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FIGURE 1

Struclure NMR; LCMS
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2.16-2.13 (m, 11D, 1.79-1.70 (m. 2TD).;
T, LCMS: 4011
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LCMS: 401.1

(57) Abstract: This invention relates to inhibitors of NTRK that
are active against wild-type NTRK and its resistant mutants.
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COMPOUNDS AND COMPOSITIONS USEFUL FOR TREATING DISORDERS
RELATED TO NTRK

CLAIM OF PRIORITY
This application claims priority from U.S.S.N. 62/210.264 filed August 26, 2015, which is

incorporated herein by reference in its entirety.

BACKGROUND

Neurotrophic Tyrosine Receptor Kinase (NTRK) 1, 2 and 3 are receptor tyrosine kinases
(RTKs) that activate multiple dowustream pathways jnvolved in cell proliferation and survival.
Various genetic fusions, arising from aberrant chromosomal translocations of the genes coding for
these RTKs, are implicated 1o the etiology of multiple cancers including high and low grade ghoma,
cholangiocarcinoma, papillary thyroid carcinoma, colon cancer and non-small cell lung cancer. A
genomics analysis on the landscape of kinase fusions identified NTRK fusions in a wide array of
additional cancer types including head and neck squamous cell carcinoma, pancreatic
adenocarcinoma, sarcoma and melanoma, thereby providing further therapeutic rationale for
deploying inhibitors of these kinases to treat multiple oncologic indications.

'The identification of NTRK fusions as the underlying cause of certain cancers prompted the
discovery and clinical development of several NTRK kinase inhibitors to treat tumors that harbor an
NTRK fusion protein. Early clinical data support the viability of this approach in providing benefit
to patients with specific human malignancies. Ultimately however, despite clear signs of clinical
activity, most patients’ cancers will become resistant to kinase inhibitor therapy leading to relapse
and progression of the disease. Kinase reactivation via an intrinsic mutation is a {requent
mechanisim of resistance. When resistance occurs, the patient’s treatinent options are often very
limited. There is thus a need for compounds that inhibit NTRK, as well as its resistant mutants.

SUMMARY OF THE INVENTION
'The invention features compounds and pharmaceutical compositions comprising compounds

of Formula (1) or pharmaceutically acceptable salis thereof, wherein:
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Formula (I)

Rings A and B are each independently selected from aryl, heteroarvl, cycloatkyl and
heterocyclyl;

cach L' and L is independently selected from a bond, -C(O)-, —N(Rl)—, -N(RI)—C(O)-, -
CO}N(R Y-, «(C-Ce alkylene)-N(R-, -N(R")-(C,-Cs alkylene)-, -N(RH-C(0)-(C;-Cs alkylene)-.
and “C(Q)“N(R,l)“<C1—C6 alkylene)-; wherein each alkylene, is independently substituted with 0-5
occurrences of R’

cach R® and R¥ is independently selected from hydroxyl, C-Cq alkyl, Cr-Cp alkenyl, Cr-Cy
abkiynyl, C1-Cg alkoxyl, halo, C1-Cg heteroalkyl, C1-Cp haloalkyl, C1-Cq haloalkoxyl, C-Cs
hydroxyalkyl, cycloalkyl, aryl. heteroaryl, arvloxy, aralkyl, heterocycelyl, heterocyclylalkyl, nitro,
eyano, -CIOR', -OCINRY, -CIOYOR', (C,-Co alkylene)-COHR', -SSR, -S(OLR’, -S(0),-
N(RHRY), -(C-Cg alkylene)-S(O1R ", -(C-Cs alkylene)-S(0),-NRHERY -NERHYRY, -C0)-
NERHYRY, -NRHY-COIRL -NRH-COOR, -(C-Cq alkylene)-NRH-CIOR', -NRHS(ORR', and
-P{ G)(Rl){Rj); wherein each of alkyl, alkenyl, alkynyl, alkoxyl, heteroalkyl, haloalkyl, haloalkoxyl,
hydroxyalkyl, cycloalkyl, aryl, heteroaryl, arvioxy, aralkyl, heterocyclyl, and heterocyclylalkyl is
independently substituted with 0-5 occurrences of R or 2 % or 2 R® together with the carbon
atom(s) to which they are attached form a cycloalkyl or heterocyclyl ring independently substituted
with (-5 occurrences of R

cachR'is independently selected from hydrogen, hydroxyl, halo, thiol, C;-Cy allyl, C-Cy
thioalkyl, C-Cg alkoxyl, C-Cg haloalkyl, C-Cy hydroxyalkyl, C-Cg heteroalkyl, cycloalkyl,
cycloalkylalkyl, heteroarylalkyl, heterocyclyl, and heterocyclylalkyl, wherein each of alkyl,
thioalkyl, alkoxyl, haloalkyl, hydroxyalkyl, heteroalkyl, cycloalkyl, cycloalkylalkyl, heteroarylalkyl,
heterocyclyl, and heterocyclylalkyl is independently substituted with (-5 occurrences of R" or2R!
together with the atomd(s) to which they are attached form a cycloalkyl or heterocyclyl ring
independently substituted with 0-5 occurrences of R";

cach R* and R s independently selected from C-Cg alkyl, halo, hydroxyl, Ci-Cs haloalkyl,
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C1-Cs heteroalkyl, C1-Cs hydroxyalkyl, Ci-C¢ alkoxyl, cycloalkyl, heterocyclyl, and cyano, wherein
each of alkyl, haloalkyl, heteroalkyl, hydroxyalkyl, alkoxyl, cycloalkyl and heterocyclyl is
independently substituted with 0-5 occurrences of R’;

each R’ is independently selected from C;-Cg alkyl, C-Cs heteroalkyl, halo, hydroxyl, Ci-Ce
haloalkyl, C-C¢ hydroxyalkyl, cycloalkyl and cyano; or 2 R together with the atom(s) to which
they are attached form a cycloalkyl or heterocyclyl ring;

pis0,1,2,3,4,0r5; and

qis0,1,2,3,or4.

Any of the compounds disclosed herein may be used, alone or in combination with another

therapeutic agent, to treat any of the diseases disclosed herein.

In a first aspect of the disclosure, there is provided a compound of Formula (I):

ICaL
(RB)q \ L2 L1
N Tl \/)N

N
H N (1), or a pharmaceutically acceptable salt thereof, wherein:

Rings A is selected from aryl, heteroaryl, cycloalkyl, cycloalkenyl, and heterocyclyl;

Ring B is selected from aryl, heteroaryl, cycloalkyl, and heterocyclyl;

L! is selected from -C(O)-, -N(R)-, -N(R)-C(0)-*, -C(O)-N(R')-%, -(C1-Cs
alkylene)-N(RY)-F, -N(R")-(C;-Cs alkylene)-1, -N(R)-C(0)-(Ci-Cs alkylene)-, and -C(O)-
N(R)-(Ci-Cg alkylene)-1; wherein “$” represents a portion of L' bound to ring A and each alkylene
portion of L'; is independently substituted with 0-5 occurrences of R’;

L? is selected from -C(O)-, -C(O)-N(R")-*, -N(R")-C(0)-(C1-Cs alkylene)-*, and -C(O)-
N(RY-(Ci-Ce alkylene)-*, wherein “*” represents a portion of L? bound to ring B and each alkylene
portion of L? is independently substituted with 0-5 occurrences of R’;

each R* is independently selected from hydroxyl, Ci-Cs alkyl, C-Ce alkenyl, C>-Cs alkynyl,
C1-Cs alkoxyl, halo, C;-Cs heteroalkyl, Ci-C¢ haloalkyl, Ci-Cs haloalkoxyl, Ci-Cs hydroxyalkyl,
cycloalkyl, aryl, heteroaryl, aryloxy, aralkyl, heterocyclyl, heterocyclylalkyl, nitro, cyano, -C(O)R!,
-OC(O)R!, -C(O)OR!, -(C1-Cs alkylene)-C(O)R!, -SR!, -S(0):R!, -S(0)-N(R!)(R"), -(C1-Cs
alkylene)-S(O)2R!, -(Ci-Cg alkylene)-S(0)-N(R')R'), -N(RH)(RY), -C(O)-NRH)RY), -N(R!)-
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C(O)R!, -N(RH-C(O)OR!, -(C;-Cs alkylene)-N(R"-C(O)R!, -N(RHS(0):R!, and -P(O)(R")(R);
wherein each alkyl, alkenyl, alkynyl, alkoxyl, heteroalkyl, haloalkyl, haloalkoxyl, hydroxyalkyl,
cycloalkyl, aryl, heteroaryl, aryloxy, aralkyl, heterocyclyl, and heterocyclylalkyl portion of each of
R# is independently substituted with 0-5 occurrences of R?; or 2 R* together with the carbon
atom(s) to which they are attached form a cycloalkyl or heterocyclyl ring independently substituted
with 0-5 occurrences of R%;

each R is independently selected from oxo, hydroxyl, C-Ce alkyl, C2-C alkenyl, C2-Ce
alkynyl, C1-C¢ alkoxyl, halo, Ci-Cs heteroalkyl, Ci-Cs haloalkyl, C;-Cs haloalkoxyl, Ci-Cs
hydroxyalkyl, cycloalkyl, aryl, heteroaryl, aryloxy, aralkyl, heterocyclyl, heterocyclylalkyl, nitro,
cyano, -C(O)R!, -OC(O)R!, -C(O)OR!, -(C1-Cs alkylene)-C(O)R', -SR', -S(O):R!, -S(O)-
NRHRY), «(C1-Cs alkylene)-S(0)2R!, -(Ci-Cg alkylene)-S(0)-N(R R, -NRH(RY), -C(O)-
NRHYRY, -N(RH-C(O)R!, -N(RNH-C(O)OR!, -(C1-Cs alkylene)-N(RH)-C(O)R!, -N(RH)S(O)R!, and
-P(O)(R")(R"), wherein each alkyl, alkenyl, alkynyl, alkoxyl, heteroalkyl, haloalkyl, haloalkoxyl,
hydroxyalkyl, cycloalkyl, aryl, heteroaryl, aryloxy, aralkyl, heterocyclyl, and heterocyclylalkyl
portion of each R® is independently substituted with 0-5 occurrences of R?, or 2 R® together with the
carbon atom(s) to which they are attached form a cycloalkyl or heterocyclyl ring independently
substituted with 0-5 occurrences of R%;

each R! is independently selected from hydrogen, hydroxyl, halo, thiol, C1-Cs alkyl, Ci-Ce
thioalkyl, C1-Cs alkoxyl, C1-Cs haloalkyl, Ci-Cs hydroxyalkyl, Ci-Cs heteroalkyl, cycloalkyl,
cycloalkylalkyl, heteroarylalkyl, heterocyclyl, and heterocyclylalkyl, wherein each alkyl, thioalkyl,
alkoxyl, haloalkyl, hydroxyalkyl, heteroalkyl, cycloalkyl, cycloalkylalkyl, heteroarylalkyl,
heterocyclyl, and heterocyclylalkyl portion of R! is independently substituted with 0-5 occurrences
of R®, or 2 R! together with the atom(s) to which they are attached form a cycloalkyl or heterocyclyl
ring independently substituted with 0-5 occurrences of R®;

each R* and R® is independently selected from Ci-Cs alkyl, halo, hydroxyl, Ci-Cs haloalkyl,
C1-Cs heteroalkyl, C1-Cs hydroxyalkyl, Ci-C¢ alkoxyl, cycloalkyl, heterocyclyl, and cyano, wherein
each alkyl, haloalkyl, heteroalkyl, hydroxyalkyl, alkoxyl, cycloalkyl and heterocyclyl portion of R*
and R® is independently substituted with 0-5 occurrences of R’;

each R’ is independently selected from C;-Cg alkyl, C-Cs heteroalkyl, halo, hydroxyl, Ci-Ce
haloalkyl, C-C¢ hydroxyalkyl, cycloalkyl and cyano; or 2 R together with the atom(s) to which

3a



they are attached form a cycloalkyl or heterocyclyl ring; and
pis0,1,2,3,4,0r5; and
qis0,1,2,3,or4.

In a second aspect of the disclosure, there is provided a compound selected from
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In a third aspect of the disclosure, there is provided a pharmaceutical composition
comprising a pharmaceutically acceptable carrier and a compound of the first or second aspects of

the disclosure or a pharmaceutically acceptable salt thereof.

In a fourth aspect of the disclosure, there is provided a compound which is
N
m R~
N =~
NH N
T e
%

“OH

or a pharmaceutically acceptable salt thereof.
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In a fifth aspect of the disclosure, there is provided a compound which is
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or a pharmaceutically acceptable salt thereof.

In a sixth aspect of the disclosure, there is provided compound which is

Cl
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or a pharmaceutically acceptable salt thereof.

In a seventh aspect of the disclosure, there is provided compound which is

or a pharmaceutically acceptable salt thereof.

In an eight aspect of the disclosure, there is provided compound which is
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or a pharmaceutically acceptable salt thereof.

In a ninth aspect of the disclosure, there is provided a method for treating a subject suffering
from a condition mediated by aberrant neurotrophic tyrosine receptor kinase (NTRK) activity, the
method comprising administering to the subject a compound of the first, second, fourth, fifth, sixth,
seventh, or eight aspects of the disclosure, or a pharmaceutically acceptable salt thereof, or a

pharmaceutical composition of the third aspect of the disclosure.

In a tenth aspect of the disclosure, there is provided a use of a compound of any one of the
first, second, fourth, fifth, sixth, seventh, or eight aspects of the disclosure, or a pharmaceutically
acceptable salt thereof for the manufacture of a medicament for treating a condition mediated by

aberrant neurotrophic tyrosine receptor kinase (NTRK) activity.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 depicts the structure of various exemplary compounds of the invention, as well as

their NMR peaks and mass as determined by LC-MS.

DETAILED DESCRIPTION OF THE INVENTION

Definitions

99 ¢¢ 99 ¢6;

As used herein, the terms a “patient,” “subject,” “individual,” and “host” refer to either a
human or a non-human animal suffering from or suspected of suffering from a disease or disorder
associated with aberrant NTRK expression (i.e., increased NTRK activity caused by signaling
through NTRK) or biological activity.

“Treat” and “treating” such a disease or disorder refers to ameliorating at least one symptom

of the disease or disorder. These terms, when used in connection with a condition such as a cancer,
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refer to one or more of: impeding growth of the cancer, causing the cancer to shrink by weight or
volume, extending the expected survival time of the patient, inhibiting tumor growth, reducing
tumor mass, reducing size or number of metastatic lesions, inhibiting the development of new
metastatic lesions, prolonging survival, prolonging progression- free survival, prolonging time to
progression, and/or enhancing quality of life.

The term “preventing” when used in relation to a condition or disease such as cancer, refers
to a reduction in the frequency of, or delay in the onset of, symptoms of the condition or disease.

Thus, prevention of cancer includes, for example, reducing the number of detectable cancerous

[Followed by page 4].
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growths in a population of patients receiving a prophylactic {reatment relative to an untreated
control population, and/or delaying the appearance of detectable cancerous growths in a treated
population versus an untreated control population, e.g., by a statistically and/or chinically significant
amount.

The term “therapeutic effect” refers to a beneficial local or systemic effect in animals,
particularly mammals, and more particularly humans, caused by administration of a compound or
composition of the invention. The phrase “therapeutically-effective amount” means that amount of
a compound or composition of the invention that is effective to treat a disease or condition caused
by over expression of NTRK or aberrant NTRK biological activity at a reasonable benefit/risk ratio.
The therapeutically elfective amount of such substance will vary depending upon the subject and
disease condition being treated, the weight and age of the subject, the severity of the disease
condition, the manner of administration and the like, which can readily be determined by one of
skill in the art.

As used herein, “developing resistance” means that when a drug is {irst administered to the
patient, the patient’s symptoms improve, whether measured by decrease in tumor volume, a
decrease in the number of new lesions, or some other means that a physician uscs to judge discase
progression: however, those symptoms stop improving, or even worsen at sorue point. At that time,
the patient is said to have developed resistance to the drug.

“Aliphatic group” means a straight-chain, branched-chain, or cyclic hydrocarbon group and
includes saturated and unsaturated groups, such as an alkyl group, an alkenyl group, and an alkynyl
Zroup.

“Alkylene” refers to a divalent radical of an alkyl group, e.g., -CHy-, -CHyCHy-, and
CH,CH,CH,-

“Alkenyl” means an aliphatic group containing at least one double bond.

“Alkoxyl” or “alkoxy” means an alkyl group having an oxygen radical attached thereto.
Representative alkoxyl groups inclode methoxy, ethoxy, propyloxy, tert-butoxy and the Like. The
term “‘haloalkoxy” refers to an alkoxyl in which one or more hydrogen atoms are replaced by halo,
and includes alkoxyl moieties 1o which all hydrogens have been replaced by halo (e.g.,
perfluoroalkoxy}.

“Alkyl” refers to a monovalent radical of a saturated straight or branched hydrocarbon, such
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as a straight or branched group of 1-12, 1-10, or 1-6 carbon atoms, referred to herein as C-Cizalkyl,
Ci-Cipalkyl, and Cy-Cg alkyl, respectively. Exemplary alkyl groups include, but are not limited to,
methyl, ethyl, propyl, isopropyl, 2-methyl-1-propyl, 2-methyl-2-propyl, 2-methyl-1-butyl,
3-methyl-1-butyl, 2-methyl-3-butyl, 2.2-dimethyl-1-propyl, 2-methyl-1-pentyl, 3-methyl-i-pentyl,
4-methyl-1-pentyl, 2-methyl-Z-pentyl, 3-methyl-2-pentyl, 4-methyl-2-pentyl, 2,2-dimethyl-1-butyl,
3.3-dimethyl-1-butyl, 2-ethyl-1-butyl, butyl, isobutyl, t-butyl, pentyl, isopentyl, neopentyl, hexyl,
heptyl, octyl, ete.

“Alkenylene” refers to an alkenyl group having two connecting points. For example,
“ethenylene” represents the group -CH=CH-. Alkenylene groups can also be in an unsubstituted
form or substituted form with one or more substituents.

“Alkynyl” refers to a straight or branched hydrocarbon chain containing 2-12 carbon atoms
and characterized in having one or more triple bonds. Examples of alkynyl groups include, but are
not lumited to, ethynyl, propargyl, and 3-hexynyl. One of the triple bond carbons may optionally be
the point of attachment of the alkynyl substituent.

“Alkynylene” refers to an alkynyl having two connecting points. For example, “ethynylene”
represents the group -C=C-. Alkynylene groups can also be in an unsubstituted form or substituted
form with one or roore substifuents.

“Hydroxyalkylene” or “hydroxyalkyl” refers to an alkylene or alkyl moiety in which an
alkylene or alkyl hydrogen atom is replaced by a hydroxy! group. Hydroxyalkylene or
hydroxyalkyl includes groups in which more than one hydrogen atom has been replaced by a
hydroxyl group.

“Aromatic ring system” is art-recognized and refers to a monocyclic, bicyclic or polycyclic
hydrocarbon ring system, wherein at least one ring is aromatic,

“Aryl” refers to a monovalent radical of an aromatic ring system. Representative aryl
groups include fully aromatic ring systems, such as phenyl, naphthyl, and anthracenyl, and ring
systems where an arornatic carbon ring is fused to one or more non-aromatic carbon rings, such as
indanyl, phthalimidyl, naphthimidyl, or tetrahydronaphthyl, and the like.

“Arylalkyl” or “arabioyl” refers to an alkyl motety in which an alkyl hydrogen atom is
replaced by an aryl group. Aralkyl includes groups in which more than one hydrogen alom has

been replaced by an aryl group. Examples of “arylalkyl” or “aralkyl” include benzyl, 2-phenylethyl,
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3-phenylpropyl, 9-fluorenyl. benzhydryl, and trity] groups.

“Aryloxy” refers to -O-(aryl), wherein the heteroaryl moiety is as defined herein.

“Halo” refers to a radical of any halogen, e.g.. -F, -Cl, -Br, or -L.

“Haloalkyl” and “haloalkoxy” refers to alkyl and alkoxyl structures that are substituted with
one or more halo groups or with combinations thercof. For example, the terms “fluorcalkyl” and
“fluoroalkoxy” inchide haloabioyl and haloalkoxyl groups, respectively, in which the halo is {luorine.

“Haloalkylene” refers to a divalent alkyl, e.g., -CH;-, -CH,CH,-, and -CH,CH,CH,-, in
which one or more hydrogen atoms are replaced by halo, and includes alkyl moieties 1o which all
hydrogens have been replaced by halo.

“Heteroalkyl” refers to an optionally substituted alkyl, which has one or more skeletal chain
atoms selected from an atom other than carbon, e.g., oxygen, nitrogen, sulfur, phosphorus or
combinations thereof. A numerical range may be given, e.g. C;-Cq heteroalkyl which refers to the
number of carbons in the chain, which in this example includes 1 to 6 carbon atoms. For example, a
~CH,OCHCH; radical s referred to as a “Cy” heteroalkyl. Connection to the rest of the molecule
may be through either a heteroatom or a carbon in the heteroalkyl chain. “Heteroalkylene” refers to
a divalent optionally substituted alkyl, which has one or more skeletal chain atoms selected from an
atom other than carbon, e.g., oxygen, nitrogen, sulfur, phosphorus or combinations thereof.

“Carbocyclic ring system” refers to a monocyclic, bicyclic or polycyclic hydrocarbon ring
system, wherein each ring is either completely saturated or contains one or more units of
unsaturation, but where no ring is aromatic.

“Carbocyclyl” refers to a monovalent radical of a carbocyclic ring system. Representative
carbocyclyl groups include ecycloalkyl groups (e.g., cyclopentyl, cyclobutyl, cyclopentyl, cyclohexyl
and the like), and cycloalkenyl groups (e.g., cyclopentenyl, cyclohexenyl, cyclopentadicnyl, and the
iike).

“Cycloalkyl” refers to a cyclic, bicyclic, tricyclic, or polycyclic non-aromatic hydrocarbon
groups having 3 to 12 carbons. Any substitutable ring atom can be substituted {e.g., by one or more
substituents). The cycloalkyl groups can contain fused or spiro rings. Fused rings are rings that
share a common carbon atom. Examples of cycloalkyl moieties include, but are not limiled to,
cyclopropyl, cyclohexyl, methyleyclohexyl, adamantyl, and norbornyl. In some embodiments, the

cycloalkyl is bicyclo[3.1.0}hexanyl.
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“Cycloalkylalkyl” refers to a —(cycloalkyly-alk vl radical where cycloalkyl and alkyl are as
disciosed herein. The “cycloalkylalkyl” is bonded to the parent molecular structure through the
cycloalkyl group.

“Heteroaromatic ring system’” is art-recognized and refers to monocyclic, bicyclic or
polycyclic ring system wherein at least one ring is both aromatic and comprises at least one
heteroatom {e.g., N, (J or S); and wherein no other rings are heterocyclyl {as defined below). In
certain instances, a ring which is aromatic and comprises a heteroatom contains 1, 2, 3, or 4 ring
heteroatoms in such ring.

“Heteroaryl” refers to a monovalent radical of a hetercaromatic ring system. Representative
heteroaryl groups include ring systems where (i) each ring comprises a heteroatom and is aromatic,
e.g., imidazolyl, oxazolyl, thiazolyl, triazolyl, pyrrolyl, furanyl, thiophenyl pyrazolyl, pyridinyl,
pyrazinyl, pyridazinyl, pyrimidinyl, indolizinyl, purinyl, naphthyridinyl, and pteridinyl; (it) each
ring is aromatic or carbocyclyl, at least one aromatic ring comprises a hetercatom and at least one
other ring is a hydrocarbon ring or e.g., indolyl, isoindolyl, benzothienyl, benzofuranyl,
dibenzofuranyl, indazolyl, benzimidazolyl, benzthiazolyl, quinolyl, isoquinolyl, cinnolinyl,
phthalazinyl, guinazolinyl, quinoxalinyl, carbazolyl, acridinyl, phenazinyl, phenothiazinyl,
phenoxazinyl, pyridof2.3-b}- 1,4-oxazin-3-(4H}-one, 5.6,7,8-tetrahydroquinolinyl and
5,6.7 8-tetrahydroisoquinolinyl; and (iit) each ring is aromatic or carbocyclyl, and at least one
aromatic ring shares a bridgehead heteroatorn with another aromatic ring, e.g., 4H-quinolizinyl.

“Heterocyclic ring system” refers to monocyclic, bicyclic and polycyclic ring systems where
at least one ring is saturated or partially unsaturated (but not aromatic) and comprises at least one
heteroatom. A heterocyelic ring system can be attached to ifs pendant group at any heteroatom or
carbon atom that results in a stable structure and any of the ring atoms can be optionally substituted.

“Heterocyelyl” refers to a monovalent radical of a heterocyclic ring system. Representative
heterocyclyls include ring systems in which (i) every ring is non-aromatic and at least one ring
comprises a heteroatom, e.g., tetrahydroturanyl, tetrahydropyranyl, tetrahydrothienyl, pyrrolidinyl,
pyrrolidonyl, piperidinyl, pyrrolinyl, decahydroquinclinyl, oxazolidinyl, piperazinyl, dioxanyl,
dioxolanyl, diazepinyl, oxazepinyl, thiazepinyl, morpholinyl, and quinuclidinyl; (i1) at least one ring
is non-aromatic and comprises a heteroatom and at least one other ring is an aromatic carbon ring,

e.g., 1.2,3 4-tetrahydroquinolinyl, 1,2,3 4-tetrahydroisoquinolinyl; and (iit) at least one ring is
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non-aromatic and comprises a heleroatom and at least one other ring 1 aromatic and comprises a
heteroatom, e.g., 3,4-dihydro-1H-pyrano{4,3-c]pyridine, and 1,2,3,4-tetrahydro-2,6-naphthyridine.

“Heterocyclylalkyl” refers to an alkyl group substituted with a heterocyclyl group.

“Cyano” refers to a ~CN radical.

“Nitro” refers to ~-NO;.

“Hydroxy” or “hydroxyl” refers to —OH.

“Hydroxyalkylene” refers to a divalent alkyl, e.g., -CHy-, -CH,CH,-, and -CH-CH,CH;-. in
which one or more hydrogen atoms are replaced by a hydroxy, and includes alkyl moieties in which
all hydrogens have been replaced by hydroxy.

s

“Substituted”, whether preceded by the term “optionally” or not, means that one or more

hydrogens of the designated moiety are replaced with a suitable substituent. Unless otherwise

39

indicated, an “optionally substituted” group ruay have a suttable substituent at each substitutable
position of the group, and when more than one position in any given structure may be substituted
with more than one substituent selected from a specified group, the substitucnt may be ¢cither the
same or different at each position. Combinations of substituents envistoned under this invention are
preferably those that result in the formation of stable or chemically feasible compounds. The term
“stable”, as used herein, refers to compounds that are not substantially altered when subjected to
conditions to allow for their production, detection, and, in certain embodiments, their recovery,
purification, and use for one or more of the purposes disclosed herein.

As used herein, the definition of each expression, e.g., alkyl, m, n, etc., when it occurs more
than once in any structure, is intended to be independent of its definition elsewhere in the same
structure.

Certain compounds of the present invention may exist in particular geometric or
stereotsomeric forms. The present invention contemplates all such compounds, including cis- and
trans-isomers, B- and S-enantiomers, diastercomers, (ID)-isomers, {L)-isomers, the racemic mixtures
thereof, and other mixtures thereof, as falling within the scope of the invention. Additional
asymunetric carbon atoms may be present in a substituent such as an alkyl group. All such isomers,
as well as mixtures thereof, are intended to be included in this inveniion.

if, for instance, a particular enantiomer of compound of the present invention is desired, it

may be prepared by asymmetric synthesis, or by derivation with a chiral auxiliary, where the
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resulting diastercomeric mixture is separated and the auxiliary group cleaved to provide the pure
desired enantiomers. Alternatively, where the molecule contains a basic functional group, such as
amino, or an acidic functional group, such as carboxyl, diastercomeric salts are formed with an
appropriate optically-active acid or base, followed by resolution of the diastereomers thus formed
by fractional crystallization or chromatographic means well known in the art, and subsequent
recovery of the pure enantiomers.

Unless otherwise indicated, when a disclosed compound is named or depicted by a structure
without specifying the stereochemistry and has one or morve chiral centers, it is understood to
represent all possible sterecisomers of the compound, as well as enantiomeric mixtures thereof.
The “cnantiomeric excess” or “% enantiomeric excess’ of a composition can be calculated using the
equation shown below. In the example shown below a composition contains 90% of one
enantiomer, e.g., the S enantiomer, and 10% of the other enantiomer, i.¢., the R enantiomer.

ee = (H0-10)/100 = 80%.

Thus, a composition containing 90% of one enantiomer and 10% of the other enantiomer is
said to have an enantiomeric excess of 80%.

The compounds or compositions described herein may contain an cnantiomeric excess of at
least 30%. 75%, 90%, 95%, or 99% of one form of the compound, e.g., the S-cnantiomer. In other
words such compounds or compositions contain an enantiomeric excess of the S enantiomer over
the R enantiomer.

The compounds described herein may also contain unnatural proportions of atonic isotopes
at onc or more of the atoms that constitute such compounds. For example, the compounds may be
radiolabeled with radioactive tsotopes, such as for example deuteriom ('?'H), fritium (3}{), carbon-13
{ 13C)., or carbon-14 (14C), All isotopic variations of the compounds disclosed herein, whether
radioactive or not, are intended to be encompassed within the scope of the present invention. In
addition, all tautomeric forms of the compounds described herein are intended to be within the
scope of the invention.

'The compound can be useful as the free base or as a salf. Representative salts include the
hydrobromide, hydrochloride, sulfate, bisulfate, phosphate, nitrate, acetate, valerate, oleate,
palmitate, stearate, laurate, benzoate, lactate, phosphate, tosylate, citrate, maleate, fumarate,

succinate, tartrate, napthylate, mesylate, glucoheptonate, lactobionate, and laurylsulphonate salts
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and the like. (See, for exarnple, Berge et al. (1977) “Pharmaceuntical Salts”, J. Pharm. Sci. 66:1-19.)
Compounds

The invention features compounds of Formula (I), or a stereoisomer, enantiomer, tautomer,
or isotopically iabeled form thereof, or a pharmaceutically acceptable salt of any of the foregoing,

wherein:

Ro—fe ) o
Ay
N P
H
Formula (I}

Rings A and B are cach independently selected from aryl, heteroaryl, cycloalkyl and
heterocyclyl;

cach L' and L7 is independently selected from a bond, -C(O)-, —N(R])m, ~N(Ri)—C(O)~., -
CLO-NRY-, (C-Cs aikyiene)~N(R1)~, SNRYHC-Ce alkylene)-, SNERDY-CO)-(04-Ce alkylene)-,
and -C(O)-N(RH-(C-C alkylene)-; wherein cach alkylene, i1s independently substituted with 0-5
occurrences of R’:

cach R* and R® is independently selected from hydroxyl, Ci-Cs alkyl, C5-Cq alkenyl, Co-Cs
altkynyl, C;-Cs alkoxyl, halo, C1-Cg heteroalkyl, C-Cp haloalkyl, C1-Cg haloalkoxyl, C1-Cs
hydroxyalkyl, cycioalkyl, aryl, heteroaryl, aryloxy, aralkyl, heterocyclyl, heterocyclylalkyl, nitro,
eyano, -CIOR', -OC(OIR', -C(OYOR', -(C-Cq alkylene)-C(OR', -SR, -S(O1R", -S(0),-
N(RHRY, -(C1-Ce alkylene)-S(ORR', (C1-Cs alkylene)-S(On-NRHRY -NRHRY, -CO)-
NRHRY, -NERH-CIOIRY, -NRH-COIOR', -(C-Cs alkylene)-NRH-CIOR', -N(RHS(O)R', and
-P{O)(R‘)(RI); wherein each of alkyl, alkenyl, alkynyl, alkoxyl, heteroalkyl, haloalkyl, haloaloxyl,
hydroxyalkyl, cycloalkyl, arvl, heteroaryl, arvloxy, aralkyl, heterocyclyl, and heterocyclylalkyl is
independently substituted with 0-5 occurrences of RY; or 2 R*or2 R together with the carbon
atom(s) to which they are attached form a cycloalkyl or heterocyclyl ring independently substituted
with 0-5 occurrences of R

each R is independently selected from hydrogen, hydroxyl, hale, thiol, C;-Cy altkyl, C1-Cy
thicalkyl, C,-Cg alkoxyl, Cy-Cs haloalkyl, Ci-Cg hydroxyalkyl, C;-Cs heteroalkyl, cycloalkyl,

cycloaltkylalkyl, heteroarylalkyl, heterocyclyl, and heterocyclylalkyl, wherein each of alkyl,
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thioalkyl, alkoxyl, haloalkyl, hydroxyalkyl, heteroalkyl, cycloalkyl, cycloalkylalkyl, heteroarylalkyl,
heterocyclyl, and heterocyclylalkyl is independently substituted with (-5 occurrences of R" or2R!
together with the atomd(s) to which they are attached form a cycloalkyl or heterocyclyl ring
independently substituted with -5 occurrences of R";

cach R* and R s independently selected from C-Cg alkyl, halo, hydroxyl, Ci-Cs haloalkyl,
C-Cs heteroalkyl, C1-Cs hydroxyalkyl, C-Ce alkoxyl, cycloalkyl, heterocyclyl, and cyano, wherein
each of alkyl, haloalkyl, heteroalkyl, hydroxyalkyl, alkoxyl, cycloalkyl and heterocycelyl is
independently substituted with 0-5 occurrences of R’;

each R’ is independently selected from C-Cs alkyl, Ci-Cg heteroalkyl, halo, hydroxyl, C1-Cs
haloalkyl, C1-Cs hydroxyalkyl, cycloalkyl and cyano: or 2 R together with the atom{s) to which
they are attached form a cycloalkyl or heterocyelyl ring; and

pis0, 1,2, 3,4, or 5; and

gis{, 1,2, 3, or 4.

In some embodiments, Ring A is cycloalkyl. In some embodiments, Ring A is a 5-
membered or 6-membered cycloalkyl ring. In some embodiments, Ring A is cyclopentyl or
cyclohexyl. In some embodiments, Ring A is heterocyclyl. In some embodiments, Ring A is a 5-
membered or 6-membered heterocyelyl. In some embodiments, Ring A is tetrabydropyranyl,
tetrahydrofuranyl, or pyrrolidinyl. In some embodiments, Ring A is a cycloalkenyl ring. In some
embodiments, Ring A is cyclopentenyl

In some embodiments, Ring B is aryl. In some embodiments, Ring B is phenyl. In some
embodiments, Ring B 1s heteroaryl. In some embodiments, Ring B is pyridyl. In somge
embodiments, Ring B is heterocyclyl. In some embodiments, Ring B is pyrrolidinyl.

In some embodiments, Llisa bond, -C(O)-, or -N(Rl)-; and L is -IN{ Rl)—C(O)—(CrCG
alkylene}- or ~C(O)~N(R1)~(C1-C6 alkylene)-. In some embodiments, L' is -NH- and L% is -C{O)-

NH-CH(CH,OH)-*, -C{O-N(CH;)-CH,-*, -C(O)-N{CH3)-CH(CHa)-*, -CION(CHCH)CH,-%, -

L
CONHCH(CH-*, -CHENNCD3)CH-*, -CO)NHCH(CF3)-*, and . wherein “*7
represents a portion of L? bound to ring B. In some embodiments, L'is -NH-, L* is -C(O)- and ring
B is pyrrofidinyl. In some embodiments, L' is -NH-, L? is -C(O)- and ring B is pyrrolidin-1-yl.

In some embodiments, each R’ is independently selected from hydrogen and C-Cs alkyl
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substitated with 0-3 occurrences of R”. In some ermbodiments, each R’ is independently selected
from hydrogen and -CHs.

In some embodiments, each R® and R® is independently selected from hydroxyl, C-Cs
alkyl, C;-Cy alkoxyl, halo, C-C¢ hetercalkyl, C-Cy haloalkyl, Cy-Cg haloalkoxyi, C1-Cq
hydroxyalkyl, cycloalkyl, aryl, heteroaryl. nitro, cyano, -C{OR', -OC(OR’, -C(O)OR', -8R/, -
SIORRY, -5(0)-NRHRY -NERHRY, -CO-NRYRY, -NERH-CORY, -NRH-COOR, and -
N(R"S(O),R'; wherein cach of alkyl, atkoxyl, heteroalkyl, haloalkyl, haloalkoxyl, hydroxyalkyl,
cycloalkyl, aryl, and heteroaryl, is independently substituted with 0-5 occurrences of R* or 2 R” or
2 R” together with the carbon atom(s) to which they are attached form a cycloalkyl or heterocyclyl
ring independently substituted with 0-5 occuarrences of R

In some embodiments, each R is independently selected from hydroxyl, C-Cg alkyl, C1-Cy
alkoxyl, halo, -C{O)-N{( RI)(Rl), —C(O)ORl, ‘S(O)QRI, and C-Cy haloalkyl. In some embodiments,
each R™is additionally and independently selected {rom -CN, oxetanyl, and C:-Cy hydroxyalkyl, or
two R™ bound to adjacent ring carbon atoms on ring A are taken together to form a C3-Cg cycloalkyl
fused to ring A. In some embodiments each R™ is independently selected from hydroxyl, fluoro,
oxetan-3-yi, -CHEF,, -CH,CHj;, -C(CH3),OH, -OCH;, -C(O}N(CHz),, -C{OYOCH;, -S{0O),CH;s; or
two R™ boond to adjacent ring carbon atorns on ring A are takeun together to form a cyclopropyl
fused to ring A.

In some embodirents, each RY is independently selected from halo, C;-Cg alkyl, cyano, Cy-
Ce alkoxyl, aryl, heteroaryl, and ;-C; haloalkoxy. In some embodiments, cach R® s additionally
selected from oxo.

In some embodiments, Ring B is pyrrolidinyl and at least one R” is optionally substituted
aryl or heteroaryl. In some embodiments, Ring B is pyrrolidinyl and at least one R” is optionally
substituted phenyl or pyridyl.

In some embodiments, Ring B is pyrrolidinyl, and at least one R” is selected from
2,3, 5-trifloorphenyl, 2,3-dilluorophenyl, 2,5-difluorophenyl, 2-chloro-5-{luorophenyl, 2-chloro-5-
fluoropyridin-3-yl, 2-cyano-5-fluorophenyl, 2-fluoro-5-chlorophenyl, 2-methoxy-3,5-
difluorophenyl, 2-methoxy-5-{luoropyridin-3-vl, 2-trifluoromethoxy-5-fluorophenyl, 3.5-
difluorophenyl, 3-chloro-5-{luorophenyl, 3-cyano-5-{luorophenyl, 3-diffuoromethoxy-5-

fluorophenyl. 3-flucrophenyl, 5-{luoropyridin-3-yl, and phenyl.
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Tn some embodiments, Ring B is pyrrolidiny] and one additional R®, if present, is fluoro.
In some embodiments, Ring B is other than pyrrolidinyl, and each R® is independently
selected from chloro, fluoro, oxo, -CHs, -CHs, -CN, -OCH;, -OCF;, and -OCHF,.

In another aspect, the invention features compounds of Formula (Ia):

(Ia). or a stercoisomer, cnantiomer, tautomer, or isotopically
labeled form thereof, or a pharmaceutically acceptable salt of any of the foregoing, wherein:

Ring A is selected from aryl, heteroaryl, cycloalkyl and heterocyclyl;

L' is selected from a bond, -C(O)-, -NR')-, -NRH-C(O)-, -C(O)-NR"-. (C-Cs
alkylene)-N(R -, -N(RH-(C1-Cy alkylene)-, -N{RH-C(O)-(C1-Cg alkylene)-, and -C(O)-NERH-(C;-
Cs alkylene)-; wherein each alkvlene, is independently substituted with 0-5 occurrences of R

cach R* and R® is independently selected from hydroxyl, C;-Ce alkyl, C-Cq alkenyl, C2-Cy
atkynyl, C;-Cs alkoxyl, halo, C,-Cg heteroalkyl, C1-Cy haloalkyl, Cy-Cg haloalkoxyl, Ci-Cg
hydroxyalkyl, cycloalkyl, aryl, heterocaryl, aryloxy, aralkyl, heterocyclyl, heterocyclylalkyl, nitro,
eyano, -CIOIR', -OC(OIR', -C(OYOR', «C-Cg alkylene)-C(OR', -SR, -S{O)R', -S(0),-
N(RHRY -(C-Co alkylene)-S(O)R", «(C-Cs alkylene)-S(O)-NRHRY -NRHYRY, -CO)-
NRHRY, -NERH-COR', -NRH-COIOR", (C-Cs alkylene)-NRH-COR', -N®RHSORR, and
PUOWRYR'); wherein each of alkyl, alkenyl, alkynyl, alkoxyl, heteroalkyl, haloalkyl, haloalkoxyl
hydroxyalkyl, cycloalkyl, aryl, heteroaryl, aryloxy, aralkyl, heterocyclyl, and heterocyclylalkyl is
independently substituted with 0-5 occurrences of RY; or 2 R*or2 R together with the carbon
atom(s) to which they are attached form a cycloalkyl or heterocyclyl ring independently substituted
with 0-5 occurrences of R

each R' is independently selected from hydrogen, hydroxyl, halo, thiol, Ci-Ce alkyl, C1-Cs
thioalkyl, C;-Cy alkoxyl, C;-Cy haloalkyl, C,-Cy hydroxyalkyl, Ci-Cg heteroalkyl, cycloalkyl,
cycloaltkylalkyl, heteroarylalkyl, heterocyclyl, and heterocyclylalkyl, wherein each of alkyl,
thioalkyl, alkoxyl, haloalkyl, hydroxyalkyl, heteroalkyl, cycloalkyl, cycloalkylalkyl, heteroarylalkyl,
heterocyclyl, and heterocyclylalkyl is independently substituted with 0-3 occurrences of R" or 2R

together with the atom(s) to which they are attached form a cycloalkyl or heterocyclyl ring
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independently substituted with 0-5 occurrences of R";

each R* and R is independently selected from C-Ce alkyl, halo, hydroxyl, C-Cg haloalkyl,
C-Cq heteroalkyl, Cy-Cg hydroxyalkyl, C-Cg alkoxyl, cycloalkyl, heterocyclyl, and cyano, wherein
each of alkyl, haloalkyl, heteroalkyl, hydroxyalkyl, alkoxyl, cycloalkyl and heterocyclyl is
independently substituted with 0-5 occurrences of R’;

each R’ is independently selected from C1-Cq alkyl, Ci-Cs heteroalkyl, halo, hydroxyl, C1-Cs
haloalkyl, C-Cs hydroxyalkyl, cycloalkyl and cyano; or 2 R together with the atom(s) to which
they are attached form a cycloalkyl or heterocyclyl ring; and

pis(, 1,2, 3,4, 0or 5; and

qis, 1,2, 3, ord.

In some embodiments, Ring A is cycloalkyl. In some embodiments, Ring Aisa 5-
merbered or 6-merobered cycloalkyl ring. Io soroe ernbodiroents, Ring A is cyclopentyl or
cyclohexyl. In some embodiments, Ring A is heterocyclyl.  In some embodiments, Ring Aisa 3-
membered or 6-membered heterocyelyl. In some embodiments, Ring A is tetrahydropyran,
tetrahydrofuran, or pyrrolidinyl. In some embodiments, Ring A is a cycloalkenvl ring. In some
embodiments, Ring A is cyclopentenyl.

In some embodiments, L is a bond, -(0)-, or —N(Rl)-‘ In some embodiments, L' is -NH-.

In some embodiments, each R' is independently selected from hydrogen and C;-Cg alkyl
substitated with 0-3 occurrences of R”. In some embodiments, each R is independently selected
from hydrogen and -CHa.

In some embodiments, cach R* and R® is independently selected from hydroxyl, Ci-Cs
atkyl, C-Ce alkoxyl, halo, C-Cg heteroalkyl, C-Cs haloalkyl, C-Cs haloalkoxyi, C1-Csg
hydroxyalkyl, cycloalkyl, aryl, heteroaryl, nitro, cyano, -C{O)R', -OC(O)R', -C{OYOR', -8R/, -
SIONRY, -8(0)-NRHRH -NERHRY, -CO-NRHYRY, -NRH-COR', -NRH-CIOYOR, and -
N(R"HS(O)R'; wherein each of alkyl, alkoxyl, heteroalkyl, haloalkyl, haloalkoxyl, hydroxyalkyl,
cycloalkyl, aryl, and heteroaryl, is independently substituted with 0-3 occurrences of R* or 2 R*or
2 R” together with the carbon atom(s) to which they are attached form a cycloalkyl or heterocyclyl
ring independently substituted with 0-5 occarrences of R

In some embodiments, each R is independently selected from hydroxyl, €1-Cs alkyl, C1-Cs

alkoxyl, halo, -C{O)-N{( Rl)(R]), - O)OR]., ~S(O)2R1, and C-Cq¢ haloalkyl. In some embodiments,
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cach R™ is additionally and independently selected from -CN, oxetanyl, and C-Cg hydroxyalkyl, or
two R bound to adjacent ring carbon atoms on ring A are taken together to form a C3-Cq cycloalkyl
fused to ring A. In some embodiments each R is independently selected from hydroxyl, fluoro,
oxetan-3-yl, -CHE,, -CHyCH, -C(CH1),OH, -OCH:, -C{(O}N(CHa),, -C{OYOCH;, -S(O),CH;s; or
two R™ bound to adjacent ring carbon atoms on ring A arc taken together to form a cyclopropyl
fused to ring A.

In some embodiments, each R%is independently selected from halo, C;-Cy alkyl, cyano, C;-
Ce alkoxyl, aryl, heteroaryl, and C-Cg haloalkoxy. In some embodiments, gach R? is additionally
selected from oxo.

Tn some embodiments, when ring B is pyrrolidinyl, at least one R® is selected from 2,3,5-
trifluorphenyi, 2,3-difluorophenyl, 2.5-difluorophenyl, 2-chloro-5-fluorophenyl, 2-chloro-5-
fluoropyridin-3-yl, 2-cyano-5-fluorophenyl, 2-fluore-5-chlorophenyl, 2-methoxy-3,5-
difluorophenyl, 2-methoxy-5-fluoropyridin-3-yi, 2-triflucromethox y-3-fluorophenyl, 3,5-
difluorophenyl, 3-chloro-5-flucrophenyl, 3-cyano-5-fluorophenyl, 3-diffuoromethoxy-5-
fluorophenyl, 3-{luorophenyl, 5-fluoropyridin-3-yl, and phenyl.

In some embodiments, when ring B is pyrrolidinyl one additional R, if present, is fluoro.

In some embodiments, pis 0, 1 or 2.

In some embodiments, g is 1,2 or 3.

o another aspect, the invention features compounds of Formula (II):

(II), or a stercoisomer, cnantiomer, tautomer, or
isotopically labeled form thereof, or a pharmaceutically acceptable salt of any of the foregoing,
wherein:

Rings A and B are cach independently selected from aryl, heteroaryl, cycloalkyl and
heterocyclyi;

each R® and R® is independently selected from hydroxyl, C1-Cs alkyl, Cr-Cg alkenvi, C2-Cs
altkynyl, C;-Cy alkoxyl, halo, C-Cy heteroalkyl, C;-Cq haloalkyl, Ci-Cg haloalkoxyl, C-Cq

hydroxyalkyl, cycloalkyl, aryl, heteroaryl, aryloxy, aralkyl, heterocyclyl, heterocyclylalkyl, nitro,
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cyano, -C{OR', -OCOIR, -C(OIOR!, «(C-Cs alkylene)-C(OIRY, -SRY, -S(O)R Y, -S(0),-
NRHMRY ACi-Cy alkylene)-S(ORR ", (C1-Cg alkylene)-S(0)-NRHR Y, -NERHRY, -C(0)-
NERHRY, -NERH-CORY, -NRH-COIOR!, (C-Cp alkylene)-NRH-COR, -NRHS(O)LR!, and
POYRURY); wherein each of alkyl, alkenyl, alkynyl, alkoxyl, heteroalkyl, haloalkyl, haloalkoxyl,
hydroxyalkyl, cycloalkyl, aryl, heteroaryl, aryloxy, aralkyl, heterocyclyl, and heterocyclylalkyl is
independently substitated with 0-3 occurrences of R or 2 R® or 2 R” together with the carbon
atom(s) to which they are attached form a cycloalkyl or heterocycelyl ring independently substituted
with -5 occurrences of RY;

cach R' is independently selected from hydrogen, hydroxyl, halo, thiol, Cy-Cg alkyl, C1-Cq
thioalkyl, C1-Cs alkoxyl, C1-Cs haloalkyl, C-Ce hydroxyalkyl, C-Cg heteroalkyl, cycloalkyl,
cycloalkylalkyl, heteroarylalkyl, heterocyclyl, and heterocyclylalkyl, wherein each of alkyi,
thioalkyl, alkoxyl, haloalkyl, hydroxyalkyl, heteroalkyl, cycloalkyl, cycloalkylalkyl, heteroarylalkyl,
heterocyclyl, and heterocyclylalkyl is independently substituted with -5 occurrences of R® or2 R
together with the atom(s) to which they are attached form a cycloalkyl or heterocycelyl ring
independently substituted with 0-5 occurrences of R";

R'% i selected from hydrogen, Cy-Cg alkyl, and deuterated Cy-Cq alkyl;

R is selected from hydrogen and C;-Cg alkyl;

cach R* and R" is independently selected from C;-Cs alkyl, halo, hydroxyl, Ci-Ce haloalkyl,
C-Cy heteroalkyl, C-Cq hydroxyalkyl, Ci-Cg alkoxyl, cycloalkyl, heterocyelyl, and cyano, wherein
cach of alkyl, haloalkyl, heteroalkyl, hydroxyalkyl, alkoxyl, cycloalkyl and heterocyclyl is
independently substituted with 0-5 occurrences of R’;

each R’ 1s independently selected from C-Cs alkyl, C-Cg heteroalkyl, halo, hydroxyl, C1-Cs
haloalkyl, C-C4 hydroxyalkyl, cycloalkyl and cyano; or 2 R together with the atom(s) to which
they are attached form a cycloalkyl or heterocyelyl ring; and

pis0, 1,2,3,4, 0or 5; and

gis(, 1,2, 3, 014,

In some embodiments, Ring A is cycloalkyl. In some embodiments, Ring A is a 5-
membered or 6-membered cycloalkyl ring. In some embodiments, Ring A is cyclopentyl or
cyclohexyl. In some embodiments, Ring A is heterocyclyl.  In some embodiments, Ring A is a 5-

membered or 6-membered heterocyclyl, In some embodiments, Ring A 1s tetrahydropyran,
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tetrahydrofuran, or pyrrohidinyl. In some embodiments, Ring A is a cycloalkenyl ring. Io some
embodiments, Ring A is cyclopentenyl.

In some embodiments, Ring B 1s aryl. In some embodiments, Ring B is phenyl. In some
embodiments, Ring B is heteroaryl. In some embodiments, Ring B is pyridyl.

In some embodiments, cach R' is ndependently sclected from hydrogen and C-Cg alkyl
substituted with 0-3 occurrences of R”.

In some embodiments, Ri%ig hydrogen, -CHj, -CDs5, or -CH,CHa.

In some embodiments, R' is hydrogen.

In some embodiments, each R™ and R” is independently selected from hydroxyl, Cy-Cs
alkyl, Ci-Cg alkoxyl, halo, C;-Cg heteroalkyl, C-Ce haloalkyl, C-Csg haloalkoxyvl, C-Cs
hydroxyalkyl, cycloalkyl, aryl, heteroaryl, nitro, cyano, -C(O)R', -OC(OR ', -C(OYOR', -SR', -
S(ORR', -S(0)-NERHRY -NERHRY, -CO)-NERHRY, -NERDH-COR!, -NRH-COOR!, and -
N(RYS(0),R'; wherein cach of alkyl, alkoxyl, heteroalkyl, haloalkyl, haloalkoxyl, hydroxyaliyl,
cycloalkyl, aryl, and heteroaryl, is independently substituted with 0-5 occurrences of R*; or 2 R or
2 R® together with the carbon atom(s) to which they are attached form a cycloalky!l or heterocyclyl
ring independently substituted with 0-5 occurrences of R™.

In some embodiments, each R™is independently selected from hydroxyl, Ci-Ce alkyl, C-Ce
alkoxyl, halo, -C(O-NRMRY, -C(O)OR', -S(O}R’, and C-Cs haloalkyl. In some embodiments.
cach R™ is additionally and independently selected from -CN, oxetanyl, and C-Cg hydroxyalkyl, or
two R bound to adjacent ring carbon atoms on ring A are taken together to form a C5-Cq cycloalkyl
fused to ring A. In some embodiments each R*is independently selected from hydroxyl, fluoro,
oxetan-3-yl, -CHE,, -CHoCHs, -C(CH3)0H, -OCH;, -C(OIN({CHa), -CIOHOCH;, -S(O)CHs; or
two R™ bound to adjacent ring carbon atoms on ring A arc taken together to form a cyclopropyl
fused to ring A.

In some embodiments, each R%is independently selected from halo, C;-Cy alkyl, cyano, (-
Ce alkoxyl, aryl, heteroaryl, and C;-Cs haloalkoxy. In some embodiments, cach R% s additionally
selected from oxo. In some embodiments, each R” is independently selected from chlore, flucro,
oxn, -CHs, -CHs, -CN, -OCH;, -OCH;, and -OCHF,.

In some embodiments, each R’ is independently selected from C-Cs alkyl, C1-Cq haloalkyl

and C;-Ce hydroxyalkyl; or 2 R together with the atom(s) to which they are attached form a

~J
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cycloalkyl or heterocyclyl ring. In some embodiments one R’ 18 hydrogen, and the other R’ 15
selected from hydrogen, C-Cg alkyl, C1-Cq haloalkyl and C-Cy hydroxyalkyl; or 2 R together with
the atom(s) to which they are attached form a cycloalkyl ring. In some embodiments one R 1s
hydrogen, and the other R’ is selected from hydrogen, -CH,OH, -CH;, or -CF;, or 2 R together with
the atom(s) to which they are attached form a cycloprop-1,1-diyl ring.

In some embodiments, pis G, 1 or 2.

In some embodiments, qis 0, 1, 2 or 3.

Although, as indicated above, various embodiments and aspects thereof for a variable in
Formula (1), (Ia), or (1I), may be selected from a group of chemical moieties, the invention also
epcompasses as further embodiments and aspects thereof situations where such variable 1s: a)
selected from any subset of chemical moieties in such a group; and b} any single member of such a
group.

Although various embodiments and aspects thereof are set forth {or imiplied, as discussed in
the preceding paragraph) individually for each variable in Formula (1), (Ia) and (1), the invention
encompasses all possible combinations of the different embodiments and aspects for each of the
variables in Formula (1), (Ia), and (I).

The structures, as well as the NMR and LCMS data of exemplary compounds of the
invention are shown in Figure 1. In certain embodiments, the compound of the invention is selected
from the group consisting of any one of the compounds in Figure 1 and pharmaceutically acceptable
salts, solvates, hydrates, tautomers, stereoisomers, and isotopically labeled derivatives thereof.

The invention also features pharmaceutical compositions containing a pharmacecutically
acceptable carrier and any compound of Formulas (1), (la) and (I1).

Pharmaceutically acceptable salts of these compounds are also contemplated for the uses
described herein.

"Pharmaceutically acceptable salt” refers to any salt of a compound of the invention which
retains its biological properties and which 1s not toxic or otherwise undesirable for pharmaceutical
use. Pharmaceutically acceptable salts may be derived from a variety of organic and inorganic
counter-ions well known in the art and inclode. Such salts include: (1) acid addition salts formed
with organic or inorganic acids such as hydrochloric, hydrobromice, sulfuric, nitric, phosphoric,

sulfamic, acetic, trifluoroacetic, trichloroacetic, propionic, hexanoic, cyclopentylpropionic, glycolic,
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glutaric, pyrovic, lactic, malonic, succinic, sorbic, ascorbic, malic, maleic, fumaric, tartaric, citric,
benzoic, 3-(4-hydroxybenzoyhbenzoic, picric, cinnamic, mandelic, phthalic, lauric,
methanesulfonic, ethanesulfonic, 1 ,2-ethane-disulfonic, 2-hydroxyethanesulfonic, benzenesulfonic,
4-chlorobenzenesulfonic, 2-naphthalenesulfonic, 4-toluenesulfonic, camphoric, camphorsulfonic, 4-
methylbicyclof2.2.2]-oct-2-ene-1-carboxylic, gluccheptonic, 3-phenylpropionic, trimethylacetic,
tert-butylacetic, fauryl sulfuric, gluconic, benzoic, glutamic, hydroxynaphthoic, salicylic, stearic,
cyclohexylsulfamic, quinic, muconic acid and the like acids; or (2) salts formed when an acidic
proton present in the parent compound either (a) 1s replaced by a metal ion, e.g., an alkali metal ion,
an alkaline earth ion or an aluminum ion, or alkali metal or alkaline earth metal hydroxides, such as
sodinm, potassium, calcium, magnesium, aluminum, lithiom, zinc, and barium hydroxide, amrmonia
or {b) coordinates with an organic base, such as aliphatic, alicyclic, or aromatic organic amines,
such as ammonia, methylamine, dimethylamine, diethylamine, picoline, cthanolamine,
diethanolamine, triethanolamine, ethylenediamine, lysine, arginine, ornithine, choline, N,N'-
dibenzylethvlenc-diamine, chloroprocaine, diethanolamine, procaine, N-benzylphenethylamine, N-
methylglucamine piperazine, tristhydroxymethyl}-aminomethane, tetramethylammoniam
hydroxide, and the like. Pharmaceutically acceptable salts further include, by way of example only,
sodium, potassinm, calcium, magnesium, ammoniur, tetraalkylammonium and the like, and when
the compound contains a basic functionality, salts of non-toxic organic or inorganic acids, such as
hydrochloride, hydrobromide, tartrate, mesylate, besylate, acetate, maleate, oxalate and the like.

Pharmaceutical Compositions

Pharmaceutical compositions of the invention comprise one or more compounds of the
invention and one or more physiologically or pharmaceuntically acceptable carrier. The term
“pharmaceutically acceptable carrier” refers to a pharmaceutically-acceptable material, composition
or vehicle, such as a liquid or solid filler, dituent, excipient, solvent or encapsulating material,
involved in carrying or transporting any subject composition or component thereof. Each carrier
must be “acceplable” in the sense of being compatible with the subject composition and its
components and not injurious to the patient. Some examples of materials which may serve as
pharmaceutically acceptable carriers include: (1) sugars, such as lactose, glucose and sacrose; (2)
starches, such as corn starch and potato starch; (3) cellulose, and its derivatives, such as sodium

carboxymethyl cellulose, cthyl cellulose and ccllulose acetate; (4) powdered tragacanth; (5) malt;
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(6) gelatin; (7) talc; (8) excipients, such as cocoa butier and suppository waxes; (9) oils, such as
peanut oil, cottonseed oil, safflower oil, sesame oil, olive oil, corn oil and soybean oil; (10) glycols,
such as propylene glycol; (11) polyols, such as glycerin, sorbitol, mannitol and polvethylene glycol;
{12) esters, such as ethyl oleate and ethyl laurate; (13) agar; (14) buffering agents, such as
magnesium hydroxide and alominum hydroxide; (15} alginic acid; (16) pyrogen-frec water; (17)
isotonic saline; (18) Ringer’s solution; (19) ethyl alcohol; (2() phosphate buffer solutions; and (21)
other non-toxic compatible substances employed in pharmaccutical formulations.

The compositions of the invention may be administered orally, parenterally, by inhalation
spray, topically, rectally, nasally, buccally, vaginally or via an implanted reservoir. The term
"parenteral” as used herein includes subcutancous, intravenous, intramuscular, infra-articular, intra-
synovial, intrasternal, intrathecal, intrahepatic, intralesional and intracranial injection or infusion
techniques. In some embodiments, the compositions of the invention are administered orally,
intraperitoneally or intravenously. Sterie injectable {orms of the compositions of this invention
may be aqueous or oleaginous suspension. These suspensions may be formulated according to
techniques known in the art using suitable dispersing or wetting agents and suspending agents. The
sterile injectable preparation may also be a sterile injectable solution or suspension in a non-toxic
parenterally acceptable diluent or solvent, {or example as a solution 10 1,3-butanediol. Arooung the
acceptable vehicles and solvents that may be employed are water, Ringer's solution and isotonic
sodiom chloride solution. In addition, sterile, {ixed oils are conventionally employed as a solvent or
suspending medium.

For this purpose, any bland fixed oil may be employed including synthetic mono- or di-
glycerides. Fatty acids, such as oleic acid and its glyceride derivatives are useful in the preparation
of injectables, as are natural pharmaceutically-acceptable oils, such as olive oil or castor oil,
especially in their polyoxyethylated versions. These oil solutions or suspensions may also contain a
long-chain alcohol diluent or dispersant, such as carboxymethyl cellulose or similar dispersing
agents that are cornmonly ased in the formulation of pharmaceutically acceptable dosage forms
including emulsions and suspensions. Other commonly used surfactants, such as Tween, Spans and
other emulsifying agents or bioavailability enhancers which are commonly used in the manufacture
of pharmaceutically acceptable solid, liguid, or other dosage forms may also be used for the

purposes of formulation.
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The pharmaceutically acceptable compositions of this invention may be orally administered
in any orally acceptable dosage form including, but not limited to, capsules, tablets, aqueous
suspensions or solutions. In the case of tablets for oral use, carriers commonly used include lactose
and corn starch. Lubricating agents, such as magnesium stearate, are also typically added. For oral
administration in a capsule form, useful diluents include lactose and dried cornstarch. When
agueous saspensions are required for oral use, the active ingredient is combined with emulsifying
and suspending agents. If desired, certain sweetening, flavoring or coloring agents may also be
added.

Alternatively, the pharmaceutically acceptable compositions of this invention may be
adrnistered in the form of sappositories for rectal administration. These can be prepared by
mixing the agent with a suitable non-irritating excipient that is solid at room temperature but liquid
at rectal temperature and therefore will melt 1o the rectumm (o release the drug. Such materials
inchide cocoa butter, beeswax and polyethylene glycols.

The pharmaceutically acceptable compositions of this invention may also be administered
topically, especially when the target of treatment includes areas or organs readily accessible by
topical application, including diseases of the cye, the skin, or the lower intestinal tract. Suitable
topical formulations are readily prepared for each of these areas or organs. Topical application {or
the lower intestinal tract can be effected in a rectal suppository formulation (see above)orina
switable enema formulation. Topically-transdermal patches may also be used.

For topical applications, the pharmaceutically acceptable compositions may be formulated in
a suitable ointment containing the active component suspended or dissolved in onc or more carriers.
Carriers for topical administration of the compounds of this invention include, but are not limited to,
mineral oil, hiquid petrolatum, white petrolatum, propylene giycol, polyoxyethylene,
polyoxypropylene compound, emulsifying wax and water. Alternatively, the pharmaceutically
acceptable compositions can be formulated in a suitable lotion or cream containing the active
components suspended or dissolved in one or more pharronaceutically acceptable carriers. Suitable
carriers include, but are not limited to, mineral oil, sorbitan monostearate, polysorbate 60, cetyl
esters wax, cetearyl alcohol, 2-octyldodecanol, benzyl alcohol and water.

The pharmaceuntically acceptable compositions of this invention may also be administered by

nasal acrosol or inhalation. Such compositions are prepared according to techniques well-known in
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the art of pharmaceutical formulation and may be prepared as solutions in saline, employing benzyl
alcohol or other suitable preservatives, absorption promoters to enhance bioavailability,
fluorocarbons, and/or other conventional solubilizing or dispersing agents.
The amount of the compounds of the present invention that may be combined with the carrier
materials to produce a composition in a single dosage form will vary depending upon the host
treated, the particular mode of administration. Preferably, the compositions should be formulated so
that a dosage of between 0.01-100 mg/kg body weight/day of the inhibitor can be administered to a
patient receiving these compositions.
Dosages

Toxicity and therapeutic efficacy of compounds of the invention, including pharmaceutically
acceptable salts and deuterated variants, can be determined by standard pharmaceutical procedures
in cell cultures or experimental animals. The LDs 15 the dose Jethal to 50% of the population. The
:Dsp 1s the dose therapeutically effective in 50% of the population. The dose ratio between toxic
and therapeutic cffects (LDsy/ EDsy) is the therapeutic index. Compounds that exhibit large
therapeutic indexes are preferred. While compounds that exhibit toxic side effects may be used,
care should be taken to design a delivery system that targets such compounds to the site of affected
tissue in order to minimize potential damage to uninfected cells and, thereby, reduce side effects.

Data obtained from the cell culture assays and animal studies can be used in formulating a
range of dosage for use in humans. The dosage of such compounds may lie within a range of
circulating concenirations that inchude the EDsy with little or no toxicity. The dosage may vary
within this range depending upon the dosage form employed and the route of administration
utilized. For any compound, the therapeutically effective dose can be estimated initially from cell
culture assays. A dose may be formulated in animal models to achieve a circulating plasma
concentration range that inclades the 15 (1.e., the concentration of the test compound that achieves
a half-maximal inhibition of symptoms) as determined in cell culture. Such information can be used
to more accurately deterrine useful doses i hurnans. Levels in plasma may be measured, {or
example, by high performance liguid chromatography.

It should also be understood that a specific dosage and treatment regimen for any particular
patient will depend apon a variety of {actors, including the activity of the specific compound

employed, the age, body weight, general health, sex, diet, time of administration, rate of excretion,



WO 2017/035354 PCT/US2016/048698

drug combination, and the judgment of the treating physician and the severity of the particular
disease being treated. The amount of a compound of the present invention in the composition will
also depend vpon the particular compound in the coraposition.
Treatment

NTRK fusions have been implicated in several types of cancers. These fusions harbor an
intact NTRK kinase domain that s identical to the native or wild-type form of the receptor;
therefore, as used herein, any NTREK protein (NTRK1, 2 or 3) with the same kinase domain as wild-
type NTRK will be referred to as “wild-type NTRK.” Mutations can occur in the NTRK kinase
domain, leading to mutants that are resistant to kinase inhibitor therapy. These resistance mutations
can be predicted using structural biology and computational analyses, as well as by exarnining
codon sequences in which a sequence change gives rise (o a codon for a different amino acid.
Alternatively, resistance mulations for a given inhibitor can be identilied experimentally by
administration of that inhibitor (e.g., a known NTRK wild-type inhibitor) and exposing cells to a
mutation-promoting agent, such as ENU. The cells are washed, then plated with increasing
concentrations (2-100X proliferation ICsp) of the compound of choice. The wells with cellular
outgrowth are then collected after 3-4 weeks. In particular, a mutation at amino acid position 395
within the NTREK fusion (NTRK 1 wt numbering), effecting a change from a glycine to an arginine
residue (heretofore designated ‘G595R’) was identified via both methods. This mutation was
subsequently demonstrated to counfer significant resistance to two NTRK inhibitors that are being
clinically evaluated {shown in the table below). As shown in the table, the compounds are active
against the wild-type NTRK, but arc markedly less active against the G595R mutant form of the
NTRK fusion.

NTRK wt NTRK wt NTRK G595R
Compound Enzyme Assay Cellutar Cellular
{Cs (nM) Glsg (nM) Glap (WM
Entrectinib 0.6 2 2700
TSR-G11 2.3 32 12000
Crizotinib 9.3 &7 9000

Accordingly, in another aspect the invention provides a method for treating a subject

suffering from a condition mediated by aberrant neurotrophic tyrosine receptor kinase (NTRK)
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activity, comprising administering to the subject a therapeutically effective amount of a compound
or pharmaceutical composition of a compound described herein.

The invention provides compounds that inhibit both wild-type NTRK and resistant GS95R mutants
of NTRE.

In another aspect, the invention provides a method for treating a subject who has developed
resistance to a cancer treatment, comprising administering to the subject a therapeutically effective
amount of a compound or pharmaceutical composition of a compound described herein.

Furthermore, the inhibitors can be selective for wild-type NTRK, over other kinases, thus
leading to reduced toxicities associated with inhibiting other kinases. Because of their activity
against wild-type and mutant NTREK, the compounds described herein can be used to treat a patient
with a condition associated with aberrant NTRE activity. They can also be used to treat various
cancers. In some embodiments, the cancer is selected from non-small cell lung cancer, breast
cancer, melanoma, low and high grade glioma, glhioblastoma, pediatric astrocytoma, colorectal
cancer, papillary thyroid carcinoma, pancreatic adenocarcinoma, head and neck cancer,
cholangiocarcinoma, acute myelogenous leukemia, secretory breast cancer, salivary cancer and
spitzoid neoplasims.

The compounds can also be used to treat a patient who has developed resistance to a wild-
type NTRK inhibitor, or a patient with a mutant {orm of NTRE, such as the G395R mutant. The

method includes the step of administering a compound or composition of the invention that is active

3

against the NTRK resistant mutant. By “active” is meant that a coropound has an ICs0 of less thao 1
uM, 500 nM, 250 nM, 100 nM, 75 oM, 50 nM, 25 nM, 10 nM, or 5 nM when measured in a
biochemical assay, against at least one resistant mutant.

The compounds and compositions described herein can be administered alone or in
combination with other compounds, including other NTRK-modulating compounds, or other
therapeutic agents. In some embodiments, the compound or composition of the invention may be
administered in combination with one or more compounds sclected from Cabozantinib
(COMETRIG), Vandetanib (CALPRESA), Sorafenib (NEXAVAR), Sunitintb (SUTENT),
Regorafenib (STAVARGA), Ponatinib (ICLUSIG), Bevacizumab (AVASTIN), Crizotinib
(XALKORI), or Gefitinib (JRESSA). The compound or composition of the jnvention may be

administered simultancously or sequentially with the other therapeutic agent by the same or
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ditferent routes of adminisiration. The compound of the invention may be included in a single
formulation with the other therapeutic agent or in separate formulations.
Synthesis

Compounds of the invention, including salts and N -oxides thereof, can be prepared using
known organic synthesis techniques and can be synthesized according to any of numerous possible
synthetic routes, such as those in the Schemes below. The reactions for preparing compounds of the
invention can be carried out in suitable solvents which can be readily selected by one of skill in the
art of organic synthesis. Suitable solvents can be substantially non-reactive with the starting
materials (reactants), the intermediates, or products at the temperatures at which the reactions are
carried out, e.g., temperatures which can range {rom the solvent’s {reezing teroperature to the
solvent’s boiling temperature. A given reaction can be carried out in one solvent or a mixture of
more than one solvent. Depending on the particular reaction step, suitable solvends for a particolar
reaction step can be selected by the skilled artisan.

Preparation of compounds of the invention can involve the protection and deprotection of
vartous chemical groups. The need {or protection and deprotection, and the selection of appropriate
protecting groups, can be readily determined by one skilled in the art. The chemistry of protecting
groups can be found, for exaraple, in Wuts and Greene, Protective Groups in Organic Synthesis, 4th
ed., John Wiley & Sons: New Jersey, (2006), which is incorporated herein by reference in its
entirety.

Reactions can be monitored according to any suitable method known in the art. For
example, product formation can be monitored by spectroscopic means, such as nuclear magnetic
resonance (NMR) spectroscopy {e.g., 'H or PC), infrared (JR) spectroscopy, spectrophotometry
{e.g., UV-visible), mass spectrometry (MS), or by chromatographic methods such as high
performance hiquid chromatography (HPLC) or thin layer chromatography (TLC). Analytical
instruments and methods for compound characterization:

MS) data (sample analyzed for purity and identity} were obtained with an Agilent model-1260 LC
system using an Agilent model 6120 mass spectrometer utilizing ES-API ionization fitted with an
Agilent Poroshel 120 (HC-CI8, 2.7am particle size, 3.0 x 50mm dimensions) reverse-phase colummn

at 22.4 degrees Celsius. The mobile phase consisted of a mixture of solvent (.1% formic acid in
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water and 0.1% formic acid in acetonitrile. A constant gradient {rom 95% aqueous/5% organic to
5% aqueous/95% organic mobile phase over the course of 4 minutes was utilized. The flow rate
was constant at ImL/min,

Prep LC-MS: Preparative HPLC was performed on a Shimadzu Discovery VP® Preparative
system fitted with a Luna Su C18(2) 100A, AXIA packed, 250 x 21.2 mum reverse-phase columm at
22.4 degrees Celsius. The mobile phase consisted of a mixture of solvent 0.1% formic acid in water
and 0.1% formic acid in acetonitrile. A constant gradient from 95% aqueous/5% organic to 5%
aqueous/93% organic mobile phase over the course of 25 mimutes was utilized. The flow rate was
constant at 20 mL/min. Reactions carried out in a microwave were done so in a Biotage Initiator
icrowave unit.

Chiral HPLC: Preparative HPLC to resolve chiral mixtures was performed on a Thar SFC
Pre-80 instrument fitted with a Chivalpak AS-H column (5 mum, 3.0 cm id x 25 cm L), The mobile
phases consisted of SFC CO; (A) and MeOH/.1% NHL,OH (B). A constant gradient from 67% to
33% (B) was maintained at a flow rate of 65 g/min, with a system back pressure of 100 bar. The
separation progress was monitored by UV detection at a wavelength of 220 nm.

Silica gel chromatography: Silica gel chromatography was performed on either a Teledyne

Isco CombiFlash® R unit or a Biotage® Isolera Four unit.

Proton NMR: Unless otherwise indicated, all 'H NMR spectra were obtained with a Varian
400MHz Unity Inova 400 MHz NMR instrument (acquisition time = 3.5 seconds with a 1 second
delay; 16 to 64 scans). Where characterized, all protons were reported in DMSO-dg solvent as
parts-per million (ppm) with respect (o residual DMSO (2.50 ppm).

EXAMPLES

The following examples are intended to be illustrative, and are not meant in any way to be
limiting.

The below Schemes are meant to provide general guidance in connection with preparing the
compounds of the invention. One skilled in the art would understand that the preparations shown in
the Schemes can be modified or optimized using general knowledge of organic chemistry to prepare
various compounds of the invention.

General Svnthesis 1
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For certain compounds, the general synthesis begins with appropriate nitrogen-protection (P)
of a di-halide substituted 1H-pyrazolo{3,4-d]pyrimidine. The nitrogen-protected bicycle can be
substifited at the halide on the pyrimidine ring with an appropriately substitoted Ring A ander
appropriate conditions, for example, nucleophilic aromatic substitution reaction conditions, using a
base, such as diisopropylethylamine (DIPEA), in a polar solvent such as dioxane to provide the
bicycle substituted with Ring A. The halide of the pyrazole ring can be substituted under
Palladiuro-mediated carbonyl insertion reaction conditions followed by hydrolysis to provide the
resultant carboxylic acid. The carboxylic acid can be reacted with Ring B under appropriate
coupling conditions, for example amide coupling reaction conditions, to afford the nitrogen-
protected compound substituted with Rings A and B. The removal of the protecting group can
afford compounds of Formula L

Svathetic Protocol 1:

bo
~J
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A shightly more specific version of General Synthesis scheme 1 is shown above in Synthetic
Protocol 1. The synthetic protocol begins with SEM-group protection of 3-bromo-4-chloro-1H-
pyrazolof3.4-d]pyrimidine 1. The SEM-protected heterocycle 2 can be substituted with an amino
alcohol under nucleophilic aromatic substitation reaction conditions using a base such as
diisopropylethylamine (DIPEA) in a polar solvent such as dioxane to provide the amine-substituted
heterocyele 3. The 3-bromo pyrazolo pyrimidine 3 is subjected to a palladium-mediated carbonyl
insertion reaction in a DMP-MeOH solvent mixture to afford the methyl ester 4. Following the
hydrolysis of the ester with NaOH treatment, the carboxylic acid is 5 reacted with a benzyl amine or
a pyrrolidine under amide coupling reaction conditions to afford the SEM-protected compound 6.
The SEM-protecting group can be removed using TBAF or under acidic conditions to afford the
final compound 7. The compounds described below were prepared using General Synthesis 1, 2 or
3. as further detailed in Synthetic Protocol 1, 2, or 3, respectively.

{yeneral Synthesis 2

0 O g
= - { AP
O-¢ O Nitrogen HO N/{ O (R NH
7 Ne  Protecting group 72 U ] R — o
N e — N\N L SOCI/DMF
N d N mediated

amide coupling
P = protecting groug
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For certain compounds, the general synthesis begins with appropriate nitrogen-protection (P)
of 4-ox0-4,5-dihydro-1H-pyrazolo[3.4-dlpyrimidine-3-carboxylic acid. The nitrogen-protected
bicycle can be chlorinated and coupled with an amine in the presence of a chlotinating reagent such
as thionyl chloride. The resulting compound can be substituted at the halide on the pyrimidine ring
with an appropriately substituted Ring A under appropriate conditions, for example, nucleophilic
aromatic spbstitution reaction conditions, using a base, such as ditsopropylethylamine {(DIPEA), ina
polar solvent such as dioxanc to provide the bicycle substituted with Ring A. The removal of the
protecting group can afford compounds of Formula I Compounds described below can be prepared
using this general synthesis. Further, chiral HPLC can be employed to resolve chiral mixtures of
compounds of Formula 1, (Ia), (Ia-1). (Ia-2), (db). (Ib-1, (Ib-2), 11, (Ila), (I1b), (llc).

Svnthetic Protocol 2
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A slightly more specific version of General Synthesis scheme 2 is shown above in Syuothetic
Protocol 2. The synthetic protocol begins with SEM-protected 4-ox0-4,5-dihydro-1H-pyrazolo[3.4-
dipyrimidine-3-carboxylic acid 1 which can be chlorinate with thionyl chloride/DMF and then

coupled with a benzyl amine or a pyrrolidine under mild heat (o afford the SEM-protecied

]
Kol



WO 2017/035354 PCT/US2016/048698

compound 2. The SEM-protected helerocycle 2 can be substituted with an amino alcohol onder
nucleophilic aromatic substitution reaction conditions using a base such as diisopropylethylamine
(DIPEA) in a polar solvent such as dioxane to provide the amine-substituted heterocycle 3. The
SEM-protecting group can be removed using TBAF or under acidic conditions to afford the final
compound 4.

General Svnthesis 3

O Y (RB‘ —
By ot )
Nitrogen HO o (R L NH !
protecting group N % E ] R
N N«) amide coupling
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P = protecting group

1) SOCL/DMF

2) A By
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Lt removal
............................»,
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For certain compounds, the general synthesis begins with appropriate nitrogen-protection (P)
of 4-ox0-4,5-dihydro-1H-pyrazolo[3,4-dlpyrimidine-3-carboxylic acid. The carboxylic acid can be
coupled to an amine using amide coupling conditions. The resulting compound can be chiorinated
using thionyl chioride followed by substitution at the chloride on the pyrimidine ring with an
appropriately sobstituted Ring A under appropriate conditions, for example, nucleophilic aromatic
substitution reaction conditions, using a base, such as ditsopropylethylamine (DIPEA), in a polar
solvent such as dioxane {o provide the bicycle substituted with Ring A. The removal of the
protecting group can afford compounds of Formula I. Compounds described below can be prepared
using this general synthesis. Further, chiral HPLC can be employed to resolve chiral mixtores of
compounds of Formula I, (Ia), (Ja-1}, (1a-2), (Ib}, (Ib-1, (Ib-2), I, (lla), (dIb), (Ilc).

Svathetic Protocol 3
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A slightly more specific version of General Synthesis scheme 3 is shown above in Synthetic
Protocol 3. The synthetic protocol begins with SEM-protected 4-oxo-4,5-dihydro-1H-pyrazolof3,4-
dipyrimidine-3-carboxylic acid I which can be coupled with a benzyl amine or a pyrrolidine under
amide coupling conditions. The SEM-protected heterocycle 2 can be chlorinated with thionyl
chloride/DMF and then substituted with an amino alcohol under nucleophilic aromatic substitution
reaction conditions using a base such as diisopropylethylamine (DIPEA) in a polar solvent such as
dioxane to provide the amine-substitoted heterocycle 3. The SEM-protecting group can be removed
using TBAF or under acidic conditions to afford the final compound 4.

Al of the compounds set {orth in Figure 1, as well as other corupounds of the invention were
prepared using one of three general synthesis schemes and protocols depicted above. Further, chiral
HPLC can be employed to resolve chiral mixtures of compounnds of Formula 1, (Ia), (Ia-1), (Ja-2),
(b}, (Ib-1, (Ib-2), H, (Ha}, (IIb), (Iic). Certain specific examples of synthesis are set forth in the

Examples.
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Example 1. Synthesis of Compound 45
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‘%&ep 1: Svnthesis of 3-bromo-4-chloro-1-((2-(trimethvisilvDethoxvimethvD-1H-pyrazolol 3.4~
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To a solution of 3-bromo-4-chloro-1H-pyrazolof3,4-djpyrimidine (10.00 g, 42.84 mmol) in
DME (50.00 mL) was added NaH (2.57 g, 64.25 mumol) in portions at 0 °C. Alter stirting for 0.5 hr,
SEM-{C1(8.57 g, 51.40 mmol) was added dropwise to the reaction at ¢ °C over 0.5 hr. The reaction
was slowly warmed to 23 °C and stirred for 16 hrs. After TLC (PE:EtOAc =1:1, Ry = 0.88) showed
the reaction was complete, the reaction was slowly quenched by 50 mL of H,O. The mixture was
extracted with EtOAc (30 mL*3), and the organic layer was washed with brine (20 mL*3), dried
over Na:SOy, and concentrated. The residue was purified by column chromatography on silica gel
(PE:EtCAc=20:1) to give 3-bromo-4-chloro-1-((2-(trimethylsilylethoxyymethyh-1H-pyrazolof 3,4-
dipyrimidine (6.20 g, yield: 39.80%) as a colorless oil. "H-NMR (400 MHz, CDCL) 8 ppm 8.83 (s,
IH), 5.82 (s, 2H), 3.70 {t. 2H. /=84 Hz), 0.97 (t, 2H, /= 8.4 Hz), 0.00 (s, SH).
Step 2 Synthesis of (1R.2ZR)-2-((3-brome-1-((Z-(trimethylsilvDethoxy methvh-1H-pyrazolof 3.4-

dipyvrimidin-4-vlamino)cvclopentan-1-ol

(98]
b2
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To a mixture of 3-bromo-4-chloro-1-{((2-(trimethylsilyhethoxyymethyh)-1H-pyrazolo]3,4-
dlpyrimidine (2.50 g, 6.87 mmol) and (1R, 2R)-2-aminocyclopentanol hydrochloride (945.38 mg,
6.87 mmol) in dioxane (15 mL) was added DIPEA (1.78 g, 13.74 mmol), the reaction mixture was
allowed to stir at 70 “C for 16 hrs. Once TLC (PE:EtQOAc = 5:1) showed the starting material was
consumed completely, the mixture was concentrated in vacuom and purified by column
chromatography on silica gel (PE:EtOAc = 30:1~10:1) to provide {1R,2R)-2-((3-bromo-1-((2-
{trimethylsilyDethoxyymethyl)}-1H-pyrazolof 3,4-djpyrimidin-4-vDamino)cyclopentan-1-0l (2.10 g,
4.41 mmol, vield: 64.22%}) as a yellow oil. H-NMR {400 MHz, CD30D) d ppm 8.41 (5, 1H), 6.26
(s, 1H), 5.70 (s, ZH), 4.13-4.12 (m, 2H), 3.69-3.65 (m, 2H), 2.40-2.39 (m, 1H), 2.20-2.18 (m, 1H),
1.95-1.84 (m, 2H), 1.72-1.61 (m, 2H}, 0.97 (4, 2H, J = 4.0 Hz), 0.00 (s, 9H).

Step 3: Svnthesis of methyvl 4-(((1R 2R)-2-hvdroxvevclopentyDamino)-1-((2-

{rmethvisilvhethoxvimethvh-1H-pyrazolol 3 4-dinvrimidine-3-carboxviate

Sem SEM
N NN
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To a mixtare of (1R,2R)-2-((3-bromo-1-((2-(trimethylsilyDethoxyymethyl)-1H-pyrazolo{3,4-
dipyrimidin-4-yhamino)cyclopentan-1-of (2.10 g, 4.90 mmol) in DMF (10 mL) and MeOH (15
mi} was added Pd(dppHCly (717.07 mg, 980.00 umol) and Etz:N (1.49 g, 14.70 mmol) in one
portion, and the reaction mixture was allowed to stir at 70 °C for 30 hrs under a CO (50 psi)
atmosphere. Once TLC (PE:EtOAc =1:1) and LCMS showed the starting material was consumed
completely, the mixture was {iliered and the filtrate was concenirated in vacunm to get methyl 4-
(({1R,ZR)-2-hydroxycyclopentylyamino)- 1 -((2-(trimethylsilylethox y)ymethyD)- 1 H-pyrazolo]3,4-
dipyrimidine-3-carboxylate (2.70 g, crude) as a yellow oil, which was used directly without further

parification. "H-NMR {400 MHz, CDClL) ¢ ppm 8.85 (s, TH), 8.45 (s, 1H), 5.83 (5, 2H), 4.14 (br.s,
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2H), 4.10 (s, 3H), 3.70 (¢, 2H, J = 8.4 Hz), 2.40-2.38 {m, 1H), 2.20-2.17 (m, 1H), 1.93-1.79 (m, 4H),
(.98 {t, 2H. J = 8.4 Hz), 0.00 (s, 9H).
Step 4: Svyathesis of 4-((AR 2R-2-hvdroxveyvelopentvDaming-1-{(2-

{trimethvisilvDethoxvimethvi-1H-pyrazolof 3.4 -dipyrimidine-3-carboxvlic acid
!SEM SEM
7SN ALY
i i OH /

Na
Ho N C
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To a moixture of methyl 4-(((1R,2R}-2-hydroxycyclopentylDamine)-1-((2-

{trimethylsilyDethoxyymethyl)-1H-pyrazolof3,4-d}jpyrimidine-3-carboxylate {2.70 g, 6.63 mmol} in
MeOH (10 mL), H>O (10 mL) was added. followed by NaOH (530.01 mg, 13.25 mmol) in onc
portion. The reaction mixture was then allowed to stir at 26 °C for 16 hrs. Once LCMS and TLC
(PE:EtOAc =1:1) showed the starting material was consumed completely, MeOH was removed by
concentration in vacunm and the residue was washed with EtOAc (8 mL*2). Agueous HCH (1 N}
was then added until the pH < 7 and the formation of white precipitate was observed. The solid was
collected by filtration and dried in vacuo to provide 4-(((1R,2R)-2-hydroxycyclopentylyamino)-1-
((2-(trimethylsilylyethoxyymethyl)-1H-pyrazolo3,4-d]jpyrimidine-3-carboxylic acid (1.20 g, yield:
37.89%) as a white solid. "H-NMR (400 MHz, CD;0D) ¢ ppm 8.40 (s, 1H), 5.80 (s, 2H), 4.37-4.32
{m, 1H), 4.22-4.19 (m, 1H), 3.75 {t. 2H., J = &.0 Hz}, 2.39-2.36 (m, 1H), 2.11-2.06 {m, 1H), 1.96-
1.91 (m, 2H), 1.78-1.73 (m, 2H), 0.95 (1, 2H, /= 8.0 Hz), 0.00 (5, 9H).

Step 3: Synthesis of (R)-2-(2.5-difluorophenvhipyrrolidin-1-vD{4-(((1 R.2R)-2-

hydroxyeyelopentyDamino)-1-((2-(trimethyisilyhethoxyvimethvh-1H-pyrazolol 3.4-dlpvrimidin-3-

yviymethanone

SEM
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To a muxture of 4-(((1R,2R)-2-hydroxycyclopentyDamino)- 1-((2-
(trimethylsilybjethoxyymethyl}-1H-pyrazolof3.4-djpyrimidine-3-carboxylic acid (100.00 mg, 254.12
umol) and (2R)-2-(2, 3-difluorophenyl) pyrrohidine (55.87 mg, 304.95 vmol) 10 DMF (2 mlL) was
added HATU (144.94 mg, 381.18 umol) and BN (128.57 mg, 1.27 mmol) at 20 °C, and the
reaction was stirred at 20 °C for 16 hrs.  After LCMS showed the reaction was complete, HyG (5
mi.) was added to the mixture, and the reaction was extracted with EtOAc (10 ml*3) and washed
with brine (5 mL*3). The organic layer was then dried over Na,SO4 and concentrated. The residue
was purified by preparative TLC (PE:EtOAc=1:1, R=0.3) to give (R)-2-(2,5-
difluorophenyb)pyrrolidin-1-yh{(4-({{1R 2R )-2-hydroxycyclopentylyamino)-1-((2-
(trimethylsilyDethoxyymethyl)-1H-pyrazolof 3,4-djpyrimidin-3-yDoethanone (20.00 mg, yield:
14.09%) as a colorless oil.

Step 6: Synthesis of (Ry-2-(2 5-diftuorophenvhovirolidin- 1 -vD{EG-Q{IR ZR}-2-

hvdroxvevclopentvDamino)-1H-pyvrazolol 3.4-dlpyrimidin-3-vDmethanone

/SEM
N
P -N\N
No s~

HO.Q _ TBAF

CRNH S N USRS
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F s

To a solution of ((R}-2-(2,5-difluorophenylpyrrolidin- 1-yh{4-(({ 1R, 2R )-2-

hydroxycyclopentylyamino)-1-((2-(trimethylsilylethoxyymethyh-1H-pyrazolof 3,4-djpyrimidin-3-
yiimethanone (20.00 mg, 35.80 umol) in dioxane {20 mL) was added TBAF (80.61 mg, 358.00
umol) at 20 °C, and the reaction was heated at 80 °C for 16 hrs. After TLC (EtOAc, Ry =

0.1) showed the reaction was complele, the solution was concentrated And 10 mL of HyO was
added to the residue. The solution was extracted with EtOAc (10 mL*3), and the organic layer was
dried over NapyS0,4and concentrated. The residue was purified by acidic preparative HPLC
{MeOH/H,O/TFA solvent system) to give {((R)-2-(2,5-difluorophenylipyrrolidin- 1-yD{4-({(1R.ZR)-
2-hydroxycyclopentyhamine)- 1 H-pyrazolo{3.4-d]pyrimidin-3-yDmethanone (11.10 mg, yield:

72.37%) as a brown solid.

(98]
U
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Example 2. Synthesis of Compound 97 and Compound 98

HO SEM SEM
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Sten b Svathesis of (AR 2R AR-2-((B-bromo-1-((2-{rimethvisilvDethoxvimethyl- 1 H-

pvrazolol3.4-dlpvrimidin-4-vDamino)-4-(methvisulfonvcvclopentan-1-ol

HO
N sem
. (,N\ N
SEM  Oxd | N
N E\é P N ot~
N a » SINH v
"X DiPEAioxane }
cr B
Ol
P~
¢}

To a mixture of 3-bromo-4-chloro-1-((2-(trimethylsilyDethoxyymethyh- 1 H-pyrazolof 3,4-
dipyrimidine (300.00 mg, 824.83 umol) in dioxane (10.00 mL) was added DIPEA (319.80 mg, 2.47
mmol) and (1R,2ZR,4R}-2-amino-4-(methylsulfonylicyclopentan-1-ol (195.71 mg, 907.31 umol),
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and the mixture was stitred at 90 °C {or 32 hrs. After LCMS showed the reaction was complete, the
mixture was concentrated to remove 1,4-dioxane. and the residue was dissolved in DCM (20

ml). The organic layver was washed with water (10 mL*4), dried over Na,SO,y, and concentrated (o
give (1R.ZR 4R )-2-((3-bromo-1-{(2-(trimethylsilyl)ethoxy)methyl}- 1 H-pyrazolo[3.4-d]pyrimidin-4-
yhamino)-4-(methylsulfonyDeyclopentan-1-ol (350.00 mg, yield: 83.78%) as a white solid. 'H-
NMR (400 MHz, CDCL) 6 ppm 8.43 (s, 1H), 6.23 (brs, 1H), 5.71 (s, 2H), 4.50 (br.s, 1H), 4.26-4.24
(m, 1H), 3.70-3.66 (m, 3H), 2.97 (br.s, 4H), 2.65 (m, 1H), 2.37-2.20 (m, ZH), 0.97 (t, 2H, /=84
Hey, 0.00 (s, 9H).

Step 20 Svnthesis of methvl 4-(((1R 2R 4R)-2-hvdroxv-4-(methvlsulfonvhcvclopentylamino)-1-

{(2-Grimethvisiivhiethoxyvimethvh- 1 H-pvrazolol 3 4-diovamidine-3-carboxviate

SEM lSEIVE
! N !

m YN\?\E “/ = NXN
N df N g
HO \/\< EtNPH(dephCLICO  HO

WNHBr - WNH COOMe
' MeOQH/DMF )
g ,J
Oxd Ox

- \S
4 2

To a mixture of (1R, 2R 4R)-2-((3-bromo-1-{({2-(trimethylsilylethoxyymethyl)-1H-
pyrazolof 3,4-d]pyrimidin-4-yhamino)-4-(methylsulfonyDeyclopentan-1-ol (350.00 mg, 691.03
umol) in MeOH (10.00 mLYDMF (2.00 mL} was added Et:N (139.85 mg, 1.38 mimol) and
Pd(dppDCl, (25.28 mg, 34.55 umol). After addition, the mixture was stirred at 75 °C for 16 hrs
under CO (50 Psi). Once LOMS showed the reaction was complete, the mixture was concentrated
to give the crude product, which was purified by preparative TLC (PE:EtOAc=0:1) to give methyl
4-({(1R,2R,4R}-2-hydroxy-4-(methylsulfonyheyclopentyhamino)- 1-((2-
(trimethylsilybethoxyymethyl)-1H-pyrazolof3.4-d]pyrimidine-3-carboxylate (250.00 mg, yield:
74.50%) as a red solid.

Step 3: Svnthesis of 4-(((1R 2R 4R)-2-hvdroxy-4-{methvisulfonvDovelopentvhamino)-1-((2-

{(trimethvisilvhethoxyimethyD-1H-pyvrazolof 3 4-dlpyrimidine-3-carboxvlic acid

~d
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To a mixture of methyl 4-((1R, 2R, 4R}-2-hydroxy-4-(methylsulfonyhcyclopentyDamino)-
[-((2-(trimethylsilyDethoxyymethyl}- 1 H-pyrazolo[3,4-d]pyrimidine-3-carbox ylate (250.00 mg,
514.80 umol) in MeOH (10.00 mi)y/H,0 (5.00 mL) was added NaOH (41.18 mg, 1.03 mmol),
which was stirred at 20 °C for 16 hrs. Once LCMS showed the reaction was complete, the mixture
was concentrated to remmove MeOH. The water layer was washed with EtOAc (3 mL*2) and
acidified by HCH(1 M) until the pH = 4, after which the mixture was filtered and the {ilter cake was
dried under vacuum to afford 4-(((1R,2R,4R)-2-hydroxy-4-(methylsulfonyhcyclopentylamino)-1-
((2-(trimethylsilyDethoxy)methyl}- 1H-pyrazolo| 3,4-d}pyrimidine-3-carboxylic acid (180.00 mg,
yield: 74.14%) as a black/brown solid. 'H-NMR (400 MHz, CDCl3) 6 ppm &.47 (s, 1H), 5.77 (5,
2H), 4.43-4.40 (m, 1H), 4.17-4.12 (m, 1H), 3.85-8.82 (m, 1H), 3.69 (1, 2H, /= §.4 Hz), 3.03 (5, 3H),
2.45-2.41 (m, 2H), 1.99-1.91 (m, 2H), 0.92 (t. 2H, J = §.4 Hz), 0.00 (5, 9H).

Step 4: Synthesis of N-(2,5-difluorobenzyl)-4-((1R. 2R 4R)-2-hvdroxy-4-

{methvisulfonvhcvclopentvDamino)-1 -2 -(trimethvisidvDethoxvimethvD-1H-pyrazolol 3 ,4-

dipyrimidine-3-carboxamide

SEM oFM

N
P N\N
N._ s ..
HO TLPIDIPEA HO
WNH o COOH e \\NH NH
DMF
j
O Ol F

=

‘SO ‘\/\"F

X
5 / -

To a mixture of 4-(((1R,2R 4R)-2-hydroxy-4-(methylsulfonyljcyclopentyDamino)-1-((2-
(trimethylsilybethoxyymethyl}-1H-pyrazolof3.4-djpyrimidine-3-carboxylic acid (60.00 mg, 127.23
umol) in DMF (2.00 mL) was added DIPEA (16.44 mg. 127.23 umol), (2,5-
difluorophenylmethanamine (36.42 mg, 254.46 umol) and T5P (40.48 mg, 127.23 umol). Afier
addition, the mixture was stirred at 20 °C for 1 hr, wherein LCMS showed the reaction was

complete. The mixture was added to water (4 mL) and extracted with EtQAc (5 mL*3), and the
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organic layer was dried over NaxS50, and concentrated to give N-(2,5-difluorobenzyl)-4-

({({1R,2R 4R)-2-hvdroxy-4-(methylsulfonyl)eyclopentylyamino)-1-((2-
(trimethylsilyDethoxyymethyl)- 1H-pyrazolof3.4-djpyrimidine-3-carboxamide (50.00 mg, crude) as
a red oil.

Sten 31 Svnthesis of N-(2.5-diflucrobenzvh-4-({((1R.ZR . 4R)-2-hvdroxy-4-

{(ruethvisulfonyvhovelopentvhamino)-1H-nvrazolol3 4-dinyvrimidine-3-carboxamide

N-(2,5-difluorobenzyl)-4-(({(1R,2R 4R)}-2-hydroxy-4-(methylsulfonyl)cyclopentyljamino)-1-
((2-{trimethylsilyhethoxy ymethyl)- 1 H-pyrazolo| 3,4-djpyrimidine-3-carboxaroide (50.00 mg, 83.79
umol) in DCM (5.00 mL) was stirred in a mixture of TFA (5.00 mL) at 20 °C for 16 hrs, after
which LCMS showed the reaction was complete. The mixture was concentrated to give the crude
product, which was purified by preparative HPLC (TFA) and chival HPLC (retention times of the
resolved isomers were 7.46 min and 9.20 min, respectively). N-(2,5-difluorobenzyl}-4-

((1R,2R 4R }-2-hydroxy-4-(methyisulfonyleyclopentylamino)- 1 H-pyrazolof 3,4-dpyrimidine-3-
carboxamide (2.80 mg, yield: 7.16%) and N-(2,5-difluorobenzyl})-4-({({15,25,45)-2-hydroxy-4-
(methylsulfonyhicyclopentylDamino)-1H-pyrazolo|3,4-d]pyrimidine-3-carboxamide (4.00 mg, yield:
10.23%) were obtained as white solids. LC-MS conditions for these compounds were as follows:
flow rate = 0.8 mlL- min"i, mobile phase: from 99% [water + 0.375%¢ v/v TFA} and 1% [CH3CN +
.188%. v/v TFA], under this condition for 0.4 min, then changed to 10% [water + 0.375%. v/v
TFA] and 90% [CH5CN + 0.188%0 v/v TFA] in 3.0 min, then changed to 100% [CH3CN + 0.188%¢
v/v TFA] in 0.45 min, finally changed to 99% [water + (.375%0 v/v TFA] and 1% [CHsCN +
0.188%0¢ viv TFA] in 0.01 min, then under this condition for 0.64 min; 98.887% purity and
96.551%, respectively.

Example 3. Synthesis of Compound 20 and Compound 21
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Step b (15 2R A5v-2-((G-bromo-1-{(2-(mmethvisilvDethoxvimethvi-1H-pyrazoloi 3 4-dipvrimidin-

4-vhamino)-3-fluorocvclopentan-1-ol

HO
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To a mixture of 3-bromo-4-chioro-1-({2-(trimethylsilyDethoxy)methyl)- 1 H-pyrazolo[3,4-
dipyrimidine (600.00 mg, 1.65 mmol} and 2-amino-5-fluoro-cyclopentanol (196.58 mg. 1.65 mmol)
in dioxane (15 mL) was added DIPEA (426.49 mg, 3.30 mmol). The mixture was stirred at 110 °C
for 16 hrs, after which TLC (PE/EtOAc =1:1) showed the reaction was complete. The mixture was
cooled to 25 °C and concentrated in reduced pressure at 50 °C. To the residue was added EtOAc
(50 mk.), and the organic phase was washed with HzO (20 mL*3), dried over NapSQy, filtered and
concentrated in vacuum to afford (15,2R,55)-2-((3-bromo- 1-{((2-(trimethylsilyhethoxyymethyl)- 1H-
pyrazolo[3.4-dipyrimidin-4-yhamino)-5-fluorocyclopentan-1-ol (600.00 mg, crude). The residue
was used directly in next step without further purification.

Step 20 Methyl 4-(((IR 25 35)-3-fluore-2-hvdroxvevelopentvDamino-1-((2-

{(trimethvisilvDethoxvimethyD-1H-pvrazolof3.4-dipyrimidine-3-carboxvlate

!SEE\/E
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HO
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} \"‘\NH
Frog j

e

SEM
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To a solution of (15.2R,55)-2-((3-bromo- 1 -((2-(irimethylsilvhethoxyymethyl- 1H-
pyrazolof3.4-d]pyrimidin-4-yijamino)-5-flucrocyclopentan-1-of (600.00 mg, 1.34 mmol)} in
MeOH/DME (20 mL, viv = 2/1) was added Pd(dppDCl, (49.17 mg. 67.21 umol) and EizN (408.03
mg, 4.03 mmol) under N,. The suspension was degassed under vacuum and purged with CO
several times. The mixture was stirred under CO (50 psi) at 70 °C for 16 hrs, after which TLC
(PE/EtOAC =1:1) showed the starting material was consumed completely. The reaction mixture
was filtered and the filtratc was concentrated to afford methyl 4-(((1R,2S5,35)-3-fluoro-2-

hydroxycyclopentylyamino}-1-((2-(trimethylsilyDethoxyvymethyl)- 1 H-pyrazolo| 3.4-d}pyrimidine-3-
carboxylate (700.00 mg, crude). The crude product was used directly without purification.

Step 3 4-(IR 28 .353-3-fluore-2-hvdroxvevelopenivhiamine)- 1 -((2-

{(trimethvisilvhethoxvimethvD-1H-pyrazolof 3. 4-dlpyrimidine-3-carboxvlic acid

SEM
N ,.N

SEM

HO \/\fﬁ
NH OH
Frog

To a solution of methyl 4-(((1R,28.38)-3-fluoro-2-hydroxycyclopentyhamino)-1-((2-
-carboxylate (700.00 mg, 1.65
mmol) in MeOH/H,0 (15 mL, v/v = 2/1) was added NaOH (132.00 mg, 3.30 ramol) in one portion,

N
NaOH

N e B
& NH }OMe MeOH/HZ0
Fies

(trimethylsilylethoxyymethyl)}-1H-pyrazolof3.4-djpyrimidine-3
which was stirred at 25 °C for 2 hrs. After LCMS showed the reaction was complete, the mixture
was concentrated in reduced pressure at 40 °C. The aqueous phase was adjusted to pH = 4 and
filtered to afford 4-(((1R,25,3S)-3-flnoro-2-hydroxycyclopentyamino)-1-((2-
(trimethylsilyhethoxyymethyl)- 1H-pyrazolof 3.4-dipyrimidine-3-carbox ylic acid (700.00 mg, crude)
as a white solid.

Step 4 N-(2 5-difluorobenzvD-4-(((1 R, 25 .35 -3-fluoro-2-hvdroxvevelopentvhamino)-1-((2-

{(mmethvisilvhethoxvimethvh-1H-pyrazoloi 3 4-dipvrimudine-3-carboxanude

,SEM
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. SEM AN N
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To a mixture of 4-(((1R,25,35)-3-{luoro-2-hydroxycyclopentyljamino)- 1-((2-
(trimethylsilybjethoxyymethyl)-1H-pyrazolof3.4-d]pyrimidine-3-carboxylic acid (100.00 mg, 243.01
umoly and T3P (231.97 mg, 729.04 umol) was added EtsN (49.18 mg, 486.03 umol) in DMF (2.00
mL) at 25 °C, followed by the addition of (2,5-difluorophenyl)methanamine (69.57 mg, 486.03
umol) in one portion after 10 min. The mixture was stirred at 25 °C for 16 hrs. After LCMS
showed the reaction was complete, the mixture was concentrated under reduced pressure at 60 °C to
afford N-(2,5-difluorobenzy-4-(({(1R,25.35)-3-fluoro-2-hydroxycyclopentyDamino - 1-((2-
(trimethyisilyDethoxyymethyl)-1H-pyrazolof3.4-djpyrimidine-3-carboxamide (200 mg, crude). The
residue was not purified and used directly.

Step 5 N-(2 5-difluorcbenzvl-4-(((1R 25 35)-3-fluoro-2-hvdroxvevelopentvhamino-1H-

pyrazolof3.4-dlpvrimidine-3-carboxamide and N-(2.5-difluorcbenzvhD-4-(({18.2R 3R)-3-fluoro-2

hvdroxvevelopentvhamino)-1H-pyrazolol 3. 4-dinvrimidine-3-carboxamide

N N
."//" N o
i 3 r N
Naw g . . (g:)
HO 1) TEA/DCM Chiral SFC HO \f &
- 3 e = (Rig N NH
- ,&“NH g7 M 2 koncimecH FWNH & ™
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Fmes! F\‘/ﬁ
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A mixture of N-(2,5-difluorobenzyl}-4-(((1R,25,35)-3-fluoro-2-hydroxycyclopentyDamino)-

1-((2-(trimethylsilyDethoxyymethyl)- 1 H-pyrazolo{3,4-d]pyrimidine-3-carboxamide (200.00 mg,
372.70 umol) in TFA/DCM (15.00 mL, v/v = 1/1) was stirred at 25°C for 3 hrs, thenconcentrated
under reduced pressure at 30 °C. To the residue was added MeOH (20 mL) and KOAc (100 mg),
and the mixture was stirred for 16 hrs at 25 °C. Once LCMS showed the reaction was complete, the
mixture was concentrated under reduced pressure at 30 “C. The residue was purified by acidic
preparative HPLC followed by chiral preparative HPLC to afford N-(2,5-difluorobenzyl)-4-
({({1R.25,35)-3-fluoro-2-hydroxycyclopentyhamino)- I H-pyrazolo{ 3 4-d]pyrimidine-3-carboxamide
(25.00 mg, yield: 16.51%) as a white solid and N-(2,5-difluorobenzyl}-4-(({15,2R,3R}-3-fluoro-2-
hydroxveyclopentyljamino)-1H-pyrazolo| 3,4-d]pyrimidine-3-carboxamide (30.00 mg,
yield:19.81%) as a grey sohid. LC-MS conditions {or these compounds were as follows: {low rate =
0.8 mL-min" , mobile phasc: from 95% [water + 10mM NHHCO-] and 5% CH:CN, under this
condition for 0.4 min, then changed to 10% [water + 10mM NHMHCO;] and 90% CH3CN in 2.6
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min, then changed to 100% CH3CN in 0.85 min, finally changed to 93% [water + 10mM
NHHCO:] and 5% CH:CN in .01 min, then under this condition for .64 min. 97.125% purity and
97.690% purity, respectively.

Synthesis of Amine Intermediates
Example 4: Synthesis of (1R,25,3R)-3-aminocyclopentane-1,2-diol

HO

NHy
HO

Step 1: (3a5.45.6aR)-2.2-Dimethvlietrahvdro-4H-cvclopentaldif 1.31dioxol-4-ol

To a solution of (3aR,6aR}-2,2-dimethyl-3a,6a-dihydro-4H-cyclopentald}{ 1,3 ]dioxol-4-one
(92.00 g, 596.78 mmol, 1.00 eg) in MeOH (2.00 L) was added Pd-C (10%, 12 g). The suspension
was degassed under vacuum and purged with Hj several times. The mixture was stirred under H»
{30 psi) at 20°C for 4 hrs, at which point TLC (PE:EtOAc=3:1) showed the starting material was
consumed completely. The reaction mixture was filtered, and to the filtrate was added NaBHs
(34.00 g, 901.14 mmol, 1.51 eg) in portions at 8 °C, and the resulting mixtare was stirred at 20 °C
for 0.5 hr. The mixture was then concentrated, and to the residue was added H,O (300 mL). The
mixture was extracted with EtOAc (500 mL*3), dried over Na;S0O4, and concentrated to give
{3a8.,45.6aR)-2,2-dimethyltetrahydro-4H-cyclopenta{d}{ 1 .3]dioxol-4-0l (84.00 g, yvield: 88.98%) as
a yellow oil. "H-NMR (400 MHz, CDCl) 6 ppm 4.60 (1, 1H, J = 5.2 Hz), 4.39 (t. IH, J = 5.6 Hz),
3.83 {(brs, 1H), 2.37-2.35 (m, 1H), 1.88-1.76 (m, ZH), 1.65-1.56 (m, 1H), 1.48 (s, 3H), 1.45-1.36
(m, 1H), 1.33 (s, 3H).

Sten 2: 2-((3aS 4R . 6aR)-2 2-Dimethvitetrahvdro-4H-cvelopentaldll 1.3 ldioxol-4-vDisoindoline-1,3-

dione

To a stizred mixture of (3a5,45,6aR})-2, 2-dimethyltetrahyvdro-4dH-cyclopentadj] 1,3 ]dioxol-4-
ol (70.00 g, 442.51 mmeol, 1.00 eg), isoindoline-1,3-dione (80.00 g, 543.74 mmol, 1.23 eg) and PPhy
(175.00 g, 667.20 mmol, 1.51 eg) in dry toluene (1.00 L) under Ny was added DIAD (135.00 ¢,
667.62 mmol, 1.51 eg) dropwise. The resulting mixture was stirred at 80 °C for 20 hrs under No.
Adter TLC (PHEEHOACc=3:1) showed the starting material was consumed coropletely, the mixture
was concentrated, and the residue was purified by column chromatography on silica gel (PE:EtOAc
= 801 1/50:1/20:1/10:1) to give 2-((3aS,4R,6aR)-2,2-dimethyltetrahydro-4H-
cyclopentafd]{ 1,3 ]dioxol-4-ylyisoindoline-1,3-dione (90.00 g, yield: 70.79%) as a white solid. H-

43
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NMR (400 MHz, CDCL) 6 ppm 7.82-7.80 {(m, 2H), 7.72-7.70 (m, 2ZH), 5.03-4.96 (m, 2H), 4.61-4.60
(m, 1H), 2.28-2.20 (m, 2H), 1.94-1.85 (m, 2H), 1.50 (s, 3H), 1.31 (5, 3H)

Step 3: 3a8 4R 6aRy-2 . 2-Dnmethviteirahvdro-4H-cvelopental dif | 31dioxol-4-amine

A mixture of 2-({3a5,4R,6aR)-2,2-dimethyltetrahydro-4dH-cyclopenta{d}f 1,3 Jdioxol-4-
yiyisoindoline-1,3-dione (90.00 g, 313.25 mmol, 1.00 eg) and NH-NH2.H,O (32.00 g, 626.50 mmol,
2.00 eg) in EtOH (600.00 mL) was stirred at 80 °C for 16 hrs. After TLC (PE:EtOAc = 3:1)
showed the starting material was consumed completely, the mixture was filtered and concentrated,
and EtOH (500 mL) was added to the residue. After concentration to remove the solvent, PE (1000
mi} was added and the mixture filtered and concentrated to give (3a5,4R,6aR)-2,2-
dimethyltetrahydro-dH-cyclopentald}{1,3}dioxol-4-amine (41.00 g. crude) as a yellow oil, which
was solidified by standing as a yellow crystal. "H-NMR (400 MHz, CDCl3) é ppm4.72 {1, 1H, J =
S52Hz), 4.18(d, 1H, J=56H),3.39(d. 1H, /=40 H»n, 2.01-1.93 (m, 2H), 1.78-1.77 (m. 1H).
1.46 (s, 3H), 1.38-1.35 (m, 1H), 1.26 (s, 3H), 1.10 (br.s, 2H).

Step 4 (1R 25 3R)-3- Aminocvclopentane-1.2-diol hvdrochloride

A mixtare of (3a5,4R,6aR)-2,2-dimethyltetrabydro-4H-cyclopentald}{ 1,3 ]dioxol-4-amine
(10.00 g, 63.61 mmol, 1.00 eg) in H;O (55.00 mL) and HCI (5.00 mL, 12 M) was stirred at 20 °C
for 2 hrs. TLC (E1OAc:MeOH = 10:1) showed the starting material was consumed completely.
The mixture was concentrated to give (1R,25,3R)-3-aminocyclopentane-1,2-diol hydrochloride
(9.20 g, yield: 94.15%) as a yellow solid. "H-NMR (400 MHz, CD:0D) 4 ppr 4.03 (br.s, 1H), 3.90
(dd, 1H, /= 8.4, 4.4 Hz), 3.48-3.41 (m, 1H), 2.25-2.19 (m, 1H), 2.05-2.02 (m, 1H), 1.75-1.65 (m,
1H), 1.58-1.56 (m, 1H).

Example 5: Synthesis of (1R,2R,354R,55)-4-Aminebicyclof3.L.4hexane-2,3-diol

HO
WNHy

HO

Step 1: (3a5.48.6aR)-2.2-Dimethyl-3a,6a-dihydro-4H-cyclopentaldil 1.3 1dioxol-4-0l

To a 0 °C stirred nuixtare of {3aR,6aR)-2,2-dimethyi-3a.6a-dihydro-4H-
cyclopentafd]f1,3}dioxol-4-one (90.00 g, 583.81 mmol, 1.00 eg) and CeCl;. THLO (240.00 g, 644.16
mmol, 1.10 eq) in MeOH (2.00 L) was added NaBH; (44.00 g, 1.16 mol, 1.99 ¢g) in portions over
0.5 hr. After addition, the mixture was stirred at 18 °C for 0.5 hr. TLC (PE:EtOAc = 3:1) showed
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the starting material was consumed completely. The mixture was concentrated, and to the residue
was added EtQOAc (2000 mi) and the solution stirred at 1¥ °C for 0.5 hr. The mixture was then
filtered, the filtrate was dried over NaySQ;, and concentrated to give the crude product (3aS5,45,6aR)-
2,2-dimethyl-3a,6a-dihydro-4H-cyclopentald}{ 1,3 ]dioxol-4-01 (79.00 g, crude) as a light yellow oil
which was used directly to the next step without further purification. "H-NMR (400 MHz. CDCl3) &
ppm 588 (s, 2 H), 5.01(d, IH, J=5.6Hz), 4.74 (¢, 1H, /=56 Hz),4.55(dd, 1H, /=9.6,5.6 Hz},
2.76(d, 1H, 7=9.6 Hz), 143 (s, 3H), 1.40 (s, 3H).

Step 2: 3aR.3bR.4a8,55.5a8)-2.2-Dimethylhexahvdrocyclopropal 3.4 lcvclopental 1.2-di[ 1 3 |dioxol-
S-gl

To a 0°C stirved mixture of (3a5,45.6aR)-2.2-dimethyl-3a.6a-dihydro-4H-
cyclopentaidif1,3|dioxol-4-0l (40.00 g, 256.11 mmol, 1.00 eg) in DOCM (50.00 mL) was added
dropwise ZoEt, (1 M, 1.00 L, 3.90 eg). After 15 min, CHl; (550.00 g, 2.05 mol, 8.02 eg) was
added into the mixture, which was stirred at 20 °C for 16 hrs. TLC (PE:EtOAc = 1:1) showed the
starting material was consumed. The mixture was quenched by saturated NH4Cl solution (200 mL),
followed by addition of HoO (500 mL}. The mixtare was extracted with DCM (500 mL*3), and the
combined organic layers were dried over Na,SO4 and concentrated to give the crude product. The
crude product was purified by column chromatography on silica gel (PEEIOAc = (:1/100:1/80: 1/
50:1/720:1/10:1/5:1) to give (3aR,3bR,4a5,55,5a5)-2,2-dimethythexahydrocyclopropaf3.4}-
cyclopental 1,2-d][ 1,3]dioxol-5-01 (18.00 g, yield: 41.29%) as a light vellow oil. 'H-NMR (400
MHz, CDCh) d ppm 4.87 (t, 1H, / = 6.0 Hz), 4.53-4.45 (m, Z2H), 2.34 (br.s, 1H), 1.85-1.82 (m, 1H},
1.64-1.62 (m, 1H). 1.54 (s, 3H), 1.28 (s, 3H), 0.98-0.94 (m, 1H), 0.63-0.60 (m, 1H).

Step 3: 2-((3aR . 3bR.4a5 SR 5a5)-2. 2-dimethvihexahvdrocvelopropal 3. 4icvclopental 1.2-

dif1.31dioxol-S-yvhisomndoline-1.3-dione

To a stisred mixture of (3aR,3bR,4a8,55,5a8)-2,2-dimethylhexahydrocyclopropal 3,4 |-
cyclopentaf 1.2-d}{ 1,3 }dioxol-5-0l (10.00 g, 58.75 mmol, 1.00 eg), isoindoline-1,3-dione (12.00 g,
81.56 mmol, 1.39 eg) and PPh; (24.00 g, 91.50 mmol, 1.56 eq) in dry toluene (300.00 mL) under N,
was added DIAD (20.00 g, 98.91 mmol, 1.68 eg) dropwise. The resuliing mixture was stirred at 80
°C for 20 brs under Ny, TLC (PE:E(OAc = 3:1) showed the starting material was consumed
completely. The mixtare was concentrated, and the residue was purified by column

chromatography on silica gel (PE:EtOAc = 80:1/50:1/30:1/20:1/10:1) to give 2-



WO 2017/035354 PCT/US2016/048698

((3aR,3bR,4a5,5R,5a8)-2,2-dimethylhexahydrocyclopropal 3,4 ]-cyclopentaf 1,2-d]{ 1,3 ]dioxol-5-
yhisoindoline-1.3-dione (14.00 g, yield: 79.61%) as a light yellow oil. "H-NMR (400 MHz, CDCls)
o ppm 7.86-7.83 (m, 2H), 7.74-7.72 (m, 2H), 5.37-5.34 (., 1H), 4.78-4.76 (m, 1H), 4.73 (s, 1H),
2.01-1.95 (m, 1H), 1.51 (s, 3H), 1.47-1.42 {(m, 1H), 1.24 (s, 3H), 0.85-0.79 (m, ZH).

Step 4: (3aR.3bR.4aS5,5R,3a5)-2.2-Dimethylhexahydrocyclopropal 3.4 icyclopental 1.2~

dll1.31dioxol-5-amine

A mixture of 2-((3aR,3bR 4a5,5R 5a5 -2, 2-dimethythexahydrocyclopropal3.4}-
cyclopentaf 1,2-d}{ 1,3 jdioxol-3-yl}isoindoline-1,3-dione (14.00 g, 46.77 mmol, 1.00 ¢g) and
NHoNH2.H0 (4.78 g, 93.54 mmol, 2.00 eg) in EtOH (200.00 mL) was stirred at 70 °C for 16
hrs. TLC (PE:E1OAc=3:1) showed the starting material was consumed completely. The mixture
was filtered, the filtrate was concentrated, and to the residue was added EtOAc (20 mL). The
mixture was then fillered, and concentrated to give (3aR,3bR.4aS,5R,5a%)-2.2-
dimethylhexahydrocyclopropal3.4]cyclopenta{1,2-d}{ 1,3}dioxol-S-amine {7.00 g, yield: 88.45%) as
a yellow oil. "H-NMR (400 MHz, CDClz) § ppm 5.06-5.03 (m, 1H), 430 (d, 1H, /= 6.8 Hz), 345
(s, 1H), 1.73-1.71 {m, 1H), 1.48 (s, 3H), 1.43-1.39 (m, 1H), 1.25 (s, 3H), 8.74-0.67 (m, 2H).

Step 5: (1R.ZR.38 4R.58)-4d-aminobicvelof 3. 1.0thexane-2.3-diol *HCl

A mixture of (3aR,3bR,4aS,5R,5a8)-2,2-dimethylthexahydrocyclopropal 3,4 Jcyclopentaf 1,2-
dj{1.3idioxol-5-amine (1.00 g, 63.61 mmol, 1.00 eg) in HyO (5.500 mL) and HCI (0.5 mL, 12
M) was stirred at 15 °C for 2 hrs. TLC (EtOAc:MeOH = 10:1) showed the starting material was
consumed completely. The mixture was concentrated to give (1R,2R,35,4R,55)-4-
aminobicyclof3.1.0}hexane-2,3-diol*HCH (780 mg g, yield: 79.9%) as a yellow solid.

Example 6: Synthesis of (15,25,45)-2-amino-4-fluorecyclopentan-i-ol (relative
stereochemistry)

) \‘Q 0
NaH/BnOH m-CPBA z ¢
e Yn B \\ \
HO THF BnG DCM Ve
Bn@r Brd

trans: cis = 2:3
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Re OH OhAc
(’7 NaNa/NH ‘f.,i N A*(‘l/Ftd H2 Pd(OH)-
§ EtOHMO £>M Na /Q..,, Bac; (‘,Ft'm J > AHBo
BnC BnG
OAc OH OH
DAST s MaOH/MeOH : HCVEIOAC 3
B e e R
DeM “Q”""NHBOC \\Q"”’NHBOC ‘\Qmm-qz
e £ -

(relative sterecchemistry}

Step 1: ((Cyvclopent-3-en-1-vioxyimethvlibenrzene

Q NaH/BnOH Q
e B

HO THF BnQG

To a mixture of cyclopent-3-en-1-0l (60.00 g, 713.27 mmol) in THF (600.00 mL) was added
NaH (37.09 g, 927.25 mmol) in portions at 0 °C. After effervescence had ceased,
bromomethylbenzene (158.59 g, 927.25 mmol) was added dropwise at 0 °C over 45 min period,
then warmed to 25°C and stirred for 16 hrs. TLC (PE/EtOAc = 50/1) showed the reaction was
complete. Excess NaH was quenched with MeOH (120 mL) at a temperature below 5 °C. The
mixture was warmed to 25 °C, diluted with H,0 (600.00 mL). and the two layers were separated.
The aqueous phase was extracted with ethyl acetate (200 mL*3). The combined organic phase was
washed with brine (200 mL), dried over Na;SQ;4, filtered and concentrated in vacuum. The residue
was purified by silica gel chromatography (PE/EtOAc = 1/0) to afford ({cyclopent-3-en-1-
yloxy)methylybenzene (120.00 g, vield: 96.56%) as yellow oil. "H-NMR (400 MHz, CDCl) § ppm
7.38-7.28 (m, SH), 5.72 (s, 2H), 4.52 (s, 2H), 4.35-4.30 (m, 1H), 2.64-2.59 (m, 2H), 2.50-2.46 (m,
2H).
Step 2: (1R.35,55)-3-(benzyioxyi-0-oxabicyclof 3.1.0lhexane and (IR 3055)-3-(benzyioxy)-6-

oxabicvclol3.1.0lhexane

\\O

‘a m-CPBA Q

BhO DCM
BnO
trans: cis = 2,3
To a mixture of ({cyclopent-3-en-1-yloxy)methylibenzene (120.00 g, 688.71 mmol) in DCM

(600.00 mL), was added m-CPBA (297.68 g, 1.38 mol) in one portion at § °C. The mixture was
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stirved at 25 °C for 16 brs, TLC (PE:EtOAc=20:1) showed the reaction was complete. The mixtare
was filtered and excess m-CPBA was reduced by the addition of saturated ag. NapySOs; until a
negative starch 1odide test was observed. The mixtore was filtered and concentrated in vacuum.
The residue was purified by silica gel chromatography (PE:EtOAc=1:0, 20:1) to afford (1R,3R,55)-
3-(benzyloxy}-6-oxabicyclof3.1.0}hexane (56.00 g, yicld: 42.74%) and (1R,35.55)-3-(benzyloxy}-
6-oxabicyclo[3.1.0}hexane (37.00 g, yield: 28.24%) as yellow oil. Spectra analysis of (1R,35,55)-3-
(benzyloxy)-6-oxabicyclo[3.1.0Jhexane. "H-NMR (400 MHz, CDCls) 4 ppm 7.31-7.20 (m, 5H),
436 (s, 2H), 3.84-3.74 (m, 1H), 3.43 (s, 2H), 2.51-2.35 (m, 2H), 1.66-1.57 (m, 2H). Spectra
analysis of (l}{31{5S)--3--(beﬂzyloxy)--é--oxabieydo{3.1.0}hexanejH--NMR {400 MHz, CDCly) 0
ppm 7.31-7.15 {m, SH). 4.36 (s, 2ZH), 3.85-3.74 (m, 1H), 3.43 (s, 2H), 2.51-2.35 (m, 2H), 1.66-1.60
{m, 2H).

Step 3. (18,25 4R)-2-Anido-4-(benzyloxyvicyclopentan-1-ol

x\‘@
D NalNg/NH,CI

T
EtOHMH,0 Dﬂ Ny

BnG BnO

|

To a mixture of (1R.35,55)-3-(benzyloxy)-6-oxabicyclo[3.1.0]hexane (20.00 g, 105.13
mmol) in BEtOH (760.00 mL) and H,O (230.00 ml) was added NH4C1 (20.98 g, 392.13 mmol),
NaN; (24.00 g, 369.17 mmol} in one portion at 25 °C. The mixture was heated to 80 °C and stirred
for 16 hrs. TLC (PE:EtOAc=10:1) showed the reaction was complete. The mixture was cooled to
25°C and EtOH was removed by Ny, and the agueous phase was extracted with DCM (100 mL*3).
The combined organic phase was washed with H>O (30 mL*3), dried over NapySQOy, filtered and
concentrated in vacuum to afford (15.25,4R})-2-azido-4-(benzyloxy)cyclopentan-1-o0l (Z3.00 g,
yicld: 93.79%) as a yellow oil. 'H-NMR (400 MHz, CDCL) 6 ppm 7.43-7.28 (m, SH), 4.58-4.47 (m,
2H), 4.27-4.25 (m, 1H), 4.11-4.08 (m, 1H), 3.66-3.61 (m, 1H), 2.49-2.44 (m, 2H), 2.16-2.13 (m,
1H), 1.89 (br.s, 1H}, 1.87-1.80 (m, ZH).

Step 4: (18.25.4R)-2-Azido-4-(benzyloxvicvclopentyl acetate
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OH QAc
3 ACCIELN :
R i
D"' Ns o pom Q" Ns
BnO BnG

To a solution of (15,25,4R)-2-azido-4-(benzyloxy)cyclopentan-1-0l (22.90 g, 98.17 mmol},
BN (59,60 g, 589.02 mmol) 1o DCM (550 mL) was added a solution of acetylchlonide (38.53 ¢,
490.85 mmol) in DCM (50 mL) dropwise at 0°C over a period of 30 mins under Na, during which
the temperature was maintained below 5 “C. The reaction mixture was then warmed to 25 °C and
stirred {or 16 hrs. TLC (PE:OAc=10:1) showed the starting material was consumed completely.
The reaction was quenched by the slow addition of H,O(100 mL}. The organic phase was washed

with saturated brine (530 mL), dried over Naph (g, filtered and concentrated in vacuo. The residue

(18,25 4R)-2-azido-4-(benzyloxycyclopentyl acetate (17.00 g, vield: 62.90%) as yellow oil. 'H-
NMR (400 MHz, CDCL) ¢ ppm 7.37-7.28 (m, 5H), 5.24-5.12 (m, 1H), 4.51 (s, 2H), 4.14-4.11 {m,
1H), 3.88-3.85 (m, 1H), 2.45-2.40 (m, 1H), 2.36-2.32 (m, 1H), 2.07 (s, 3H), 1.95-1.88 (m, 2H).

Sten 5: (15,25 AR)-2-({tert-butoxycarbonvDamino)-4-Hydroxvevclopentyl acetate

OAc OAc
s Ho/Pd(OH)» -
S ——
D’"’Ng Boc,O/EtOH £>'“NHBOC
BnO HO

To a solution of (15,25,4R)-2-azido-4-(benzyloxy Jcyclopentyl acetale (8.80 g, 31.97 mmiol)
in EtOH (100.00 mL) was added Pd(CH), (4.42 g, 31.97 mmol) under N,. The suspension was
degassed under vacuum and porged with Ha several times. The mixture was stirred under H: (50
psi) at 70 °C for 32 hrs. TLC (PE: EtOAc = 2:1) showed the starting material was consumed
completely. The reaction mixture was {iliered and the filtrate was concenirated. The crude produoct
was purified by silica gel chromatography (PE:EtOAc=10:1, 2:1) to give (15,25 4R)-2-({tert-
butoxycarbonyhaminoj-4-hydroxycyclopentyl acetate (3.80 g, yicld: 45.84%) as a yellow solid.

Sten 6: (15,25 485)-2-((tert-butoxvearbonvhDaminoe-4-Fluorocvelopentvl acetate
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?AC QAC
DAST 3
NHBoc e NHBoc
. DCM .
HO F\%

To a mixture of (15,25,4R)-2-((tert-butoxycarbonylamino)-4-hydroxycyclopentyl acetate
(2.57 g, 9.91 mruoly in DCM (150.00 mL) was added DAST (2.40 g, 14.87 yomol) dropwise at -70
°CC under Na. The mixture was stirred af -70 °C for 30 min. TLC (PE:EtDAc=2:1) showed the
reaction was complete. The mixture was cooled to 0 °C and ag. NaHCO; (5 mL, 10%) was added
and allowed to stir for 10 min. The aqueous phase was extracted with EtOAc (15 ml*2), and the
combined organic phase was washed with brine (10 mL), dried over Na,SO,, filtered, and
concentrated in vacoum. The crude product was purified by silica gel chromatography
(PE:ALOAC=20:1, 10:1) to give (15,28.45)-2-((tert-butoxycarbonyljamino}-4-fluorocyclopentyl
acetate (700.00 mg, yield: 27.03%) as a yellow oil. "H-NMR (400 MHz, CDCl) 6 ppm 5.14 (s,
(0.5H), 5.00 (br.s, 1H), 4.71 (s, 0.5H), 4.14-4.13 (m, 1H), 2.49-2.47 (m, 2H), 2.07-1.94 (m, 3H),
1.81-1.74 (m, 2H), 1.43-1.41 (xu. 9H).

Step 7 tert-butvl (U828 45)-4-Fluoro-2-hvdroxvevclopentyDcarbamate

DAC OH
2 NaCOH/MeOH N
OMN HBoc QMN HBoc
2 2
To a mixture of (15,25.4S5)-2-({tert-butoxycarbonyDamino)-4-fluorocyclopentyl acetate

{700.00 mg, 2.68 mmol) in MeOH (20.00 mL) was added NaOH (160.80 mg, 4.02 mmol) in one
portion. The mixture was stirred at 25 °C for | hr. TLC (PE:EtOAc=3:1) showed the reaction was
complete. The mixture was concentrated under reduced pressure at 30 °C to afford tert-butyl
((15,25,45)-4-fluoro-2-hydroxycyclopentyljcarbamate (650.00 mg, crude) as a white solid.

Sten 8: (15,25 45)-2- Amino-4-fluorocvelopentan-1-ol {relative stereochemistry)

OH OH

: HCVEIOAS 3
OHNHBOC QMNHQ
N F_,‘\‘

F\
The mixture of tert-butyl ((15,25,45)-4-luoro-2-hydroxycyclopentylycarbamate (650.00 mg,
2.96 mmol) in MeOH/HCI (20.00 mi., 4 M) was stirred for 1 hr at 25 °C. TLC (PE:EtCAc = 2:1)

50



WO 2017/035354 PCT/US2016/048698

showed the reaction was complete. The mixture was concentrated under reduced pressure at 30 °C
to afford {15,25.,45)-2-amino-4-fluorocyclopentan-1-ol (relative stereochemistry} (400.00 mg, yield:
86.85%) as a white solid. "H-NMR (400 MHz, DMSO-ds) ¢ ppm 8.38 (br.s, 3H), 5.09 (d. 1H, J =
53.6 Hz), 4.09-4.03 (m, 1H), 3.34-3.30 (m, 1H), 2.44-2.39 (m, 1H), 2.21-2.16 (m, 1H), 1.95-1.87
(m, 1H), 1.75-1.66 (m, 1H).

Example 7: Synthesis (1R2ZR4R)-2-amino-4-(methylsulfenyl)cyclopentan-1-ol (relative

stereochemistry)

NHBoc
A NHBoc NHBoc NHBoc HO% 3
¢ \T> MsCUELNDOM  A00s 3 NasMe  “Ca A K,COuMeOH
----------------------------- Pow- e PR S [
/ DMF 3
> % Me
OH HMs SMe
NHBoc NHy
HO 3 HO\/;‘
m-CPBA/DCM HOVEIOAG a
3 B L
- o
0=3 0=
O O

(relative stereochamistry)

Step 1: Preparation of (1R 2R.45)-2-((tert-butoxycarbonylJAmino}-4-

{{methvisulfonvhoxyicyclopentvl acetate

NHBoG NHBoG
ACQT} MSCHELN/DCM AC‘O@
O OMs

To a mixture of (1R,2R,45)-2-({tert-butoxycarbonylamino)-4-hydroxyeyclopentyl acetate
(3.00 g, 11.57 mmol} and EtsN (4.68 g, 46.28 mamol) in DCM (50.00 mL) was added dropwise
Ms(Cl1(3.98 g, 34.71 mmol) at 0 °C, then the mixture was stirved at 20 °C for 3 hrs. TLC
{(PE:EtCAc=1:1) showed the reaction was complete. The mixture was washed with water (100
mi.*3), then the organic layer was dried over NaySO4 and concentrated to give (1R, 2R, 45)-2-({tert-
butoxycarbonyhlamino)-4-{{methylsulfonylloxyjcyclopentyl acetate (3.5 g, crude: 100%) as a
yellow solid.

Step 2: (1R 2R 4AR-2-{(tert-butoxvearbonvDamino)-4-(Methvlthiolcvelopentvl acetate
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NHBoc NHBoc
AcC N NaSMe AcC s
....................... *ﬁ.
E; DMF
OMs SMe

To a mixtare of (1R,2R 45)-2-((tert-butoxycarbonylamino)-4-
((methylsuifonyloxy)cyclopentyl acetate (3.50 g, 10.37 mmol) in DMF (30.00 mL} was
added NaSMe (4.36 g, 12.45 mmol). The mixtare was then stirred at 90 °C for 2 hrs, and TLC
(PE:EtOAc = 2:1) showed the reaction was complete. The mixture was concenirated to give the
crude (1R 2R 4R)-2-((tert-butoxycarbonylamino)-4-(methylthio)cyclopentyl acetate (3.00 g, crude

100%) as a yvellow solid.
Sten 3: tert-buivi (1R 2R 4R)-2-Hydroxyv-4-{methvithiolcvclopentvlicarbamate

) NHBoc
NHBos HO 3
ACO“T::;> K,CO4/MeOH %T::;>
S
She
SMe

To a mixture of (1R,ZR 4R)-2-({tert-butoxycarbonyl Jamino)-4-(methylthio)cyclopentyl
acetate (3.00 g, 10.37 mmol) in MeOH (100.00 mL) was added KxC0O3 (2.87 g, 20.74 mmol). The
mixture was stirred at 25 °C for 16 hrs. TLC (PE:EtOAc=2:1) showed the reaction was complete.
The mixture was concentrated and purified by column chromatography on silica gel (PE:EtOAc =
5:1-1:1) to give tert-butyl ({(1R, 2R, 4R)-2-hydroxy-4-(methylthio)-cyclopentyhcarbamate (1.60 g,
yield: 62.38%) as a white solid. "H-NMR (400 MHz, CDCls) 6 ppm 4.10-3.99 (m, 2H)}, 3.85 (br.s,
1H), 3.14-3.11 (m, 1H), 2.50-2.46 (m, 1H), 2.17-2.10 (m, 4H), 1.86-1.82 (m, 1H}, 1.81-1.67 (m.

TH), 1.45 (s, 9H).
Step 4: tert-butyl (1R 2R 4R}-2-Hydroxy-4-(methvyisulfonvlicvelopentylicarbamate

NHBoc
NHBoc HO, 7
HO z m-CPBADCM
----------------------------- B —
0‘»‘"/
ShMe W

To a mixture of tert-butyl ((1R,2R,4R}-2-hydroxy-4-(methylthioycyclopentylycarbamaie
(1.60 g, 6.47 mmol) in DCM (100.00 mL)} was added m-CPBA (3.49 g, 16.18 mumol}. The
mixture was stirred at 25 °C for 16 hrs.  After TLC (PE:EtOAc = 2:1) showed the starting

material was consamed completely, the mixture was washed with saturated NapSOs (ag. 20 ml)



WO 2017/035354 PCT/US2016/048698

and saturated NaHCO; (ag. 20 mL*3). The organic layer was then dried over Nax5Q,,
concentrated, washed with PE (10 mL), filtered, and the filter cake was dried under vacuum to
give teri-butyl (1R, 2R.4R)-2-hydroxy-4-(methylsulfonyljcyclopentyljcarbarate (1.70 g, yield:
04.06%) as a white solid. "H-NMR {400 MHz, CDCL) ¢ ppm 4.62 (br.s, 1H), 4.07-4.04 (m, 1H),
3.81-3.79 (m, 1H), 3.48-3.45 (m, 1H), 2.82 (s, 3H), 2.57-2.40 (m, 2H), 2.11-2.07 {m, 1H), 1.90-
1.87 {m, 2H}, 1.38 (5, 9H).

Step 5: (IR 2R 4R)-2-Amino-4-(methvisulfonvhicvelopentan- 1-ol (relative streochemistry)

NHBoc NHg
HO, S HOL 5
Q HCVEIDAC Q
e SR
- —
O":'S\\, O";E‘E\
O O

The mixture of tert-butyl ((1R,2R,4R)}-2-hydroxy-4-
(methylsulfonylcyclopentybcarbamate (1.2 g, 4.30 mmol) in HCI/MeOH (10.00 mL) was stirred
at 25 °C for 16 hrs, after which LCMS showed the reaction was complete, and the mixture was
concentrated to give (1R,2R 4R)-2-amino-4-(methylsulfonyl)cyclopentan-1-ol (1.0 g, crude:
100%) as a yellow solid. "H-NMR (400 MHz, CDs0OD) 6 ppm 4.11-4.07 (m, 2H), 3.76 (br.s, 1H),
2.94 (s, AH), 2.53 (br.s, 2H), 1.99 {br.s, 2H).

Example 8: Synthesis of (15,2R,5R)-2-Amino-5-flusrocyclopentan-1-ol hydrochloride (relative
stereochemistry)

o] N3

PNy CeClTH,0 \/7 NaH/BrBr \/7 m-CPBAIDCM NaNyNH(Cl i A

J — R S —— %

NaBH,/MeOH o THF ‘a \\»m NMeOH/H,O w
o HO Bn :
BnQ 8nd

Na NHBos NHBoo NHHCH
TBOMSCl  TBDMSOu .~ H2/PAOH):  TBOMSOu, DAST  TBDMSECagy HCH HO%
A (I T ————" Bo T Ny o —

imidazole/CHCl, L/ MeOH/Boc,O i\'»—: DCM p MeOH /FJ

BnC HO F F

Step 1: Cvclopent-2-en-1-0}

= =
Q CeCly. 7H,0 f\
L -
H
& NaBH/MeOH HO

To a mixtare of Ce(Cl:.7H,0 (24.00 g, 64.42 mmol) in MeOH (120.00 mL) was added
cyclopent-2-en-1-one (5.00 g, 60.90 mumoly at 15°C. After 5 min, NaBHy (4.61 g, 121.80
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mmol) was added into the mixture in portions at 0 “C. The resulting mixture was stirred at 25 °C

starting material was remained. The reaction was guenched by H,O (100 mL) and the organic
solvent was concentrated in vacuum. To the residue was added H;O (300 mL), followed by
extraction with MTBE (200 mL*3). The combined organic layers were dried over Na)SO; and
concentrated under vacuum to give the crude product cyclopeni-2-en-1-0l (3.00 g, crude) as a brown
oil. It was used directly to the next step without further purification. 'H-NMR (400 MHz, CDCly) 8
ppm 5.91 (d, 1H, /=48 Hz), 5.77-5.76 (m, 1H), 4.79 (d, 1H, /= 3.6 Hz}, 2.47-2.42 (m, 1H), 2.21-
2.15 (m, 2H), 1.64-1.59 (m, 1H).

Sten 20 {Cyelopent-Z-en-1-vioxyvimethvlibenzene

/”} NaH/BnBr l
:--{o)“ THF Vs

Bn(

To a mixture of cyclopent-Z-en-1-01 (9.00 g. 106.99 mmol) in THF (200.00 mL) was
added NaH (6.80 g, 170.11 mmol) in portions at § °C. After addition, the mixture was stired at
20 °C for 0.5 hr, then BnBr (20.00 g, 116.94 mmol) was added into the mixture dropwise at 0 °C.
The resulting mixture was stirred at 20 °C {or 2 hrs. TLC (PE:EtOAc = 20: 1) showed formation
of a new species { Ry= .6, 254 nm). At this point, H,0 (20 mL) was added, followed by
extraction with EtOAc (20 mL*3). The combined organics were dried over NapSOy and
concentrated to give the crude product, which was purified by column chromatography on silica
gel (PE:EtCAc = 1:0/100:1/80: 1) to give ((cyclopent-2-en-1-yloxyymethyl)benzene (8.00 g, yield:
42.91%} as a yellow oil. H-NMR {400 MHz, CDCl) 6 ppm 7.34-7.25 (m, 5H), 6.02 (br.s, 1H},
5.88 {(br.s, 1H), 4.66 (br.s, 1H)}, 4.55-4.47 (m, 2H), 2.52-4.48 (m, 1H), 2.27-2.24 (m, 1H), 2.16-
2.13 (o, 1H), 1.87-1.84 (m, 1H).

Step 3: (18.25.55)-2-(Benzvioxyi-6-oxabicvclof 3.1 .0thexane

o
7N m-CPBADCM §>\
~/ " J

| —
BnO

~
~

BnC
To a mixture of ({cyclopent-2-en-1-yloxy)methylibenzene (8.50 g, 29.27 mmol} in DCM
(50.00 mL) was added m-CPBA (13.50 g, 58.67 mmol) in portions at 0 °C. The mixtare was stirred

at 25 °C for 4 hrs. Once TLC (PE:EtOAc=10:1) showed the starting material was consumed
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completely, the mixture was filtered, the filtrate was concentrated and purified by column
chromatography on silica gel (PE:EtOAc=1:0/100:1/80:1/50:1) to give the crude product. DCM (20
ml} was then added, the mixture filtered, and H,O (20 ml) and Na,CO; (500 mg) were added to
the filtrate, followed by stirring of the mixture at 25 °C for 0.5 hr. The mixture was then

extracted with DCM (20 mBL*3), dried over NaxSOy, and concentrated to give (18,28,55)-2-
{(benzyloxy)-6-oxabicyclof3.1.0jhexane (2.40 g, vield: 43.10%) as a colorless oil, which

was confirmed by NOE. 'H-NMR (400 MHz, CDCly) ¢ ppm 7.37-7.26 (m, 5H), 4.61-4.51 (m, 2H),
409 (d, 1H, J = 5.2 Hz}, 3.55 (br.s, 1H), 3.49 (br.s, 1H), 1.99-1.95 (im, 1H), 1.87-1.75 {(m, ZH),
1.54-1.52 (m, 1H).

Step 4: (15.2R.58)-2-Azido-5-(benzvloxyicvclopenian-1-ol

N

@] %3
b NaNa/NHOl o A
e 0
R MeOH/H,O %{:7
BnO BnG
To a mixtore of (15,25.55)-2-(benzyloxy)-6-oxabicyclof 3. 1.0hexane (2.40 g, 12.62 mmol)

and NH4C1 (1.55 g, 29.03 mmol) in HoO (3.00 mL) and MeOH (24.00 mL) was added NaN; (4.10
g, 63.10 mmol), which was stirred at 80 °C for 16 hrs. After TLC (PE:EtOAc=10:1) showed the
starting material was consumed, the organic solvent was dried by N, and the residue was diluted
with H,O (20 mL), extracted with DCM (20 mL*3). The combined organic phases were washed
with HoO (10 mL*3), dried over NaszSO4, and concentrated to give (15,2R,55)-2-azido-5-
{(benzyloxy)cyclopentan-1-ol (2.60 g, yicld: 88.32%) as a brown oil. 'H-NMR (400 MHz, CDCls) d
ppm 7.42-7.31 {m, 5H), 4.64-4.55 {(m, 2H)}, 4.02-3.99 (m, 1H), 3.82-3.80 {(m, 1H)}, 3.66-3.63 (m,
IH), 2.25 (br.s, 1H), 2.67-2.01 (m, 2H), 1.80-1.77 {m, 2H).

Step 5: (((1S.2R 58)-2-Azido-5-(hbenzvioxvicvclopentyDoxy iiert-butvDdimethylsilane

N3 N3

HO@ TBDMSCE 'H'BDMSO%G
imidazole/CHCK

o ~
-~ N
N -~

BnO BnO

A mixture of (15.2R,55)-2-azido-5-(benzyloxy)cyclopentan-1-0l (2.50 g, 10.72
mmol), imidazole (1.61 g, 23.69 mmol) and TBDMSCI (2.42 g, 16.08 mol) in CHCL (5.00
mi} was stirred at 80 °C for 16 hrs. Once TLC (PE:EtOAc=10:1) showed the starting material was

consumed completely, the mixture was concentrated and purified by column chromatography on
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silica gel (PE:EtOAC =1:0/100:1/80: 1) to give (({15,2R,55)-2-azido-5-
{benzyloxyjcyclopentyloxy){(tert-butylidimethylsilane (3.00 g, vield: 80.52%) as a colorless oil. "H-
NMR (400 MHz, CDCls) 6 ppm 7.24-7.15 (m, SH), 4.40 (d. 2H, J = 2.4 Hz), 3.88-3.86 (m, 1H),
3.63-3.61 (m, 1H), 3.47-3.43 (m, 1H)}, 1.94-1.82 (m, 2H), 1.70-1.65 {m. 2H), 0.79 (5, 8H), .03 (s,
3H), 0.00 (s, 3H).

Step 6 tert-butvl (UR28.38)-2-((ert-butvidimethvisilvDoxv)-3-HyvdroxvevelonentvDearbamate

Ngy NHBoc
TBDMSO%Tij7 Ho/Pd(OH); TBDMSGNT/T7
J MeOH/Boc,O e
BnQ HO

To a mixture of ({({1S,2R,38)-2-azido-5-(benzvloxyjcyclopentyDoxy){tert-
butyldimethylsilane (2.90 g, 8.34 mmol} and Boca(3 (2.20 g, 10.10 mmol) in MeGH (50.00
mL) was added PA{OH}; (1.50 g, 5.42 mmol), which was stirred at 50 °C under H; (50 psi) for 20
hrs. After TLC (PE:EtOAc = 3:1) showed the starting material was consumed completely, the
mixture was filtered, and the filtrate was concentrated and purified by column chromatography on
silica gel (PE:EtOAc=10:1/8:1/5:1) to give tert-butyl ((1R,25,35)-2-((tert-butyldimethylsilyhox y)-
3-hydroxycyclopentyl}carbamate (2.10 g, yield: 75.95%) as a white solid. "H-NMR (400 MHz.
CDChy) d ppm 4.81 (brs, 1H), 3.89-3.88 (m, 1H), 3.70-3.67 (m, 2H), 2.06-1.89 (m, 2H), 1.58-1.56
{m, 2ZH), 1.35 (5, 9H). 0.79 (5, 9H). 6.02 (s, 3H), 0.00 (5, 3H).

Step 7: tert-butyl (1R 28.3R-2-({tert-butvidimethvistlvhoxvi-3-Fluorocyclopentylcarbamate

NHBoc NHBoc
TBDMSO%T:j7 DAST  TRDMSOum,
mmmmmmmmmmm e B8
O T 3
HO F

To a mixture of tert-butyl ((1R.25,35)-2-((tert-butyldimethylisilylloxy)-3-
hydroxycyclopentylcarbamate (1.10 g, 3.32 mmol) in DCM (50.00 mL) was added DAST (1.61
2, 9.96 mmol) at -70 °C. The reaction mixture was stured at -70 °C for | hrand 25 °C for 1 hr.
After TLC (PE:EtOAc=5:1, R = 0.6) showed the reaction was complete, ice water (5 mbL) was
added o the reaction. The solution was extracted with DCM (20 mIL*3) and washed with brine
(30 mL). The organic laver was dried over Na;S04 and concentrated. The residue was purified

by column chromatography on silica gel (PE:EIOAc = 100:1) to give tert-butyl (1R,25,3R)-2-
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((tert-butyldimethylsilyDoxy)-3-fluorocyclopentybearbamate (100.00 mg, yield: 9.03%) as a
white solid. '"H-NMR {400 MHz, CDCly) d ppm 4.64 (d, 1H. J = 54.4 Hz), 4.26 (br.s, 1H), 3.90-
3.86 (m., 1H), 3.76-3.68 (m, 1H), 2.11-1.79 (m., 4H), 1.34 (s, 9H), 0.81 (s, 9H), 0.00 (s, 6H).

Step §: (18.2R.5RY-2- Amino-S-fluorocvelopentan-1-ol hvdrochloride{relative stereochemistry)

NHBoc NH, HC
TBDMS OQ\/» HOl O
............ o
)ﬂ._l MeOH
F F

A solution of tert-butyl ({(1R,25.3R)-2-((tert-butyldimethylsilyloxy)-3-
fluorocyclopentyljcarbamate (100.00 mg, 299.84 umol} in HC/MeQOH (20.00 mL, 4 M} was
stirred at 25 °C for 16 hrs. TLC (PEEtOAc=5:1, Ry = 0) showed the reaction was complete. The
solution was dried by No and (18,2R,5R )-2-amino-5-fluorocyclopentan-1-ol hydrochloride
(relative stereochemistry)(45.00 mg, yield: 96.45%) was obtained as a yellow solid. "H-NMR (400
MHz, CD:0D) 4 ppm 4.93-4.89 (m, 1H), 3.98-3.88 (m, 1H}, 3.52-3.47 (m, 1H), 2.30-2.00 {m,
3H), 1.66-1.62 (m, 1H).

Example 9: Synthesis of (15,2R,55)-2-amino-5-flusrocyclopentan-1-ol (relative

stereochemistry}
[} TS \ H ng .
I/me 1} ClCCOOH (5 eq. YDCM ACOH/B0°C/S hrs &OH MsCIEL;N/DMAP &ws
o po- B !
C}- 2) m-CPBA (1.05 eg) 2 e i) DCM .m{m)
o DA DAc
NEn Hen2
KoCOg -2 HBF,.E,0 fﬁ; Hs /Pd(OH (D)h,
e { ) e T 1 wOH e OH
MeOH/THF (7:3) L_/:@ DCM .._b\(sl,\ MQOE-‘ [ (3
fize} F

(relative stereochemistry}

Step 1 (IR.ZR 583 -N N--Dibenzvi--6--oxabicvclo{3.1.()Ehexan--”~-amine

NBn; 1) CLTCCOOH (5 eq. wuvs
Q/ 2) m-CPBA (1.05 eg) § Z}

CLCCOOH (154.72 g, 949.20 mumel) was added to a stirring solution of N.N-

dibenzylcyclopent-2-en-1-amine (50.00 g, 189.84 mmol) in DCM (640 mL), and the resulting

mixture was stirred at 20 °C for 0.1 hr. m-CPBA (43.00 g, 199.32 myool) was added 1n one portion
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and the reaction mixture was allowed to continue to stiv at 20 °C for 16 hrs. After TLC
(PE:EtOAc=10:1) showed the reaction was complete, the mixture was diluted with DCM (500 mL)
and sat. ag. Na)SOs was added ountil starch-1odide paper indicated no remaining m-CPBA. Sat. ag.
NaHCOs (500 mL) was added and the layers were separated. The organic layer was washed with
ag. NaHCQO5 (200 mL*2) then dried, concentrated, and purified by column chromatography on
silica gel (PE:EtOAc=100:1-50:1) to give (1R, 2R, 55)-N N-dibenzyl-6-oxabicyclo]3.1.0]hexan-2-
amine (30.00 g, vield: 56.56%) as a white solid. 'H-NMR (400 MHz, CDCly) é ppm 7.41 (d, 4H, J
=7.2Hz), 7.31(t, 4H, J = 7.6 Hz), 7.25-7.22 {im, 2H)}, 3.86-3.70 (m, 4H), 3.44 (s, 1H), 3.32 (5, 1H),
3.28-3.24 (m, 1H), 2.04-2.01 (m, 1H)}, 1.54-1.45 (m, 3H).

Step 20 GR 2R 3R-3-{Dnbenzviamino-2-hvdroxvevelopentvl acetate

NBﬂg
NBH?_ O
AcOH/BEPCiB hri (RlOH
‘xi;
OAC

The solution of (1R,2R,535)-N,N-dibenzyl-6-oxabicyclo}3.1.0}hexan-2-amine (30.00 g,
107.38 mmol, 1.00 Eq) in AcOH (200 mL) was stirred at 50 °C for 16 hrs. After TLC (PE:EtOAc =
18:1) showed the reaction was complete, the mixture was concentrated to remove Ac(OH, the
residue was dissolved in DCM (100 mLj}, and the organic layer was washed with ag. NaHCO; (100
mL*3), and dried over Na;SOy and concentrated. The residue was purilied by silica gel column
chromatography (PE:EtOAc = 100:1-50:1) to give (1R,2ZR,3R}-3-{dibenzylamino)-2-
hydroxycyclopentyl acetate (20.00 g, yield: 54.87%) as a white solid. TH-NMR (400 MHz, CDCly)
¢ ppm 7.36-7.28 {m, 10H), 5.05-5.02 {(m, 1H), 4.05 (d, 1H, J=4.0 Hz), 3.81-3.69 (m, 4H), 3.27-
3.24 (m, 1H), 2.40-2.36 (m, 1H), 2.07 (s, 3H), 1.97-1.94 (m, 1H), 1.78-1.73 (m, 1H), 1.60-1.54 (m,
TH).

Sten 30 (1R 2R 3R -3-(Dibenzviamino)-2-((methvisulfonvhoxvicvelopentyl acetate

NB?‘EQ NB”Z
v /(R) DCM \ /(R
OAc OAC

MsCl (8.10 g, 70.71 mool) was added dropwise to a mixture of (1R,2R,3R)-3-
{dibenzylamino)-2-hydroxycyclopentyl acetate (20.00 g, 58.92 mmol), Et:N (18.48 g, 182.66
mmol) and DMAP (719.83 mg, 5.89 mmol) in DCM (200 mL). After addition, the mixture was
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miixture was washed with water (100 mL*2), the organic layer was dried over Na;SOy, and purified
by colurnn chromatography on silica gel (PE:EtOAc = 80:1-60:1) to give (1R,2R.3R)-3-
{dibenzylamino)-2-((methyisulfonyljoxy)cyclopentyl acetate (15.00 g, vield: 60.97%} as a white
solid. "H-NMR (400 MHz, CDCl3) 8 ppm 7.41 (d, 4H, J = 7.6 Hz), 7.33 (t, 4H, J = 6.8 Hz), 7.31-
725 (m, 2H), 5.16-5.13 (m, 1H), 5.01-5.00 (m, 1H), 3.92-3.81 (m, 4H), 3.37-3.32 (m, 1H), 3.15 (s,
3H), 2.33-2.30 (m, 1H), 2.01 (s, 3H), 1.98-1.91 (m, 2H), 1.56-1.53 (m, 1H).

Step d: (1S5 2R SR -N . N-Dibenzvi-6-oxabicvelol3.1. 0 hexan-2-amine

NBn, "

KoCO N2

(% OlMs 2 3 - (R /S)

/i) MeOH/THF (7:3) %
OAc (Fs)

KO3 (5.96 g, 43.11 mmol) was added to a mixtare of (1R,2R 3R )}-3-(dibenzylamino)-2-
({methylsuifonyloxy)cyclopentyl acetate (15.00 g, 35.93 mmol} in MeOH (70 mLy/THF (30 mL).
The mixtare was stivred at 20 °C for 16 hes. After TLC (PE:EtOAC = 13:1) showed the reaction was
complete, the mixture was concentrated to remove MeOH and THE. The mixture was then
dissolved in DCM (20 ml.), the organic layer was washed with water (10 mL*2), dried over
Na;S04, and concentrated to give (15,2R,5R)-N,N-dibenzyl-6-oxabicycio{3.1.0}hexan-2-amine
(10.00 g, yield: 99.62%) as a white solid. "H-NMR (400 MHz, CDCly) & ppm 7.37(d, 4H,J=7.6
Hz), 7.32(d, 4H, J=7.2 Hz), 7.29-7.23 (m, 2H). 3.73-3.69 (m, ZH), 3.53-3.41 {m, 5H), 2.06-2.00
(m, 1H), 1.91-1.90 (m, 1H), 1.87-1.76 (m, 1H), 1.51-1.48 (m, 1H).

Step 5: (1S.2R.58)-2-(Dibenzvlamino)-5-fluorocvclopentan-1-of

NE NBF‘:Z
" heE, ELO on
o S
3 DCM

S )

To a mixtare of (15,2R,5R)-N,N-dibenzyl-6-oxabicycio]3.1.0thexan-2-amine (6.50 g,
23.27 mmol} in DCM (200 mL) was added HBF/ELO (7.54 ¢, 46.53 mmol), and the mixture
was allowed to stir at 30 °C for 0.2 hr. After TLC showed the reaction was complete, the mixture
was added to NayCOs (100 mL) and extracted with DCM (200 mL*2). The organic layer
was dried over NaxSQy, concentrated, and purified by column chromatography on silica gel

(PE:EtOAc = 60:1 to 20:1) to give (15,2R.55)-2-(dibenzylamino}-53-fluorocyclopentan-1-ol {1.80
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g, yield: 25.84%) as a white solid. 'H-NMR (400 MHz, CDCl3) 4 ppm 7.38-7.22 {m, 10H), 4.81-
4.67 {(m, 1H}, 4.23-4.15 (m, 1H), 3.83-3.55 (mm, 4H), 3.04-2.98 (m, 1H), 1.93-1.79 {m. 4H).

Step 6: {15 2R 383-2-Aminoe-5-fluorocvelopentan- L -ol{relative stereochemistry)

NBn, NH,
?/Pd\OH Yo on
MeOH
F

(reiative stareochemistry)
To a mixture of (15,2R,55)-2-(dibenzylamino)-5-fluorocyclopentan-t-ol (1.60 g, 5.34

mmol} in MeOH (10 mL) was added Pd{(OH)» (500.00 mg. 3.61 mmol), and the mixture was
allowed to stirat 30 °C for 16 hrs under H; (30 psi). After TLC showed the reaction was complete,
the mixture was filtered by celite and the filtrate was concentrated to give (15.2R,55)-2-amino-5-
fluorocyclopentan-1-ol (600.00 mg, yield: 94.31%) as a white solid. "H-NMR (400 MHz, CDCl)
o ppm 4.93-4777 (m, 1H), 3.92-3.84 (m, 1H), 3.10-3.04 (m, 1H), 2.07-1.98 (m, 3H), 1.64-1.61 (m,
1H).
Example 10: Synthesis of 3-Fluore-5-((2R.45)-4-flucrepyrrolidin-2-yhipyridine

Br
OH OTRDMS OTBOMS = o OTBDMS
®)  TRDMSOH " Bos,QDMAP G N i/
---------------------- B e 00 oo a "
- NH
OZN gg;zoie N BN/CHON - 7 FPEMGCRLICHTHF @ boc
H H Boc = F
OTBDMS O
s e
\ VE ; % G
NaBH, MSCH (13 eq.)/EtN (15 eq) J§ TBAF /Eg
o .y i
MeOH DCM/-60-25°C F \ \1 Lo THF F\f\1 “*{B
A c i oc
Sy SN
F F F
(S) (S) (S
DAS '> /> HCVELOAC "’>
—_— A S e Bor
DCM F ' (R) N F\\/}\\*E\ {(S) ;\‘{ FN\/\WE
P Boc },\ P Boc \},\ /) SHC
N N

Sten 1 (R)-4-((tert-butvlidimethvisilvhoxvipvrrolidin-2-one
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OH OTBOMS
Ry TBDMSCH (R)
//J\ ----------------------- B
imidazoie i
o” N owF 0/""/\&

To the mixture of (R)-4-hydroxypyrrohidin-2-one (9.0 g, 89.1 mmol) in DMF (50 mL) was
added imidazole (9.09 g. 134 mmol) and TBDMSCI (14.1 g, 93.6 mmol) in one portion at 0°C. The
reaction mixture was stirred at 25 °C for 3 hrs. TLC (DCM/MeOH = 10/1, Ry = 0.8) showed the
reaction was complete, then water {200 mL}) was added the resulting precipitate was collected by
filiration and dried in vacuo to give (R)-4-({tert-butyldimethylsivhoxy)pyrrolidin-2-one (15.5 g,
yield: 80.7%) as a white solid. 'H-NMR {400 MHz, CDCl3) 6 ppm 5.90 (br.s, 1H), 4.55-4.53 {m,
1H), 3.60-3.56 (m. 1H), 3.24-3.21 (m, 1H), 2.56-2.50 (m, 1H), 2.28-2.23 (m, 1H), 0.87-0.85 (m,
9H), 0.06-0.00 (m, 6H).

Step 2: Preparation of tert-butyl (R)-4-((tert-butvidimethvylsilyhoxy)-2-oxopyrrolidine-1-carboxviate

OoTBDMS OTBDMS
(R} Boc,G/DMAPR (R
e 3
o N EtN/CHON o \{
H Boc

To the mixture of (R)}-4-({tert-butyldimethylsilyhjoxy)pyrrolidin-2-one (15.5 g, 72.0 mmol)
in CHRCON (150 mL) was added Et:N (8.72 g, 86.4 mmol), DMAP (4.39 g, 36 mmol), and Boc,O
(20.4 g, 93.7 mmol) in one portion at O °C. The reaction mixture was stirred at 25 °C for 10 hrs.
TLC (PE/EtOAc = 3/1) showed the reaction was complete, then water (600 mL) was added, the
resulting precipitate was collected by filtration and dried in vacuo to give tert-butyl (R)}-4-{(tert-
butyldimethylsilyhoxy)-2-oxopyrrolidine- I -carboxylate (19.2 g, yield: 84.6%) as a pink solid. 'H-
NMR (400 MHz, CDCL) 6 ppm 4.33-4.30 (m, 1H), 3.81-3.77 (m, 1H), 3.56-3.54 (m, 1H), 2.67-2.61
(m, 1H), 2.41-2.37 (m. 1H), 1.46 (5. 9H), 0.80 (s, 9H), 0.00 (s, 6H).

Step 30 tert-butvl ((ZR)-2-((ert-butvidimethvisilvDoxyi-4-{5-fluoropvridin-3-vii-4-

hvdroxvbutvlcarbamate

OTBDMS
()

o” N
Boc

To the mixture of 3-bromo-3-fluoro-pyridine (3.35 g, 19.02 mumol, 1.20 eg) in THVF (40.00
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ml) was added i-PrMgCl-LiCH (1.3 M, 17.56 mL, 1.44 eg) dropwise at O °C over 30 mins
(exothermic). After addition, the temperature was raised to 25 °C over 1 hr and stirred at 25 °C for
30 mins. TLC (PE/EIOAC =10/1) showed a new spot was generated indicating that the Mg reagent
was prepared successfully. Tert-butyl (R)-4-((tert-butyldimethylsilyloxy}-2-oxopyrrolidine- 1-
carboxylate (5.00 g, 15.85 mmol. 1.00 eq) in THF (50 mL} was then added dropwise to the solution
at -78°C over 30 mins. The mixture was allowed to warm to 25°C over 1 hr, then stirred at 25 °C
for 16 hrs. TLC (PE/EtOAc = 3/1) showed the starting material was consumed completely and the
desired product tert-butyl (R)-(2-({tert-butyldimethylsilyhoxy)-4-(5-fluoropyridin-3-yi)-4-
oxobutyl)carbamate was detected. The reaction was guenched by addition of MeOH (50 mL) at 0
°C. NaBH4(1.20 g, 31.70 mmol, 2.00 ¢q) was added at 0 °C, then the mixture was stirred at 25 °C
for 4 hrs. TLC (PE/EtOAc = 2/1) and LCMS showed the reaction was complete. The combined
reaction mixture (4 parallel reactions) was quenched by aqueous NH4Cl (400 mL) and extracted
with BtOAc (600 mL*3). The combined organics were dried over NapS0O4 and concentrated in
vacuo, and the residue was punhsd by HPLC to give tert-butyl ((ZR}-2-({tert-
butyidimethylsilyhoxy)-4-(5-fluoropyridin-3-yl)-4-hydroxybutyljcarbamate (1.24 g, vield: 18.91%)
as a yellow oil, 'H-NMR (400 MHz, CDCl3) 6 ppm 8.26-8.22 (m, 2H), 7.37 (d, 1H, J = 8.8 Hz),
4.95-4.88 (m, 2H), 4.69 (br.s, 1H), 4.60-3.98 (m, 2H), 3.23-3.10 {m, ZH), 1.73 (br.s, 2H), 1.32 (s,
9H), 0.80-0.79 (m, 9H), 0.00 (s, 6H).

Step 41 tert-butvi (AR -4-{Uert-butvidimethvisibvlioxyi-2-(5 -fluoropvndin-3-vhovirolidine-1 -

carboxylate

CTBDMS
OTBDMS ®)
MsCl (13 eq )/FELN (15 eq.)
NH O N
i DCM-B0-25°C % \\ B
Boc {) oc

To the mixture of tert-butyl ((2R)-2-({tert-butyldimethyisilyloxy)-4-(5-fluoropyridin-3-yl)-
4-hydroxybutyljcarbamate (8.70 g, 20.98 mmol. 1.00 eg) and EN (31.84 g, 314.70 mmol, 15.00
eqy in DCM (500.00 mL) was added dropwise MsCH(31.24 g, 272.74 mumol, 13.00 eg) at -60°C
over 0.5 hr. The mixturc was then stirred at -60 °C for 1 hr, and the reaction mixture was allowed to
warm to 25 °C and stirred for 18 hys. LOMS showed the starting roaterial was consumed

completely. The mixture was then washed with H,O (200 mL*3), and the agueous phase was
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extracted with DCM (200 mL*4). The combined organic layers were dried over NaxS0y4 and
concentrated in vacuo to give crude product tert-butyl (4R)-4-({tert-butyldimethylsilylioxy)-2-(5-
fluoropyridin-3-yhpyrrolidine- 1-carboxylate (8.30 g, crude) as a black/ brown otl, which was used
directly without purification.

Sten 531 tert-butyl (4R-2-(5-fluoropvridin-3-vhi-4-hvdroxypyrrolidine-1-carboxvlate

OTBDMS O
— (f" (R}

TBAF '
. T P N
1\ P ﬂ\N/} Bos

To the mixtare of tert-butyl (4R)-4-((tert-butyldimethylsilyDoxy)-2-(5-fluoropyridin-3-
yhpyrrolidine- 1-carboxylate (8.30 g, 20.93 mmol, 1.00 eg) in THF (250.00 mL) was added TBAF
(9.43 g, 41.86 mmol, 2.00 eq) at 25°C. The mixture was stirred at 25 °C for 16 hrs. After TLC
(PE/EtOAc = 1/1) showed the reaction was complete, the mixture was concentrated and the residue
was dissolved in BtOAc (600 mL), washed with water (200 mL*5), dried over NaaSOy4, and
concentrated. The crude product was purified by PLC to give tert-butyl (4R)-2-(5-fluoropyridin-3-
yh-4-hydroxypyrrolidine- 1-carboxylate (4.70 g, 16.65 muruol, yield: 79.54%) as a brown black oil.
TH-NMR (400 MHz, CDCl3) d ppm 8.37-8.33 (m, 2H), 7.48 (br.s, 1H), 5.09-4.89 (m, 1H), 4.56-4.54
(m, 1H), 3.80-3.65 (m, 2H), 2.63-2.43 (m, 1H), 2.03-1.96 (m, 1H), 1.56-1.20 (m, 9H).

Sten 6: tert-butvl (ZR.45)-4-Thuoro-2-(S-fluoropvridin-3-vhovrrolidine- 1 -carboxvlate

OH F F
/%?) NG, N
DAST /\> EB
F N DM F\/\\\(’(%”N s N
Co Boc | . Boc \/\\1 Boc
LA = L/ L/

To the mixture of tert-butyl (4R)-2-(5-{luoropyridin-3-y1)-4-hydroxypyrrolidine-1-
carboxylate (4.70 g, 16.65 mmol. 1.00 eq) in DCM (150.00 mL) was added DAST dropwise (29.52
g, 183.15 mmol, 11.00 eg) at -78 °C over 0.5 hr. The reaction roixture was stirred at -78 °C for 2
hrs, then allowed to warm to 25 °C and stirred for 20 hrs. After TLC (PE/EtOAc = (/1) showed the
starting material was consumed completely, the mixture was cooled to 0 °C and quenched by
saturated NaH{CO; solution (100 mL) dropwise. The organic phase was separated and dried over

Na»S04, concentrated to give the residue, then purified by column chromatography on silica gel
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(PE:EtOAc from 10:1, 8:1 to 5:1, then 3:1) to give tert-butyl (2R.4S5)-4-fluoro-2-(5-fluoropyridin-3-
ylpyrrolidine-1-carboxylate (1.38 g, 4.85 mmol, vield: 29.15%, R = 0.53) as a white solid and tert-
butyl (25,45)-d-fluoro-2-(5-fluoropyridin-3-ylpyrrolidine- 1 -carboxylate (1.36 g, 4.78 mmol, vield:
28.73%, Ry = 0.43) as a yellow oil. "H-NMR (400 MHz, CDCls) 6 ppm 8.31-8.27 (m, 2H), 7

7.18 (m, 1H), 5.18 (d, 1H. /= 51.6 Hz), 4.97-4.88 (m, 1H), 4.04-4.00 (m, 1H), 3.64 (dd, I1H. /=
38.8, 12.8 Hey, 2.67 (dd, 1H, J=15.6, 6.8 He), 1.97-1.67 (m, 1H), 1.56-1.12 (m. 9H).

Step 7: 3-Fluoro-5-((2R.45)-4-fluoropyrrolidin-2-vlipyridine

E
o (S
HVE/EEOAC ZHCI
\ (55 N Fo g N
1 H

L/
To the mixture of tert-butyl (2R.45)-4-fluoro-2-(5-fluoropyridin-3-yDpyrrolidine- 1 -

carboxylate {1.38 g, 4.85 mmol, 1.00 eg) in EtOAc (10 mL) was added dropwise HCIVEtOAc (40.00
ml, 4 M) at 0 °C. The mixture was allowed to warm to 25 °C and stirred 3 hrs. After TLC
(PE:EtOAc =1:1) showed the reaction was complete, the solvent was evaporated to give 3-fluoro-5-
((2R.45)-4-fluoropyrrolidin-2-yhpyridine (1.25 g, 4.86 mmol, yield: 100.00%) as a brown solid. 'H-
NMR (400 MHz, CI0D) 6 ppm 8.84-8.81 (m, 2H), 831 (d, 1H, /=92 Hz), 5.62 (dt, IH, /=
520, 2.4 Hz), 5.23-5.18 (m, 1H), 4.00-3.95 (m, 1H)}, 3.88-3.71 (m, 1H), 2.67 (td. 1H. /= 16.0,6.0
Hz), 1.69-1.59 (ro. 1H).
Example 11: Synthesis of (3R 45,5R)-5-aminotetrahydro-2H-pyran-3,4-dioi

OAc O
ESH  aco HO HO
AcO Br3 OEtg V\j EtsN ‘\(U mCPBA ﬁ
o7 MeDH/HO o

HaN S

. ' OH
Hcﬁﬁ\m
2-BuQH, 100 °C 0

Step 1: (53-3.6-dihvdro-2H-nvran-3-vi acetate

(3R,45)-3,4-dihydro-2H-pyran-3,4-diyl diacetate (2.9 g, 14.49 mmol} was taken up in DCM
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(15 ml), and stirred under No at room teroperature. Triethylsilane (2.55 ml, 15.93 munol) was added
and stirred for 5 minutes. BF;.OEt, (1.836 ml, 14.49 mmol) was added dropwise and stirring was
continued for 30 minutes. The reaction mixture was quenched with 30ml of saturated bicarbonate
and the layers were separated. The combined organic layers were dried over sodium sulfate and the
solvent was removed. The residue was purified via flash chromatography (0-30% Hex/EtOAc).

(8)-3,6-dihydro-2H-pyran-3-yl acetate (1.9g, 92% vield) was recovered as clear oil. 'H NMR (400

MHz, DMSO-d6) 0 6.10 (dddt, 1 = 10.2, 3.2, 2.1, 1.0 Hz, 1H), 5.84 (ddt, J = 10.1, 4.3, 2.1 Hz, 1H),
496 (did, J=4.3,27, 1.5Hz, 1H), 416 - 3839 (m. 2H), 3.73 (1, } =2.9 Hz, 2H), 2.01 (d, J = 0.9 Hz,
3H).

Step 2: (53-3 6-dihvdro-2 H-nvran-3-¢i

(S)-3,6-dihydro-2H-pyran-3-yl acetate (1.9 g, 13.37 mmol) was taken up in MeOH (30 mli)
and Water (20 mi). Triethylamine (7 ml, 50.2 mmol) was added and stirred at room temperature for
30 min. The solvent was removed under reduced pressure. The residual water was then extracted
with BtOAc three times. The organic layers were combined, dried over sodinm sulfate and the
solvent was removed. (5)-3.6-dihydro-2H-pyran-3-0l (1.1 g, 10.99 rwomol, 82 % yield) was
recovered as a clear oil. The crude product was carried on without further purification.

Step3: (1S.5R.6R)-3.7-dioxabicyclol4. 1.0k heptan-3-ol
(8)-3,6-dihydro-2H-pyran-3-o0l (1.1 g, 10.99 mmol} was taken up in CH:Cl; (20 mi) and

cooled to 0 °C. mCPBA (4.55 g, 13.18 mmol) was added portion wise. The rcaction mixture was

stirred while warming to room temperature, overnight. The white precipitate of the reaction mixture

was filtered off, the elutant was retained, the solvent was removed and triturated with diethyl ether.

This step was repeated. The residue, (15,5R,6R)}-3,7-dioxabicyclof4.1.0}heptan-5-0} (1.2g, 100%

yield) was carried on without further purification.

Step 4: GRAS.SR-5-(((R)-1-phenviethyDaminoetrahvdro-2H-pyran-3.4-dio]
{(15,5R,6R)-3,7-dioxabicyclof4.1.0lheptan-5-0l (1.26 g, 10.85 mmol), (R)-1-

phenylethanamine (1.658 mi, 13.02 mmol) were taken op in 2-BuOH (15m1). The reaction mixture
was heated to 100 °C {or 18 hours. The reaction mixture was cooled to room temperature, the
solvent was removed, and the residue was then purified on ISCO 0-100% EtOAc. The fractions
were combined, the solvent removed, and then the residue was treated with MTBE and stirred

overnight. The white precipitate of the organic mixture was filtered off. Recovered (3R,45,5R)-5-
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(({R)-1-phenylethyDamino)tetrahydro-2H-pyran-3,4-diol (0.350g. 14% yield). 'H NMR (400 MHz,

DMSO-ds) 6 7.38 - 7.24 (m, 4H), 7.22 - 7.12 (m, 1H), 4.61{(d, / = 5.6 Hz, 1H), 446 (d. / = 4.8 Hz,

1H), 3.88{q, /=6.5Hz, 1H),3.64 (tt, J=5.0,2.8 Hz, 1H),3.47(dd, J=11.4,4.7 Hz, I1H), 3.39

{ddd, J=8.4, 5.6, 3.1 Hz, 1H), 3.31 (s, 2H), 3.29(t, /= 3.0 Hz, 1H), 3.25(d, /= 2.5 Hz, OH}, 2.79

(dd, J=11.1, 7.8 Hz, I1H), 2.57 (td, / = 7.8, 3.9 Hz, 1H), 1.86 (s, 1H), 1.21 (d, /= 6.6 Hz, 3H).

Step 5: 3R.AS,5R)-5-aminotetrahvdro-2H-pyran-3.4-dio]
(3R.45.5R)-53-(({R)-1-phenylethylamino)tetrahydro-2H-pyran-3,4-diol (0.350 g, 1.475

mmol} was taken up in BtOH (3 ml) and Pd-C (0.031 g, (.295 mmol) was added. The reaction
mixture was stirred under Ho balloon overnight. The reaction mixture was filtered through Celite
and the solvent was rerooved to give (3R,4S5.5R)-5-aminotetrahydro-2H-pyran-3,4-diol (0.190 g,
1.427 mmol, 97 % yield) as an off white solid. The crude product was carried on without further
purification. LCMS (M+H) 134.

Example 12. (R}-3-(4.4-difluorepyrrolidin-2-yD)-5-fluoropyridine

Step 1: tert-butvl (2R 4R -4-((tert-butvidimethvisilvDioxvi-2-(3-fluoropyridin-3-vDpvrrolidine-1-

OTBDMS OTBDMS

MsCl (13 2g. VELN (158¢.)

DCM/A-B0-25°C

To a mixture of tert-butyl ((ZR}-2-((tert-butyldimethylsilylyoxy}-4-(5-fluoropyridin-3-yi)-4-
hydroxybutyhcarbamate (6.80 g, 16.40 mmol) and EtN (24.89 g, 246.00 mmol) in DCM (500.00
mL} was added MsCl1(24.42 g, 213.20 mmol) dropwise at -60°C over 30 minutes. The mixture was
stirred at -60°C for 1 hr. The reaction mixture was allowed to warn to 25°C and stirred for an
additional I8 hrs. The muxtare was washed with HoO (200 mL*3). The aqueous phase was
extracted with DCM (200 mL*4). The combined organic layers were dried over NapSOy4 and
concentrated in vacuo. The residue was purified by silica gel chromatography (PE:FtOAc = 5(/1,
20/1, 10/1) to afford tert-butyl (28,4R)-4-({tert-butyldimethylsilyDoxy)-2-(3-fluoropyridin-3-
yhpyrrolidine-1-carboxylate (2.70 g, yield: 41.52%) and tert-butyl (2R, 4R)-4-({tert-
butyldimethylsilylyoxy)-2-(5-flunoropyridin-3-ylpyrrolidine-1-carboxylate (2.40 g, vield: 36.89%)
as brown oil. TH-NMR (400 MHz, CDCI3) 0 ppm 8.40 (br.s, 2H), 7.56-7.45 (m., 1H), 5.11-4.94 (m,
2H), 4.53 (br.s, 1H), 3.85-3.79 (m, 1H), 3.66-3.53 (m, 1H), 2.62-2.58 (m, 1H), 2.04-2.01 (m, 1H),
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1.56 (s, 3H), 1.32 (s, 6H). 0.99-0.88 (m, 9H}, 0.18-0.00 (. 6H).
Step 20 tert-butvl (2R 4R)-2-(5-fluoropvridin-3-vl-4-hvdroxvypvrrolidine-1 -carboxvlate
OTBDMS

To a mixture of tert-butyl (2R 4R}-4-((tert-butyldimethylsiiyhoxy)-2-(5-fluoropyridin-3-
ylipyrrolidine-1-carboxylate (2.40 g, 6.05 mmol) in THF (60.00 mL) was added TBAF (3.16 g,
12.10 mmol) in one portion at 25°C. The mixture was concentrated under reduced pressure at 50°C.
The residue was added to water (20 mbL). The aqueous phase was extracted with ethyl acetate (30
mi*3). The combined organic phase was washed with saturated brine (20 mL*2), dried over
Na>SO4, {itered and concentrated in vacuo. The residue was purified by silica gel chromatography
(PE:EtOAc = 20/1, 10/1,1/3) to afford tert-butyl (ZR,4R)-2-(5-{luoropyridin-3-yl}-4-
hydroxypyrrolidine-1-carboxylate (1.30 g, yield: 76.11%) as a yellow solid. 1H-NMR (400 MHz,
CDCI3) 6 ppm 8.26 (d, 2H, I =12.8 Hz), 7.39 (br.s, 1H), 4.95-4.81 (m, 1H), 4.48-4.47 (m, 1H),
373 (br.s, 1H), 3.56-3.53 (m, 1H), 2.55 (br.s, 1H). 1.97-1.98 (m, 1H), 1.65-1.16 (m. 9H).

Step 30 tert-butyvl (R)-2-(5-fluoropvridin-3-vD-4-oxopvrrolidine-1-carboxviate

‘?E
O M ]
oH Y F o

(=) Cl’N\ﬁ’N‘C!

0
PN TEMPODCM F\(j’{*?\ N
1 P Boc Q\N/ Boc

N

To a mixture of tert-butyl (2R 4R)-2-(5-{lnoropyridin-3-yh)-4-hydroxypyrrolidine-1-
carboxylate (1.30 g, 4.60 mmol) and trichloroisocyanuric acid (1.10 g, 4.60 mmol) was added
TEMPO (72.41 mg, 460.49 umol) at -10°C. The mixture was stirred at -10°C for 15 min, then
warmed to 25 °C and stirred for 1 br. TLC (EtOAc) showed the reaction was complete. The
organic phase was washed with NaHCO; (20 mL*2), dried over Na;S0;, filtered and concentrated
in vacuum. The residue was purilied by silica gel chromatography (petroleum ether/ethyl acetate =
50/1, 10/1) to afford tert-butyl (R)-2-(5-fluoropyridin-3-yl})-4-oxopyrrolidine-1-carboxylate (1.10 g,

yield: 85.32%) as a brown oil.
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Step 41 tert-buivl (R)-4 4-difluore-2-(5-fluoropvridin-3-vUipverolidine- L -carboxviate

To a mixture of tert-butyl (R)-2-(5-fluoropyridin-3-yl)-4-oxopyrrolidine-t-carboxylate (1.00
2, 3.57 mmol) in DCM (100.00 mL) was added DAST (14.39 g, 89.25 mmol) dropwise at -70°C
under N,. The mixture was stirred at -70°C for 30 min. Then the mixture was stirred at 25°C for 16
hrs. The reaction mixture was quenched by saturated ag. NaHCO; slowly at 0°C and the aqueous
phase was extracted with DCM (50 mL*4). The combined organic phase was washed with
saturated brine (30 mL), dried over Na;SQq4, filtered and concentrated in vacuo. The residue was
purified by silica gel chromatography (petroleum ether/ethyl acetate = 100/1, 30/1) to afford tert-
butyl (R)-4,4-difluoro-2-(5-flucropyridin-3-ylpyrrolidine-1-carboxylate (1.00 g, yield: 92.66%) as
a brown oil. TH-NMR (400 MHz, CDCI3) 0 ppm 8.40 (s, 1H), 8.34 (s, 1H}, 7.30-7.21 (m, 1H), 5.06
{(br.s, 1H), 4.14-3.85 (m, 2H), 2.91-2.84 (m, 1H), 2.39-2.32 (m, 1H), 1.43-1.14 (m, 9H).

Step 5 (R)-3-(4 4-difluoropyrrolidin-2-vD-3-fluoropyridine

2HCH L F

A mixture of terl-butyl (R)-4,4-difluoro-2-(53-fluoropyridin-3-ylpyrrolidine-1-carbox ylate
(1.00 g, 3.31 mmol) in HCVEIOAC (50.00 mL, 4 M) was stirred for 2 hrs at 25°C. The mixture was
concentrated under reduced pressure at 30°C to afford (R)-3-(4,4-diflucropyrrolidin-2-ybh-53-
fluoropyridine (840.00 mg, yield: 92.25%) as a white solid as bis HCI salt. TH-NMR (400 MHz,
MeOD) 6 ppm 8.68-8.63 (m, 1H), 7.97 (d. 1H, J = 9.2 Hz), 5.26-5.21 (m, 1H), 4.03-3.90 (m, 2H),
3.13-2.92 (ro. 2H).
¥xample 13. (35,5R)-5-2,5-difluorophenyl)pyrrolidine-3-carbonitrile
Step 1y tert-butyvl ((ZR)-2-((tert-butvidimethylsilyDoxy)-4-(2.5-difluorophenyl)-4-

hvdroxvbutylcarbamate
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Br
oTBOMS | il\i HO OTBDMS
(R P r®
1) TN
7N 1 -PIMgCHTHE T ] NH
Boc 2. NaBHJ/MeOH  Su~p BOC

To a solution of 2-bromo-1.4-di{luoro-benzene (3.01 g, 15.60 mmol, 1.20 Eg) i THF (15
mL) was added isopropylmagnesium chloride complex (2.27 g, 15.60 mmol, 1.20 Eq) at 0°C
dropwise under Ny, The reaction was stirred at 15°C for 1 hr to prepare (2, 5-difluorophenyl)
magnesium bromide (23 mL). To a solution of tert-butyl (R)-4-((tert-butyldimethylsilyDoxy)-2-
oxopyrrolidine- I-carboxylate (4.10 g, 13.00 mmol, 1.00 Eq) in THF (50 mL) was added (2,5-
difluorophenyl) magnesium bromide (23 mL) dropwise at 0°C over 30 mins. The reaction mixture
was stirred at 0°C for 1 hr. Methanol (20 mL) was added to the mixture followed by NaBH, (738
mg, 19.50 mmol, 1.50 Eq) at 0°C. The mixture was stirred at 0°C for 1 hr then poured into 10%
aqueous NH4CL. The mixture was extracted with EtOAc (20 mL*2), the combined organic layers
were washed with brine, dried over NapSQO,y, filtered and concentrated. The crude product was
purified by medinom pressure hiquid chromatography (MPLC) to give tert-butyl ((2R)-2-({tert-
butyldimethylsilyhoxy)-4-(2.5-difluorophenyl}-4-hydroxybutylicarbamate (2.22 g, 5.14 mmol,
39.6% yield). "H-NMR (400 MHz, CDCls)  ppm 7.17-7.15 (m, 1H), 6.86-6.79 (m, 2H), 5.11-5.06
(m, 1H), 4.70 (br.s, 1H), 4.02-3.98 (m, 1H}, 3.69 (br.s, 0.5H), 3.46 (br.s, 0.5H), 3.33-3.14 (m, ZH),
1.80-1.69 (o, 2H), 1.35 (s, 9H), 0.84-0.82 (9H, m), 6.04-0.03 (6H, m).
Step 2: tert-butyl (4R)-4-((tert-butvidimethyisilyhioxy)-2-(2.5-diflucrophenylipyrrolidine-1-

carboxylate
QOTBEDMS

MsCi
EtaN/DCM

-

F

To a solution of tert-butyl ((ZR})-2-({(tert-butyldimethylsilyhoxy)-4-(2,5-difluorophenyl))-4-
hydroxybutyhearbamate (13.40 g, 31.05 mmol, 1.00 Eq) and EGN (9.42 g, 93.14 ool 3.00 Eq)
in DCM {50 mL) was added dropwise methanesulfonyl chloride (5.33 g, 46.57 mmol, 1.50 Eq) at -
60°C by under N, The mixture was stirred at -60°C for 2 hrs and 15°C for 16 hrs. LCMS showed

the starting material was consumed completely. The reaction mixture was extracted with DCM (30
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mi*2) and the combined organics were washed with brine (50 mL), dried over NaxSO, and filtered,
concentrated to give tert-butyl (4R)-4-((tert-butyldimethylsilylloxy)-2-(2,5-
difluorophenylpyrrolidine- I-carboxylate (12.00 g, 26.11 romol, yield: 84.10%, 90% purity) which
was used directly without further purification.

Step 30 tert-butyl (2R 4R)-2-(2.5-difluorophenyh)-4-hydroxypyrrolidine-1-carboxylate

OTBDMS

Z
'To a solution of tert-butyl (4R )-4-({tert-butyldimethylsilylyoxy)-2-(2,5-
difluorophenyl)pyrrolidine- 1-carboxylate (4.50 g, 10.88 mumol, 1.00 Eq) in THF (30 ml) was
added TBAF/THF (1 M, 14.15 mL, 1.30 Eq) at 15°C. The mixture was stirred at 15°C for 16 hrs.
TLC (PE:EtOAc = 3:1) showed the starting material was consumed completely. The reaction
mixture was guenched by HpO (50 mL), extracted with EtOAc (30 mL*2) and the combined
organics were washed with brine (10 mL), dried over Na,SQy, filtered and concentrated in vacuo.
The residue was purified by neuntral prep-HPLC fo afford tert-butyl (2R 4R)-2-(2,5-difluorophenyl)-
4-hydroxypyrrolidine-1-carboxylate (1.00 g, 3.34 mmol, yield: 30.70%) as a white solid. "H-NMR
(400 MHz, CDCly) 6 ppm 7.04-6.80 (m, 3H), 5.10-5.00 (m., 1H), 4.43 (s, 1H), 3.75 (br.s, 1H), 3.53-
3.49 (m, 1H), 2.53 (br.s, 1H), 1.93-1.90 (m, 1H), 1.40-1.16 (m, 9H).

Step 4: tert-butvl CRA4ARY-2-(2.5-difluorophenvii-4-((methvisulfonvhoxyipvrrolidine-1-carboxvlate

OH OMs
./% MsCUE,N
i M

DCM

To a mixture of tert-butyl (2R 4R)-2-(2,5-difluorophenyl)-4-hydroxypyrrolidine-1-
carboxylate (3.00 g, 10.02 mmol, 1.00 eg) and E&3N (2.03 g, 20.04 mmol, 2.00 eg) in DUCM (80.00
mL) was added MsCl1 (1.61 g, 14.03 mmol, 1.40 eg) dropwise at §°C. The mixture was stirred at
18°C for 2 hrs. The mixture was quenched by H,0 (30 mL). The aqueous phase was extracted by
DCM (50 mL*3). The combined organic layer was dried over Na;SO4 and concentrated under

reduced pressure. tert-Buotyl (2R, 4R)-2-(2,5-difluorophenyl)-4-((methylsulfonyDoxy)pyrrolidine-1-
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carboxylate (3.60 g, 9.54 yomol, yield: 95.20%) was obtained as a brown solid.

Step 50 tert-butvl (2R 45)-d-cvano-2-{2.5-difluorophenvDpvrrolidine-1 -carboxvlate

OMs

(R

KCON/DMSO
F Sl N
| Boc
1 / F

To a mixture of tert-Butyl (2R 4R)-2-(2,5-dilluorophenyl)-4-
({methylsuifonyljoxy)pyrrolidine-1-carboxylate (3.60 g, 9.54 mmol, 1.00 eq) in BPMSO (20.00 mL)
was added KCN (745.49 mg, 11.45 mmol, 1.20 eq) in one portion. The mixture was stirred at 90°C
for 3 hrs. 80 mL of H20 was added to the mixture, and the mixture was extracted by BtOAc (30
mi*4). The combined organic layer was concentrated under reduced pressure. The residue was
purified by silica gel chromatography (PE/EtOAc = 40:1, 30:1, 10:1). tert-Butyl (2R,45)-4-cyano-
2-(2,5-difluorophenylipyrrolidine- 1-carboxylate (1.60 g, 5.19 mmol, yield: 54.40%) was obtained as
light green liquid.

Step 6: (38.5R-5-(2.5-difluorophenvhpvrrolidine-3-carbonitrile

TFA/DCM

A mixture of tert-Butyl (2R ,48)-4-cvano-2-(2.5-difluorophenylipyrrolidine- t-carboxylate
(800.00 mg, 2.59 mmol, 1.00 eq) in TFA (4.00 mLyDCM (20.00 mL) was stirred at 18°C for 3 hrs.
The mixture was dried under Ny, (35,5R)-5-(2,5-difluorophenylypyrrolidine-3-carbonitrile (780.00
mg, 2.42 mmol, yield: 93.44%) was obtained as a light yellow solid.

Example 14, 3-fluore-5-((ZR45)-4-fluorepyrrolidin-2-yDbenzamide
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3-Fluoro-5-{({2R.48)-4-fluoropyrrolidin-2-yhbenzonitrile ((0.050 g, 0.240 mmol) (Prepared
as in WO 2012/034095) was taken up in TFA (0.800 mi, 10.38 mmol} and H,S50, (0.200 mi, 3.75
mmol) and stitred overnight at room lemperature. The reaction mixture was diuted with ice water
(3ml} and the solid was isclated by filtration, and used directly.
Example 15, 2-chlore-3-fluore-3-((ZR.45)-4-fluoropyrrolidin-2-yhpyridine

Step 1 (8. 72)-N-{(2-chloro-5-fluoropyridin-3-vlimethviene)-2-methvipropane-2-sulfinamide

0

H

F )l
N\

2-chloro-5-fluoronicotinaldehyde (20 g, 125 mmol) was taken up in THF (150 mly at 0 °C.
(R)-2-Methylpropane-2-sulfinamide (16.71 g, 138 mmol) was added {ollowed by dropwise addition
of titaniumtetracthanolate (22.88 mi, 150 nymol). The reaction mixture was stirred while warming to
RT. After 3 hours the reaction mixture was cooled to 0 °C, and 150ml of brine was added and
stirred {or 20 minutes. The mixture was filtered through Celite. The aqueous layer was separated
and discarded. The organic layer with dried over Na:SO; and the solvent was removed to give
(S.Z)-N-{(2-chloro-5-fluoropyridin-3-yDmethylene)-2-methylpropane-2-sulfinamide (32 g, 122
mmol, 97 % yield), which was carried on without further purification. LCMS: 263 M+H.
Step 2 (R)-N-((R)-1-(2-chloro-3-fluoropyridin-3-ybbut-3-en-1-vD-2-methylpropane-2-sulfinamide

O

D \Y
‘i‘Su<f \.S,-é...‘
N-M\(R) Br—«\m H N" {{:)}
N ram,0mMPA \\“\:T

F Ch F /Ci
\_/ \_,/
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(R E)-N-{((2-chloro-5-{luoropyridin-3-yhmethylene)-2-methylpropane-2-sullinanude (32.9
2. 125 mmol) was dissolved in HMPA (100 ml) and cocled to 0 °C. Zinc (16.37 g, 250 mmol), allyl
bromide (21.67 ml, 250 mmol) and water {2.256 ml, 125 mmol) were added at © °C and the reaction
mixture was allowed to warm to RT overnight. LCMS showed complete conversion to desired
product. 100 ml of water was added at RT and stirred for 30 minutes. 30 ml of MBTE was added
followed by 60 ml of 10% citric acid and the reaction mixture was stirred for 30 minutes. The
mixture was {iltered through Celite and washed with MTBE. The organic layer was washed with
10% citric acid, water and brine. The solvent was removed under vacoum to give (R)}-N-({R)-1-(2-
chloro-5-fluoropyridin-3-yhibut-3-en- 1-yl)-2-methylpropane-2-sulfinamide (14.5 g, 47.6 mmol, 38.0
% vield) as an orange otl. LCMS: 305 M+H.

Step 3: (By-1-(2-chloro-S-fluoropvridin-3-vDbut-3-en-1-amine, HCI

b B m\’;
- T
FQCE N
N

{(R)-N-({R)-1-(2-chloro-5-fluoropyridin-3-ylbut-3-en- 1-y1}-2-methylpropane-2-sulfinamide
(7.5 g, 24.61 mmol) was taken up in 10 mi MeOH. HCI (4M in dioxane) (30.8 ml, 123 mmol) was
added and stirred at RT for 1h. The solvent was removed under vacuum and the residue was diluted
in DCM and washed with saturated aqueous NaHCO3. The layers were separated and the organic
layer was dried with Nay SOy and the solvent was removed under vacoum. Recovered (R)-1-(2-
chloro-5-fluoropyridin-3-yhbut-3-en- l-amine, HCI (5.83 g, 24.59 mmol, 100 % yield) as a solid.
LCMS: 201 M+H.

Step 4: (Ry-N-{1-(2-chloro-3-fluoropvridin-3-vhibut-3-en- 1 -vDacetamide

HoN ACHN

(R} (R
\'L\v Ac,Olpyridine \“\“
N e e - N .
DCM
N N

To (R)-1-(2-chloro-3-fluoropyridin-3-yhbut-3-en-1-amine e HCH (5.83 g, 24.59 mmol) in
DCM (70.3 ml) at 0 °C was added TEA (4.11 ml, 29.5 mmol) and acetic anhydride (2.320 ml, 24.59

mmol). The mixture was stirred for 2 hours. The reaction mixture was poured inlo saturated
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aqueous NaHCO; and extracted with DUM. The organic layer was washed with brine, dried over
MgS0,, and evaporated under reduced pressure. Recovered {R)-N-{1-(2-chloro-5-fluoropyridin-3-
yhbut-3-en-1-yDacetamide (5.97 g, 24.60 ramol, 100 % yield) and was carried on without further
purification. LCMS: 243 M+H.

Sten 531 (3R)-5-(2-chloro-3-fluoropyridin-3-vhpvrrohidin-3-vl acetate

- OAc
AcHN - HNQ/

"""

(R)-N-(1-(2-chloro-3-fluoropyridin-3-yhbut-3-en- l-yhacetammde (5.97 g, 24.60 mmol) was
taken up in THF (56.2 ml) and water (14.06 ml), {ollowed by addition of L (18.73 g, 73.8 mmol)
and stirred overnight at RT. The crude reaction was diluted with saturated NaHCO3 and Naps:03
solutions and extracted twice with Et{dAc. Aqueous layer was basified with saturated agueous
NaHCO,; and extracted with EtOAc to obtain (SR }-5-(2-chlore-3-fluoropyridin-3-yDpyrrolidin-3-yi
acetate (5.9 g, 22.81 mmol, 93 % yield) as a light yellow oil. LCMS: 259 M+H.

Step 6; (2R)-tert-butvl 4-acetoxy-2-(2-chloro-S-fluoropvridin-3-vpvrrolidine- 1 -carbox vlate

HN/j/OAC BOC\N/N\/Y/OAC
\ Boc,O A

SR S NG

To a solution of (SR)-5-(2-chloro-5-flucropyridin-3-yljpyrrolidin-3-yl acetate (5.9 g, 22.81
mmol) in dioxane (76 ml) and water (76 ml) was added BOC-anhydnde (7.94 ml, 34.2 mmol)
followed by careful addition of 2N NaOH (7ml) to achieve pH ~9. The reaction mixture was stirred
for 1 hour at RT. The reaction mixture was diluted with water and extracted with EtOAc three
times. The organic layer was dried over Na,SO, and the solvent was removed under vacuum {o
give (2R )-tert-butyl 4-acetoxy-2-(2-chloro-5-fluoropyridin-3-yhpyrrolidine- 1 -carboxylate (3.5 g,
9.75 mmol, 42.8 % yield), which was carried on without farther purification. LCMS: 359 M+H.

Step 70 (2R)-tert-butyl 2-(2-chloro-3-fluoropyridin-3-vh-4-hvdroxypyrrolidine- 1 -carbox viate
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DAc
BOCNNQ/ BOC“N/YOH
NaOH/MeOH \_

o (L o
SR —_— J(R)

FQC‘ FQC;

(2R )-tert-butyl 4-acetoxy-2-(2-chloro-5-fluoropyridin-3-yhpyrrolidine- 1-carboxylate (3.5 g,
9.75 mmol) was taken up in MeOH (48.8 ml) followed by addition of 2M NaOH (5.37 mi, 10.73
mmol) and the reaction mixture was stirred at RT for 2 hours.  The solvent was removed under
vacuum and the agueous layer was veutralized with IN HCL, and extracted with EtOAc three fimes.
The combined organic layers were dried over NapSOy4. The solvent was removed under vacuum and
the residue was purified via silica gel chromatography (0-70% Hex/EtOAc) to give (2R)-tert-butyl
2-(2-chloro-5-fluoropyridin-3-yl}-4-hyvdroxypyrrolidine-1-carboxylate (2.1 g, 6.63 mmol, 68.0 %
yield). LCMS: 317 M+H.
Step 8: (R)-tert-butyl 2-(2-chloro-3-fluoropyridin-3-vh-4-oxopyrrolidine- 1 -carboxylate

OH O
Boc~— ) -
oe Ng Dass-Martin Boc N\f\f

Ay aricdinane
SR ° - NG

FQCE DCM F@ci
N \_,/

(2R )-tert-butyl 2-(2-chloro-5-fluoropyridin-3-yl)-4-hydroxypyrrohidine-1-carboxylate (2.1 g.
6.63 mmol} was taken up in DCM (66.3 ml) and NaHCO; (0.557 g, 6.63 mmol) was added followed
by Dess-Martin periodinane (8.44 g, 19.89 mmol). The reaction mixture was stirred overnight.
Water was added (0.119 ml, 6.63 mimol) followed by Dess-Martin periodinane (8.44 g, 19.89 mmol)
and stirred for 12 hours. The pH wsa adjusted to ~7 with saturated agueous NaHCO; and extracted
with DCM x3. The organic layers were combined, dried over NazSO; and the solvent was removed
under vacuum. The residue was purified via flash chromatography (0-70% Hex/EtOAc) to give
(R)-tert-butyl 2-(2-chloro-5-fluoropyridin-3-yl)-4-oxopyrrolidine- 1 -carboxylate (1.6 g, 5.08 mmol,
77 % yield). LCMS: 315 M+H.

Step 90 (2R AR -tert-butvi 2-(2-chloro-5-fluoropyridin-3-vii-4-hvdroxvpvrrolidine- F-carboxviate
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-
80@\&&@70 BQC%NCjMOH

FOC; FO'@
\ N \ N

(R)-tert-butyl] 2-(2-chloro-5-fluoropyridin-3-yi)-4-oxopyrrolidine- 1-carboxylate (1.6 g, 5.08

7y

mmol} was suspended in ethanol (33.9 ml} and cooled to 0°C. NaBH,4 was added portionwise
(0.096 g, 2.54 mumol) and stirred for 45 minutes at 0°C. The reaction was quenched slowly with
saturated NH4C1 and allowed to warm to RT, and the solution was extracted with DCM x3. The
organic layers were combined and dried over Na>SO4. The residoe was purified via flash
chromatography (0-70% Hex/EtOAc) to give (2R, 4R)-tert-butyl 2-(2-chloro-5-fluoropyridin-3-yl)-
4-hydroxypyrrolidine- 1 -carboxylate (1.446 g, 4.57 mmol, 90 % yield). LCMS: 317 M+H.

Step 10: (2R AS-tert-butyl 2-(2-chloro-5-fluoropvridin-3-vD-4-fluoropvrrolidine- 1 -carboxvlate

®R) (s
BOC\N/\\’]'\\OH BOC"‘-NWF
\ XtalFlore A
NG Bl SR

F o Cl DeM F—@Cl
V. 4
\ N \ N

(2R, 4R)-tert-butyl 2-(2-chloro-5-{luoropyridin-3-yh)-4-hydrox ypyrrolidine- 1-carboxylate
(1.0 g, 3.16 mimol) was taken up in DCM (25 ml) and cooled to -78°C. TEA-HF (1.098 ml, 9.47
mmol) was added and stirred for 10 minutes. XialFluor-E (1.446 g, 6.31 mmol) was added and after
10 minutes the reaction mixture was transterred to an ice bath and allowed to warm to 0°C. After 2
hours the reaction mixtare was difuted with DCM and quenched with saturated agueons NaHCOs.
The organic layers were separated, and the solvent was removed under vacuum. The residue was
purified via ISCO (0-50% Hex/EtOAc; 12g column) to give (2R 48)-tert-butyl 2-(2-chloro-5-
{luoropyridin-3-y)-4-fluoropyrrolidine-1-carboxylate (0.805 g, 2.53 mmol, 80 % yicld) as a white
solid. LCMS: 319 M+H.

Step 11: 2-chloro-5-fluoro-3-((ZR 48)-4-fluoropvrrolidin-2-vhpvyridine, HCl1

(s (S1F
BOCNN/\;‘)”F HNNF

. HCHMeOH \_/
SR - SR
F | F cl
\ p{ ¢ \ i\{
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(2R 45)-tert-butyl 2-(2-chloro-5-fluoropyridin-3-y)-4-fluoropyrrolidine- -carbox ylate
(0.805 g, 2.53 mmol, 80 % vyield) was taken up in EtOAc (5ml) and 4N HCVdioxane (3ml) was
added. The reaction roixture was stirred at RT {or 1 hour. The precipitate was {iltered off, washed
with ether, and dried under high vacunm overnight to give 2-chloro-5-flnore-3-((2R,45)-4-
fluoropyrrolidin-2-yUpyridine, HC1 (0.612 g, 2.399 mmol, 76 % yield) as an off white solid. LCMS:
219 M+H.
Example 16. S5-fluore-3-((2R,45)-4-Hlucrepyrrolidin-2-yl)-2-methoxypyridine
HN/%F

o

‘{:L\"

~
-

F-@OM@
\ N

5-Fluoro-3-({(2R.45)-4-fluoropyrrolidin-2-yD)-2-methoxypyridine was prepared in the same
way as 3-fluoro-5-((2R,48)-4-fluoropyrrolidin-2-yhbenzamide, substituting for 5-fluoro-2-
methoxynicotinaldehyde for 2-chloro-5-fluoronicotinaldehyde.
Example 17. Methyl (1R,3R,4R)-3-amino-4-hydroxycyclopentane-1-carboxylate

Step b (IS 2R 45 3RY-3-oxa-6-gratricyveiol3.2.1 02 dloctan-7-one

O

O
oxone .
NH > NH
sodium phosphate A
buffer pH =6 o

To a solution of (1R.48)-2-azabicyclo|2.2.1 Jhept-5-en-3-one (30.00 g, 274.90 mmol, 1.00
eq) in NaH:PO4 (395.00 mb, 0.2M) and Na HPO4 (55.00 mL, 0.2 M} was added HoO (450.00 mL)
and oxone {(669.31 g, 4.40 mol, 16.00 eqg) at 0°C portion-wise over 5 hrs, and maintaining the pH =
6 by addition of ag. NaOH (12 M) and keeping the temperature at 0°C. After addition, the mixture
was stirred at 0°C for further 2 hrs, TLC (PE:EtOAc = 1:1) showed the starting material was
consurned completely, the mixture was {iliered and aqueous phase was extracted with DCM (400
mL*5) , the combined organic layers were dried over Na,504, concentrated in vacuum to get
(15,2R,45,5R)-3-0xa-6-azatricyclof3.2.1.02 4joctan-7-one (9.00 g. 71.93 mmol, yield: 26.16%) as a
yellow solid. 'H-NMR (400 MHz, CDCl3) 6 ppm 5.96 (brs, 1H), 3.86 (s, 1H), 362 (1H, 4. /=32
Hz) 353 (1H, d, /=2.8 Hz), 2.86 (s, 1H), 1.82(d, 1H, /=96 Hz), 1.64 (d, 1H, J = 10.0 Hz).

Stepn 20 tert-butvl (185.2R 45.5R)-7-0x0-3-0xa-6-azatricycelol3.2.1 .02 4loctane-6-carboxvlate
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G G
Boc, OB NIDMAP .Boo
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To a solution of (18,2R,48,5R)-3-oxa-6-azatricyclo|3.2.1.02.4Joctan-7-one (9.00 g, 71.93
mmol, 1.00 eg} in BCM (100.00 mL) was added Boc,G (17.27 g, 79.12 mmol, 1.10 eg), EN (8.73
2, 86.32 mmol, 1.20 eg) and DMAP (878.71 mg, 7.19 mmol, 0.10 eq). the mixturc was stirred at
23°C for 16 hrs, LCMS showed the starting material was consumed completely, the mixture was
washed with NH4Cl ag. (100 mL*3), the combined organic layers were dried over NapSO,,
concentrated in vacuum, the crude product was purified with column chromatography on silica gel
(PE:EtOACc = 5:1~1:1) to get tert-butyl (15,2R 48 ,5R})-7-0x0-3-0xa-6-azatricyclof3.2.1.02.4}octane-
6-carboxylate (12.00 g, 53.28 mmol, yield: 74.07%) as a yellow solid. "H-NMR (400 MHz, CDCla)
oppm 4.56 (s, 1H), 3.71(d. 1H, /=2.8Hz), 354 (d, 1H, /=28 Hz). 3.00 (5, 1H}), .75 (d, IH, J =
10.0 He), 1.57 (4, 1H, J = 10.8 Hz), 1.46 (s, SH).

Step 3 methvl GRAR-4-((tert-butoxvecarbonvDamino)-3-hvdroxvevelopent-1-ene-1-carboxvlate

') HO NHBoc

a AN
.. Boc MeONa/MeO /
N s oo X
L
O OMe

Na (3.37 mg, 146.50 umol, 0.01 eg) was added to MeOH (10.00 mL) at 0°C, then the
solution was stirred at (°C for 0.5 hr, the solution was added to tert-butyl (15,2R 45 ,5R}-7-0x0-3-
oxa-6-azatricyclo}3.2.1.02 4 Joctane-6-carboxylate (3.30 g, 14.65 mmol, 1.00 eg) in MeOH (30.00
mL), and then mixture was stirred at 16°C {or 13.5 hrs, LCMS showed the starting material was
consumed completely, the reaction was quenched with acetic acid (5 mL), and then washed with
NaHCO; (20 mlL*3), the organic layer was dried over Na;S04, and concentrated in vacuum, the
crude product was washed with PE (20 mL) to get methyl (3R.4R)-4-((tert-butoxycarbonylyamino}-
3-hydroxycyclopent-1-ene-1-carboxylate (2.10 g, 8.16 mmol, yield: 55.72%) as a white solid. 'H-
NMR (400 MHz, CDCls) 6 ppm 6.05 (s, 1H), 4.98 (s, 1H), 4.81 {d, 1H, /= 2.8 Hz), 4.46 (s, 1H),
3.98-3.92 (m, 1H), 3.75 (5, 3H), 3.07-3.01 (ro, 1H), 2.36-2.29 (m, 1H), 1.45 (s, 9H).

Step 4: methvl (1R 3R 4R)-3-({tert-butoxvecarbonvhamino)-4-hvdroxvevclopentane-1-carboxviate
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HO NHBoc HO NHBoc

Chiral catalyst
™S T B

)\ MaOH
'S) Ohde O OMe

A muxture of methyl 3R 4R)-4-((tert-butoxycarbonylyamino)-3-hydroxycyclopent-1-ene-1-
carboxylate (2.00 g, 7.77 mmol, 1.00 eq), (17,57)-cycloocta-1,5-diene;(25,58)-1-[2-[(25,58)-2,5-
diroethylphospholan- T-ylethyl]-2,5-dimethyl-phospholane; thodium(1-+); tnflucromethanesulfonate
(48.08 mg, 77.74 umol, (.01 eg) in MeOH (50.00 mL) was degassed and purged with Hj for 3
times, and then the mixture was stirred at 55°C for 16 hrs under H; (40 psi) atmosphere, TLC
(PEEtOCAc = 1:1) showed the starting material was consumed, the mixture was concentrated in
vacuum, and then dissolved in EtOAc (5 mL), then to the mixtore was added PE (20 mL), white
solid was formed, the precipitate was collected, dried in vacuurm, the solid was dissolved in MeOH
(7 mL), and purified with acidic prep-HPLC (HCL) to get methyl (1R,3R 4R)-3-({tert-
butoxycarbonybamino)-4-hydroxycyclopentane-i-carboxylate (750.00 mg, 2.89 mmol, yield:
37.23%) as a yellow oil, the structure was confirmed by chiral HPLC and 'H-NMR. 'H-NMR (400
MHz, CDCL) 0 ppm 4.04-3.99 (m, 1H), 3.80-3.77 (m, 1H), 3.70 (s, 3H), 2.93-2.91 {m, 1H), 2.48-
244 (m, TH), 2.43-2.35 (m, 1H), 1.92-1.89 (im, 1H), 1.87-1.69 {m, 1H), 1.45 (5, SH).

Example 18, Synthesis of methyl (1R, 3R 4R)-3-amino-4-hyvdroxycyclopentane-1-carboxylate

HO }NHBOC HO NH,

~

HCl/dioxane
,.........................h.—

O OMe 's) OMe

Methyl (1R,3R 4R)-3-({tert-butoxycarbonylamino)-4-hydroxycyclopentane- I -carbox ylate
{700.00 mg, 2.70 mmol, 1.00 eq) in HCl/dioxane (10.00 mL, 4 M) was stirred at 19°C for 5
hrs, LCMS showed the starting material was consumed, the mixture was concentrated in vacuum to
get methyl (1R, 3R, 4R})-3-amino-4-hydroxyeyclopentane- 1-carboxylate (500.00 mg, 2.56 mmol,
yield: 94.66%) as yellow oil. 'H-NMR (400 MHz, CD3;0D) 4 ppm 4.09-4.05 (m, 1H), 3.75-3.66
{m, 3H}, 3.37-3.33 (m, 1H), 3.06-3.04 (m, 1H), 2.45-2.37 (m, 2H}, 1.87-1.81 {(m, 2H).
LC-MS (mobile phase: from 95% [water + 0.375%. v/v TFA] and 5% [CHiCN + 0.188%. v/v TFA],
under this condition {or 0.25 min, then changed to 15% [CH3CN + 0.188%¢ v/v TFA] in 10.0 min,

under this condition for 5 min, finally changed t© 95% {water + 0.375%¢ v/v TFA] and 5% [CHiCN
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+ 0.188%¢ v/v TFA] in 0.01 min, then under this condition for 5 min. The flow is 1.0 mL-min™ all
along) purity is 98.803%, Rt = 0.893 min, MS Calcd.: 159.2, MS Found: 160.1 ({M+1]").
Example 19. (3a8,4R.6aR)-2,2-dimethyl-3a,6a-dihydro-4H-cyclopentald}i1,3]dioxol-4-amine
Step 1 (3a5.45.6aR)-2,2-dimethyl-3a,6a-dihvdro-4H-cvclopentaldif 1 .3 1dioxol-4-0l

\\/0 NaBH/MeOH 5 o
é&%\fo """"""""""""""" ™ 0
ezt i

(3aR,6aR)-2,2-dimethyl-3a,6a-dihydro-4H-cyclopentald}f 1 ,3}dioxol-4-one (50.00 g, 324.34
mmol, 1.00 eqg) was taken up to MeOH (1.00 L), then CeCl.7H,0 (120.84 g, 324.34 mumol, 30.83
mi, 1.00 eg) was added. The mixture was cooled to §°C. Then NaBH,4(24.54 g, 648.68 mmol,

2.00 eg) was added portion-wise at 3°C among 1.5 hrs. After addition, the reaction was complete
checked by TLC (PE/EtOAc = 5/1). The reaction was quenched by saturated NH4Cl (1000 mL),
extracted with DCM (300 mL*5). The combined organic layers were dried over Na;S04 and
concentrated in vacuo at 45°C. (3aS.48.6aR -2, 2-dimethyl-3a.6a-dihydro-4H-

cyclopentafd]f 1,3]dioxol-4-0l (50.66 g, 324.37 mmol, yield: 100.00%) was obtained as a yellow
liquid, which was used directly without purification.

Step 2: 2-((3a8 4R 6aR -2 2-dimethvi-3a 6a-dihvdro-4H-cvelopentaldil 1.3 1dioxol-4-viisoindoline-

1.3-dione

o]

:\z H Qi'?f \__,/

LY
\“‘T”Q o) \\/-O
& OH g |
PhyP/BIAD 0 '
iuene

DA

To the mixture of (3a5.45,6aR)-2.2-dimethyl-3a,6a-dihydro-4H-cyclopentald|f 1,3 |dioxol-4-
ol (8.00 g, 51.22 mmol, 1.00 eg) and isoindoline-1.3-dione (9.04 g, 61.46 mmol, 1.20 ¢g) in toluene
(250.00 mL) was added PPh; (20.15 g, 76.83 mumol, 1.50 eg) at 20°C. Then DIAD (15.54 g, 76.83
mmol, 1.50 eg) was added dropwise to the mixture at 0°C. After addition, the mixture was allowed
to 80°C and stirred for 16 hrs. TLC (PE/EtOAc = 5/1) showed the reaction was complete. The
mixture was concentrated. The residue was purified by column chromatography on silica gel
(PE/ELOAC = 25/1 1o 15/1). The obtained product was crude as yellow ol with some polar spots on
TLC. So 80 mL of MeOH was added and the white precipitate was generated and collected by

filiration. 2-((3a5,4R,6aR)-2,2-dimethyl-3a,6a-dihydro-4H-cyclopentald}{ 1.3 ]dioxol-4-
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yhisoindohine-1,3-dione (3.60 g, 33.65 mmol, vield: 65.70%) was obtained as a white solid.

Step 3: (3a8.4R 6aR)-2.2-dimethvi-3a.6a-dihvdro-4H-cvclopental dif 1 31dioxol-4-amine

To the mixture of 2-((3aS,4R,6aR)-2,2-dimethyi-3a,6a-dihydro-4 H-
cyclopentafd]f1,3]dioxol-4-yhisoindoline-1,3-dione (9.52 g, 33.37 mmol, 1.00 eg) in EtOH (300.00
ml) was added ethane-1,2-diamine (4.01 g, 66.74 mmol, 2.00 e¢). The resulting roixtore was
stirred at 80°C for 16 hrs. Lots of white precipitate was generated. TLC (PE/EtOAc = 5/1) showed
the starting material was consumed completely. The precipitate was [iliered. To the {ilirate was
added 300 mb of NaQH (0.5 M). The mixture was extracted with DCM (200 mL*5), dried over
Na»S04 and concentrated. (3a5.4R.6aR)-2,2-dimethyl-3a,6a-dihydro-4H-cyclopenta{d][ {.3]dioxol-
4-amine (4.90 g, 31.57 mmo}, vield: 94.62%) was obtained as a vellow oil.

Example 20. (1R3RA4R)-3-amino-4-hydroxycyclopentane-1-carbonitrile

Step T (IR.3R 4R-3-((tert-butoxvcarbonvlamino)-4-hvdroxvevclopentane-1-carboxvlic acid

HO HO
oNHBoc «NHBoc
LiIOH
R
MeOH/H,O
0= O
OhMe OH

A mixture of methyl (1R 3R 4R)-3-((tert-butoxycarbonyhamino}-4-hydroxycyclopentane- 1 -
carboxylate (5.00 g, 19.28 mmol, 1.00 eg), LICH.H,0 (2.43 g, 57.85 mmol, 3.00 eg) in McOH
(10.00 mL) and H,O (10.00 mL) was stirved at 153°C for 16 hrs, TLC (PE:EtOAc = [:1) showed the
reaction was complete, to the mixture was added diluted HC1 (1 M) until pH = 6, and concentrated
in vacuum, then the mixture was the dissolved in DCM (15 mL) and EtOAc (5 mL), the mixture
was filtered, and the filtrate was concentrated 1n vacuum to get the product (1R 3R 4R)-3-((tert-
butoxycarbonyhamino-4-hydroxycyclopentane- 1 -carboxylic acid (6.50 g, crude) as a white solid.
"H-NMR (400 MHz, CD;0D) 4 ppro 3.95-3.90 (m, 1H), 3.74-3.69 (m, 1H), 2.91-2.87 (m, 1H),
2.32-2.22 (m, 2H), 1.82-1.72 (m, 2H), 1.45 (5, SH}.

Step 20 tert-buivl ({1R 2R 4R -4-carbamovi-2-hvdrozvevelopentvhicarbamate
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HO HO
WNHBoc nH,crEDCH wNHBoC

DIPEA/DMAR/DME

O O
OH NH

To a mixture of (1R, 3R 4R)-3-((tert-butox ycarbonyl)amino)-4-hydrox ycyclopentane-1-
carboxylic acid (3.00 g, 12.23 mmol, 1.00 eg) in DMF (40.00 mL) was added HATU (6.05 g, 15.90
mmol, 1.30 eg), DIPEA (4.74 g, 36.69 mmol, 3.00 eg) and NH4Cl (1.96 g, 36.69 mmol, 3.00 eg),
and then the mixture was stirred at 15°C for 32 hrs, LCMS showed the reaction was complete, the
mixture was concenirated in vacuum to get tert-buty] ((1R.2R.4R)-4-carbamoyl-2-
hvdroxycyclopentyljcarbamate (11 g, crude) (2 batches were set up and purified together). 'H-
NMR (400 MHz, CD30D) 6 ppm 4.58 (brs, 1H), 3.96-3.94 (m, 1H), 3.77-3.75 (m, 1H), 2.25-2.20
(m, 2H), 1.79-1.75 (m, 2H), 1.44 (s, SH).

Step 30 tert-butvl (1R 2R 4R)-4d-cvano-2-hvdroxvevelopentvhDcarbamate

HQ HO
~NHBoc ~NHBoc
TFAAPY.
----mmm-mm.».
0 /
NH, N

To a mixture of tert-butyl ((1R,2R 4R }-4-carbamoyl-2-hydroxycyclopentyljcarbamate (2.00
2, 8.19 mmol, 1.00 eq), pyridine (1.94 g, 24.56 mmol, 3.00 eg) in THF (3.00 wol) was added TFAA
(2.58 g, 12.28 mmol, 1.50 eg) dropwise at (°C, then the mixture was stirred at §°C for 0.5 hr, then
to the mixture was added EGN (2.49 g, 24.56 mamol, 3.00 eg) at 15°C, and the mixture was stirred at
15°C for 0.5 hr, and to the mixture was added TFAA (2.58 g, 12.28 mmol, 1.50 eg), and the mixture
was stirred at 15°C for 0.5 hr, LCMS showed the reaction was complete, the mixture was
concentrated in vacuum, purified by prep-HPLC (TFA, MS) to get tert-butyl ((1R,2R,4R})-4-cyano-
2-hydroxycyclopentyhcarbamate (380.00 mg. 1.68 mmol, vield: 20.51%) as a colorless oil. 'H-
NMR (400 MHz, CI0D) 6 ppm 4.07-3.97 (m, 1H), 3.79-3.78 (m, 0.5H), 3.51-3.49 (m, 0.5H),
3.19-3.05 (m, 1H), 2.44-2.35 (m, 0.5H), 2.33-2.28 {m, 1.5H), 1.97-1.94 (m, 1H), 1.92-1.82 (m, 1H),
141 (s, 9H).

Step 4: (1R.3R 4R)-3-amino-4-hvdroxvevclopentane- 1 -carbonitrile
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HO HO
WNHBoc N
TFA/DCM
/ /
N N

A mixture of tert-butyl ({(1R,2R 4R)-4-cyano-2-hydroxycyclopentyljcarbamate (800.00 mg,
3.54 yvomol, 1.00 eg) in TFA (5.00 L) and DCM (5.00 mL) was stirred at 20°C for 2 hrs, LCMS
showed the reaction was complete, the mixture was concentrated in vacoum to get (1R, 3R 4R)-3-
amino-4-hydroxycyclopentane- I -carbonitrile (545.00 mg, 2.27 mmol, yield: 64.10%) as a colorless
oil. "H-NMR (400 MHz, CD50D) 8 ppm 4.12-4.06 (m, 1H), 3.51-3.47 (m, 1H), 3.23-3.20 (m, 1H),
2.48-2.42 (m, 2H), 2.11-2.10 (m, 1H), 1.94-1.90 (m, 1H).
Example 21. (3a5,4R,6a8)-6.6-difluoro-2,2-dimethyltetrahydro-4H-cyclopentald i1, 3ldioxel-4-
amine

Step 1 2-(03a85 4R .65.6aR)-6-hvdroxvy-2 2-dimethviteirahvdro-4 H-cvelopental dif 1.3 1dioxol-4-

vivisoindoline-1.3-dione

Lo
~NH» o )
O : Phthalic anhydride
\ DIEA

H

Cy,
o

A mixtore of (3aR.45.6R.6a5)-6-amino-2.2-dimethyltetrahydro-4H-
cyclopentafd}f1,3]dioxol-4-0l (.43 g, 2.46 mmol, 1.00 eg), Phthalic anhydride (0.36 g, 2.46 mmol,
1 eg) and DIEA (0.65 mL, 3.7 mmol, 1.5 eg) in Toluene (6.2 mL) was stirred at 100 °C for 9 hrs.
LCMS showed the reaction was complete. EtOAc was added to the reaction mixture and then
washed with aqueous saturated sodium bicarbonate solution (15 mL). The combined organic layers
were washed with saturated brine solution, dried over NaoS5(, and concentrated in vacuo. The
residue was purified by column chromatography on silica gel (Hexanes/EtOAc) to get the product
2-((3aS,4R,68,6aR -6-hydroxy-2,2-dimethyltetrahydro-4H-cyclopentald}] 1,3 ]dioxol-4-
ylyisoindoline-1,3-dione (.62 g, 3% as a white solid.

Step 2: 2-((3aS.4R . .6a8)-2.2-dimethvl-6-oxotetrabydro-4dH-cvclopental dH 1 .3 1dioxol-4-

viYisoindoline-1.3-dione
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o —
\\F, ~:> “\%,o \./
A C .\\N
@ T
DCM
To a solution of 2-((3a8,4R,65,6aR )-6-hydroxy-2,2-dimethyltetrahydro-4H-
cyclopentafd]f1,3]dioxol-4-yljisoindoline-1,3-dione (0.20 g, 0.68 mmol, 1.00 eq) in DCM (4.5 mL)

Oi,
O

was added PCC (0.29 g, 1.35 mmol, 2 eg) and the solution was stirred at 23 °C for 16 hrs. Another
aliquot of PCC (0.15g, 0.67 mmol) was added and the reaction continued for another 16 hours.
LLCMS showed the reaction was complete. EtOAc was added to the reaction mixture and then
filtered through a celite pad. The residue was concentrated and then purified by column
chroroatography on siica gel (Hexanes/EtOAc) to get the product 2-((3aS.4R,6a5)-2.2-dimethyl-6-
oxotetrahydro-4H-cyclopentald}i 1,3 dioxol-4-vl)isoindoline-1,3-dione {((.19 g, 94%) as an off-
white solid.

Sten 3: 2-((3a85 4R . 6a5)-6.6-diflucro-2 . 2-dimethvitetrahvdro-4H-cvclopentaldif 1 3ldioxol-4-

viisoindoling-1.3-dione

DAST \\%,o

DCM, 40 °C O

g F

To a solution of 2-((3aS.4R,6a5)-2.2-dimethyl-6-oxotetrahydro-4H-
cyclopentaid]f1,3jdioxol-4-yl}yisoindoline-1,3-dione {0.16 g, (.53 mmol, 1.00 eg) in DCM (3.5 mL)
was added DAST (0.42 g, 2.64 mmol. 5 eq) and the solution was stirred at reflux for 16 hrs.
Another aliquot of DAST (0.42 g, 2.64 mumol, 5§ ¢g) was added and the reaction continued for
another 16 hours at 23 °C. The reaction mixture was diluted with DCM and then washed with
aqueous saturated sodinm bicarbonale solution. The combined organic layers were washed with
saturated brine solution, dried over NaxSO4 and concentrated in vacuo. The residue was purified by
column chromatography on silica gel (Hexanes/EtOAc) to get the product 2-{(3a5,4R,6a5}-6,6-

difluoro-2,2-dimethyitetrahydro-4H-cyclopentaldif 1,3 jdioxol-4-yHisoindoline-1,3-dione (8.065 g
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38%).
Step 4: (3aS.4R . 6a85)-6.6-difluoro-2.2-dimethvltetrahvdro-4H-cvclopental dlf 1 .3 ]dioxol-4-amine

f
\i/o NH
Iy i ,\\ 2
Hydrazine N 0
EtOH, 50 °C
FoF FF

To a solution of 2-({3aS,4R,6a5)-6,6-difluore-2,2-dimethyltetrahydro-4H-
cyclopentafd]f 1,3 dioxol-d-yhisoindoline- 1,3-dione (0.0635 g, 0.2 mmol, 1.00 eg) in Ethanol (1.8
mi} was added Hydrazine monohydrate (6.015 mL, 0.3 mmol, 1.5 eg} and the solution was stirred
at 50 °C for 2 hrs and then at 70 °C for another 2 hours. The heterogeneous reaction mixture was
filtered using minimum volume of Ethanol. The filtrate was then concentrated and the isolated crade
product (3a8,4R,6a5)-6,6-difluoro-2.2-dimethyltetrahydro-4H-cyclopentald}{1,3}dioxol-4-amine
was used without further purification in the next step.
Example 22. Synthesis of (1R, 3R 4R)-4-aminocyclohexane-1,3-disl

Step 1: (Ir.dn)-4-(henzvloxvicvclohexanol and (1s.4s)-4-(benzvioxvicvelohexanol

o OW O
NaBH; MeOH
O 0-20°C O/ N
. P i i

S

To an ice-bath cooled solution of 4-(benzyloxy)cyclohexanone (31.0 g, 152 mmol) in 500
mL methanol, sodium borohvdride (5.78 g, 153 mmol) was added in several potions during a period
of 10 muin, then the solution was stirred at 20 °C for 2 h. Then the mixture was quenched by
saturated aqueous solotion of ammonium chloride (30 mL), concentrated and the residue was
dissolved in 200 mL water and exiracted with ethyl acetate (200 mL x 3), the combined organic
phase was dried over sodium sulfate, then concentrated under vacuo to give title product (Ir,4r)-4-
{benzyloxy)cyclohexanol and (1Is,4s)-4-(benzyloxy)cycichexanol as a pale vellow oil (31.0 g, crude)
which was used to next step directly without further purification, . MS (ES+) Cj3H 30, requires:
206, found: 207{M+H]".

Step 2: (Cyclohex-3-envioxyvimethvDbenzene
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T6,0, DIEA

To an ice-bath cooled solution of (Ir,4r)-4-(benzyloxy)cyclohexanol and (1s,45)-4-
{(benzyloxy)cyclohexanol (30.0 g, 145 mmol) and N, N-Diisopropylethylamine (28.1 g, 218 mmol)
in 1200 mL dichloromcthane, trifluoromethanesulfonic anhydride (30.7 g, 109 mmol) was added
dropwise during a period of 30 min, then the solution was stirved at 25 °C for 18 h. Then the
mixture was concentrated under vacuo and the residue was purified with silica gel column
chroroatography, eluting with petroleum ether:ethyl acetate = 12:1 to give the {itle compound (28.0
g, vield 100%) as a yellow oil. MS (ES+) C;3H50 requires: 188, found: 189 [M+H]}".

Step 3: (JR.3R.65)-3-(benzvioxy)-T-oxa-bicyclol4, 1 .Olheptane

® .0 ©
1(5) "“Q(R) e

silica gel column

i mCPBA, DCM o
! \i further purification i
P
cis mixture

cis mixture tranS mixture
more polar peak  less polar peak _
more polar peak

A solution of {{cyclohex-3-envloxyymethyhbenzene (12.0 g, 63.7 mmol) in dichloromethane
(200 mL) was treated at 0 °C with meta-chloroperoxybenzoic acid (21.9 g, 127 mmol). The reaction
mixture was stitred 2 b at 0 °C and then 15 min at room temperature. Evaporation of the washed
{(10% aqueous solution of sodium sulfite, 5% aqueous sodium hydroxide solution and then water)
organic solution afforded a liquid residue, which was separated with silica gel column
chromatography, eluting with hexane:isopropy! etheriethyl acetate = 65:28:7 to give the title
compound (4.18 g, vield 32%) as a yellow oil. The frans-(15,3R.6R}-3-(benzyloxy)-7-oxa-
bicyclo{4.1.0}heptane showed a little less polarity on TLC and eluted firstly. The cis-(1R.3R,68)-3-
{benzyloxy)-7-oxa-bicyclof4.1.0}heptane eluted secondly. MS (ES+) C13Hi60, requires: 204, found:
205 [M+H]"

Step 4: (1R.2R SRY-5-(benzvioxv)-2-({8)-1-phenviethvlamino)cvclohexanol
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LiCIG,, CH3CN

cis mixiure
more polar peak

Lithium perchlorate (7.27 g, 68.4 mmol) was added to an ice-bath cooled stirred solution of
(1R,3R.6S)-3-(benzyloxy)-7-oxa-bicyclo{4.1.Olheptane (7.0 g, 34.2 mmol) in 120 mL 4A-MS dried
acetonitrile, the bath was removed and (S)-1-phenylethanamine (5.58 g, 46.1 mmol) was added
dropwise during a period of 15 min, then the solution was stirred at 25 °C for 18 h. Then the
mixture was diluted in 200 mL water and extracted with ethyl acetate (200 mL x 3), the combined
organic phase was dried over sodium suifate, then concentrated and the residue was purified with
silica gel column chromatography, eluting with petroleum etheriethyl acetatedtriethylamine = 98:0:2
~ 49:49:2 to give the title compound (3.5 g, yield 31%) as a yellow oil. The (15,25,55})-5-
{(benzyloxy)-2-((S)-1-phenylethylamino)cyclohexanol showed a little less polarity on TLC, and
eluted firstly. The (1R, 2R.5R)-5-(benzyloxy)-2-((5)-1-phenylethylamino)cyclohexanol eluted
secondly. MS (ES+) CoiHyy NGO requires: 325, found: 326[M + HIY
Step 5: (1R.ZR AR )-4-(benzyloxy}-2-(tert-butyldimethylsilyloxy}-N-{((§)-1-

phenviethvhicvelohexanamine

H
L\‘N

o

tert-Butyldimethylsilyl trifluoromethanesulfonate (13.0 g, 49.5 mmol) was added to an ice-
bath cooled, stirred solution of (1R, 2R, 5R}-5-(benzyloxy)-2-({5)-1-phenylethylamino)cyclohexanol

(5.4 g, 16.5 mrool) and triethylamine (5.0 g, 49.5 romol) in 100 mL dried dichlororuethane. After 30
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min, this was washed with a saturated agueous solution of sodium bicarbonate, dried over sodiom
sulfate. Removal of the solvent, and the residue was purified with silica gel column
chromatography, eluting with petroleum ether:ethyl acetate = 100:0 ~ 70:30 to give the title
compound (5.4 g, vield 71%) as a yellow oil. MS (ES+) CyyHy NO,Sirequires: 439, found: 440
IM+HTT

Sten 7: (IR.2R.5R)-5-(benzvloxv)-2-({5)-1-phenviethvlaminocvclohexanol

TBAF
THF, 65°C

Tetrabutylanmmonium fluoride (2.66 g, 10.2 mmol) was added to a stirred solution of
(1R, 2R 4R )-4-(benzyloxy)-2-(tert-butyldimethylsilyloxy)-N-((5)-1-phenylethyljcyclohexanamine
(1.5 g, 3.41 mumol) in 50 mL dried oxolane at room ternperature. Then this solution was stirred at 65
°C for 2 h. Then the mixture was concentrated under vacuo and the residue was diluted in 200 mL
water and extracted with ethyl acetate (200 mL x 3), the corobined organic phase was washed with
water and saturated aqueous solution of sodium chlorde, dried over sodium sulfate. Removal of the
solvent, and the residue was purified with silica gel column chromatography, eluting with petroleum
etherethyl acetate = 10(0:0 ~ 7(0:30 to give the title compound (.75 g, yield 68%) as a colorless oil.
MS (ES+) CyyHyyNO, requires: 325, found: 326[M + HJ".
Step 8: (1R 3R AR )-4-aminocyclohexane-1.3-diol

OH
N OH

(9]

AN P{OH),/C

‘\\NHZ

N EtOH, 50°C  HO

12

10% Palladium hydroxide in activated carbon (697 mg, catalyst)y was added to a solution of
(1R, ZR.5R}-5-(benzyloxy)-2-((5)-1-phenylethylamino)cyclohexanol (650 mg, 1.99 mmol) in 15 mbL
ethanol at room temperature. Then this solation was stirred at 50 °C for 20 h under hydrogen. Then

the mixture was cooled and filtered though celite, the filter-cake was washed with
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methanol:dichloromethane=1:10, the filirate was concentrated under vacuo and the residue was
diluted in 20 mL methanol:dichloromethane=1:10 solution and concentrated, dried under high-
vacuo, then cooled at -20 °C to give the title compound (240 mg, vield 92%) as a white crystal. MS
(ES+) CeHi3sNO, requires: 131, found: 132[M+H]". '"H-NMR (400 MHz, 64-DMSO) & ppm 4.62-
4.49 (m, 2H), 3.42-3.33 (m, 2H, /= 3.2 Hz), 2.93-2.86 (m, 1H}, 2.25-2.18 (m, 1H), 1.98-1.92 (m,
IH), 1.72-1.59 (m, 3H), 1.13-1.03 (m, 2H), 0.97-0.90 (m, 1H).

Example 23. Synthesis of tert-butyl (1R,2R)-2-(tert-butyldimethylsilyloxy)-4-
oxocyclohexylcarbamate

Step 1 tert-butvl (IR 2R 4ARY-2-(tert-butvidimethvisilvioxvi-4-hvdroxvevelohexvicarbamate

QTBSH
10%

(1R.2ZR 4R)-4-(benzyloxy)-2-(tert-butyldimethylsilyloxy-N-((5)- I -phenylethylcyclohexanamine

\\

PA(OH)p, Hy
Boce,O, EIOH

Pailadium hydroxide in activated carbon (1.9 g, catalyst) was added to a solution of

from the previous example (2.0 g, 4.54 mmol) and di-tert-butyl dicarbonate (3.95 g, 18.1 mmol) in
60 mL ethanol at room temperature. Then this solution was stirred at 50 °C for 20 h under hydrogen.
Then the mixture was cooled and filtered through celite, the filter-cake was washed with
methanol:dichloromethane=1:10, the filtrate was concentrated under vacuo and the residue was
diluted in 20 mL methanol:dichloromethane = 1:10 solution and concentrated, dried under high-
vacuo to give the title compound (1.2 g, yield 77%) as a colorless oil. MS (ES+) CHasNO,S1
requires: 345, found: 346 [M+H]".

Step 2: tert-butyl (1R, 2R)-2-(tert-butvidimethvisilyloxv)-4-oxocyciohexylcarbamate

OTBS oTBS

«NHBoc DMP, DCM . oNHBoc
. 40°C ~
O

1,1,1-Triacetoxy-1,1-dihydro-1,2-benziodoxol-3(1H}-one (Dess-Martin periodinane, 4.11 g,

9.71 mmel) was added 1o a solution of rerf-butyl (1R, 2R 4R)-2-(tert-butyldimethylsilyloxy)-4-

hydroxycyclohexylcarbamate (1.4 g, 4.05 mmol) in 50 mL dichloromethane at room temperature.
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Then this solution was stitred at 40 °C for 3 h under nitrogen. Then the mixture concentrated under
vacuo and the residue was purified with silica gel column chromatography, eluting with petroleum
etheriethyl acetate = 100:0 ~ 95:5 to give the title compound (1.2 g, vield 86%) as a vellow oil. MS
(ES+) C17H33NO,Si requires: 343, found: 344{M+H]". "H-NMR {400 MHz, CDCly) 6 ppm 4.70-
449 ¢br. , 1H), 4.10-3.90 (br. s, 1H), 3.79-3.65 (br., 1H), 2.64 (dd, 1H, /= 144,40 Hz), 2.42-2.28
(m, 4H), 1.46 (s, 9H), 0.87 (s, 9H), 0.08 (d, 6H, J = 6.8 Hz).

Example 23. Synthesis of tert-butyl (1R,2R)-2-(tert-butyldimethylsilyloxy)-4-
oxocyclehexylcarbamate and (1R 3R 4R)-4-aminocyclohexane-1,3-diol

Step 1 (1R 4R -4-(benzvioxvicvelohexanol and (15,48 -4-(benzvioxvicvclohexanol:

P NaBH,, MeOH /‘\) |
6-20°C || | O

To an ice-bath cooled solution of 4-(benzyloxyjcyclohexanone (31.0 g, 152 mmol) in 500

mbL methanol, sodium borohydride (5.78 g, 153 mmol) was added in several potions during a period
of 10 min, then the solution was stirred at 20 °C for 2 h. Then the mixture was quenched by
saturated aqueous solution of ammonium chloride (30 mL}, concentrated and the residuc was
dissolved 1n 200 mL water and extracted with ethyl acetate (200 mL x 3), the combined organic
phase was dried over sodium sulfate, then concentrated under vacuo to give title product (1R ,4R)-4-
(benzyloxy)cyclohexanol and (15.45)-4-(benzyloxyjcyclohexanol as a pale yellow oil (31.0 g,
crude} which was used to next step directly without further purification. MS (ES+) C13His0s
requires: 206, found: 207{M+H]".

Step 20 ((Cyclohex-3-envioxvimethvhibenrene:

M T
"

To an ice-bath cooled solution of (1R 4R)-4-(benzyloxyjcyclohexanol and (15.48)-4-

{benzyloxy)cyclohexanol (30.0 g, 145 munol) and N N-Diisopropylethylamine (28.1 g, 218 mmol)

G0
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in 1200 mL dichloromethane, trifluoromethanesulfonic anhydride (30.7 g, 109 mmol) was added
dropwise during a period of 30 min, then the solution was stirred at 25 °C for 18 h. Then the
mixture was concenirated under vacuo and the residue was purified with silica gel column
chromatography, eluting with petroleum ether:ethyl acetate = 12:1 to give the title compound (28.0
g, vicld 100%) as a yellow oil. MS (ES+) Ci3H 40O requires: 188, found: 189 M+H].

Step 3: (1R,3R,65)-3-(benzyloxy)-7-oxa-bicyclo{4.1.Otheptane:

R D S,
. . (3

silica gel column

i mCPBA, DCM /\J
! \ i \ i s further purification
# S I P O . -
f cis mixiure

cis mixture ran mixture
more polar peak  less polar peak

more polar peak
A solution of ((cyclohex-3-enyloxy)ymethylbenzene (12.0 g, 63.7 mmol) in dichloromethane

(200 mL) was treated at 0 °C with meta-chloroperoxybenzoic acid (21.9 g, 127 mmol). The reaction
mixture was stirred 2 b at 0 °C and then 15 min at room temperature. Evaporation of the washed
(10% aqueous solution of sodium sulfite, 5% aqueous sodium hydroxide solution and then water)
organic solution afforded a liquid residoe, which was separated with silica gel colurn
chromatography, eluting with hexane:isopropyl ether:ethyl acetate = 65:28:7 to give the title
compound (4.18 g, vield 32%) as a yellow oil. The frans-(15,3R,6R}-3-(benzyloxy)-7-oxa-
bicyclo{4.1.0}heptane showed a little less polarity on TLC and eluted firstly. The cis-(1R,3R,65)-3-
{(benzyloxy)-7-oxa-bicyclof4.1.0}heptane eluted secondly. MS (ES+) Ci3H6O» requires: 204, found:
205 [M+HT

cis-(1R,3R,65)-3-(benzyloxy)-7-oxa-bicycle{4.1.0}heptane: H-NMR (400 MHz, CDCLy) 8 ppm
7.35-7.27 (m, SH), 4.56-4.45 (im, 2H), 3.35-3.29 (m, 1H), 3.12-3.09 (m, 2H), 2.37-2.32 (m, 1H),
2.25-2.20 (m, 1H), 1.89-1.68 (m, 3H), 1.49-1.44 (m, 1H).
Trans-(15,3R,6R}-3-(benzyloxy}-7-oxa-bicyclo{4.1.8beplane: "H-NMR (400 MHz, CDCL) 6
ppm 7.35-7.27 (m. 5H), 4.48 (dd, 2H, J = 28.0, 12.4 Hz}, 3.56-3.52 (m, 1H), 3.19-3.17 (m. 2H),
2.24-2.18 (o, 1H), 2.153-2.07 (m, 1H), 2.00-1.91 (m, 2H), 1.64-1.53 (m, 2H).

Stepn 3: (IR ZR.SR-5-thenzvioxy)-2-({5)-1-phenviethviaminolicvclohexanol:

o1
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(R &0
Y(s)
G

O

. I J LiGiG, CGH,UN
O cis mixiure;

morg polar peak

Lithium perchlorate (7.27 g, 68.4 mmol) was added to an ice-bath cooled stirred solution of
(1R,3R.6S)-3-(benzyloxy)-7-oxa-bicyclo{4.1.Olheptane (7.0 g, 34.2 mmol) in 120 mL 4A-MS dried
acetonitrile, the bath was removed and (S)-1-phenylethanamine (5.58 g, 46.1 mmol) was added
dropwise during a period of 15 min, then the solution was stirred at 25 °C for 18 h. Then the
mixture was diluted in 200 mL water and extacted with ethyl acetate (200 mL x 3), the combined
organic phase was dried over sodium suifate, then concentrated and the residue was purified with
silica gel column chromatography, eluting with petroleum etheriethyl acetatedtriethylamine = 98:0:2
~ 49:49:2 to give the title compound (3.5 g, yield 31%) as a yellow oil. The (15,25,55})-5-
{(benzyloxy)-2-((S)-1-phenylethylamino)cyclohexanol showed a little less polarity on TLC, and
eluted firstly. The (1R, 2R.5R)-5-(benzyloxy)-2-((5)-1-phenylethylamino)cyclohexanol eluted
secondly. MS (ES+) CoiHyy NGO requires: 325, found: 326[M + HIY
(1K, 2R, 5R)-5-(benzyloxy)-2-({5)-1-phenylethylaminojcycichexaneoi: "H-NMR (400 MHz,
CDCls) 6 ppm 7.35-7.24 (o, 10H), 4.52 (d, 2H, J = 2.0 Hz), 3.97 (g, 1H, J = 6.8 Hz), 3.42-3.34 (im,
IH), 3.19-3.12 (m, 1H), 2.39 (dd, 1H, /= 12.0, 2.4 Hz), 2.16 (dd, 1H, J = 12.0, 3.6 Hz), 2.09-2.00
(m, 2H), 1.65-1.49 (m, 1H), 1.35(d, 3H, J = 6.4 Hz), 1.28-1.15 (m, ZH), 0.90 (qd, 1H, / =13.2,3.6
Hz).

(15,25,55)-5-(benzyloxy-2-((S)-1-phenylethylamine)cyclohexanol: "H-NMR {400 MHz, CDCl3)
o ppm 7.36-7.22 (m, 10H), 4.54 (d, 2H, /=32 Hz), 3.90 (g, 1H, J =64 Hz), 3.44-3.35 (m, 1H),
3.15-3.09 (m, 1H), 2.51-2.45 (m, 1H), 2.43-2.36 (m, 1H), 2.04-1.99 (m, 1H), 1.95-1.80 (m, 1H),
1.47-1.29 (o, 3H), 1.34 (d, 3H, /= 6.4 Hz), 0.82 (gd, 1H, /=132, 3.2 Hz).

Step 4: Svnthesis of (1R ZR 4R -4d-(benzvioxy)-2-(tert-butvidimethvisilvioxvi-N-{((8)-1-
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phenviethvhevelohexanamine:

OH

H
N

R F TBSOTY, TEA
~~ P l P

rert-Butyldimethylsilyl trifluoromethanesulfonate (13.0 g, 49.5 mmol) was added to an ice-

bath cooled, stirred solution of (1R,2ZR,5R)}-5-(benzyloxy)-2-((S)-1-phenylethylamino)cyciochexanol
(5.4 g, 16.5 mmol) and triethylamine (5.0 g. 49.5 mmel) in 100 ol dried dichloromethane. After 30
min, this was washed with a saturated aqueous solution of sodium bicarbonate, dried over sodinm
sulfate. Removal of the solvent, and the residue was purified with silica gel column
chromatography, eluting with petroleum ether:ethyl acetate = 100:0 ~ 70:30 to give the title
compound (5.4 g, vield 71%) as a yellow oil. MS (ES+) Cy;Hy NO,S1 requires: 439, found: 440
IM+HTT

Step 5: (1R ZR SR -5-(benzvioxvi-2-({8)-1-phenviethviamino)evelohexanol:

TBAF
) THF, 65°C

Tetrabutylammonium fluoride (2.66 g, 10.2 mmol) was added to a stirred solution of
(1R.2ZR 4R)-4-(benzyloxy)-2-(tert-butyldimethylsilyloxy-N-((5)- I -phenylethylcyclohexanamine
{1.5 g, 3.41 mmol)} in 50 mL dried oxolane at room temperature. Then this solution was stirred at 65
°C for 2 h. Then the mixture was concentrated under vacuo and the residue was diluted in 200 mL
water and extacted with ethyl acetate (200 ml. x 3), the combined organic phase was washed with
water and saturated agueous solution of sodium chioride, dried over sodium sulfate. Removal of the
solvent, and the residue was purified with silica gel column chromatography, eluting with petroleum
ether:ethyl acetate = 100:0 ~ 70:30 to give the title compound (0.75 g, yield 68%) as a colorless oil.
MS (ES+) CaiHyyNO; requires: 325, found: 326{M + HJ™

Step & (1R 3R 4R)-4-aminocvyclohexane-1.3-diol:
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PA(OH),/C
EtOH, 50°C HO

10% Palladium hydroxide in activated carbon (697 mg, catalyst) was added to a solution of

(IR,ZR, 3R )-5-(benzyloxy)-2-((5)-1-phenylethvlamino)cyclohexanol (650 mg, 1.99 mmol) in 15 mbL
ethanol at room temperature. Then this solution was stirred at 50 °C for 20 h under hydrogen. Then
the mixture was cooled and filtered though celite, the filter-cake was washed with
methanol:dichloromethane=1:10, the filtrate was concentrated under vacuo and the residue was
diluted in 20 mL methanol:dichloromethane=1:10 solution and concenirated, dried under high-
vacuo, then cooled at -20 °C to give the title compound (240 mg, vield 92%) as a white crystal. MS
(ES+) CoHy3NO, requires: 131, found: 132{M+H]".

(1R, 3R 4R)-4-aminocyclohexane-1,3-diol: "H-NMR (400 MHz, 64-DMSO) § ppm 4.62-4.45 (im,
2H), 3.42-3.33 (m, 2H, /=32 Hz), 2.93-2.86 (m, 1H). 2.25-2.18 (m, 1H), 1.98-1.92 (m. 1H), 1.72-
1.59 (m, 3H), 1.13-1.03 (. 2H), 0.97-0.90 (im, 1H).

Example 24: Synthesis of Compound 232:

SEM HC SEM

w”\ﬁ* r N N\ ;\NHZ i Noy- 5“3\

N
L “w*””*”
oM ) F
et et
SOCIL/DMF O L DEPEA/dsoxane A

50°C N N
O . O

KOAC/MeOH Q

Step 1 (d-chloro-1-((2 -{rimethvisilvDethoxvimethvD-1H-pyrazolol 3 4-dlpyrimidin-3-vIX(ZR . 45)-

TFA/DCM F MeBng F
- } /V*“ _____________________ NH N/\\f’”
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2-(2 5-difluorophenvi-4-fluoropyrrolidin- L-vlimethanone

SEM
/

F
HNQ“ Ne N
SEM . TR

. N
N y
o AN
q Vi Ci )\N/\FAF
- SOCIL/DMF O

G O — N
F \\ / F
To a solution of 4-oxo-1-{{(2-(trimethylsilyl)ethoxy)methyl}-4,5-dithydro-1H-pyrazolo{3,4-
dipyrimidine-3-carboxylic acid (1.00 g, 3.22 mmol, 1.00 eg) in SOCL, (164.00 g, 1.38 mol, 428.11
eq) was added DMF (235.49 mg, 3.22 mmol, 1.00 eg) at 15°C. The reaction was heated at 50°C
for 16 hrs. TLC (PE:EtOAc = 3:1, Ry = 0.8 and 0.7) showed the recaction was complete. The

mixture was concentrated. The residue was cooled to -10°C and dissolved in DCM (25.00

mb). BN (1.63 g, 16.10 mmol, 5.00 eg) and (2R,458)-2-(2,5-difluorophenyl}-4-fluoro-pyrrolidine
(497.40 mg, 2.09 mmol, 0.65 eg, HCD) was added to the reaction. The reaction was stirred at §°C
for 0.2 hr. TLC (PE:EtOAc = 3:1, Ry = 0.38) showed the reaction was complete. The solution was
washed with brine (5 mL). dried over Na;SOy4 and concentrated. The residue was purified by prep-
TLC (PEEtOAc = 1(0:1) to give (4-chloro-1-((2-(trimethylsilylethoxyymethyi}-1H-pyrazolof3.4-
dipyrimidin-3-y{((2R,45)-2-(2,5-difluorophenyl}-4-fluoropyrrolidin-1-yUmethanone (400.00 mg,
yield: 24.26%) as a yellow solid.

Sten 20 methvl (IR 3R 4R)-3-({3-((2R 45)-2-(2.5-difluorophenvl-4d-flucropyrrolidine- 1 -carbonvl)-

1-(2 -{rimethvisdvDethoxvimethvD- 1 H-pyvrazolol3 4-dipvrmidin-4-vhamino)-4-

hvdroxvevclopentane-1-carboxvlate

N SEM " NH>
o NN ;?3
Nt o

£ OMe
Ci N

To a solution of (4-chloro-1-((2-(trimethvisilyDethoxvimethvl-1H-pvrazolol 3.4~

dipyrimidin-3-yD{(ZR.48}-2-(2.5-difluorophenyl)-4-fluoropyrrolidin- L-yhimethanone (200.00 mg.

390.63 umol, 1.00 eg) and methyl (1R, 3R,4R)-3-amino-4-hydroxy-cyclopentanecarboxylate (80.24
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mg, 410.16 umol, 1.05 eg, HCY) in dioxane (10.00 mL) was added DIPEA (151.46 mg, 1.17 ramol,
3.00 eg). The reaction was heated at 90°C for 5 hrs. LUMS showed the reaction was

complete. The solution was concentrated. The residoe was purified by prep-TLC (PE:EtOAc =
2:1) to give methyl (1R,3R4R)-3-((3-((2R,45})-2-(2,5-difluorophenyl)-4-fluoropyrrolidine- -
carbonyl)- 1-((2-(trimethyisilyhethoxy ymethyl- 1 H-pyrazolo[3.4-d}pyrimidin-4-ylDamino}-4-
hydroxyeyclopentane-1-carboxylate (120.00 mg, vield: 48.40%) as a yellow solid.

o

Step 30 methvl (1R 3R 4R)-3-((3-((ZR . 45)-2-(2 . 3-difluorophenvii-4-fluoropyrrolidine-1 -carbonvl)-

1 H-pyrarzolol 3 4-dipyrimidin-4-vDamino)-4-hvdroxvevelopentane- 1 -carboxvlate

SEM
N\ N
; P
/ i
HO \ TEA/DCM HO
\ F
N e /\i’ —

o KOAC/MeOH

. OMe . Ohle

To a solution of methyl (1R, 3R 4R)-3-((3-({(2R,458)-2-(2,5-difluorophenyl}-4-
fluoropyrrolidine-1-carbonyl)-1-((2-{trimethyisilylethoxyymethyh-1H-pyrazolof 3.4-djpyrimidin-4-
yhamino)-4-hydroxycyclopentane- 1-carboxylate (120.00 mg, 189.06 umol, 1.00 eg) in DCM (3.00
ml) was added TFA (3.00 mL) at 15°C. The reaction was stirred at 15°C for 16 hrs. LCMS
showed the starting material was consumed. Little of (1R, 3R, 4R)-methyl 3-{((3-((2R,45)-2-(2,5-
difluorophenyl)-4-fluoropyrrolidine- 1-carbonyl)-1-(hydroxymethyl)- T H-pyrazolo[ 3. 4-d pyrimidin-
4-ylDamino)-4-hydroxycyclopentanecarboxylate was detected. The reaction was concentrated. The
residue was dissolved in McOH (20.00 mL). KOAc (185.54 mg, 1.89 mmol, 10.00 eg) was added
to the reaction. The reaction was heated at 50°C for 16 hrs. LCMS showed the reaction was
complete. The solution was concentrated. The residue was dissolved in EtOAc (20 mL) and
washed with brine (10 mL)}, dried over NaxSO4 and concentrated to give methyl (1R.3R,4R)-3-((3-
{(ZR,458}-2-(2,5-diflnorophenyl)-4-fluoropyrrolidine-1-carbonyl}- 1H-pyrazolof 3.4-d]pyrimidin-4-
ylyamino)-4-hydroxycyclopentane- 1-carboxylate (80.00 mg, crude) as a red solid which was used in
the next step without purification.

Step 4: ((2R.48)-2-(2.53-difluorophenyi)-4-fluoropyrrolidin-1-vhi{d-((( 1R 2R 4R)-2-hvdroxy-4-(2-

hvdroxvpropan-2-vlcvclopentvhDamino)-1H-pvrazolol 2. 4-dlpvrimidin-3-vDmethanone

8o



WO 2017/035354 PCT/US2016/048698

H
/N\ N\
PR NP
e F MeBrivg
NH /\"‘” e
C \}--—~ THF

To a solution of methyl (1R, 3R.4R)-3-((3-((2R.45)-2-(2,5-difluorophenyl}-4-
fluoropyrrolidine- 1 -carbonyl)- 1H-pyrazolo| 3,4-d]pyrimidin-4-yamino)-4-hydroxycyclopentane- 1-
carboxylate (80.00 mg, 158.59 umol, 1.00 eg) in THF (20.00 mL) was added McMgBr (3 M, 1.59
ml, 30.00 e¢g) at -70°C. The reaction was slowly warmed to 15°C and stirred for 2 hrs, TLC
{(EtCAc, Ry =0.24) and LCMS showed the reaction was complete. The solution was neutralized
with 1IN ag. HCHo pH =7. The reaction mixture was concentrated. The residue was purilied by
neutral prep-HPLC. to give ((ZR,45)-2-(2.5-difluorophenyl}-4-flucropyrrolidin-1-y1y(4-
(((1R,2R.4R)-2-hydroxy-4-(2-hydroxypropan-2-yiicyclopentylyamino)- 1 H-pyrazolo{3.4-
dipyrimidin-3-yhmethanone (17.40 mg, yield: 21.75%) as a yellow solid.

For this compound and compound 156, below, LC-MS conditions were as follows: {(mobile
phase: from 99% [water -+ 0.375%¢ v/v TFA] and 1% [CH3CON + 0.188%0 v/v TFA], under this
condition for (.4 min, then changed to 10% [water + 0.375%. v/v TFA] and 90% [CH:CN +
0.188%0 v/v TFA] in 3.0 min, then changed to 100% [CH3CON + 0.188%0 v/v TFA] in 0.45 min,
finally changed to 99% {water + 0.375%¢ v/v TFA} and 1% [CH5CN + 0.188%¢ v/v TFA] in (.01
min, then under this condition for 0.64 min. The flow is 0.8 mL-min™ all along.) Purity is 99.870%

Example 25, Synthesis of Compound 239:

QE\'? SEM ;SZEM
N ,i\e My ~N
f/ \/N / 2 X N
; N | LN
HN N N g ~f
\ﬂ/ 1) SOCLDME, e‘nvr Hy o F ae on Y % -
\N”\f“ -------------------------------- TR Y G s NH fﬁ\N/j"
(&) %) HO s ] 0] A EiCAe O \“
N \}‘ BooN—" 3 L{N-—J N

e HN- o
- R
O - St
DIPEA/dioxane, 50°C == Nz
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Step 1: tert-butvl (3R 4R)-3-((3-({ZR 45)-2-(2.5-difluorophenvD-4-fluoropvrrolidine- 1 -carbonvi)-1-

((2-(trimethyisilyDethoxyimethvh)-1H-pvrazolof 3.4-dIpyrimidin-4-vlamino}-4-hydroxypyrrolidine-

1-carboxvlate

SEM
!

N
HN I N
1) SOCL/DMF, 60°C HO
5 Ny 2\

O \_ / 2) HO

) BooN~ r 4 ‘\F
----- 4 DIPEAfdioxane, 50°C

WNHg

A solution of 3-((2R,45)-2-(2,5-diflucrophenyl }-4-fluoropyrrolidine-1-carbonyl)-1-((2-
{trimethylsilyDethoxyymethyl)-1,5-dihydro-4H-pyrazolof3.4-d]pyrimidin-4-one (0.085 g, 0.17
mmol, 1 eq) was stirred with thionyl chioride (0.031 mL, 0.43 mmol, 2.5 eq) and few drops of DMF
in DCM (0.7 mL) at 50 °C for 3 hours. LCMS indicated complete consumption of SM to the chloro-
heterocycle intermediate. The reaction mixture was cooled ou ice and added Dioxane (0.7 mL)
followed by DIEA (.21 mL, 1.21 mmol, 7 eq) and tert-butyl (3R 4R)-3-amino-4-
hydroxypyrrolidine-1-carboxylate (0.05g, 0.26 mmol, 1.5 eq). The reaction mixture was then stitred
at 70 °C for 3 hours. LCMS indicated reaction was complete. The reaction mixture was then dituted
with DCM and washed with agueous saturated sodium bicarbonate solution. The combined organic
layers were washed with saturated brine solution, dried over NapSQy and concentrated in vacuo. The
residue was purified by column chromatography on silica gel (Hexanes/EtOAc) to get the product
teri-butyl (BRAR)-3-((3-((2R,45)-2-(2.5-difluorophenyl)-4-fluoropyrrolidine-1-carbonyl)-1-((2-
(trimethylsilybethoxyymethyl}-1H-pyrazolof3.4-djpyrimidin-4-yhamino)}-4-hydroxypyrrolidine- 1 -
carboxylate (0.084g, 72%).

Step 2: (2R 45)-2-(2.5-difluorophenvh-4-fluoropyrrolidin-1-vD{4-({ (3R 4R }-4-hvdroxypyrrolidin-

3-vhamino)- 1-((2-(trimethylsilvhethox vimethyil- 1H-pyrazolof 3 4-dipyrimidin-3-vUmethanone
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A solution of (3R,4AR)-3-((3-((2R,45)-2-(2,5-difluorophenyl}-4-fluocropyrrolidine-1-
carbonyl)- 1-((2-(trimethyisilyhethoxy ymethyl- 1 H-pyrazolo[3.4-d}pyrimidin-4-ylDamino}-4-
hydroxypyrrolidine-1-carboxylate (0.084g, 0.12 mmol, 1 eq) in EtOAc (1.25 mL) was treated with
HC in Dioxane (4M, 0.9 mL, 3.72 mmol, 30 eq). After stirring at 23 °C for 4 hours, LCMS
indicated reaction was complete. The reaction mixture was diluted with EtOAc and washed with
aqueous saturated sodium bicarbonate solution. The combined organic lavers were washed with
saturated brine solution, dried over NapSO4 and concentrated in vacuo. The crude product ((2R,48)-
2-(2,5-difluorophenyl)-4-{luoropyrrolidin-1-yD{(4-({(3R AR }-4-hydroxypyrrolidin-3-yljamino)-1-
({2-(trimethylsilyDethoxy)methyl)-1H-pyrazolo 3,4-d]pyrimidin-3-ylmethanone was used without
further purification in the next step.

Step 30 (2R 45)-2-(2.5-difluorophenyh-4-fluoropyrrolidin- 1-yD(d-(((3R. 4R }-4-hvdroxy- 1 -(oxetan-

J-yvlmvrrolidin-3-vhamino - 1-{((C-{trimethvisilvDethoxvimethvD-1H-pvrazolo 3.4-dlpvrimidin-3-

yijymethanone

SEM SEM
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To a solution of ((2R,45)-2-(2.5-diflucrophenyl}-4-fluoropyrrolidin-1-y(4-({{3R 4R )-4-
hydroxypyrrolidin-3-yhamino)-1-((2-(trimethylsilyDethox y)ymethvl)-1H-pyrazolo[ 3,4-d]pyrimidin-
3-yDmethanone (0.036g, 0.062 mmol, 1 eq) in DCE (0.5 mL) was added few drops of Acetic acid (2
ul. 0.031 mmol, 0.5 eq) followed by oxetan-3-one (0.015 ml, 0.21 mumol, 3.3 eq) and the reaction
mixture was heated at 60 °C for 2 hours. Added sodium triacetoxyborohydride (0.033 g, 0.16 mmol,
2.5 eq) and the solution was stirred at 23 °C for 24 hours. LCMS indicated the reaction was

complete. The reaction mixture was diluted with EtOAc and washed with aqueous saturated sodium
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bicarbonate solution. The combined organic layers were washed with saturated brine solution, dred
over NaxS{Oy and concentrated in vacuo. The residue was then purified by column chromatography
on silica gel (DCM/MeOH) (o isolate the product ((2R.48)-2-(2,5-difluorophenyl)-4-
flucropyrrolidin-1-yIy4-{({{3R 4R )-4-hydroxy-1-{oxetan-3-yDpyrrolidin-3-ylamino)- 1 -({(2-
{trimethylsilyDethoxyymethyl)-1H-pyrazolof3,4-djpyrimidin-3-yDimethanone (0.030 g, 75%;).

Step 4: (2R.AS-2-(2.5-difluorophenyD-4-fluoropvrrolidin-1-vD4-({(3R 4R -4-hvdroxv-1-{oxetan-
-y

vUpyrrolidin-3-vhiaming}- 1 H-pyrazolo{ 3 4-dlpyrimidin-3-vymethanone
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A solution of ((2R,45)-2-(2,5-difluorophenyl}-4-fluoropyrrohidin- F-yIH4-({(3R 4R )-4-
hydroxy-1-(oxetan-3-ylpyrrolidin-3-yhamino)-1-((2-(trimethylsityDethoxyymethyl)- 1H-
pyrazolof3,4-djpyrimidin-3-ylymethanone (0.060 g, 6.095 mmol, 1 eq) in DCM (1 mL) was treated
with TFA (0.73 mL, 9.5 mmol, 100 eq) for 16 hours. The reaction mixture was diloted with DCM
and washed with aqueous saturated sodium bicarbonate solution. The combined organic layers were
washed with saturated brine solution, dried over Na; SOy and concentrated in vacuo. To the
intermediate in DCM/MeOH (1/1, 1 ml.) was added sodium acetate (0.016 g, 0.19 mmol, 2 eq} and
the reaction was stirred at 23 °C for 2 hours. The reaction mixture was diluted with DCM and then
washed with aqueous saturated sodiam bicarbonate solution. The combined organic layers were
washed with saturated brine solution, dried over Na»504 and concentrated in vacuo. The residue
was then purified first by column chromatography on silica gel (DCM/MeOH containing 10%
NH4OH) and then by preparative-TLC to isolate the product ({ZR.45)-2-(2,5-difluorophenyl)-4-
fluoropyrrolidin-1-yD{(4-(((3R 4R )-4-hydroxy- 1 -(oxetan-3-yUpyrrolidin-3-yDamino)- 1 H-
pyrazolof3,4-d]pyrimidin-3-yhmethanone (0.034g, 70%).

Example 26. Synthesis of Compound 156
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Sten b -bromo-2-(bromomethvh-4-chlorobenzene

Br

. Br

A solution of 1-bromo-4-chloro-2-methylbenzene (3.00 g, 14.60 mumol, 1.00 eg), NBS (2.34
g, 13.14 mmol, .90 eg) and AIBN (239.75 mg, 1.46 mmol, 0.10 eg} in CCl,; (20.00 mL) was stirred
at 90°C for 12 hrs. The solution was concentrated under vacoum to give a crude product 1-bromo-
2-{bromomethyl)-4-chlorobenzene (5.40 g, crude) as a yellow solid which was used directly in the
next step without further purification.

Step 20 1-(2-bromo-5S-chlorophenyD-N-methyvimethanamine

e
HN
MeNHzllﬁzo
nnnnnnnnnnnnnnnnnnnnnnnnndBn-

Cl—
\f'BF

The solution of I-bromo-2-(bromomethyl)-4-chlorobenzene (5.40 g, 18.99 mmol, 1.00 eg) in

MeNH,/H,O (30.00 mL) was stirred at 25°C for 15 hrs. When the reaction was complete, the
product was extracted with EtOAc (50 mL ¥ 3), the combined organic layers were concentrated
under vacuum to give a crude product. The crude product was purified by column chromatography
on stlica gel (PE:EtOAc = 5:1 to 1:1) to obtain 1-(2-brome-5-chlorophenyl)-IN-methylmethanamine
(1.00 g, vield: 22.45%) as a off-white solid. 'H-NMR (400 MHz, CDCL) d ppm 7.45 (d, 1H,J =
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3.8 Hz), 7.40-7.39 (m, 1H), 7.10 (dd, 1H. 7 =84, 2.4 Hz), 3.79 (s, 2H), 2.46 (s, 3H).

Step 3: N-(2-bromo-5S-chlorobenzvh-4-(({(1R 285 3R -2 3-dihvdroxvcvclopentvDamino)-N-methvl-

1-((2-{mmethvisilvDethoxvimethvi-1H-pyrazolol3 4-dipvrimidine-3-carboxamude

SEM
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Clomi? \ HATU/DIPEA
S Br IDME N /
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To the solution of 1-(2-bromo-5-chlorophenyl)-N-methylmethanamine (500.00 mg, 1.22
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mmol, 1.00 eg) and 4-(((1R,25.3R)-2,3-dihydroxycyclopentyDamino)-1-((2-
(trimethylsilybethoxyymethyl}-1H-pyrazolof3.4-djpyrimidine-3-carboxylic acid (314.98 mg, 1.34
mmol, 1.10 eg) in DMF (5.00 mL) was added DIPEA (315.35 mg, 2.44 mmol, 2.00 eg) and HATU
(556.66 mg, 1.46 mmol, 1.20 eq), the resulting mixtare was stirred at 25°C for 15 hrs. When the
reaction was complete, H,O (20 mL) was added, the product was extracted by EtOAc (20 mL * 3},
the combined organic layers were concentrated under vacuum to give a crude product. The crude
product was purified by prep-TLC (EtOAC) to obtain N-(2-bromo-5-chliorobenzyl)-4-({((1R,25,3R)-
2,3-dihydroxycyclopentyDamino)-N-methyl- 1-((2-(trimethylsityDethox y)methyD- 1 H-pyrazolo[3.,4-
dipyrimidine-3-carboxamide (520.00 mg, yield: 81.20%}) as a red oil. "H-NMR (400 MHz, CDCls)
é ppm 9.77 (br.s, 0.5H), 9.49 (brs, 0.5H), 845 (d, 1H, /= 11.4 Hz), 7.63 (dd, 1H, /=84, 4.4 Hz),
7.33-7.31 (m, TH), 7.26-7.25 (m, 1H), 5.87 (s, 1H), 5.67 (s, 1H), 546 (5, 1H), 4.98 (s, 1H), 4.45-
4.44 (m, 1H). 4.31-4.29 (m, 1H), 4.03-4.02 (m, 1H),3.79 (4, 1H. /=80 Hz), 3.71 (s, 1.5H), 3.55 (1,
TH, J=8.0Hz), 3.29 (5, 1.5H), 3.16(d, 1H, /= 6.0 Hz), 2.65-2.61 (m, 1H), 2.05-1.83 (m, 2H), 1.05
(t, 1H, /=84 Hz), 0.90 (t, 1H, /= 8.0 Hz), 0.07 (5, 4. 5H), 0.00 (s, 4.5H).

Sten 41 N-{S-chloro-2-cvanobenzyvi-4-({(1R 28 3R)-2 3-dihvdroxvevelopentvharming )-N-methvl-1-

{(2-(rimethvisilvDethoxvimethvh-1H-pvrazolol 3.4-dipvrimidine-3-carboxamide
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!_SEF\/] iSEM
rN\‘ ’,_N\ (/N:\\T‘/N\
(L oy

o | Zn(CN}, HO "~
A “N/ S— NH N/
o WNH - 7N PA(PPhaly  HO o
1 DMFM W/ o
Ci- - 140°C/5 hrs c ‘/ 3
Br \'"i* =N

The muxtore of N-(2-bromo-S-chlorobenzyD-4-(({1R.2S,3R)-2,3-
dihydroxycyclopentyljamino)-N-methyl-1-((2-(trimethylsilyhethoxy methyl)- 1H-pyrazolof 3,4~
d]pyrimidine-3-carboxamide (420.00 mg, 670.91 umol, 1.00 eg), Zn(CN), (630.22 mg, 5.37 mmol,
340.66 ul., 8.00 eg) and Pd{PPhz)4 (77.53 mg, 67.09 umol, 0.10 eg) was dissolved in DMF (3.00
ml.) in a sealed tube, it was radiated with microwave at 140°C for 3 hrs. After 3 hrs, LCMS showed
the starting material was not consumed completely, so more Zn{CNY, (2 eg) and Pd(PPh3)y (0.1 eg)
was added, it was radiated with microwave at 150°C for another 2 hrs. When the reaction was
complete, HyO (15 ml) was added, the product was extracted by EtOAC (20 mL * 3). The
combined organic layers were dried over anhydrous Na,5QO4, concentrated to give a crude product.
The crude product was purified by prep-TLC (EtOAc) to obtain N-(5-chloro-2-cyanobenzyl)-4-
(({1R,25,3R)-2,3-dihydroxycyclopentylyamino}-N-methyl- 1-((2-(trimethylsilybhethoxyymethyl}- 1 H-
pyrazolo[3.4-d]pyrimidine-3-carboxamide (520.00 mg, crude, including PPh30) was obtained as a
yellow oil. '"H-NMR (400 MHz, CDCL) 6 ppr 9.72 (brs, 0.5H), 9.44 (brs, 0.5H), 845 (d, 1H, J =
6.4 Hz), 7.79-7.54 (m, 3H), 586 (s, 1H), 5.70 (s, 1H), 5.67 (s, 1H), 5.11 (s, 1H), 4.45-4.44 (m, 1H},
4.30-4.29 (m, 1H}, 4.03-4.02 (m, 1H), 3.81-3.76 (m, 2.5H), 3.59 (t, 1H, /= 8.0 Hz}, 3.32 (5, 1.5H),
3.18-3.16 (m, 1H), 2.19-1.86 (m. 3H), 1.04 (¢, 1H, /= 8.0 Hz), 0.92 (1, 1H, /= 8.0 Hz), 0.06 (s,
4.5H). 0.00 (s, 4.5H).

Stepn 5: N-(S-chloro-2-cvanobenzvi-4-({({1R. 28 .3R}-2 3-dihvdroxyevclopentyDamino)-N-methvl-

1H-pvrazolol 3 4-dipyrmudine-3-carboxamide

H
N\ N\
| N
A g NP/,
1) TFAIDCM HO y
. SNH N
HO 2) KOAc/MeOH — HO g
Cl—¢
e, =EN
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To the mixed solvenis TFA (10.00 mL) and DCM (10.00 mL) was added N-(5-chloro-2-
cyanobenzyl)-4-(((1R,25,3R)-2,3-dihydroxycyclopentylyamino)-N-methyl- 1-((2-
(trimethylsilyDethoxyymethyl)- 1H-pyrazolo[3.4-djpyrimidine-3-carboxamide (520.00 mg, 908.88
umol, 1.00 eqg), the resulting mixture was stirred at 25°C for 1 hr. The solvent was evaporated by N,
to give a crude product. The crude product was dissolved in MeOH (15.00 mL), adjusted to pH = 7-
8 by NaHCO;3, and KOAc (178.39 mg, 1.82 mmol, 2.00 eg} was added, it was stirred at 50°C for 2
hrs. When the reaction was complete, the mixture was concentrated under vacuum to give a crude
product which was dissolved in EtOAc (50 mL), washed by H,O (15 mL * 3). The organic layer
was concentrated under vacuum {o give a crude product which was purified by acidic prep-HPLC
(TFA) to obtain N-(§-chloro-2-cyanobenzyl)-4-(({(1R,25,3R}-2,3-dihydroxycyclopentyhamino)-N-
methyl-1H-pyrazolo[3.4-djpyrimidine-3-carboxamide (171.00 mg, vield: 33.85%, TFA) as a white
solid.

Example 27. Synthesis of Compound 226
Step 1 Methyl (1R.3R4R3-3-({tert-butoxyearbonvhamino)-4-((tert-butvldiphenvlisityhoxy)

cvclopentane-1-carboxvlate:

HO TBDPSCO
~NHBoc «NHBoc
TBDPSCI
A P
imidazole/DMF
] ==
OMe OMe

To a solution of methyl (1R, 3R 4R}-3-{{tert-butoxycarbonyl}amino)-4-
hydroxycyclopentane- 1-carboxylate (1.50 g, 5.78 mamol. 1.00 eg) and imidazole (590.74 mg, 8.67
mmol, 1.50 eg} in BMF (10.00 mL) was added TBDPSCI (1.67 g, 6.07 mmol, 1.05 eg) at 0°C. The
reaction was stirred at 15°C for 16 hrs. TLC (PE:EtOAc = 5:1, Ry = .43) showed the reaction was
complete. The solution was poured into water (20 mb) and extracted with EtOAc (10 mL * 3). The
organic layer was dried over Nap,SQ4 and concentrated. The residue was recrystallized from PE (1
mi) to give methyl (1R,3R,4R}-3-({tert-butoxycarbonylamino)-4-({tert-
butyldiphenylsilylyoxyjcyclopentane-1-carboxylate (2.80 g, vield: 97.40%) as a white solid. 'H-
NMR (400 MHz, CDCls) 0 ppm 7.69-7.64 (m, 4H), 7.43-7.37 (m, 6H), 4.10 (br.s, 1H), 3.92-3.97
{m, 2H), 3.66 (s, 3H), 2.75-2.71 (m, 1H), 2.46-2.43 {m, 1H), 2.01-1.95 (m, 2H), 1.65-1.61 (m, 1H),
1.40 (s, 9H), 1.05 (s, OH).
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Step 20 Tert-butyl (1R.2R.4R)-2-((tert-butyldiphenylsilyhox y)-4-(hydroxymethyhcyclopentyl)

carbamate:
TBDPSO TRDPSO
wNHBoc “NHBoc
,J LA /THF )
.............................. *g,
o

To a solution of methyl (1R, 3R 4R)-3-({(tert-butoxycarbonyljamino}-4-({tert-
butyldiphenylsilylyoxyjcyclopentane-1-carboxylate (2.80 g, 5.63 mmol, 1.00 eg) in THF (30.00 mL)

was added LiAlH4 (427.32 mg, 11.26 mmol, 2.00 eg) at -30°C. The reaction was slowly warmed to

complete. The reaction was quenched with 0.43 mL of H,O and (.43 mL of 10% agq. NaOH at
0°C. The muxture was filtered and the filirate was concentrated. The residue was washed with PE
{3 mbL). The solid was collected. tert-butyl (1R, 2R, 4R}-2-({tert-butyldiphenylsilyloxy)-4-
(hydroxymethyljcyclopentylicarbamate (2.30 g, yield: 86.98%) as a white solid was obtained. 'H-
NMR (400 MHz, CDCL) ¢ ppm 7.69-7.65 (m, 4H), 7.43-7.38 (m, 6H), 4.11-4.10 (m, 1H), 3.89
(br.s, 2H), 3.54 (br.s, 2H), 2.14-2.10 (m, 1H), 1.97-1.89 (m, 2H), 1.62-1.58 (m, 1H), 1.39 (s, 9H),
1.06 (s, 9H).

Step 3: tert-butvl (AR 2R 4R)-2-({tert-butvidiphenvisilvhoxvi-d-formvicvclopentvlcarbamate:

TBDPSO TBDPSO
~NHBoc WNHBoc
) Dess-Martin's reagent
DCM
N
OH Q

To a solution of tert-butyl (1R, ZR 4R }-2-((tert-butyldiphenylsilyDoxy)-4-
(hydroxymethyljcyclopentylicarbamate (2.30 g, 4.90 mmol, 1.00 eg) in DCM (50.00 mL) was
added Dess-Martin periodinane reagent (3.12 g, 7.35 mimol, 1.50 eg) at 0°C. The reaction was
stirred at 15°C for 16 hrs. TLC (PE:EtOAc = 3:1, Ry = 0.7) showed the reaction was complete. The
reaction was quenched with sat'd ag. NaHCO; (30 mL) at 0°C and extracted with DCM (30
mL). The organic layer was dried over Na,SO4 and concentrated. The residue was purified by
column chromatography on silica gel (PEEIOAc =30:1). tert-butyl ((1R.2R 4R)-2-((tert-
butyidiphenylsilylDjoxy)-4-formyleyclopentyljcarbamate (900.00 mg, vield: 39.27%) as a yellow oil
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was obtained. 'H-NMR (400 MHz, CDCh) 8 ppm 9.55 (s, 1H), 7.61-7.56 (., 4H), 7.37-7.31 (m,
6H), 4.08 (d, 1H, /=72 Hz), 3.93-3.89 (m, 1H), 3.79 (br.s, 1H), 2.62-2.55 (m, 1H), 2.44-2.40 (m,
1H), 1.86-1.83 (m, 2H), 1.57-1.52 (m, 1H), 1.34 (s, 9H), 0.97 (s, OH).

Step 4: tert-butyl (IR 2R 4R}-2-({tert-butyldiphenyisilvhoxy)-4-(difluoromethyljcyclopentvl}

carbamate:
TBOPSO TBRRPSC
NHBoc wNHBoc
DAST/DCM
-
N\ F
O F

To a solution of tert-butyl (1R.2ZR 4R }-2-({tert-butyldiphenylsilyloxy)-4-
formyleyclopentybcarbamate (900.00 mg, 1.92 mmol, 1.00 eg) in DCM (50.00 mL) was added
DAST (928.45 mg, 5.76 mmol, 3.00 eg) at 0°C. The reaction was stirred at 15°C for 5 hrs. TLC
(PE:EtOAc = 3:1, Ry = 0.6) showed the reaction was complete. The solution was quenched with
sat'd ag. NaHCO; (20 mL) and extracted with DCM (20 mb). The organic layer was dried over
Nay50, and concentrated. The residue was purified by colomn chromatography on silica gel
(PEEtCAC = 3(0:1~20: 1) tert-butyl (IR ZR 4R )-2-({tert-butyldiphenylsilylyoxy)-4-
{difluoromethylcyclopentyllcarbamate (250.00 mg, yield: 26.59%) as a yellow oil was obtained.
TH-NMR (400 MHz, CDCl3) 6 ppm 7.62-7.56 (m, 4H), 7.34-7.31 (m, 6H), 5.76-5.43 (m, 1H), 3.88-
3.82 (m, 2H), 2.30-2.24 (m, 1H), 2.07-2.04 (m, 1H), 1.80-1.75 (m, 1H), 1.65-1.57 {m, 1H), 1.33 (5,
9H), 0.99 (s, 9H).

Step 5: (1R 2R 4R)-2-((tert-butvldiphenvisilvhoxvi-4d-{difluoromethvlhicyvclopentan- 1 -amine:

TBDPSO TBDPRPSO

JNHBoc SNH
) HCVEtOAC ’

F- F-
F F

To a solution of tert-butyl (1R, 2R 4R)-2-({tert-butyldiphenylsilyhoxy)-4-
(difluoromethybeyclopentylcarbamate (50.00 mg, 102.11 umol, 1.00 eg) in EtOAc (2.00 mL) was
added HCVEtOAc (10.00 ML, 4 M) at 15°C. The reaction was stirred at 15°C for 1 hr. TLC
(PEEIOAC = 311, Re= 0.03) showed the reaction was complete. The solvent was blown to dryness

by N;. The residue wasn't further purified. (1R.ZR.4R)-2-({tert-butyldiphenylsilylioxy)-4-
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(difluoromethybcyclopentan-1-amine (40.00 mg, vield: 91.95%, HCL as a yellow oil was obtained.
TH-NMR (400 MHz, CDCl3) 6 ppm 7.70-7.68 (m, 4H), 7.49-7.43 (m, 6H), 5.81 (td, 1H, 7 =57.2,
4.8H»), 425(dd, 1H. /J=12.0,56H2),3.50(dd, 1H, /=132, 64 Hz), 2.22-2.19 (o, 1H), 1.80-
1.74 (m, 2H), 1.66-1.63 (m, 1H)}, 1.08 (s, 9H).

Step 6 (4-(((IR.ZR 4R)-2-((tert-butyldiphenyisilyhoxy)-4-(difluoromethyvhcyclopentyliaming)-1-

{((2-{rimpethvisilvDethoxyimethvD-1H-pvrazolo] 3. 4-dipvrimidin-3-vD{{(ZR 45)-2-(2.5-

difluorophenvh-4-fluoropyrrolidin-1-vhmethanone:

SEM
(Nv N,
i N
N At

TBEPSO "
oNH» O

DiPEA/dioxane
B 20°C

To a solution of (1R, 2R 4R)-2-((tert-butyldiphenylsilylyoxy)-4-(difluoromethylicyclopentan-
f-amne (40.00 mg, 93.89 umol, 1.00 eg, HC) and (4-chloro-1-((2-(rimethylsilyDethoxyymethyl)-
IH-pyrazolo{3,4-d]pyrimidin-3-y){{(2ZR.,45)-2-(2,5-difluorophenyl)-4-{luoropyrrolidin- 1 -
yhimethanone (48.07 mg, 93.89 umol, 1.00 eg) 10 dioxane (10.00 mL) was added DIPEA (60.67 mg,
469.45 umol, 5.00 eg). The reaction was heated at 90°C for 0.5 hr. LCMS showed the reaction was
complete. The solution was concentrated. The residue was purilied by prep-TLC (PEEIOAc =
3:1). (4-(({1R,2R 4R)-2-{{tert-butyldiphenylsilyl)oxy}-4-{difluoromethylicyclopentyllamino)- 1-({(2-
(trimethylsilyDethoxyymethyl)- 1 H-pyrazolof 3. 4-djpyrimidin-3-yD((2R,45)-2-(2.5-dilluorophenyl)-
4-{luoropyrrolidin-t-yhymethanone (38.00 mg, yield: 46.78%) as a yellow oil was obtained.

Step 70 (4-(((1R, 2R 4R)-4-(difluoromethyl)-2-hydroxyeyclopentylyamino)- 1 H-pyrazolof 3,4-
dipyrimidin-3-yD{(2R,45)-2-(2,5-difluorophenyl)-4-{luoropyrrolidin- 1 -ylmethanone (Compound

226):
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A solution of (4-({((1R,2R 4R )-2-({tert-butyldiphenylsilyljoxy)-4-
(difinoromethylicyclopentyllamino)-1-((2-(trimethyisityDethoxy)methyl)- 1H-pyrazolo{3,4-
dipyrimidin-3-y{(ZR 45}-2-(2,5-diflucrophenyl)-4-fluoropyrrolidin-1-yhmethanone (38.00 mg,
43.93 umol, 1.00 eg) in TBAF/THF (5.00 mL) was heated at 50°C for 2 hrs. LCMS showed (4-
({({1R,2R 4R)}-4-(difluoromethyl}-2-hydroxycyclopentyl)amino}- 1 -(hydroxymethyl)- 1 H-
pyrazolo[ 3, 4-djpyrimidin-3-yI}(2R.45)-2-(2,5-difluorophenyl)-4-fluoropyrrolidin-1-yvhmethanone
was remained. The reaction mixture was concentrated. The residue was dissolved in EtOAc (20
mi} and washed with brine (10 mL.*2). The organic layer was concentrated and dissolved in MeOH
(20.00 mL). KOAc (21.56 mg, 219.65 umol, 5.00 eq) was added to the reaction. The reaction was
heated at 50°C for 16 hrs. LCMS showed the reaction was complete. The solution was
concentrated. The residue was purified by prep-HPLL (MeOH/TFA system). (13.50 mg, yield:
50.34%, TEA) of (4-({{1R,2ZR 4R }-4-(difluoromethyl}-2-hydroxycyclopentyl)amino)- 1 H-
pyrazolo] 3.4-djpyrimidin-3-yD{(2R,458)-2-(2,5-difluorophenyl-4-fluoropyrrolidin- I-yDmethanone
as a yellow solid was obtained.

Example 28. Synthesis of Other Compounds

Additional compounds of the invention were synthesized using similar techniques to those
set forth in the above examples. The table below indicates the specific example (“Example”) upon
which the synthesis of each compound (“Cmpd™) was based, as well as the appropriate amino

alcohol and amine that were used to synthesize each specific compound.
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The NMR and LC MS data obtained for compounnds disclosed herein are shown in Figore 1.

Example 29, Assays
NTRK1 Wild Type Assay at 1 mM ATP

o each well of a 384-well plate, 1 oM - 1.5 nM of wild type NTRK1 enzyme (BPS
Bioscience; 40280} was incubated in a total of 12.5 uL of buffer (100 mM HEPES pH 7.5, 0.015%
Brij 35, 10 mM MgCly, 1M DTT) with 1-2 uM CSKitide (Tuft’s University or Anaspec; FITC-
AHA-KKKKD DIYFFFG-NH2) and 1 mM ATP at 25°C for 60 minutes in the presence or absence

of a dosed concentration series of compound (1% DMSO final concentration). The reaction was
stopped by the addition of 70 uL of Stop baffer (100 mM HEPES pH 7.5, 0.015% Bry 35, 33 mM
EDTA and 0.2% of Coating Reagent 3 (Caliper Lifesciences)). The plate was thenread on a
Caliper EZReader 2 (protocol settings: -1.7 psi, upsiream voltage -500, downstream voltage -3000,
post sample sip 35s). Data was normalized to 0% and 100% inhibition controls and the ICs
calculated using a 4-parameter fit in the CORE LIMS.

NTRE Wild Type and G595R Mutant Cellular Assavs Protocol

KM12 wild type colon carcinoma cell line harboring the TPM3-NTRK1 fusion protein was
obtained {rom the National Cancer Iustitute (NCI). This line has been previously shown to be
dependent upon the NTRK activity derived from the NTRK fusion protein for growth and survival.
The KM12 CIff (G595R) cell line was generated by mutagenizing the wild type KMI12 line with a
DNA methylating agent and subseguently selecting for clones that were resistant to chronic
exposure o high concentration of a known NTRK inhibitor (Crizotinub). Cells were first plated in
384-well plates at 1000 cells/well in complete media (10% FBS and 1% pen/strep) and incubated
overnight at 37°C. Cells were then dosed with test articles at varying concenirations using the
Bravo liquid handling system. Concentrations ranged from 25uM down to 9.5pM (4-fold dilutions,
10 concentrations totaly. Each compound was run in duplicate per plate. DMSO and staurosporine
(25uM) were included on each plate as negative and positive controls for growth inhibition. 72hr
after dosing, assay plates were developed using CellTiter-Glo (Promega) and resultant luminescence
was read on the Envision plate reader. 1C5 determinations were calculated using a 4-parameter
curve fitting algorithm

The table below summarizes the results {rom the biological assays described above. The

following designations are used to indicate ICs; in each assay: A < 10.00 nM; B = 10.01-100.0 nM;
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C = 100.01-1000.0 nM; and D > 1000.1 oM; “ND” = not determined.

Compound Enz KMi2 KMiz2
Number NTRK1 | (WTy | (G595R)

1 B B B
2 C C C
3 D D D
4 C D D
5 C C C
6 A B B
7 B B B
8 B B C
9 B B C
10 C C D
11 C C C
12 C C D
13 B B C
14 C C C
15 C C D
16 C D D
17 B B C
I8 C C D
19 D D D
20 B B C
2 C C D
22 C D D
23 A B B
24 B C C
25 B B C
26 B B C
27 A B B
28 A B B
29 A B B
30 C B C
31 C C C
32 B C C
33 B B B
34 B B C
35 C C D
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Compound Enz KMiz2 KM12
Number NTREKD | {(WT) | {G5S95R)

36 B C C
37 B C C
38 C C {
39 A B B
40 B C C
41 B C C
42 C D D
43 B B C
44 B B C
45 A A A
46 A A A
47 C C C
48 B B C
49 A B B
50 B B C
51 C C C
52 B B B
53 B B C
54 B C C
55 B B B
56 B C C
57 A A B
58 A B B
39 C C C
60 B B B
61 C C D
62 B B C
63 A B B
64 C C C
65 C ND ND
66 D D D
67 D D D
68 A A A
69 A B B
70 A B B
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Compound Enz KM1Z | KMi2
Number NTRK1 | (WT) | (G393R)

71 B B C
72 A B B
73 A A B
74 A B B
75 B C D
76 A B B
77 A B B
78 A A B
79 A A B
80 B C C
81 B C C
82 B C C
83 B C C
34 A B B
85 A B B
86 A A A
87 A B B
88 A A A
89 A B A
90 D D D
91 B B C
92 A A A

3 A A A
o4 C C D
95 A A A
96 B B C
97 A B C
98 C D D
99 A A A
100 B B C
101 C C C
102 A B B
103 D D D
104 A A A
105 A B B
106 A A A
107 A B B
108 B C C
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Compound Enz KM12 | KMI2
Number | NTRK1 | (WT) | (G395R}
109 A B C
110 A B B
11 A B B
112 B B C
113 A B B
114 A A A
115 A B B
116 A A A
117 C C D
118 A A A
119 A A A
120 B B B
121 A A A
122 A A A
123 A B B
124 A ND ND
125 A ND ND
126 A A A
127 A A A
128 A A A
129 A B B
130 A A A
131 C C C
132 B B C
133 C C C
134 C C C
135 A A A
136 A B B
137 B B B
138 C C C
139 B B B
140 A B A
141 A B A
142 B B C
143 B B B
144 B B C
145 C B C
146 A B B
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Compound Enz KM1Z | KMi2
Number | NTRK1 | (WT) | (G593R)
147 B C C
148 A A A
149 A B B
150 B B B
151 B B B
152 A B A
153 B B B
154 A B B
155 B B B
156 B B A
157 A B B
158 A B B
159 A B B
160 A B B
161 B B B
162 A B B
163 A B B
164 B B B
165 A A A
166 A C C
167 A A A
168 A A A
169 B B B
170 A A A
171 B B B
172 A B B
173 A A A
174 A A A
175 A B B
176 A B B
177 A A A
178 A B B
179 B B C
180 A A A
181 A B B
182 A A B
183 A A A
184 A A A
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Compound
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(G595R)
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Compound Enz KM12 KM1i2 Compound Enz KM12 | KMI12
Number NTRKI | (WT) | (G393R) Number NTRKT | (WT) | (G393R)
223 A B B 234 A A A
224 A A A 235 A B B
225 A B B 236 A A B
226 A A A 237 A B B
227 A A A 238 ND B B
228 B B B 239 A A B
229 A A A 240 A A A
230 A B B 241 A A A
231 B B C 242 A A A
232 A A A 243 A A A
233 A A A 244 A A A

Incorporation by Reference

All publications and patents mentioned herein are hereby incorporated by reference in their
entirety as if each individual publication or patent was specifically and jndividually indicated 1o be
incorporated by reference.

Eguivalents

Those skilled in the art will recognize, or be able to ascertain using no more than routine

cxperimentation, many equivalents to the specific embodiments of the invention described herein.

Such equivalents are intended to be encompassed by the following claims.

The term “comprise” and variants of the term such as “comprises” or “comprising” are used
herein to denote the inclusion of a stated integer or stated integers but not to exclude any other
integer or any other integers, unless in the context or usage an exclusive interpretation of the term is
required.

Any reference to publications cited in this specification is not an admission that the

disclosures constitute common general knowledge in Australia.
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CLAIMS:
1. A compound of Formula (I):

G
(RB)q\Lz L1
Nl \/)N
H N (1), or a pharmaceutically acceptable salt thereof,
wherein:

Ring A is selected from aryl, heteroaryl, cycloalkyl, cycloalkenyl, and heterocyclyl;

Ring B is selected from aryl, heteroaryl, cycloalkyl, and heterocyclyl;

L!is selected from -C(O)-, -N(R")-, -N(R!)-C(O)- ¥, -C(O)-N(R")- ¥, «(C1-Cs
alkylene)-N(R')- f, -N(R"-(C;-Ce alkylene)- 1, -N(R')-C(0)-(Ci-Cs alkylene)- 1, and -C(O)-
N(R)~(Ci-Cg alkylene)- 1; wherein “§” represents a portion of L' bound to Ring A and each
alkylene portion of L!, is independently substituted with 0-5 occurrences of R’;

L? is selected from -C(O)-, -C(O)-N(R")-*, -N(R")-C(0)-(C1-Cs alkylene)-*, and -C(O)-
N(RY-(Ci-Ce alkylene)-*, wherein “*” represents a portion of L? bound to Ring B and each
alkylene portion of L? is independently substituted with 0-5 occurrences of R’;

each R* is independently selected from hydroxyl, C;-Cs alkyl, C»-Cs alkenyl, C>-Cs
alkynyl, C1-C¢ alkoxyl, halo, Ci-Cs heteroalkyl, Ci-Cs haloalkyl, C;-Cs haloalkoxyl, Ci-Cs
hydroxyalkyl, cycloalkyl, aryl, heteroaryl, aryloxy, aralkyl, heterocyclyl, heterocyclylalkyl,
nitro, cyano, -C(O)R!, -OC(O)R!, -C(O)OR!, -(C;-Cs alkylene)-C(O)R!, -SR!, -S(O).R!,
-S(0)-N(RYRY), -(C1-Ce alkylene)-S(O)R!, -(Ci-Ce alkylene)-S(0)-N(RHRY), -NRH)RY),
-C(O)-N(RH(RY), -N(RH-C(O)R!, -N(R"-C(O)OR!, -(C1-Cs alkylene)-N(R')-C(O)R,
-N(RHS(0):R!, and -P(O)R")(R'); wherein each alkyl, alkenyl, alkynyl, alkoxyl, heteroalkyl,
haloalkyl, haloalkoxyl, hydroxyalkyl, cycloalkyl, aryl, heteroaryl, aryloxy, aralkyl,
heterocyclyl, and heterocyclylalkyl portion of each R* is independently substituted with 0-5
occurrences of R?; or 2 R* together with the carbon atom(s) to which they are attached form a
cycloalkyl or heterocyclyl ring independently substituted with 0-5 occurrences of R?;

each R is independently selected from oxo, hydroxyl, C-Ce alkyl, C2-C alkenyl, C2-Ce
alkynyl, C1-C¢ alkoxyl, halo, Ci-Cs heteroalkyl, Ci-Cs haloalkyl, C;-Cs haloalkoxyl, Ci-Cs
hydroxyalkyl, cycloalkyl, aryl, heteroaryl, aryloxy, aralkyl, heterocyclyl, heterocyclylalkyl,
nitro, cyano, -C(O)R!, -OC(O)R!, -C(O)OR!, (Ci-Cs alkylene)-C(O)R!, -SR!, -S(0),R!, -S(O).-
NRHRY), (Ci-Cg alkylene)-S(0O)2R!, (Ci-C alkylene)-S(0)-N(RHRY), -N(R)(R?), -C(0)-
NRHRY, -N(RH-C(O)R!, -N(R!)-C(O)OR1, -(Ci-Cg alkylene) N(R') C(O)R!, -N(RHS(O)R!,
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and -P(O)(R')(R!), wherein each alkyl, alkenyl, alkynyl, alkoxyl, heteroalkyl, haloalkyl,
haloalkoxyl, hydroxyalkyl, cycloalkyl, aryl, heteroaryl, aryloxy, aralkyl, heterocyclyl, and
heterocyclylalkyl portion of each R® is independently substituted with 0-5 occurrences of R?, or
2 R® together with the carbon atom(s) to which they are attached form a cycloalkyl or
heterocyclyl ring independently substituted with 0-5 occurrences of R?;

each R! is independently selected from hydrogen, hydroxyl, halo, thiol, C1-Cs alkyl, Ci-
Ce thioalkyl, C1-Cs alkoxyl, Ci-Cs haloalkyl, Ci-Ces hydroxyalkyl, Ci-Ce heteroalkyl,
cycloalkyl, cycloalkylalkyl, heteroarylalkyl, heterocyclyl, and heterocyclylalkyl, wherein each
alkyl, thioalkyl, alkoxyl, haloalkyl, hydroxyalkyl, heteroalkyl, cycloalkyl, cycloalkylalkyl,
heteroarylalkyl, heterocyclyl, and heterocyclylalkyl portion of R! is independently substituted
with 0-5 occurrences of R®, or 2 R! together with the atom(s) to which they are attached form a
cycloalkyl or heterocyclyl ring independently substituted with 0-5 occurrences of R®;

each R? and R® is independently selected from C1-Cs alkyl, halo, hydroxyl, Ci-Cs
haloalkyl, Ci-C¢ heteroalkyl, Ci-Cs hydroxyalkyl, Ci-Cs alkoxyl, cycloalkyl, heterocyclyl, and
cyano, wherein each alkyl, haloalkyl, heteroalkyl, hydroxyalkyl, alkoxyl, cycloalkyl and
heterocyclyl portion of R* and R® is independently substituted with 0-5 occurrences of R’;

each R’ is independently selected from C;-Cs alkyl, C1-Cs heteroalkyl, halo, hydroxyl,
Ci-Cs haloalkyl, C-Cg hydroxyalkyl, cycloalkyl and cyano; or 2 R’ together with the atom(s) to
which they are attached form a cycloalkyl or heterocyclyl ring; and

pis0,1,2,3,4,0r5; and

qis0,1,2,3,or4.

2. The compound of claim 1 or a pharmaceutically acceptable salt thereof, wherein Ring A

is selected from cycloalkyl, heterocyclyl, and cycloalkenyl.

3. The compound of claim 2 or a pharmaceutically acceptable salt thereof, wherein Ring A
is selected from cyclopentyl, cyclohexyl, tetrahydropyranyl, tetrahydrofuranyl, pyrrolidinyl,

and cyclopentenyl.

4. The compound of any one of claims 1 to 3 or a pharmaceutically acceptable salt thereof,

wherein Ring B is selected from aryl, heteroaryl, or heterocyclyl.

5. The compound of claim 4 or a pharmaceutically acceptable salt thereof, wherein Ring B

is selected from phenyl, pyridyl, or pyrrolidinyl.
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6. The compound of any one of claims 1 to 3 or a pharmaceutically acceptable salt thereof,
wherein

L! is -C(O)-, or -N(R')-; and

L? is -N(R!)-C(0)~(C1-Cg alkylene)-* or -C(O)-N(R"-(C;-Cs alkylene)-*,

wherein each alkylene portion of L2 is independently substituted with 0-5 occurrence of R’.

7. The compound of claim 6 or a pharmaceutically acceptable salt thereof, wherein:

L' is -NH-; and

L2 is selected from -C(O)-NH-CH(CH>OH)-*, -C(O)-N(CH3)-CHa-*, -C(O)-N(CH3)-
CH(CHjs)-*, -C(O)N(CH2CH3)CHz-*, -C(O)NHCH(CHj3)-*, -C(O)N(CDs3)CHaz-*,

*

B
_C(O)NHCH(CF3)-*, and :

8. The compound of claim 1 or a pharmaceutically acceptable salt thereof, wherein L! is

-NH-; L? is -C(O)-; and Ring B is pyrrolidin-1-yl.

9. The compound of any one of claims 1 to 8 or a pharmaceutically acceptable salt thereof,
wherein each R! is independently selected from hydrogen and C;-Cs alkyl substituted with 0-5

occurrences of RP,

10. The compound of claim 9 or a pharmaceutically acceptable salt thereof, wherein each R!

is independently selected from hydrogen and -CHs.

11. The compound of any one of claims 1 to 10 or a pharmaceutically acceptable salt
thereof, wherein each R* and R® is independently selected from hydroxyl, Ci-Ce alkyl, C-Ce
alkoxyl, halo, C1-Cs heteroalkyl, C1-C¢ haloalkyl, C;-Cs haloalkoxyl, Ci-Cs hydroxyalkyl,
cycloalkyl, aryl, heteroaryl, nitro, cyano, -C(O)R!, -OC(O)R!, -C(O)OR!, -SR!, -S(O):R!,
-S(0)-NRHRY, -NRHYRY), -C(O)-NRHRY), -N(RH-C(O)R!, -N(R}-C(O)OR!, and
-N(R")S(0)2R!; wherein each alkyl, alkoxyl, heteroalkyl, haloalkyl, haloalkoxyl, hydroxyalkyl,
cycloalkyl, aryl, and heteroaryl portion of each R* and each R is independently substituted
with 0-5 occurrences of R*; or 2 R* or 2 R® together with the carbon atom(s) to which they are

attached form a cycloalkyl or heterocyclyl ring independently substituted with 0-5 occurrences
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of R?.

12. The compound of any one of claims 1 to 6 or a pharmaceutically acceptable salt thereof,
wherein each R* is independently selected from hydroxyl, Ci-Ce alkyl, Ci-Ce alkoxyl, halo,
-C(0)-N(RH(RY), -C(O)OR!, -S(0)2R!, C;-Cg haloalkyl, cyano, oxetanyl, and C;-Cs
hydroxyalkyl, or two R® bound to adjacent ring carbon atoms on Ring A are taken together to

form a C3-Cs cycloalkyl fused to Ring A.

13. The compound of claim 12 or a pharmaceutically acceptable salt thereof, wherein each
R* is independently selected from hydroxyl, fluoro, oxetan-3-yl, -CHF», -CH>CHj3,
-C(CH3),0H, -OCHj3, -C(O)N(CHj3),, -C(O)OCH3, -S(0)>CHj3; or two R bound to adjacent

ring carbon atoms on Ring A are taken together to form a cyclopropyl fused to Ring A.

14. The compound of any one of claims 1-10, 12 and 13 or a pharmaceutically acceptable
salt thereof, wherein each R® is independently selected from halo, C;-Cs alkyl, cyano, Ci-Cs
alkoxyl, aryl, heteroaryl, oxo, and C;-Cs haloalkoxy.

15. The compound of any one of claims 1-14 or a pharmaceutically acceptable salt thereof,

wherein Ring B is pyrrolidinyl and at least one R® is optionally substituted aryl or heteroaryl.

16. The compound of claim 15 or a pharmaceutically acceptable salt thereof, wherein Ring
B is pyrrolidinyl, and at least one R® is selected from 2,3,5-trifluorphenyl, 2,3-difluorophenyl,
2,5-difluorophenyl, 2-chloro-5-fluorophenyl, 2-chloro-5-fluoropyridin-3-yl, 2-cyano-5-
fluorophenyl, 2-fluoro-5-chlorophenyl, 2-methoxy-3,5-difluorophenyl, 2-methoxy-5-
fluoropyridin-3-yl, 2-trifluoromethoxy-5-fluorophenyl, 3,5-difluorophenyl, 3-chloro-5-
fluorophenyl, 3-cyano-5-fluorophenyl, 3-difluoromethoxy-5-fluorophenyl, 3-fluorophenyl, 5-
fluoropyridin-3-yl, and phenyl.

17. The compound of any one of claims 1-7 and 9-14 or a pharmaceutically acceptable salt
thereof, wherein Ring B is not pyrrolidinyl, and each R is independently selected from chloro,

fluoro, oxo, -CHj3, -CF3, cyano, -OCH3, -OCF3, and -OCHF».

18. The compound of claim 1, wherein the compound is a compound of Formula (Ia):
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The compound of claim 1, wherein the compound is a compound of Formula (II):

(R®)
“ .x @m“»

wherein:

Iz’

R!? is selected from hydrogen and C-Cs alkyl;
R!% is selected from hydrogen and Ci-Cs alkyl; and
Ring A, Ring B, R’, R* R® p and q are as defined in claim 1.

20. A compound selected from.
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