of E1 enzyme activity “s detrimental ‘o sur~iva' and/or
expansior. of diseased cells or tissue (e.g., cells ere sensitive
:0 El inkibition; inhibition of El activity disripts disease
mechanisms; reduction of E. activity stabi’izes protemn which
are inhibdtors of disease mechanisms; reduction of £ ¢ activity
results in inhibition of proteins which are ctivators of disease
mecharusms). Diseass applications are also intended to
include any disorder. disease or condition which requires
effective cullin and/or ubiquitinaticn activity whizh activity
can be regulated by dimunishing El enzyme activity (e.g.,
NAE activity).

For example, methods of the invention a-< useful in treat-
ment of disorders involving celluar prolifesatioa, including
disorders which require an effective cullin<lependent ubig-
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uit' ~ation and proteolysis pathwav (e.g., the ubiquitin protea-
some pathway) for maintznance and/or progression of the
disease state. The methods of :he invention are useful in
trzatment of disorders mediated via proteins (2.g., NFkB
acfivat.on, p275% activetion, p21"*7"! cetivation, pS3
ac:ivation) which are regulated by El activity (e.g., NAE
activity). Relevant disorders irclude proliferative disorders
ost 10tably cancers and inflammatory disordess (e g, rheu-
mato.d arthritis, inflemmatory bowel disease, asthma,
chronic obstructive pulmonary disease (CO?1}), osteoarthn-
‘is, dermatosis (e.g., atopic Jermatitis, psoriasis), vascular
prokiferative disorders (e.g., atheroscleross, restenosis)
autoimmune diseases (e.p., multiple sclerosis, tissue end
organ rejection)); as well as inflammaticn associated witk
infection (e.g., immune responses), neurodegenerative disor-
ders (e.g.. Alzheimer’s diszase, Parkinscn's disease, motcr
neuron disease, neuropatic pain, triplet repeat disorders,
astrocytoma, and peurodegeneration as result of alcohofic
lfver disease), ischemic iajury (e.g., stroke), and caclexia
(e.g., accelerated ruscle protein breakdown that accompa-
aies various physiological and pathclogical states, (e.g.,
nerve injury, fastiag, fever, acidosis, HIV infection, cancer
affliction, and cer-ain enJocrinopathies).

The compouncs and pharmaceutical compositions o the
invention are particular’y useful for the :reatment of cancer.
As used herein, tne term “cancer” refers 10 a cellular disorder
characterized by uncontrolled or disregulated cell profifera-
tion, decreased cellular differentiation, inappropriaze ability
to invade surronnding tissue, and/or ability to establich new
growth at ectepic sites. The term “cancer” includes solid
tumors and bloodbome tumors. The term “cancer” encom-
passes diseases of skin, tissues, organs, bone, cartilagz,
blood, and vessels. “he term “cancer” further encompasses
primary and metastetic cancers.

In some zmbodiments, the carcer is a solid tumror.
Examples of solid tumors that can be treated by *he methods
of the invention include pancrestic cancer; bladder canzer;
colorectal cancer; preast cancer, includ’ng metastatic breast
cancer; prostate cancer, includiag androgen-dependent and
androgen-indeperdent prostate cancer; renal cancer, includ-
ing, e.g., metastatic renal cell cercinoma; hepawoczllular can-
cer; lung cancer, including, e.¢., non-small cell "ung cancer
(NSCLC), small cell lung cancer, brenchioloalveolar carci-

s noma (BAC), ard adenocarciroma of the lung; ovarian can-

cer, including, ¢.g., progressive epithelial or primary perito-
neal carcer; cervical cancer; gasttic cancer. esophageal
cancer; head ard neck cances, inclucing, e.g., squamous cel.
carcinoma of te head and neck; melanoma- neuroerdocrine
cancer, including metastatic neuroendocrine tumors; brain
tumors, incleding, e.g., glioma, anaplastic oligndendro-
glioma, adult glioblastoma multifcrme, and zdult enaplastic
astrocytoma; bone cancer; and soft tissue sarcoma

In some embodiments, tne cancer is a bematolozic malig-
nancy. Examples of hematologic malignancy inc.ude acuie
myeloid letkemia (AML); chronic myelogenous leukemia
(CML), including acceleratzd CML and CML blast phese
(CML-BP). acute lymploblastic leukemia (AL.): chroaic
lymphocytic leukemia (CLL); Hodgkin's disease (HD); non-
Hodgkin's lymphoma (NHL), ircluding fouliculer lymphoma
anc mant’e cell lymphoma; B-cell lympaoma- T-cell lym-
phoma; multiple myeloma (MM); Waldenstron's mac:cglo-
budinemia; myelodyspiasiic syndromes (MD3), incivding
refractory anemia (RA), rafractory anem.a with ringea sider-
blasts (RARS), (refraciory anemia with excess blasts
(RAEB’, and RAEE ia transformation (FEAEB-T). and
ryelopeoliferative syndromes.
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Depending on the particular disorder or condition 1a be
treated, in some embodiments, the ] enzyme inhibitor of the
invention is admimistered in conjunction with additional
therapeutic agent or agents. [n some embodiments, the addi-
nonal therapeutic agent(s) is one that is normally adminis-
tered to patients with the disorder or condition being treated.
As used herein, additional therapeutic agents that are nor-
mally administered 10 treat a particular disorder or condition
are known as “appropriate for the disorder or condition being
treated.”

The E1 inlubitor ot the invention may be administered with
the other therapeutic agent in @ single dosage form or as a
separate dosage form. When administered as a separate dos-
age form, the other therapeutic agent may be adminisiered

prior to, at the same time as, or following administration of

the E1 mhibitor of the invention.

In some embodiments, the El enzyme inhibitor of the
invention 1s administered in conjunction w.th a therapeutic
agent selected from cylotoxic agents, radiotherapy, and
mmmunotherapy appropriate for treatment of proliferative dis-
urders and cancer. xamples of eytotoxic agents suitable for
use in combination with the E1 enzyme inhibitors of the
invention include: antimetabolites, including, e.g., capecitib-
ine, gemeitabine. 5-fuorouraci! or S-fluorouracil/leucovorin,
fudarabine, cytarabine, mercaptopurine, thicguanine, pen-
tostatin, and methotrexate; wpoisomerase inhibitors, includ-
ing. ¢.g., etoposide. teniposide, camptothecin, topotecan,
irinotecan, doxorubicin, and daunorubicin; vinca alkaloids,
including, e.g., vinensune and vinblasting taxanzs, including,
e.g.. pachitaxel and docetaxel; platinum agents, including,
ey, cisplating carboplatin, and oxaliplating antibiotics,
mneluding, e.g., actinamycin D, bleomycin, mitomyein C,
adriamycin, daunorubicin, idarubicin, doxorubicin and pegy-
lated liposomal doxorubicin: alkylating agents such as mel-
phalan. chlorambucil, busulfan, thictepa, ilosfamide, car-
mustine. lomustine. semustine, streplozocin, dzcarbazine,
and  eyclophosphamide: including, eg., CC-5013 and
(CC-3047; protein tyrosine kinuse mhibitors, including, e.g.,
imatinib mesylate and gefiinib; proteasome  inhibitors,
including, ¢ g, bortezomib: thalidomide and related analogs;
antibodies, including. e.g.. trastuzumab, rtuximab, cetux-
mah. and  bevacizumab: mitoxantrone;  dexamethasone;
prednisone; and temozolomide.

Other examples of agents the inhibitors of the ‘nvention
may be combined with include anti-inflammatory ag 2nts such
as corticosteroids, TNF blockers, 11-1 RA, azathioprine,
cyclophosphamide, and sulfasalazine; immunomodulatory
and immunosuppressive agents such as cyclosporine. tacroli-
mus, rapamyein, mycophenolate mofetil, interferons. corti-
costervids. eyclophosphamide. azathioprine, methotrexate,
and sulfasalazine: antibacterial and antiviral agen's; and
agents for Alzheimer's treatment such as donepezil, galan-
tamine, memantine and rivastigmine.

In order that this invention be more fully understood, the
following preparative and testing examples are set forth,
These examples are for the purpose of illustration only and
are not intended to be construed as limiting the scope of the
tvention m ally wWay.

EXAMPLES

Abhreviations

Actal acetic acid
AN acetontnle
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~continued

Ahbbresianens

DARCO triethylenedanine

DUM dichloromeh

DCe 4 6-dichioropyrinudine
DEA diethylumuinz

DIFEA N, isopropylethvlanine
DMSO dimethylsulfoxide

E;0 diethy| ether

ErOAc cthyl acctate

EtOH ethanol

EryN tricthylamnine

FA formic acid

H,0 wiler

h hours

1PA sopropyl alcolol

IPA sopropyl acele

LOIMS higuid chromategraphy mass spectnum
LA lithiwm dilsepre pylamide
MTBE methyl tert-biaty | ether
MeOH methanol

e inutes

MS IMuss spectnim

NMP N-methyl-2-pyrealidone

bl room temperatire

PyNO A-phenylpropylpyndine-N-oxide
RS tert-buryldimethy silyl

TTA triflueroscetic acid

[HF tetrahydrofiran

TLC tiun layer chromatogmphy
™S tramethylstlyl

General Methods
X-ray Powder Diffraction. XRPD was performed using a
Bruker AXS DB Advance X-ray Diffractometer. Approxi-
mately 100 mg sample was gently fattened into a 30 mm
diameter quartz sampling pan for powder measurements. The
sample was run as a continuous scan from 2.9 o 29.6% 20
using 20/0 locked coupled angles. Fazh angle interval was
0.05° 20 and 1he data were collected for 2 seconds, The
sample run occurred under ambient coaditions, and all data
analysis was performed using VA version 9.0 soltware.
Thermal Analysis. The thermal events were analyzed using
differential scanning calorimetry (DSC) and thermogravi-
metric analysis (TGA), TA instruments DSC Q200 and TGA
Q300 were used for all sample runs. The thermograms were
analyzed using Thermal Advantage lor (@ Series sofiware.
Differential Scanning calorimetry, The sample (1-2 mg)
was sealed in an aluminum pun with lid. The sample was
heated at a ramp rate of 10° C./min from 25¢ to 400° C., while
the nitrogen sample purge was kept constant at 50 ml /min.
Thermogravimetric Analysis. The sample (5-10 mg) was
run in an open platinum pan. The sample wes heated ata ramp

rate of 10° C./min to 400° C., with a nitrogen sample purge of

60 ml/min.
Example 1

Synthesis of
(1R.28)-5-chloro-2-methoxyindan-1-amine (8)

Step 1: rel-(1aR,6aS)-4-chloro-6,6a-dihydro-1al I-
indeno|1,2-bjoxirene (2)

To a stimng solution of 4-phenylpropylpyridine-N-oxide
(278 mg. 131 mmal) in methvlene chloride (20 mL) was
added (R,R)-Jacobsen catalysi (237.0 mg, 0.3732 mmol) and
a solution of sodium hypochlorite (2.0 M in water; 16 mL, 32
mmol) at 0% C, The resulting brown suspension was stirred at
0°C. for 15 minutes then u solution of 6-chioro-1H-indene (1)
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(2.81 g, 18 6 mmol iamethylene chloride (20 mL) was added
via syringe with s'multaneous add:tion of additional sodium
hypochlorie (2.00 in water; 16 mL, 32 mmol). The reaction
was stirred at 0° C. for one hour then the ice bath was removed
and the rezction was stirred at rooar tenperature for 1 hr. An
aliquot was takea and TLC on sil'ca (hexanes) showed all
starting material consumed. The reaztion was poured into
brine and extrac:ad with methylenz caloride. The combiaed
extracts were washed with saline, then dried over sodium
sulfate, fltered, aad evaporated uncer reduced pressure to
leave crde product which solidifiec when placed under hi-
vacuum. Yield ~3.7 g of a brown solid. 'H NMR (400 MHz,
DMSQ’ 8 7.551d, J=7.6 Hz, 1H),7.52 (s, IH). 7.23 (d, 7.3
Hz, 1H), 436 (3, [H),4.16 (s, 1H), 3.03 (dd, J-45.8, 18.2 Hz,
2H).

Stzp 2: rei-(1R,28)-1-aminc-3-chloroindan-Z-ol (3)

To 1 -40° C. mixture of fuming sulfuric acid (4.068 mL,
44.06 mmol) in acetonitrile (30 oL, 500 mmol) was added
dropwise a suspension of rel<12R.6aS)-4-chloro-6,6a-ditry-
dro-1aH-indeno[1,2-b]Joxirene (2) (2.94 g 17 6 mmol) in
acetcnitrile (7C mL) and hexane (40 mL). The tiphasic nux-
ture was thez. ellowed to warm to room temperzture and was
stirred for an additional hour, leeving a hazy, rus"y red colored
mixare. Water (30 mL) was carzfully added (all solids dis-
solved to give a reddish-brown solution) and the resuling
solumion was stirred for 30 miruutes. Then additional water (70
mL) was acdzd and the reactior was stirred overnight uader
an ztmosphere of nitrogen at room temperatare. Water (50
mL) was acded to the reection, a distillation head was
attzched, the mixture was brought to reflux and distilled until
the head terperature reached 100° C. The cistillation head
was remcved and a reflux zomdenser was attached ard the
resclion was heated at reflux for 1 hour W give a clear crange
so{ution wi-h some dark gumny solid around the edges. The
reaction was cooled slightlw then tke hot sodution was
decantec away from the gum into a 500 m! round bo'tomed
fiask. The solution was stiral and allowed to cool o room
lemperatu-e then was medz basic (pH - 2) via drepwise addi-
~on of an aqueous 50% NaCH solution. Methylzne chloride
was added; the mixture was stirred well, and then was trans-
ferred W & separatory funnel. The orgaaic layer was separated
and the equeous layer was repeatedly extracted wth addi-
tional methylene chloride (antil TLC analysis ‘ndicated that
all produet had been extrzcied from ‘he aqueons layer). The
organic 2xtracts were comvined, weshec with salime, d-ied
over saodium sulfate, filtered, and evanorated in vacuo to leave
2.53 g crude product as a lisht brown powder. LCMS: formic
acid, [M+H++Na+]=20§; '"H NME (400 M-z, DMSO) 8
7.31(d J=7.8 Hz, 1H), 7.24-7.15 (rn, 2H), 4.79 (s. 1H), 4.20
(s, 1H). 4.01 (s, 1H), 2.92(d, ]=15.3 Hz, 1H), 2.73 (d, J=16.2
[z, 1H), 2.15-1.43 (s, ZH). Chiral H?LC (Chiralpak AD
4.6x250 column eluzed with 95/50.1% hexane/EtOH.DEA
@ 2 0 ml/min-45 min run) showea an ee of 30%

Steps 2 erd 4: Chiral resclution of
(1R.,28)-1-am no-S-chloroindan-z-ol (3)

"o a flask containing a solution of rel-(1R,285-1-anino-5-
chloroindan-2-o0l (3) 12.53 g, 13 8 mmol) in methanol (100
mL) at reflux was added D-(-)-nandelic icid (2.09 g, 13.8
mmol) with stirring After refluxing “or ~15 m'n the heating
martle was removed axd the solution was allowed to cool to
reon temperature with stirring. Solids begar precipitating
~15 minutes after the heat sotrce aad teen removed. The
resalting mixture wes stirred overnight at et. The mixture was
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then filtered, washed with methanol (10 mL) then c.ethy!
ethar (15 mL) and dried in vacuo to provide 2.50 g of the
intermediate sa't. The filtrate was concentrated to ~14 volume
and refrigerated overright, during which time more product
precipitated. Azain, the mixture was filiered and wesh=d with
methanol (7.5 mL) then diethyl ether (10 mL) and dried in
vacuo to provide an additional 0.60 g of the intermediate sak.
A total of 3.1 z was collected.

The intermediate salt was stirred in & mixture of ethyl
acetate (50 ml) and aqueous NaOH (0.2M, 60 m.) until ds-
solution was comp’ete. The mixture was transferred tc a
separatory funnel and the organic leyer was separated. The
aqueous layer was further extracted with ethyl acet=te (3=50
ml). The combined organic layers were washed with saline
unti! the washings were neutral, then were dried over sodium
sulfate, filtered, and evaporated to leave a light zan solid.
Further drying undar hi-vacuum vie.ded 1.42 g (56" yield) of
the title compouna as a light tan powder. Analytical data for
titlecompound: 'HNMR (400 MHz, DMSO)8 7.21 (d, J=7.9
Hz, 1H), 7 24-7.15 (m, 2H), 4.83 (5, 1d), 4.2C (1. J=3.9 Hz,
11), 4.00 id, J=4.5 Hz, 1H), 2.92 (dd. J=16.2, 4.9 11z, 111),
2.73 (d, J-15.2 Hz, 1H), 1.85 (5, 2H). Chiral HPLC (Chiral-
pak AD £,6x250 column elute¢ with 95/5/0.1% hexane/
EtOH/DEA @ 2.0 mI/min-45 min run) showad an ee of
>09%,

Step 3: 2-[(1R,28)-5-chlo-0-2-hydroxy-2,3-dihydro-
1H-inden-1-yl]-1H-isoindole-7,3(2H)-di-ne (6)

In a 1 . round bottom flask, N ,N-diisop-opylethylamine
(15.2 mL, 0.0871 mol) was added to a suspensi-nof (13 2R}
1-aminc-5-chloroindan-2-0l (16.0 g, 0.0871 mol) and
phthalic anhycride (14.2 g, 0.0958 mol) in “olaene (473 mL,
4.44 mol), and the reaction mix-ure was heated at reflux for 18

5 hours. The reaction was cooled to reom tempeature, at whick

point & large amount of solid precipitated. Tre solid, whizh
was th2 desired product, was filtered, rinsed with E:OAc and
collected. The filtrate was cooled to 0° C., -ltered and *he
solid was rinsed with EtOAc and combined with the frst
batch The filtrate was trarsferred to a separstory funnel and
diluted with H,O (200 mL). The layers were seperated, anc
the aqueous layer was extracted EtOAc (3x200 mL). The
combined crganic layers were washed 1x brine (100 L},
driec over MgSO,, fillered, and concen-ra:ad in vacuo. The
resu_ting oF-white solid was suspended in EtOAc, the ‘arge
chunks we-e broken up with sonication, and the suspemsion
was coolec to 0° C. The solid was filtered £2d combined witk
the previous 2 batches. The filtrate was concentraied in vacuo,
and the resultant white solid wes suspeaded one final tame in
Et,O (100 mL), filtered aad combined with the previous 3
batches. The total yield of all four batches of solid was 233 g
(92%). LCMS: (FA) ES+ molezular ion 314, major ion’ zaticn
167; "I NMR (400 Mz, DMSO) 8 7.83 s, 4113, 7.33 (s 117).
727 (d, 2=8.2, 1H), 7.9 [dd, 1=2.0, 8.1, 1H), 5.52 (d -7 4
1H), 5.3 (d, J=5.2, 1H), 4.64 (dt, J=€.9 12.7, 1H),3 21 (dd,
1=7.4, 15.1, 1H), 3.02 (dd, J-6.1, 16.1, “H).

Step 6: 2-[(1R,28)-5-chloro-2-mathoxy-2,3-dihy dro-
1H-inden-1-yl}-1H-isoindole-1,52H)-dione (7)

To a solution of 2{(1R,2S)-5-chlore-2-hydroxy-2 3 -dihy-
dro-11i-inden-1-yl]-1H-isoindole-1,321)-dione 1258 g,
0.0822 mol) in tetrahydrofuran (186 mL, 2.29 mo!) was
added methy! iodide (20.5 mL, 0.72¢ mol) and th2 solaton
was siirred at 0° C. To th's solution was added © .00 M of
potassium tert-butoxice in tetrahydrefuran 190.4 ml., 0 0904
mol) dropwise via an addition furned over 1 hour The reac-
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non was quenched via addition of 0.1 N HC] (250 mL) and
ransferred to a separatory funnel containing EtOAc (600
ml ). The layers were separated, and the organic layer was
washed with IN NaOH (2x 100 mL cach) an.d with brine (100
ml.). The organic layer was dried over Na,80,, liliered, and
concentrated to afford 2-[(1R.28)-5-chlore-2-methoxy-2.3-
dihydro-1H-inden-1-vl]- 1H-isoindole-1,3(2H)-dione  (25.8
2. Y6%) which was used without further parification in the
next step.

Step 7: (1R 28)-53-chloro-2-methoxvindan- 1 -amine
(8]

o a suspension of 2-[(1R,28)-5-chloro-2-methoxy-2,3-
dihydro-1H-inden-1-y1]-1H-1soindole-1,3(2E)-dione ~ (7)
(258 p. 0.0787 mol) in ethanol (260 ml., 4.4 rol) was added
hyvdrazine (4.94 mL. 0.157 mol), and the flask was affixed
with a reflux condenser and heated 10 a bath remperature of
40" ¢ A precipitate began to form after several minutes of
stirring and after 1 hour of heating the mixture had become a
thick slurry/solid. The reaction was cooled to room tempera-
ture and the solid reaction byproducts were filtered and
washed with CH,CL, (~300 mL). The volatiles were removed
from the filtrate in vacuo, and the residue was suspended in
CHLCL, (250 ml), at which point the solid byproducts were
again removed by filtration. The volatiles were removed in
vacuo, and the residue was again suspended in CH,Cl, (~50
ml.). The solid byproducts were removed a final time by
filtration 10 alford (1R,28)-5-chloro-2-methoxyindan-1-
amine (15.5 g, 999%) as a red/orange waxy solid. LCMS: (FA)
ES+ molecular ion 198, major ionization 181; '11 NMR (400
Mz, DMSO) 8 7.30(d. J=7.9. 1H). 7.25-7.16 (m, 2H), 4.14
(d. J=4.9, 1H), 3.89 (1d, J=2.8, 4.9, 1H). 3.29 (s, 3H), 2.89
(ddd. J-3.8 164, 21.3, 2ZH), 2.04 (s, 2H). Chiral HPLC
[Chiralpak ADD 4.6x250 column eluted with 95/5/0.1% hex-
ane/EIOH/DEA @ 1.0 ml/min-30 min run) showed an ce of

=99%,
Example 2

Svnthesis of {(18,28.4R)-4-((6-{[(1R,28)-5-chloro-
2-methoxy-2.3-dihydro-1H-inden-1-y1)
amino } pyrimidin-4-yljoxy]-2-
hydroxyeyclopentyl methy] sulfamate (1-215)

Step 12 rel-(1R.SR)-S-({[1ent-butyl{dimethyl)silyl |
oxy pmethyljevelopeni-2-en-1-ol {10)

o asolution of rel-(1R.5R)-5-(hydroxymethyl)cyclopent-
Z-en-1-0l (47.20 g, 0.4135 mol). N.N-dimethylaminopyri-
dine (252 g, 0.0207 mel) and 1H-imidazole (30.97 g. 0.4549
mu!) in methylene chloride (800 ml, 10 mol) at 0° C. under
an atmosphere of nitrogen was added tert-butyldimethylsilyl
chlonde (28.0 g, 0.186 mol). The reaction was stirred forat 09
¢ for 2.5 h, at which tune tert-butyldimethylsily] chloride
{280 g, 0.186 mol) was added. The reaction was stirred for 2
additional hours, The reaction was quenched by addition of
saturated aqueous NaCl solution (200 mL) and water (200
ml). The luvers were sepurated and the organic layer was
washed with water (3x200 ml.) and brine (1x200 mL), dried
over Na,SO,. filtered and concentrated 1n vacuo. The mate-
rial was used withowt further purification in the next step.

Step 20 (18,58 )-5-({[tert-butyl(dimethy)silyl|
oxy pmethylevelopent-2-en-1-0l (11)

1o a suspension of rel-{1R.3R)-3-({[tert-butyl(dimetayl)
silyljoxy pethyl)-eyelopent-2-en-1-ol (crude (10) from pre-
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vious step) and Candida Antaredica on acrylic resin (24.9 g,
10,800 units/g) in methy! tert-butyl ether (1300 mL, 10 mol)
was added acetic acid ethenyl ester (190 ml., 2.05 mol) and
the reaction was stirred overnight. Solids were removed by
filtration and the volatiles were remaved in vacuo to provide
a clear-colorless oil (143 grams) which was purified by col-
umn chromatography (1 kg silica gel column, cluent 0-30%
Et,0:hexanes) 1o afford the desired enantiomer (18.55)-5-({
[tert-butyl(dimethyl)silyl]Joxy methyl)eyclopent-2-en-1-ol
(37.5 grams, 79.5%). Chiral HFLC; Chiral Technologies
Chiralpak AS RH (4.6x150 mm) 5 micron column, eluent
-55% (0.1% formic acid in 99:1 H,O/CH,CN), 45% (0.1%
formic acid in 95:5 CH,CN{11L,0) indicated an ee of >99%,
"H NMR (400 MHz. CDCl,) 6 5.96-5.91 (m. 111), 5.86-5.80
(m, 1H), 4.87 (dd, J=2.3,4.9, 1H), 3.87 (dd, J=4.7, 10.1, 1H),
3.79 (dd, 1=7.7, 10.1, 1H), 2.50-2.40 (m, 1H), 2.35 (ddt,
J=2.0,8.4,16.8, 1H),2.23-2.14 (m, 1 H), 0.90 (s, 9H), 0.08 (s.
3H), 0,07 (s, 3H). The undesired enantiomer was isolated as
the corresponding acetate in 81.6% yield.

Step 3: tert-buty][((18.28)-2-{[tert-butyl{dimethy!)
silyljoxy feyelopent-3-en- 1 -ylmethoxy |dimethylsi-
lane {12)

Inan oven-dried 2 [ iwo-neck Hask, cooled undernitrogen,
to a solution of (18,58)-5-({|tent-butyl{dimethyl)sily]
oxy pmethyljeyelopent-2-en-1-0l (11) (98.07 g. 0.3864 mol)
in methylene chloride (500 ml., 8 mol 1 was added 1 H-imida-
zole (31.57 g, 0.4637 mol). To the resulting yellow solution
was added a solution of tert-butyldimethylsilyl chlonde (582
g. 0.386 mol) in methylene chlonde (300 mL, 3 mol) via
addition funnel over ~30 min. The mixture was stirred
mechanically for 18 hours. The reaction was quenched via
addition of water (500 ml.) and the layers were separated. The
organic layer was washed with water (2:<500 mL), dried over
MgS80,, filtered, and concentrated in vacuo 1o afford tert-
butyl[((18,28)-2-{ [tert-butyl(dimethyl)silylJoxy } eyelopent-
3-en-1-yl)methoxy]dimethylsilane (143.3 g) as a crude resi-
due that was used withoutl further purification.

Step 4: (1R,38.48)-3-{|teri-butyl(dimethyl)sily!|
oxy }-4-({ [tert-butyl(di-methylJsilyl Joxy Jmethyl)
cyclopentanol (13)

Ina2 [ round bottomed flask, wert-butyl[((1S,25)-2-1| tert-
butyl(dimethyl)silylJoxy Jeyclopent-3-en-1 -yl jmethoxy|
dimethylsilane (12) (12.08 g of the crude residue) was areo-
troped with toluene three times, dried uncer vacuum for 30
minutes, and dissolved in anhydrous tetrahydrofuran (402.7

50 mL)underan atmosphere of argon. To the solution was added

catecholborane in tetrahydrofuran (1.00 M, 88.1 ml., 0.0881
mol) dropwise. Argon was then bubbled through for 20 min-
utes to deoxygenale the reaction solution, Tr s(triphenylphos-
phine)rhodium(I) chloride (3.26 g, 0.00352 mol} was then
added, and the reaction was stirred for 18 hours a1 room
temperature under argon. To the reaction was added 1.00 M of
sodium hydroxide in water (528.8 ml.. 0.5283 mol), followed
by careful addition of hydrogen peroxide solution (35 wt % in
water, 30.79 ml, 0.3525 mol), and the mixtura was stirred for

) 4 hours at room temperature, Reaction was quenched via

addition of saturated Na, 8,0, (500 mL), tae layers were
separated, and the aqueous layer was extracted with [10OAc
(2x300 mL). The combined organic portions were washed
with brine, dried over Na,SO,, filtered. and concentrated in
vacuo. The brown oil was purified by column chromatogra-
phy (eluent 0% 1o 20% ether in hexanes) to afford (1R,35,
48)-3-{[tert-butyl(dimethyl)silyToxy } -4-({ [ tert-butyl{di-

(l



US 5,809,356 B2

41

methyl'silylJoxy} nethyl)eyclopentanol (7.78 g, 2 steps
yield=€*%). 'E NMR (400 MKz, CDCl;) 8 4.50 (d, J=4.3,
1H),4.24 (1d, J=2 7, 4.8, 1H),3.71 (dd, J=7.0, 10.0, 1H),3.53
(dd, J=7.0, 10.0, 1H), 2.32-2.20 (m, 1H), 2.04 (ddd, J=2.6.
6.7, 13.3, 1H), 1.85 (ddd, J=7.1, 193, 13.5, 1H), 1.75 (dt
J=4.8, 13.9, 1H). 1.63 (ddd, J=2.1, 7.9, 13.5, 1E), 1.55 (s.
1H), 088 (s, 981, 0.86 (s, 9H), 0.04 (s, 3H), 0.03 (s, 9H).

Stzp 5: 4-{[(1R,3S,4S)-3-{[tert-butyl(dinethyl)silvl]
axy }-4-{ [tert-butyl(dimethyl)silylJoxy } methyl}
cyclepentyl]oxy}-6-chloropyrimidine (1 4)

A Jdame-dried 50 mL round bottom flask with was czarged
with sodium hydride (0.322 g, 0.008 mol) £nd tetrahydrofu-
ran (20 mL, C.3 mol) and the resulting suspension was cool=d
to 0° Z, under an atmosphere of ritrogen. To the suspension
was added dropwise a solution of (1R,38,48)-3-{[tect-butyl
(dimethyl)sily!]oxy }-4-({[tert-butyl(dimetayl)silyl]
oxy! methyljcrclopentanol (23) (1.45 g,0.004 mol) ir. 0.5 mL
TH= at 0° C. The mixture was stirred at 0° C. for 10 minuces,
at which poin: 4,6-dichloropyrinidine (0659 2, 0.004 mol)
was added, and the mixture was allowed to warm ‘o recom
temperature and stirred for 18 hours. The reaction was
quenched wita via addition of sacurated aqueors NH_Cl solu-
tion (25 mL) and transferred to a separatory funmel. The lzyers
were separatzd, and the aqueous layer was extracted with
terz-BuOMe (3x25 mL). The combined organic layers were
wzshed witk brine, dried over anhydrons MgSO,_, filtered,
and concent-ated in vacuo. The resulting oil was purified by
sifica gel chromatography (eluent—0-10% EtOAc in hex-
azes) to affcrd 4-{[(1R,38,48)-3-{[tert-butyl{dimezhyl'silyl]
azy}-4-({[tert-butyl(dimethy! silylJoxy } methyl)evclopen-
ty_Joxy }-6-zhloropyrimidine [1.75 g, 2% yield). LCMS:
(A) ES+ 473; "H NMR (300 MHz, CDCI,) 8 8.5 (d, 1-0.7,
“H), 6.69 (1, 1=0.8, 1H), 5.61-5.49 (m, 1H). 436 [dd, J=4.6,
¢ 8,1H).3.73 (dd, J=7.0, 10.0, 1H), 3.57 (dd, J=6 7, 9.3, 1H),
2.36-2.13 'm, 2H), 2.10-1.73 (m, 3H), 0.8¢ (s, 9H), 0.88 (5,
9H), 0.08-0.00 (m, 12H).

Step 6: {(18,28.4R)-2- [tert-but¥l(dimethy )sil /1]
oxy }-4-[(6-caloropyrimidia-4-¥1)ox¥]
cyclopentyl} methancl (15)

In a 2 L round-bottomed flask, 4-{[(1R,3S,4S)-3-{[tert-
butyl(dimethyl)silyl]-oxy }4-({[tert-butyl(dimethyljsilyl
oxy }methyl)cyclopentyl]oxy }-6-chloropyrimidine (14)
(20.5 g, 0.0433 mol was dissolved in ethanc. (647.2 ml,
11.08 mol), and cooled to an internal temp of -45° Z. To this
was addzd a precooled (-20° C.) solntion of 2% conc. HCl in
EtOH (326 mL, 0.0516 mol, prepered by diluting 6.5 mL
conc. BCl in 319.5 mL ethanol). The reactiom mixture was
warmed to =25° C. (to prevent pressure buildu= upcn capping
the flas<), and then cepped and placed in a freezerat -35° C.
The reaction was left to stand at =35° . for 18 hours. The
reaction was quenched with sod'um carbcaate (13.78 g,
0.130C mol) (~3 equv re’ative to HCI) as a salution in water
(40 mL, 2 mol). The volatiles were removed in vacuo, aad the
reaction mixture was diluted with CH,Cl, (750 mL). The
solids were filtered anc set aside, and the volatiles were
removed from the dltrate in vacno. The resulting aqueous
mixtrre with was diluted with E:OAc (500 mL) and water
(200 mL) and transferred to a separatory fonne!. The layers
were separated, and the aqueous layer was extracted 2x250
mL with EtOAc. The combined organic layers were dried
over Na,SO,, filtered, and concentrated in vacvo. The crude
resicue was purified by column chromatograply (applied to
column with ~50 mL CH,Cl,, 400 g column, 2luen: 0-40%
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EtOAc:hexases ove- 40 min to afford {(18,28,4R)-2-{[tent-
butyl(dimetlzy1)silyl]oxy }-4-[(6-caloropyrimidin-4-yl)ox|
cyclopentyl} metharol (11.2 g, 72%). LCMS: (FA) 28+ 339
‘H NMR (400 MHz, CDCl5) 8 8.56 (app d, J=0.5, 1H), 6.70
{app d, J=0.5, 1H), 5.62-5.54 (m, 1H), 4.56 (dd, ]-5.6, 10.9,
1H), 3.86-3 78 (m, 1H),3.70 (ddd, J=6.0, 7.6, 11.3, 1 H), 2.48
(dd,J=4.6,7.6,1H’,2.42-2.31 (m, 1H), 2.23 (dd4, /=6.3,9.8,
14.2, 1H), 2 15-2.09 (m, 2H), 1.89 (ddd, J=1.9, 8.0, 14.3, .H),
0.91 (s, 9H), 0.12 15, 3H), 0.11 (5, 3H).

Step ™ {(15.,28 4R)-2-{[tert-butyl(dimetryl silyl]
oxy }-4-[(6-{[( 1R.2S)-5~hloro-2-methoxy-2,3-dihy -
dro-1H-inden-1-ylJamino } pyrimidin-4-yljoxy]
cyclopentyl}methanol (16)

To a sclution of {(18,28,4R)-2-{[tert-buty](dimetkyl)si-
IylJoxy}-4-[(6-chloropyrimidin-4-yl)oxy]
cyclopentyl}metnanal (15) (11.2 g, 0.0312 mol) and N,5-
dichloro-2-methoxy-2,3-dihydro-1H-inden-1-armine (9.00 g,
0.0384 mol) in -butanol (99.2 mL, 1.09 mol), in a 350 mL
sealable reactiom vessel, was added triethylami=e (21.7 mL,
0.156 mcl). The vessel was sealed and then hezted w'th stir-
ring to 148° C. in an oil bath for 72 hours. Thz vessel was
cooled te room "emperature and the volatiles were removed ir
vacuo ard Et,C (200 mL) was added to the rasulting “esidue.
The solids we-e homogenized by sonication, filtered, and
rinsed with Et;O (50 mL). To the filtrate was added Celite®
(100 m™.) and the volatiles ware removed in va:zuo. The proc-
uct adsarbed cnto Celite® was added to a ary load cartridge
and pu-ified via column chromatography (400 g column,
eluent 0-80% =tOAc:hexanes over 80 min) to =fford {(1S,23,
4R)-2-[[tert-tuty.(dimethyDsilyloxy}-4-[(6- [[(1R,25)-5-
chlorg-2-methoxy-2,3-dihydro-1H-inden- . -3 ]
aminc ;pyrimidin-4-ylJoxycyclopentyl }methanol (11.5 g,
71%) LCMS: (FA) ES+ 520; '"H NMR (400 tHz, CDCl5) &
8.31 13, 1H), 7.24-7.13 (m, 3H), 5.75 (s, 1H), 5.56 (s, 1),
5.4514t,J=29, £.8,2H),4.57 (dd, J=5.9, 11 2, 1H},4.19 ud,
J=1.7 4.7,1H),3.84-3.77 (m, 1H), 3.75-3.65 {m, 1H), 3.37 (s,
3H),3.10(d.J=16.6, 1H),2.97 (dd,]=4.5,16.7, 1H), 2.58 1dd,
J=4.8, 7.4, 1H), 2.43-2.32 (m, 1H), 2.23-2.06 (m, 3H), ~.90
(dd, .=8.0, 74.2, 1H). 0.91 (s, 9H), 0.11 (5, 3H), 0 10 (s, 3H).

Step &: {(1S,28.4R)-4-[(6-{[(1R,23)-5-chloro-2-
methoxy-2,3-dihydro-1H-inden-1-y1]
amino} pyrimidin-4-yljoxy}-2-
hydroxyeyclopenzyl }methyl sulfamate (1-216)

To a salution of {(18,28,4R)-2-{[tert-butyl(dimetlryl)si-
Iyljoxy }-4-[(€-{[(1R.28)-5-chloro-2-mrethoxy-2,3-dihvdro-
1E-inden- 1-ylJamino } pyrimidin-4-yloxv]
cyzlopentyl}methanol [16) (11.5 g, 0.0221 mol) in N,N-
dimethylacetamide (160 ml, 1.7 mol) was added
chorosulfonamide (6.64 g, 0.0575 mol), anc the reaction
stirred at room temperature for 1 hour. The rezction mixture
was then coaled to 0° C., at which pcin- 12 M. hydrochloric
acid (90 mL, 1.1 mol’ was added dropwise via an addition
finnel over 25 min, keeping the internal reaction temp below
S0P €. Cnee the addition was compleze, the cooling bath was
removed ard the reaction was allowed to warm %o room
temperzture with stirring for 2 hours. The reaction was next
cuenched carefully via slow additor of a suspension of
sodium cardonate (70.30 g, 0.6633 mo’) in water (200.0 mL,
11.10 moli. The resulting suspension was filtered and the
solids were rinsed with EtOAc (3 rinses, total —800 mL). The
solids were set aside, and the filtmte was transferred to a
separa:ory funnel and the layers were separated. The aqueous
layer was extracted 3xE1OAc (total E1DA¢—2000 mL), and
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the combined organic layers were dried over Na 80, fil-
tered, and concentrated in vacuo. The crude residue was puni-
fied via column chromatography (applied with CH,Cl,, 400 g
column, eluent 0-109 MeOH:CH,C1, over 80 min then 10%
MeOlT: CHLCI, for 20 min) 1o afford {(18,25,4R)-4-[(6-{
[(1R.28)-5-chloro-2-methoxy-2,3-dihydro-1H-inden-1-yl]
amino | pyrimidin-4-yljoxy|]-2-hydroxyeyclopentyl Jmethyl
sulfamate (103 g, 96%). [.CMS: (FA) IS+ 485: '"H NMR
(400 MHz. MeOD) 0 8.16 (s, 1H), 7.25 (s, 1H), 7.22-7.13 (m,
2L 598 (s, 1), 5.52 (d. 1 =328, 111), 5.34 (s, 111).4.43-4.35
(. 1H), 4.32 (dd. 1=7.5, 9.8, 1H), 4.22 (1d, J=2.5, 5.0, 1H),
4,16 (dd. 1-7.3, 9.8, 1111, 3.34 (s. 4H), 3.10 (dd, J=2.1, 16.6,
THL3.02 (dd, =4 8. 16.6. LH), 2.58-2.46 (m, 11). 2.28 (ddd.
] 22,69, 148, 111). 2.12-1.90 (m, 4H).

Step 9: {(18.28,4R )-4-| (6-{[(1R,28)-5-chloro-2-
methoxy-2.3-diliydro- 1 H-nden-1-y1]
amino }pynmidin-4-yljoxy]-2-
hydroxycyclopentyl Jmethyl sulfamate HCI salt
(1-216 HCl Form 1)

{(15.28.4R)-4-{6-{[(1R,28)-5~<hloro-2-methoxy-2,3-di-
hydro-111-inden-1-yljJamino } pyrimidin-4-yloxy]-2-
hydroxyeyclopentyl }methyl  sulfamate (1-216) (24.1 g,
0.0497 mol) was placed in a 500-ml rbf equipped with a
stirbar. Acetonitrile (500 ml,) was added with stirring. The
mixture was sonicated for one minute and then was stirred at
room temperature under an atmosphere of nitrogen for 1 hour
to ensure that the solid was fully dispersed. Aqueous hydro-
chlone acid (6.0M. 9.15 ml, 0.0549 mol) was added in a slow
the solution became looser but total solution did not
oceur. The mixure was seeded with a few crystals of previ-
ously prepared 1-216 HCL salt (prepared, as described in
I'xample 3 below) and the mixture was sonicated for 1 minute
then was strred at room temperature under an atmosphere of
nitrogen for 2 hours; the mixture became quite thick during
1his tine as white solid precipitated from solution. The stirred
mixture was diluted with diethyl ether (500 ml.) and then
stared in g relngerator overnight, The precipitale was col-
lected on a fritted glass funnel, washed with ether, then dried
m vacuo overnight at 40° C. w leave the title compound as a
Nuffy white erystalline powder, 2437 g (94% yield). 'H
NMR (400 MHz, DMSO) 8 8.44 (s, 1 11), 8.38 (s, 2 H), 7.43
(5. 2H}, 736 (s, 1H), 7.23 (dd. J=-20.1, 8.1 Hz, 3H), 6.22 (s,
TH ). 5.68 (s, 1H), 5.26 (s. 111). 4.31-4.12 (m, 4H), 4.09-3.92
(m, 1H). 3.05 (s, 3H), 236 (dt. J- 18.8, 7.6 Hz, 1H), 2.21 (dd,
J=14.0.6.5 He, 1H), 2.05-1.93 (m, 211). 1.89 (dd, J=13.3,8.3
Hz, TH) LOMS: formic acid, [M+H"|=485.3. Chiral HPLC
(Chiralee! OF 4.6%250 column eluted with 60/40/0.1% hex-
ane/LIOHDEA @ 0.75 ml/min-60 min run) indicated prod-
uct was 99 7% ee, HPLC analysis indicated that the product
wis 99 2% pure. XRPD data for 1-216 HCI Form [ produced
wthis Fxample 2 1s shownin IF1G, 7, 'eaks identified in FIG.
7 include those listed in Table 3.

slredm

TABLL S
Angle [ntensity
2-Theta %
4759 56.2
TR07 Bl.1
G9.ih 27.8
T0,UES 42.6
13512 246
12748 78.7
14,852 7149
15,4848 9.9
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TABLE 5-continued
Ange Tntensiy
2-Theta ® %
16166 BR.4
17.151 26.3
17484 3RS
1813 249
18:25% 233
1RSLY 426
19435 ity
19,72y RS
20,294 e
21581 7.3
22065 (§E15]
23391 BL
22.662 a0.9
22,993 65.3
23.323 375
23,796 45.6
24 289 817
250086 63.3
25.927 438
26.678 527
26.961 47.1
27069 50,1
28.185 26
28.63 2nb
29277 29.6

DSC data for [-216 HCl Form 1 produced in this I'xample
2 is shown in FIG. 8, and TGA daa for [-216 HCI Form |
produced in this Example 2 is shown in Z1G, 9.

Example 3

Synthesis of {(18.28.4R)-4-[(6-{[(1R,28)-5-chloro-
2-methoxy-2 3-dihydro-1H-indzn-1-yl|
amino }pyrimidin-4-yljoxy -2-
hydroxycyclopentyl pmethyl sulfamate hvdrochloride
salt (1-216 HC)

1(18,25.4R)-4-[(6-{| (1R.2S)-5-chloro-2-methoxy-2,3-di-
hydro-1H-inden-1-ylJamino} pyrimidin-4-yljoxy|-2-
hydroxycyclopentyl}methyl  sulfamate 1-216 (4.44 g,
0.00916 mal) was placed in a 250-m] round bottomed flask
equipped with a stir bar. Acetonitrile (2.5 ml.) was added
with stirring. The mixture was stirred and sonicated for sev-
eral minutes (the solids did not fully dissolve), The flask was
immersed in an ice bath and then, with stirfing, aqueous
hydrochloric acid (6.0M, 1.69 mL., 0.010] mol)was added in
a slow stream during which time the solids partially dis-
solved. The ice bath was removed and the reaction mixture
was stirred at room temperature under an atmosphere ol nitro-
gen for 2 hours during which time a dense white precipitate
tormed. Diethyl ether (82.5 mL) was added w th stirring and
the resulting mixture was stored in a refrigerctor overnight.
The precipitated produet was collected on a frtted Tunnel,
washed with cold ether, then dried for 24 hours £ 142° C. under
high vacuum to afford the title compound as a Auffy white
powder, 3.84 p (80% yield). LCMS: formic acid, [M+H+]
=485.2, 1H NMR (400 MIiz, MeOD) 8 8,42 (s, 1H), 7.30 (s,
1H), 7.27-7.18 (m, 2H), 6.26 (s, 110), 5.78 (s, 111}, 5.30 (s.
1), 4.46-4.38 (td, J-5.2, 2.0 Hy, 1H). 4.39-4 25 (m, 211).
4.23-4.13 (dd, J=9.9, 7.4 Hz, 1H), 3.37 (s, 3H), 3.18-3.04 (m,
2H), 2.62-2.47 (m, 1), 2.42-2.31 (ddd. J-15.0, 6.9, 2.0 Hz,
1), 2.24-2.14 (du J=15.0, 4.6 11z, 111), 2.14-2.02 (dd,
J-10.3, 5.9 Hy, 2H).

/K
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Example 4

Synthesis of (1R,28)-5-chlor-2-methoxy-2,3-diny-
dro-1--inden-1-am:ne Lydrochlo-ide 120)

Step 1: 5-chloro-2-methoxy-2,3-dihycro-1H-incen-
l-one (_8)

A 22 L multi-neck reactor equipped with a ten-perature
probe, a mtrogen inlet, a coodng bath and an overhead
mechanical stirrer was charged with methanol (2400 mL” and
cooled to -20° C. Sulfuric ac d (384 mL, 7.22 mol) was
charged via 2n addition funnel over 1 hour. The ter-perature
was maintained at about -25° C. and peaked at -18° C. for ~5
minutes. “rimethyl orthoformate (906 mL, 8.3 -0l was
added ove- 10 minutes fcllowed by 5-:hloro-2,3-dihydro-
1H-inden-1-one (17) (60C.00 g, 3.61 mol) as a solid The
internal temperature slightly increased by 2° C. Koser's
reagent (1553 g, 3.97 mol) was dissolved in methanol 2400
mL) over 20 minutes which was added %o the reaczion vessel
over 1 hourand 15 minutes. The addition was exothenric and
the internal temperature was maintainad a- abo:t =20° C.
Upon cempletion of addition, the dark red solutiem was
stirred at =20° C. for 1 hour, at which point HPLC analysis
indicated complete conversion to the dasired product Water
(7200 mL) was added in sma’l portions. After the add.tion of
a small amount of water (=50 mL), the product suddenly
precipitated. The agitation became slow and difficult. The
mixture was stirred at 0~10" C. for 1 hou- and was filtered
through a 3000 mL coarse fritted funnel. The fitration was
complete in 2 hours and the cake was nnsed witk watzr (7200
mL) until the pH of the filtrate reached about 5. The wet cake
was added back to the reactor and heptane (3000 mL) was
added. The mixture was stir-ed at =207 C. jor 1 hanc filtered.
The cexe was rinsed with heptanes (1200 mL) ard condi-
tioned for 30 minutes. The wet cake was dried urder high
vacuura for 3 days to compietely rerrove aeptane and reduce
the waler content to <2%. The materal had paritics of 99%
(AUC by HPLC) and 93 wt % by wt % assay (622.88 g, 88%).
'H NMR (300 MHz, CDCI3, §): 7.€9 (m, 1H. 7.43 (s, 1H),
7.38 im, 1H), 4.18 (m, 1H), 3.63 (s, 3H), 3.47 (i, 1H) and
2.99 ‘m, 1H).

Step 2: (R,E)-N—((S)}-5-chloro-2-methoxy-2,3-dihy-
dro-1H-inden-1-ylidene)-2-methylp-opare-2-:ulfina-
mide (197

A 22 L multi-neck reactor equipped with a condenser, a
nitregzn inlet, a heating mantle and an overhzad mechanical
stirrer was charged wita S-chlors-2-methcxy-z,3-dihydro-
1H-inden-1-one (18) (622.88 g, 3.17 mol) ard (R)-tert-butyl-
sulfinamide (460.7 g, 3 8 mol). TetrahydroTurar (3100 mL)
was &dded to the mixture and the temperature d-opped to 9°
C. Ti,OEt), (985 mL, 4.76 mol) was edded over 10 minutes.
The mixture was heated to 68° C, anc all s2lids dissolved at
about 35° C. After 3 honrs, the reaction achueved a 50% yield
as determined by EPL.C wt % assay. The reaction was stirred
at 5&° C. for an additional 5 hours uniil the undesired diaste-
reorer decomposed to less than 3% (AUC™ The reaction was
coo’ed to ambient temperature over 2 hours anc stirred for 16
hours, HPLC ana’ysis indicatec no obvious change in reac-
tior. profile during this period. This crude reaction mixture
was taken in to the next step without further purification.

Step 3 and 4: (1R.2S)-5-ch oro-2-me-noxy-2,3-dihy-
dro-1H-inden-1-amin= hydrochioride (20)

A 22 L multi-neck reactor equipped w h a aitrogen inlet, a
ceoling bath and an vverhead mechanical stirrer was charged
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with crude (R,E)-N—((S)-5-chloro-2-methoxy-2.3-dihydro-
1H-inden-1-ylidene)-2-methylpropane-2-sulfinamide  (21)
[approximately <75 g, approx:mately 1.58 mol] in tezrahy-
drofuran (3000 mL). Methanol (Y300 m1.) was acded in small
portions. No obvious temperature change was observed. The
mixture was coaled to -24° C. using an acetoae.dry ice bath.
A 2 L, three-neck round bottom flask was charged with trig-
lyme (528 mL) and cooled to 9° C. NaBl, (6J.2 g, 1.58 mol)
was added in small portions. The tempersture slightly
increased by 1° C. The mixture was warmed to ambien!
temperature and stirred for 2 Fours until all sclics dissolved tc
afford a slightly cloudy solution. The NaBi, solution was
charged to the 22 L reactor over 50 minutes at -24° C. The
exotherm was controlled by the addition rate. No obvious
off-gassing wes observed. Upon completion ¢ addizion, the
mixture was s:rred at =24° C. for an addizional 2 hours, at
which point H?LC analysis mdicated a complere reaction ard
a92% ar. The mixture was warmed up to ambient temperatu-e
over 3 hours aad stirred for 16 hours. The reacion was cooled
again to ~7° Z. and water [950 ml.) was added in portioas
resulting ina 3° C. increase of the internal tenmrperature. Cel te
(475 g) was added and the rmixture was stirred for 1 hour. The
mixture was then filtered through a large bench-top Glter (id.:
19 in) and the filter cake was rinsed with methanol (4000 m.L.).
HPLC analysis of the last portion of fiitrate incicated no
significant amount of product. The combined filtrates were
concentrated under reducad pressure to a wolume of ~6 L.
Isopropyl acetate (950 m”.) was added ana the layers were
allowed to separate. The agueous layer was extracted with
isopropyl acetate (900 m_) and the comrbi~ed orzanic layer
was washec with saturated brine (2000 mid.). 'T'he solution was
then dried over sodium sulfate and concentated to about 2 L.
The mixtre was then azeotropically dstilled with tetrahy-
drofuran (2000 mLx2). Karl-Fisher analys® indicated a water
con'ent of ~0.2%,

A 22 L multi-neck reaztor equipped wit a nitrogen inlet, a
coaling beth and an overhead mechanical stirrer was charged
witn cruce sulfonyl intermediate (approximetely 475 g,
approximately 1.58 mol) and 2-methyl-tet-ahydrofuran
(9200 mL). The solution was cooled to -20° C. ard 4M
hydrochleric acid in dioxane (800 mlL., 3.16 mol) was added
ovar 40 minutes. An 2xotherm was nc. obvious. Product
prcipitaced out towarc the end of the acdition. The mixture
was stirred at =20° C. for an additional 1 hour, at which point
HPLC analysis indicated complete convarsior. The mixture
was filtered through a large Biichner unnel (id.: 11 m). The
filtratior. took over 2 "ours. The filter cake was rinsad with
azetone (1000 mL) and conditioned for 1 hour. The solid was
then transferred back to the reactor and acetone (3500 mL)
was added. The mixture was stirred at ambicnt temperature
for 16 Lours and then filtered. The filter cake was rinsed with
acetone (500 mL) and then dried under vacuum for 16 hours.
Approzimately 293 g of product was afforded as an off-white
solid. HPLC analysis indicated 96% purity and 96% ee. A 22
L, muRi-neck reactor equipped with a condenser, a nitrogen
inlet, # heating mantle and an overhead mechanical stirrer was
charged with (1R,28)-5-chloro-2-rethoxy-2,3-dilrydro-1H-
inden-1-amine hydmchloride (20) 290 g, 1.24 mol” and etha-
nol (200 mL). The mixture was stirred for 1 hour and a
slighdy cloudy solution was affordeZ. The mixtu-e was fil-
tered through a fine fritted funnel amd the clear filtrate was
charged back to the reactor. The solution wes heated 10 55° C.
and stirred for 3) minutes. 2-methoxy-2-methylpropane
(5200 mL) was adced over 1.5 hours and the temparature was

5 mairtained at 55° C. during the addition. Solid precipitated

towzrd the end of the addition. The resulting white suspension
was stirred al 55° Z. for 1 hour and slowly coolec to ambient
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lemperature over 2 hours The mixture was stirred at ambient
temperature for 2 days and then filtered through a large Biich-
ner funnel (i.d.: 110}, The filter cake was rninsed with M'TBL
(1000 mL ) and dried under vacuum for 16 hours. The product
was afforded as a white solid (184.4 g, 50%, =99% AUC,
=0405 ee), I NMR (300 MHz, CD30D, 8): 7.50 (m, 1H),
737 (m, 2H), 4.78 {m, 1H). 4.40 (m, 1H), 3.51 (s, 3H) and

3.19 (m. 1H).
Exumple 3

Synthests ol ((185,25.4R)-4-(6-((1R,28)-5-chloro-2-

methoxy-2,3-dihvdro-1H-inden- 1 -y lamino )pyrimi-

din-d-vloxy )-2-hydroxyeyelopentyl)methyl sulfa-
mate hydrochlonde Form [ (1-216 HCI Form I)

Step 15 ((1R 48)-4-(benzyloxy )-3-(benzyloxymethyl)
cvelopent-2-enyloxv)trimethylsilane (22)

[o o solution of dipropylamine (212 ml., 1.55 mol) in
2-methoxy-2-methylpropane (2000 mL) at =15° C. under a
blanket of mtrogen. 2.50 M of n-butyllithium in hexane (567
ml., 142 mel) was added slowly over 10 minutes, maintain-
g a temperature of less than -10° C. The resulting white
suspension was stirred for 30 minutes a1 -15° C. To this
suspension was added (185.2R.38.5R )-3-(benzyloxy)-2-(ben-
zvloxvinethyl)-6-oxabicyclo[5.1 Olhexane (21) (400,00 g,
1.29 mol) slowly as a solution in methy! tert-butyl ether (1200

ml. ) over 30 minutes, maintaining an internal temperature of
less than —10° C. The reaction mixture was stirred for 30 30

minutes at =15% C. TLC analysis indicated no remaining
starting material (20% ethyl accetate'heptane). Chlorotrimeth-
ylsilune (204 mL. 1.61 mol) was added while maintaining a
temperature of less than =10% . The mixture was allowed to

warm o 07 €. and stirred for 30 minutes, TLC analysis -

indicated that no aleohol intermediate (20% ethyl acetate/
heptane). The reaction mixture was quenched with the slow
addivon of water (4 1) while maintaining an internal tem-
perature of' less than 8% €. The aqueous layver was separated
and the organic laverwas extracted 3 times with water (3=4 L)
and ence with saturated sodium chlonde i water (4 L). The
organic laver was concentrated under reduced pressure to
give an orange oil (480 g, 97.4%) which was used without
further puritication. "I NMR (300 MHz, CD30D, 8): 7.18
(m. JOH ) 565 (s, 11),4.55 (1, 1H), 4.30 (m, 5H), 4.02 (s, 2H),
258 (m, 1H), 1.47 {m, 111) and 0.00 (s, 9H).

Step 20 (18,385,485 )-3-(benzyloxy)-4-(benzyloxym-
ethyl jeyclopentanol (23)

To i solution of ({1R.48)-4-(benzyloxy)-3-(henzyloxym-
cthvljeyelopent-2-enyloxy firimethylsilane (22) (478.00 g,
1.2494 mol}in tetrahydrofuran (9.6 1), Pd. 5 w1 % on barium
sullate (2659 g, 0.1249 mol) was added and the mixture was
stirred under 100 psi ol hydrogen at ambient temperature for
18 hours, stirring at 200 rpm. 1TPL.C analysis after 18 hours
indicated consumption of starting material. The reaction mix-
ture was filtered through a medium frit funnel and the bed was
washed with tetrahydrofuran (2000 ml.). The filtrate was
concentrated. yielding a vellow oil. The resulting oil was
taken up in ethyl acetate (2000 mL ) w which 2.0 M of hydro-
chlorie acid i water (2000 mL) was added, and the biphasic
mixture was stirred for 1 hour. The organic layer was sepa-
rated and extracted once with saturated sodium bicarbonate in
water (2000 ml.), twice with 2.0 M of sodium hydroxide in
water { 2000 ml.) and finally with saturated sodium chloride in
water (2000 mL). The organic luyer was concentrated to give
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a brown oil (344 g, 88%) which was used without further
purification. 'H NMR (300 Mliz, CD30OD, 8): 7.18 (m, 10H),
438 (m, 4H), 4.12 (m. 1), 3.85 (. 111). 3.68 (m, 1L1), 3.4
(m, 1H), 2.00 (m, 311), 1.75 (m, 1) and 1.42 (m, 1H).

Step 3: (IR,38,45)-3-(benzyloxy )-4-(benzyloxym-
ethyljeyelopentanol (24)

To a selution of (18,38.45)-3-(benzyloxy)-4-(benzy-

o loxymethyljeyelopemanal (23) (340.00 g, 1088.3 mmol) in

methylene chloride (3400 ml.) and tricthylamine (45508
mL, 3265.0 mmol) at 0° C.. was added methanesulfonyl

chloride (92.661 mL. 1197.2 mmol) slowly undera blanket of

nitrogen, maintaining a temperature of less than 10° C. The
reaction was allowed to warm to ambient temperature and

stirred for | hour. HPLC indicated complete consumption of

starting material. The reaction mixture was cooled to 07 C,
and quenched with water (1700 ml.) maintaining a tempera-
twre of less than 10° €. The arganics were separated and

i extracted twice with water (1700 ml ) and twice with satu-

rated sodium bicarbonate in water (1700 mL). Sodium sulfate
(50 g) was added and the mixture stirred for 10 minutes. The
slurry was filtered and the filtrate concentrated to give a
brown oil. The oil was 1aken up in tetrahydrofuran (3400 m)

5 to which tetrabutylammonium acetate (656.28 g, 2176.7

mmol) was added and the mixture was stirred at ambient
temperature for 20 hours. HPLC analysis indicated complete
consumption of starting matenal. The reaction mixture was
concentrated to ~2 volumes (700 ml.), and ethyl acetate
(3400 ml.) was added and mixture was extracted three times
with water (1700 mL) and unce with saturated sodium chlo-
ride in water (1700 mL), The organics were concentrated and
the resulting residue was eluted through a plug of silica gel (1
kg) with 0-20% cthyl acctate/hexane [ethyl acetate (4
L)+hexane (16 L)]. The desired fractions were combined and
concentrated to give a brown residue. To the resulting residue,

methanol (4000 mlL) was added followed by a mixture of

sodium hydroxide (130.59 g, 3265.0 mmol} in water {2000
mL), and the reaction mixiure was stired al ambient tempera-
ture for 1 hour. HPLC analysis indicated complete consump-
tion of starting material. The majonty of the methanol in the
reaction mixture was concentrated and water (1700 mlL) was
added. The mixture was extracted three times with cthyl
acetate (3x1700 mL). The combined organics were washed
with saturated sodium chloride in water (1700 mL) and dried
over sadium sulfate (50 g). The resulting slurry was filiered
and concentrated to give a light brown oil (238 g, 70%). 'H
NMR (300 Mz, CD30D, 8): 7.28 (m, 10H), 4.50 (m, 3H),
4.38 (m, 2H), 4.12 (1, 1H), 3.70 (m, 111), 3.45 (m, 111), 2.52
(m, 1), 2.11 (m, 11T) and 1.75 (m, 311),

Step 41 4-((1R,38,45 )-3-(benzyloxy )-4-(benzy-
loxymethyl)eyelopentyloxy)-6-chloropyrimidine
(25)

At 0° C., under a blanket of nitrogen, 1o a solution of

(1R.35.45)-3-(benzyloxy)-4-(benzyvloxymethyl jeyclopen-

tanol (24) (226.500 g, 725.026 mmol) in tetrahydrofuran
(1150 mL) was added NaH, 60% in mineral oil (86,995 g,
2175.1 mmol) portionwise, maintaining a temperature of less
than 10° C. A solution of 4,6-dichloropyrimidine (118.81 g,
797.53 mmol) in tetrahydrofuran (1150 mL) was then added
over 30 minutes maintaining o temperature of less than 5° C,
The mixture was allowed to warm to ambient temperature and
stirred for 24 hours. HPLC analysis indicated that the reaction
mixture contained 74% starting material. The reaction mix-
ture was quenched with a mixture of water (1150 mL) and

7
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sa-_rated zmmonium chloride in water (_150 ml), mairtain-
inz a tempe-ature of less than 10° C. The tetrahydro-uran
laver was separated and concentrated to ~2 volumes (500
mL). The aqueous layer was extracted twice with ethyl
acatate (1150 mL). The organic layers were combined and
washed twice with water (1150 mL) and once with satirated
soczium chlcride in water (1150 mL). Thz organics were then
concentrated. The residue was taken uo in tetrahydrcfuran
(2500 mL) and cooled to 0° C. under a blarket of nitrogen.
N:zH, 60% in mineral 01l (36.995 g, 2175.1 numol) was added
portionwise maintaining a temperature of Jess than 0° C,
Mixture wss allowed to warr to ambrent remperatu-e and
stirred for 16 hours. HPLC anzalysis indicared reacticn was
complete. The reaction mixture was quenched with a mixture
of water (_150 mL) anc satmrated ammor.ium chloside in
water (1150 mL). The tetrahydrofurar layer was separated
and concertrated to ~2 vclumas (500 mL). The agueous layer
was extracted twice with ethyl acetate (1150 ml). The
crganic lavers were combined and washed twice with water
(2150 mL’ and once with saturated socium chloride i1 water
{1150 ml) The organics were then concentratec to give the
crude intermediate 4-((1R,2S,4S)-3-(benzylox~)-4- benzy-
‘oxymerhvl)cyclopentyloxy)-6-chlorosyrimidine. Thus crude
—sactior. mixture was taken in to the next step wihout further
rurification.

Step 5: (18,28,4R)-2-(6-chloropyrimidin-4-ylox¥)-2-
(hydroxymethyl)cyclopentancl (26)

The crude intermediate 4-((1R,35,453-3-(benzyloxy)-4-
‘benzyloxymethyl)cyclopertyloxy)-€-chloropyrimidine (25)
was taken up in methylene chloride (3000 mL) and the mix-
ture was cooled to 0° C. 1.0 M of Trichloro-borane in meth-
ylene chloride (1087.538 ml., 1087.538 mmcl) was added

slowly maintaining <10° C. The resulting mix ure was :

allowed 1o stir for 1 hour &t 0° C. HPLC analysis indicated
consumption of startirg material. The reaction mizture was
added slowly to saturased sodium bicarbenate n weter (2300
mL) and the biphasic mixture was allowed to sir for 20
minutes. The methylene chloride layer was separated and the
aquecus extracted twice w-th methy ene chlor'de (2300 mL).
The crganics were combined and conceatrated. The residue
was purified by eluting through a silica gel (1 k) plag with 50
to 1009 ethyl acetateshexane (hexane (6 L)+echyl ecetate (14
L). The desired fractions were combinec and concentrated to
give a red solid (124 g, 70%). '"H NMR 300 MHz, CD30D,
8): 8 58 (s, 1H), 6.91 (s, 1), 5.61 (m, 1), 439 (t. 1H), 3.75
(m, 1H), 3.61 (m, 1H), 2.25 (m, 3H) and 2.00 (m. 2H)

Step 6: (18,25,4R)-4-(6-((1R,2S)-5-chlcro-2-meth-
oxy-2,3-dihydro-1H-inden-1-¥lamino)pyrim din-4-
yloxy)-2-(hydroxymethyl)cyclepentenol (27)

To & 500 ml Parr pressure vesse. was added (1S,25,4R)-4-
(6-chloropyrimidin-4-yloxy)-2-(hvdroxyme:hyl)zyclopen-
tanol 26) (25.00 g, 102 2 mmol) in N-methylpyrrolidinone
(200 mL). To this mixtire was zdded (1R,28)-5-chloro-2-
methoxy-2,3-dihydro-11-inden-1-amine hydrochloride
(31.10 g, 132.8 mmol) followec by N,N-diiscpropylethy-
lamire (88.99 mL, 510.9 mmol). The vessel was then sealed,
pressarised with 30 psi of nitrogen and heated tc 130° C. for
22 hcurs. The pressure increased to 50 psi when the reaction
reacted temperature and held during the course of the reac-
tion. After 22 hours the reaction was cooled to zmbient tem-
pe-ature and the pressure was vented. Mzthylene chloride
(250 mL.) was added to he reaction muxture and this was then
extrecled with saturated sodium bicarbonate 11 water (250
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mL). The organic layer was then extractec four times with
water (250 mL) and once with saturated scdizm chloride in
water (250 ml). The organic layer was then dried over
sodium sulfate (7.5 g), filtered and concentrated. To the black
semisolid oil was edded acetonitrile (250 mL) and the mixture
was stirred fo- 2 hours at anbient temperature. During this
time a beige solid precipitated and was fltzred and dried
under reducec pressure at 40° C. for 16 hcurs. A light bieze
solid was affo-dec (17 g, 41%%). 'H NMR (300 WiHz, CD30D,
8):8.19 (s, 1), 7.25 (s, 111, 7.18 (m, 211), 5.27 (s, 1H), 5.58
(m, 1H), 5.30 (m. 1H), 4.41 (m, 1H), 4.22 (m, 1H). 3.76 (m,
1H), 3 61 (m. 1H), 3.30 (s, 3H), 3 05 (m, 2F), 2.30 (m, 2H)
and 1.97 (m, 3H).

Step 7: ((18,28,4R)-4-16-((1R,28)-5-chl -ro-2-meth-
oxy-2,3-dihvdro-1H-inden- 1 -ylaminc)p¥rimicin-4-
yloxy)-2-kydroxycyzlopentyl)methyl sulfamate
(1-216)

(18,28,4R)-4-(6-((1R,23)-5-Chloro-2-me-hoxy-2,3-dihy-
dro-1-1-inden-1-ylamino)pyrimidin-4-yloxy)-2-(hydroxym-
ethyl’cyclopentanol (27) (85.00 g, 209.4 mmol) was dis-
solved in N-methylpyrrolidinone (510 ml.) in a 3 L reactor.
To th's solution was added (4-aza-1-azon akicyclo{2.2.2Joct-
1-ylsalfonyT)(tert-butoxycarbonyl)azanice-1,4-diazabicyclo
[2.2.2]octape (1:1) hydrochloridz (preperec as described in
Example 6) (363 g, 838 mmol) in one porticn follcwed by the
slow addition of acetoniwile (255 mL). The resultant thick
slurry was stirrzd at ambient temperature for 3 hours. Upon
reaction completion, water (595 mL) was added slowly at
amb ent temperature. To the resulting mixmre, ethyl acetate
(1.70 L) was added. Th= orgaric layer was separatec and
washed twice with water [2x595 mL) and omce with saturated
sodium chloride in wate- (595 mL). The combined aqueous
layers were extracted three times with etay acetare (850 mL)
The combined organic leyers were dried over sodium sulfate
(20 g), filtered and concentrated. The residue was taken up in
acetonitrile (680 mL) and the resulting solutior cooled to a
temperatuce of less thar 5° C. 12.0 M Hxdrochloric acid in
water (255 ml., 3060 mmol) was added slowly maintaining an
internal temperature of less than 10° C and “he resulting
mixture was stirred at ambient temp=rerure for 13 hours.
HPLC indicazed no Boc protected intermediate remaining.
Thz react'on mixture was added slowly t- a mixture of satu-
ratzd sodium carbonate in water (850 md.) and water (85C
mL) maintaining <20° C. Ethyl acetate (850 mL) was ther
added. The organic layer was separated and cxtracted twice
with water (850 mL) and once with saturzred sodium caloride
in water (850 mL). The aqueous layers were combired and
extracted twice with cthyl acetate (850 mL). The organics
were combired and dried over sodium s=1fate (20 g), filterad
ard concentrated. The resulting residuz was dissolved iz
methylene chloride (170 mL) and eluted threugh a plug ¢
silica (1 <g) with4 L of methylene ch'oride, 4 L of methylere
chloride’ethy] acetate (1:1) and finally & L ethy] acetate. The
dzsired fractions were combined anc concentrated to give a
yellow semi-solid (71 g), containing “esidual NMP. 'H NMR
(300 MHz, CD30D, 3): 8.1% (s, 1H’, 7 25 (s. 1H), 7.18 'm,
2H), 5.97 (s, 1H), 5.58 (m, 1H), 5.3% (m, 1H), 4.35 \m, 2H),
4.15 (m, 2H), 3.30 (s. 3H), 3.05 (m, 2H), 2.51 (m, 1H), Z.30
(m, 2H" and 2.00 (m, 2H).

Step 8: Preparation of ((1 8,28,£R-4-(64(1R,25)-5-
chloro-2-methoxy-2,3-dhydro-1 H-4nden-1-ylamino’
pyrimidin-4-ylcxy)-2-hydroxyzy -lopentyl)methyl
sulfamate hydrochloride Form ~ (J-216 HCI Form [)

Ina 3-neck, 3 L reactor, thecrude [-216 from step 7 (142. X0
g. 292 81 mmol wa slurried in isopr-pyl a’cohol (710 ml)
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and the mixture was heated to 60° C, for 20 minutes. 6.0 M
hydrochlone acid in water (97,604 w1, 585.62 mmol) was
then added very slowly and mixture stirred at 60° C. for 10
minutes. Complete dissolution was observed after 10 ml of
the 6M HCl was added. with an exatherm of 7° C. The
reaction mixture was cooled to 50° C. and seeded with pre-
viously prepared 1-216 HC1 Form | (prepared as described in
Example 7 below ) (100 mg). Solids bezan to slowly precipi-
tate and this slurry was allowed to stirat 50° C. for 60 minutes.
Isopropyl acetate (1420 mL) was added slowly over 1 hour
maintaining >45" C. The mixture was allowed to cool 10
ambient temperature and stirred for 2 heurs, cooled 1o <5° C.
and stirred for 2 hours. The solids were filtered and the bed
was gravity washed with acetic acid, l-methylethyl ester (710
ml.). Solids were dried under reduced pressure at 45° C. for
16 hours. yielding white solids (113.5 g, 51% over 2 steps).
"HNMR (300 M1z CD30D, 8); 8.48 (s, 1H), 7.33 (s, 1H),
7.22 (m, 2H), 6,30 (m, 1H). 5.82 (m. 1H}, 5.31 (m, 1H), 4.44
(1 TH) 430 (m. 2HD), 408 (m, TH), 3,35 (5.3H),3.15(m, 2H),
2,55(m, 1H), 238 (m. 1H)and 2.17 (m, 3H). LCMS; R=9.30
mins, BS™ 485 (I'A ). XRPD data for Form | is shown in I'1G.
4. DSC data for Form [ s shown in FIG. 5, and TGA data for
Form 1 is shown in FIG. 6.

Example 6

Synthesis of (4-aza-1-azoniabicyclo{2.2.2]oct-1-
ylsulfonyl)(tert-butoxycarbonyl jazanide-1,4-diazabi-

Chlorosulfonyl isocyanate (45.2 Kg, 319.4 mol) was added
1o wluene (194.2 Kg) and the resulting solution cooled 10
between about 0-6° C. A solution of tert-butyl aleohol (23.6
Kg, 3184 mol) in toluene (48.0 Kg) was then added over a
period of 90 minutes, maintaining a lemperature of between
about 0-6" C, The mixture was then stirred until consumption
of tert-butyl alcohol was complete (approximately 80 min-
utes). A solution of triethylenediamine (DABCO, 71.4 Kg.
636.5 mol) in tluene (293.0 Kg) was then added 1o the

mixture over a pertod of 2.5 hours, maintainiag a temperature 46

of between about 0-6 €. The mixture was then warmed to
20-257 C. and stirred for 8 hours. The so.id product was
isalated by centrifugal filtration under a nitrogen atmosphere
and washed with 1o0luene (180.8 Kg) and then tert-butyl
miethy!l ether (51.0 gallons) and spun unul nc further liquors
were seen 1o be expelled (approximately 6C minutes). The
solids were then lurther dried under vacuum to afford 1329
Ky ol (4-aza-1-azoniabicyclo[2.2.2]oct-1-yIsulfonyl)(tert-
putoxyearbonyl)azanide- 1 4-diazabicyclo|2.2.2 |octane (1:1)
hvdrochloride.

Example 7

Synthesis of seed 1-216 hydrochlonde sali Form 1
used in Example 5

Step L tert-butyl [({(18.28.4R )-4-[(6-{[{IR.28)-5-
chloro-2-methoxy-2 3-dihydro-11-inden-1-y1]
amino }pyrimidin-4-yloxy|-2-
hvdroxyeyelopentyl } methoxy jsulfonyl|ea-bamate

[0 a solution of (4-aza-1-azomabicyelo[2.2.2]oct-1-ylsul-
fonvl)(ten-butoxycarbunylazanide-1.4-diazabicyclo|2.2.2]
octane (1:1) hydrochloride (43 .4 g, 98.6 inmol) in acetonitrile
(30 ml.), in a 500 ml reactor, was added (15.28,4R)-4-(6-
((1R.28)-3-chloro-2-methoxy-2.3-dihydro-111-inden-1-
v]amino )pyrimidin-d-vloxy)-2-(hydroxymethyl) zyclopen-
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tanol (27) (10 g, 24.6 mmo!) in N-methylpyrrolidinone (60
ml.). The resultant thick slurry was stirred at ambient tem-
perature for 3 hours. Upon reaction completion, water (66.6
mL)was added slowly at ambient temperature. To the result-
ing mixture, ethyl acetate (66.7 mL) was added. The aqueous
layer was extract three times with ethyl acetate (3x66,6 mL).
The combined organic layers were washed once with water
(66.7 ml.) and once with saturated sodium chloride in water
(66.7 mL). The combined organic layers were dried over
magnesium sulfate (3 g), filtered and concentrated. This prod-
uet was taken on 1o the next step without further purification.

Step 2: Preparation of (18,28 4R)-4-(6-((1R,28)-5-
chloro-2-methoxy-2.3-dihydro-111-inden-1-ylamino)
pyrimidin-4-yloxy)-2-hyvdroxyevelopentyl)methy!
sulfamate hydrechloride Form 1 (12216 TICL Form [}

The residue from Step 1 (10 g) was taken up in acctonitrile
(81.5 mL) and the resulting solution cooled to a temperature
of less than 5° C. 12.0 M Hydrochloric acid (27.7 mL. 904
mmol) was added slowly maintaining an internal temperature
of less than 10° C. and the resulting mixture was stirred at 0°
C. for 4 hours then warmed to room temperature and stirred

25 for 15 h. HPLC indicated no Boc protected intermediate

remaining. To the reaction mixture was added water (20 ml.,
1110 mmeol) and the temperature was increased tw 60° C.
Once at temperature the reaction was seeded with material
prepared as described in Example 8. The sced held and the
reaction was allowed to cool slowly to room temperature and
stir for 16 h. The reaction was filtered and washed with water
(66 mL) and dried overnight under reduced pressure. This
gave a white solid (5.3 g, ¥.8 mmol) of the product in 60%
yield 'H NMR (300 MHz, CDA30D. 8): 8.19 (s, 1H), 7.25 (s,
1H), 7.18 {m, 2H), 5.97 (s, 1H). 5.58 (m, 111}, 5.35 (m, 1H),
435 (m, 2H), 4.15 (m, 2H). 3.30 (s, 3H), 3.05 (m, 211), 2.51
(m, 1H), 2.30 (m, 2H) and 2.00 (m, 2H).

[ixample &

Synthesis ol seed 1-216 hydrochloride salt Form |
used in Example 7

tert-Butyl [(f(18.28,4R)-4-[(6-{[(1R,28)-5-chloro-2-
methoxy-2,3-dihydro-1H-inden-1-ylJaminoppyrimidin-4-
yljoxy|-2-hydroxycyclopentyl}methoxy ysulfonyl jcarbam-
ate (1 g prepared in a sinular manner to that described in
Example 7, Step 1) was taken up in acetonitrile (8.12 mL) and
the resulting solution cooled to a temperature of less than 5°
C. 12.0 M Hydrachlaric acid (2.7 mL, 89 mmol) was added
slowly maintaining an internal temperature of less than 109 C.
and the resulting mixture was stirred at 0° C. for 4 hours then
warmed to room temperature and stirred for 15 h. HPLC
indicated no Boc protected intermediate remaining. To the
reaction mixture was added s small amount ol water and
sodium bicarbonate o neutralize, but this amount did not
completely neutralize the solution. The reaction mixture was
concentrated at 40° C. and then the solution was cooled to
room temperature and stirred overnight. Further water was

» added and the solution was stirred an hour longer. The reac-

tian was filtered and washed with water and dried overnight
under reduced pressure 1o gave a white solid (0.598 g, 1.15
mmol) of the product in 68% yield 'I1 NMR (300 Mz,
CD30D, &) 8.19 (s, 1I1), 7.25 (s, 1H), 7.18 (m, ZH), 5.97 (s,
IH), 5.58 (m, 1H), 5.35 (m, 1H), 4.35 (m, 2H), 4.15 (m, 2H),
3.30 (s, 3H), 3.05 (m. 2[1), 2.51 (m, 111), 2.30 (m, 211) and
2.00 (m, 2H).
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This white solid (253 mg, 0.479 n:mol) was suspendzd ic
isopropyl alcohol (2.5 mL, 32.6 mmol) aad heated to 6J° C.
8.0 M HCl in water [0 120 mL, 0.959 mmol) was added and
some dissolu-ion occu-red. After 15 minutes, the heating was
removed and the suspension was coaled to room temperature
and stirred cvernight. The solid was fittered and washed with
5% aq. IPA =nd dried overnight uncer reduced pressure. This
afforded the title comaound (0.204 g, 0.591 mmoJ) in 81.6%
yield. '"HNMR (300 IMHz, CD30D, 8): 3.19 (s, 1H), 7.25 (s,
1H), 7.18 (m, 2H), 5.97 (s, 1H), 5.38 (mr, 1H), 5.5 (m, 1H).
4.35 (m, 2H), 4.15 /m, 2H), 3.30 (5, 3H), 3.05 (m, 2H), 2.51
(m, 1H), 230 (m, 2H) and 2.00 (m. ZH".

Example 9

Preparation of (118,28 4R)-4-{6-((1R,28)-5<hloro-
2-metboxy-2,3-dihydro-1H-incen-1-ylamino)pyrimi-
din-£-yloxy)2-hydroxycyclopantyl)methy. sulfa-
mate hydrocaloride Form 11 (I-226 HCI Form II)

1-216 -C1 For 1(0.5 g, prepared as described in Exancple
5 above) was slur-ied in water (10 mL) at ambient tzmpe=-
ture for 1= h. The resulting solids were filtered, washed with
water (2.3 mL) and dried under reducad pressure at ambiznt
temperatire for 15 n. This afforded Form 11 of 1-216 HCl as a
white solid (0.45 g) in 90% yield. 'H NME (300 Mz,
CD,0D, 3): 8.3% (5, 1H), 7.30 (s, 1:1) 7.21 (m, 2H), 6.17 {m,
1H), 5.6% (m, 1E). 5.35 (m, 1H). £.41 (1, 1H), 4.30 (m, Z3),
4.17 (m, 1H), 3.36 (s, 3H), 3.10 {m, 2H), 2.55 (m, 1H), 235
(m, 1H) and 2.13 (m, 3H). LCMS: R,=9.29 mins, BS*=485
(FA). X5.PD daza for Form I1 is shown in FIG. 10.

Example 10
In vivo Tumor Pharmacodynamic Mode:

HCT 116 tumo- cells (2x10%) (ATCC #CCL-247) in 100 pl.
phospkate buffered saline were aseptically injectad inwo the
subcutaneous space in the right dersal flank of female Ner
nude mice (ag= 5-8 weeks, Charles River) using a 26-gaug2
needle. Beginaing on day 7 aiter ‘noculaticn, tumors were
measured twice weekly using a vernier caliper. Tumc- vo.-
umes were cakulated using standard procecures (0.5x
(lengt=xwidth*)). When the nmors reached a voluze of
appro«imately 2-700 mm? mice were randomized into groups
and imjected suscutancously with compourd innibitcr (200
ul.) a- various coses. Tumors were harvested and crusaed in
Covas bags and then transferred 1o glass tubes cndry ice for
sonicztion in the Covaris E200. Mammalien proteir extrac-
tion reagent (MPER) lysis buffer (Pierce, 76501 was supple-
mented with thz following (finz] concentrat ons): 1x frotease
inhit ‘torcocktail set (Calbiochem, 539134}, 5 mM o-phenan-
throfme in dimethyl sulfoxide (DMSO) (Sigma, #P°294 and
Sigma DMSQO #D2650), 10 mMV iodoacesimice (Sismai, 2
mM sodium orthovanadate Sigma, #86503), 25 mM sodum
fluo-ide, and 25 mM B-glycerophosphate Cold lys:s buffer
(300-800 pL) was added to tne tumors just befcre sorication.
The sonication steps were. 10 seconds, % 500 /50, 20
secands, 20% 500 mV50, 20 seconds, 10% 500 mV 0. After
sonication samples were placed on wet ice, poied into
Eppendorfuses and spun a: 14000 rpm for 20 min& 4° C.in
a m_crofuge. Supernatants were transferred to new ~1bes and
prcrein comcentrations were determined using the Pierce
bicinchoninic acid (BCA) reagents and protein < andards.
Tumor lysates were stored a7 —30° C.

For quantitative analysis of aeddylated cullins the proce-
dure was as follows: 20 p2z of tumor lysate wih lithium
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Jodecyl sulfate (ZDS) loading buffer and sample reducing
agent (Invitroger. NP00D7 and NPOC04) wes loaded onio
4-12% bis-tris gels, 1.5 mM, 10 well gels (Invitregen
NP0315Box). Gels were run at 150V ir 2-(N-morpholino)
ethane sulfonic acid (MES) running buffer (Invitrogen
NP0002). Gels were cat at approprate molecular weight
marker and trans-erred to PVDEF-FL (Mi lipore, IPFL0O0010)
using a semi dry rransfer apparatus (Amersham Biosziences,
TET70). After tramsfer, membranes were blocked in Odwssey
blocker (LI-COR Biosciences #927-40000) then ircubated
with primary antibodies in Odyssey blocker+0.1% Tween-20
(Sigma #P79497 overright at 4 degrees. Membranes were
washed three tumes ir tris buffered scline with Twean-2C
(TBST)and thea incubated with Alexa Fluor 680 labeled goa®
anti-rabbit immmunoglcbulin G, heavy and light ckain (IgC
(H+L)) antibocy (Molzcular Probes Cat # A-21109). After !
hour incubatio= with secondary ant.body in the dark. mem-
branes were washed 5 times with TBST and once wth tris
buffered saline [TBS), protected from Iight. Membranes werz
dried for at least one hour and then scanned with the Cidyssey
Infrared Imagmg Systzm (LI-COR Bioscieaces). 12e follow-
ing primary antibody was used: Anti-Nedd-8 (MIL10 clore
52-9-5, developed with Epitomics, dilution of 1:400). Sez-
ondary antibody was used at 1:2000. Quantitation of signzls
on Western blots was performed with the Ddyssex s-frware.

The patent and scientific literatu-e referred to here.a estab-
lishes knowledge thet is available to hosz skilled in the ert.
Unless otherw~ise defined, all tecknical and scienti“c terms
used herein have the same meaning as commonly understood
by those skilled in the art to which the invention belc ags. The
issued patems, applications, and refereaces that zre cited
herein are horeby incorporated by refcrence O ac same
extent as if'each was specifically and individually incicated to
be incorporaied by reference. In “he case of incons’slendes,
the present disclosare, including definitions, is intended 10
control.

While a mumber of embodimen's of the inver-ion have
been deschbed, it is apparen. that the previeed kasic
examples may be altered to convey other embodiments,
which utilize the compounds, methods, ete. of the .nvension.
It will thus Se appreciated that the scope of the inv2ntiom has
been represented herein by way of example and is not
intended to be limited by the spacific embodiments.

What is zlaimed is:

1. A chzmical entity comprising the compound {(1S,28
4R)-4-[(6-{[(1R,28)-5-chloro-2-methoxy-2,3dikrydro- 1 H-
inden-1-ylJaminc }pyrimidin-4-ylioxy]-2-
hydroxycyclopertyl }methyl sulfamate.

2. The chemical entity of claim 1, wherein sz d chemicel
entity is t-e hydrochloride salt or a pharmacentically accept-
able solvate therzof.

3. The chemical entity of ¢ aim 2, wherein s=id chzmical

5 entity is substaniially crystalline Form 1.

4. The chemical entity of claim 2, wherein at beast 0% by
weight is crysta.line Form [.

5. The chemical entity of clair 2, wherein at _east 0% by
weight i crystalline Form 1.

6. The chemical entity of ciaim 2, whereir. at least 0% oy
weight is crystzlline Form 1.

7. The chem’cal entity of claim 2, wherein a: least 95% by
weight s crystalline Form 1.

8. The chemical entity of eny of claims 3-7, wherein Ferm
I is characterized by an x-ray powder difiraction (XRP[Y)
pattern 1aving peaks at 20 anglzs 0£'4.5%, 15,27, 21.3°, 21.8°
and 24.)°.
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9. The chemical entity of ¢laim 8, wherein Form [ is char-
acterized by an XRPD patiern having peaks at 20 angles of
BT R R 2 e o e e R b R i b T S
22.4°,22.7°,24.0% and 24 8",

10, The chemical entity of claim 8, wherein Form [ is
charactenized by an XRPD pattern having peaks at 26 angles
of 459, T5% BO% Q8% 1438 14:4% 1462 1529, 1598,
17.29.19.5°, 20.0°, 21.3°, 21.8°, 22.4°, 22.7°, 24.0°, 24.8°,
25.7° and 26.4%.

11 Iie chemical entity of any of ¢claims 3-7. wherein Form
I is characterized by an x-ray powder diffraction (XRPD)
pattern having a reference peak with a 20 angle of 4.520.3°,
and having peaks at 28 angles of 10.7%, 16.8°,17 3%and 19,5
relative 1o the reference peak.

12 The chemical entity ofany of claims 3-7, wherein Form
[ is characterized by an x-ray powder diffraction (XRPD)
pattern having a reference peak with a 20 angle of 4.520.3°,
and having peaks at 28 angles of 3.0%, 9.9°, 10.1°, 10.7°,
114° 15.0° 16.8°, 17.3°,17.9% 18.2° 19.5" and 20.3° rela-
tive 1o the reference peak.

13 The chemical entity olany ol claims 3-7, wherein Form
I is characterized by an x-ray powder diffraction (XRPD)
pattern having a reference peak with a 20 angle ot 4.5+0.37,
and having peaks at 20 angles o1 3.0°, 4.4°, 53° 8.8°, 9.9°,

M

56
1619, 107 114 13 7% 15.0%,15.5% 16:8%, 17.3%, [F.90,
18.2%, 19.5%, 20.3%, 21.2° and 21.9° relative to the reference
peuk,

14. The chemical entity ofany of'claims 3-7, whercin Form
1is characterized by an XRPD pattern substantially as shown
in FIG. 4.

15. The chemical entity ol any ofclaims 3-7, wherein l'orm
1is characterized by differential scanning calorimetry (DSC)
thermogram characterized by an endotherm with a peak at

about 135.7° C. with an onset at about 129.6° C.

16. The chemical entity of any of claims 3-7, wherein Form
[ is characterized by o DSC thermogram substantially as
shown in FIG. 5.

17. The chemical entity ofany of claims 3-7, wherein Form
I 18 characterized by a thermogravimetric analysis (TGA)
thermogram characterized by weight loss of about 3.7% from
about 100° C. 10 about 150° C,

18. The chemical entity olany of claims 3-7, wherein Form
I 18 characterized by o TGA thermogram substantially as
shown in IIG. 6.

19. A composition comprising, the chemical entity ofclaim
1.and a pharmaceutically acceptable carrier.

20. The composition of claim 19 suitable for aral admin-
1stration.

7/



