wo 2017/035354 A1 |10 OO0 OO0 O AN

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2017/035354 Al

(51

eay)

(22)

(25)
(26)
(30)

1

(72

2 March 2017 (02.03.2017) WIPOIPCT
International Patent Classification:
CO7D 487/04 (2006.01) AG61P 35/00 (2006.01)
A61K 31/519 (2006.01

61K 31/519 ( ) (74)
International Application Number:

PCT/US2016/048698

International Filing Date: (81)

25 August 2016 (25.08.2016)

Filing Language: English
Publication Language: English
Priority Data:

62/210,264 26 August 2015 (26.08.2015) US
Applicant: BLUEPRINT MEDICINES CORPORA-

TION [US/US]; 38 Sidney Street, Suite 200, Cambridge,
MA 02139 (US).

Inventors: WENGLOWSKY, Steven, Mark; 266 Har-
vard Street, Apt 6, Cambridge, MA 02139 (US). BROOIJ-
MANS, Natasja; 43 Concord Square, Apt 2, Boston, MA
02118 (US). MIDUTURU, Chandrasekhar, V.; 348 Har-

(84)

vard Street, Apt 2, Cambridge, MA 02138 (US). BI-
FULCO, Neil; 15 Lillian Ave, Sudbury, MA 01776 (US).

Agent: MCCARTY, Catherine, M.; Lando & Anastasi,
LLP, Riverfront Office Park, One Main Street, Suite 1100,
Cambridge, MA 02142 (US).

Designated States (uniess otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,

[Continued on next page]

(54) Title: COMPOUNDS AND COMPOSITIONS USEFUL FOR TREATING DISORDERS RELATED TO NTRK

FIGURE 1

Struclure NMR; LCMS

H
D8
/N

N

NH
1

“OH

[H-NMR (400 MHz, CD30D) 3 ppm 8.34
3 (s, 111, 7.13-7.02 (m, 31D), 4.6 (s, 2ID),

NH 417 (4. 2H.J = 3.2 Hz), 232229 (m. LH),

2.11-2.08 (m, 1H), 1.91-1.87 (m, 2H). 1.86-
1.74 (m, 2H).; LCMS: 389.1

N.

i
S
Nl P, N 1H-NMR (400 MHz, CD3OD) & ppm 8.37

(s, 1H), 7.319-7.15 (m, 1H), 7.02-7.01 (m,
IH), 6.99-6.88 (m. IH), 4.61 (s, 2H), 4.38-
NH 431 (m, 1H), 4.13-4.11 (m, 1H), 4.03-4.02
(i, 1H), 2.44-2.41 (m, 1H), 2.34 (5, 3H),
216-2.13 (m, 1113, 1.79-1.70 (m, 210).;

LCMS: 4011

(H-NMR (400 MHz, CD3OD) & ppm 8.21
(s, TH), 7.15-7.09 (m, 2H), 7.08-7.01 (m,
1H), 4.65 (5, 2D}, 4.41-4.38 (m, 1H), 4.03-
396 (m, 11D, 2.41-2.36 (m, 11D, 1.90-1.89
(m, 1), 1.58-1.56 (m, 1H), 1.44-1.41 (m,
1H), 0.76-0.73 (1, 1H), 0.50-0.47 (m, 1H).;
LCMS: 4011

TH-NMR (400 MH7, CD30D) § ppm 8.12
(5, TH), 7.06-6.99 (m, 2H), 6.93-6.92 (m,
TH), 4.56 (s, 2F), 4.32-4.20 (m, 1H), 3.93-
387 (m, 1H), 2.32-2.25 (m, 1H), 1.81-1.80
(m, 1H), 149-1.47 (m, 1H), 1.35-1.33 (m,
1H). 0.67-0.64 (m, 1H), 0.41-0.40 (m. 1H).;
LCMS: 401.1

(57) Abstract: This invention relates to inhibitors of NTRK that
are active against wild-type NTRK and its resistant mutants.



WO 2017/035354 A1 IWAIT 00PN 000 OO 0 A A

DK, EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, as to the applicant's entitlement to claim the priority of
LU, LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, the earlier application (Rule 4.17(iii))

SI, SK, SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA,

GN, GQ, GW, KM, ML, MR, NE, SN, TD, TG). Published:

Declarations under Rule 4.17:

with international search report (Art. 21(3))

as to applicant'’s entitlement to apply for and be granted
a patent (Rule 4.17(ii))



WO 2017/035354 PCT/US2016/048698

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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C;-Cs heteroalkyl, Ci-Cs hydroxyalkyl, C1-Cs alkoxyl, cycloalkyl, heterocyclyl, and cyano, wherein
cach of alkyl, haloalkyl, heteroalkyl, hydroxyalkyl, alkoxyl, cycloalkyl and heterocyclyl is
independently substituted with 0-5 occurrences of R’;

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

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

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

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.

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.

DETALRED DESCRIPTION OF THE INVENTION
Definitions

39 46 9% 68l

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 diseasc or disorder refers to amncliorating at least one symptom
of the disease or disorder. These terms, when used in connection with a condition such as a cancer,
refer to onc 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
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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,

¥4
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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
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:

(R%@\Lz K
by
-

N
b N

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
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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
EDsy 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,
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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
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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
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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
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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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Step 1 Svynthesis  of  3-bromo-4-chloro-1-((2-{trimethvisivhethoxvimethvl-1H-pyrazolol3.4-
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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).

Sten 2: Svathesis of (IR 2R-2-((3-bromo-1-{((2-{trimethvisilvhiethoxyvimethvh-1H-pyrazolol 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
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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

N i i

e VN\ WN\

Na
Ho N C
i!t‘fihbs\’eﬁ--s 5/ Oome MQO} iﬁt*ih)‘\mﬁ-s

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) d 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
N

o N\N

N HATU/ELN

HO

DMF
&(’R’Q\\NH O/?\OE--E
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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

TBAF
s JB-
dioxans

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
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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
N /
NS
SEM  Osd hY
N N P N g d
N Vs > SNH g
"X DiPEAioxane }
cr B
Ox 4
PN
o]

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 lSEM

N N

m Y:\\'\E “/ = NXN

NP N g
HO \/\‘{ ELNPHdphCIL/ICO  HO

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

ha
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

lSEM oFM

e (T
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To a mixture of 4-(((1R,2R 4R)-2-hydroxy-4-(methylsulfonyljcyclopentyDamino)-1-((2-
(trimethylsilyhethoxyymethyl)-1H-pyrazolof3.4-d]pyrimidine-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

SEM
«i"’ *‘\\/'N\
N N
~ TFA/DCM
\N‘-i \NH E—

On F\f
,;C"\ \ TF
O

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- rmn“, 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 2: Methyl 4-(((1R .25 385)-3-fluoro-2-hvdroxvevelopentyDamino)-1-((2-

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

SEM 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 SF'M

N\ .—N
i N NaOH -
B o
aw }OMe MeOH/HZ0 ;
Firs Frog

To a solution of methyl 4-(((1R,28.38)-3-fluoro-2-hydroxycyclopentyhamino)-1-((2-
(trimethylsilybethoxyymethyl)-1H-pyrazolof3.4-d]pyrimidine-3-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,
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-
(trimethylsilybethoxyymethyl)- 1H-pyrazolof3.4-d}jpyrimidine-3-carboxylic 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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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
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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"l, mobile phase: from 95% [water + 10mM NHHCO:] and 5% CH:CN, under this
condition for 0.4 min, then changed to 10% [water + 10mM NHHCO:] 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-
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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 (s, 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-
yl)isoindoline-1,3-dione (14.00 g, yield: 79.61%) as a light yeﬂow oil. "H-NMR (400 MHz, CDCly)
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:EtOAc=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]cyclopental1,2-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 O
NaH/Bn(OH m-CPBA = ¢
0 e | \
BhO DCM F Vo
Bn Br(

trans: cis = 2:3
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e OH DAc
(’7 NaNa/NH,CI N ACCVELN H2 Pd(OH)-
........................ Ror- e —.
§ EOHHO D’“ Ns ,Q“ Boc; (‘,Ft'm J > KHBo
BnC BnG
OAC OH OH
DAST =z MNaOH/MeOH N HCIVEIOAC I
e R e e R
DEM “Q”""NHBOC \\Q"”’NHBOC \\OMMH.Z
g g -

(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

\\0

‘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

0
S NaNg/NH,GI

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)
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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
NHBOC NHBoc NHBoc HO% 5
\T > MSCHELNDGN Ay, NasMe  A%Ta 3 K,COy/MaOH
----------------------------- e PR S [
y DMF \
4 4 Nie
o BMe SMe
NHBoc NHy
HO, % \,;‘
m-CPBADCM _HCIEOAS
e
- o
o= S\\ 058\

(refative ate.feomemistry)

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

{{methvisulfonvhoxyicyclopentvl acetate

NHBoc NHBoc
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
MsC1(3.98 g, 34.71 mumol) at 0 °C, theo the mixture was stivred at 20 °C for 3 hys. 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: (IR 2R 4R)-2-((tert-butoxvearbonyvDamino)-4-(Methvithiodevclopentv] 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 —
- A
SMe 0%%
0

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)
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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 tert-butyl (1R, 2R.4R)-2-hydroxy-4-(methylsulfonyhcyclopentylycarbamate (1.70 g, yield:
94.06%) as a white solid. "H-NMR (400 MHz, CDCl3) 6 ppm 4.62 (br.s, 1H), 4.07-4.04 (m, 1H),
3.81-3.779 (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 NHp
HO, F HOL 5
Q HCVEIDAC Q
e SR
- o
O":'S\\, O";E‘E\

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
;/‘7 CaCly. 7H,0 \/7 NaH/BrBr \/7 m-CPBAIDCM NaNyNHACl i, A
J — R S P . %
NaBH,MaOH a THF e \\»m MeOH/H,O _J
o] HO BrO ;
Bn 8nd
Na NHBoo NHBoc NHHO!
BDM%U TBDMSCO Haf Pd(‘H)z TBDMSO Ur«bT TBDMSO HC a-ao%
--------------------------------------- 3
Tidazole/CHC \%/ MeOH:Boc;O A DOM p MeOH p
HO F F
Step 1: Cvclopent-2-en-1-0}
Q CeCly 7TH,0 f\
I e 7
NaBH,/MeOH
o] 4 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

53



WO 2017/035354 PCT/US2016/048698

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: (15.25.55)-2-(Benzyloxy)-6-oxabicyclof3.1.0lhexane

o
7N m-CPBADCM §>\
~/ " J

| —

~

BnO BHO\\

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 mumol) in portions at 0 °C. The mixture 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

0 N3
b NaNa/NHOl o A
PSRN S
R MeOH/H,O %{:7
Bnd Bndﬁ
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 stirved at 80 °C for 16 hrs. After TLC (PE:E(CAc=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,
1H), 2.25 (br.s, 1H), 2.07-2.01 {m, 2H), 1.80-1.77 (m, 2H).

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

N3 N3

HO sy~ TBDMSCH TBDMS O,

@ imidazoie/CHCi; @
BnO BnC

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
R MeGH/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-fluorocyclopentylcarbamate (100.00 mg. yield: 9.03%) as a
white solid. 'H-NMR (400 MHz, CDClL) 6 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
TBOMS Q\/» HOl  HOw
............ o
)ﬂ._l MeOH
F F

A solution of tert-butyl ((1R,25.3R)-2-((tert-butyldimethylsilylox y)-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}
fuy N . e \ i ng . .
C(Mbﬁz 13 ClaCCOOH (5 eq.;/DCF\i AcOH/BOCS r\ri &’;OH MsCUEtN/DMAP (k(;ﬁsow‘;s
s 2) m-CPBA (1.05 eg) AS e i) DCM .m{m)
OAc OAc
NBn, NH
KoCOg hen2 HBF,.E,0 -“'?/‘ST Ha/Pd{OH), (/‘?)i
A (. GWOH T T EAOH
MeOHTHF (7:3) | /o DCM s MeOH o
® F F

(relative stereochemistry}

Step 1: (1R.2R.58)-N . N-Dibenzvi-6-oxabicvelo]3.1.0lhexan-2-amine

NBn,
NBnz 1) CLTCCOOH (5 eq. YDOM
Q/ 2) m-CPBA (1.05 eg) § Zj&g

CLCCOOH (154.72 g, 949.20 mmol) 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

(s OMs e . G (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 (m, 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,

HL/PA{OH),
kel OH

MeOH

{relative stereochemistry)

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-
vield: 94.31%) as a white solid. "H-NMR {400 MHz, CDCls)

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,
15D,

fluorocyclopentan-1-ol (600.00 mg,

Example 10: Synthesis of 3-Fluore-5-((2R.45)-4-flucrepyrrolidin-2-yhipyridine

Br
OH OTBDMS OTBDMS @\ Oy, #OTBOMS
%) TEDMSCH ") Boc,OIDMAP @ Nog#, P
e i - 7 N
N imidazole . Fﬁai\’CHefJN N HPrMg CHLICHTHF | b
o N o o N S ) Ny -~ Boc
Boc F

OTBDMS O
¥ (R}
NaBH, MsCI (13 eq.)/EtN (15 6g.) TBAE
R ~N e
MeOH DCM/-60-25°C \ \1 Lo THF F\f\1 “*{B
i A c L 0c
Ly 7
F F F
S N&Z (S}
DAST f> [ HCVELOAG r
E— ! R A s Boo- i
DCM PSP N F\‘,/**\\g‘ 5N F\T/\ (R N
- Bog W Boc s AE“CE
L7 L L7

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

oteoms A
ﬁf) N

-PrigCLLICITTHF

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) 4 ppm 8.26-8.22 (m, 2H), 7.37 (d, 1H, /= 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 - N
i DORM-80-25°C % \\ %
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 OH
AR (R)
TBAF
m—.—n.b,
Py N THF P N

| Boo | Boc

P 1! >

N \N)

To the mixture 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
() S 3S)
DAST ”’§> [j§>
N F "\.N = & N
F S % DCM 1‘\\ R é '\W/Q§T(” 1
bl QC QC
L J B 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
5 {8
HOIEtOAC 2HC
\ (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 Brg OEtg S BN \(j MCPBA ﬁ
o7 MeOHHO

G

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-butyl (ZR 4R )-4-((tert-butyldimethylsilyDoxv)-2-(3-flucropyridin-3-yUpyrrolidine-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

7Y o
(R Cl’N\ﬁ’N‘C!
0
PN TEMPOIDCM 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 G
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
OTBDMS

MsCi
e

ELNDCM T

2

To a solution of tert-butyl ((2R)-2-({tert-butyldimethylsiiyhoxy)-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

69



WO 2017/035354 PCT/US2016/048698

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
(R

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

N MsCUELN
e G

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
(i}
KCN/DMSC

F Sl N
i\ Boo
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

% O‘\‘
Q S S
H H.N (R |

D

F— o TI{OEL) 4/ THF
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 20 (R-N-(RY-1-2-chioro-3-fluoropyridin-3-vhbut-3-en- 1 -vD-2-methvipropane-2-suifinamide

Q 9
el \.S,-é...‘
NG BN HN,
\ oo Y
T zom,0mMPA ms\“\r:
F /—Ci FOCE
\_/ \_y!
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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

G
S HoN
HN F &
.; v m\ﬁ
<= e
F@Ci \y
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

Ay aricdinane N
SR P 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
\ XtalFluor-E \_J
NG it <8 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 (SILF
BOCNN/\;‘)”F HNNF
\_J HCUMeOH \_/

SR OO ¥ SR
F ! F Cl
W \_/
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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

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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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 oo 2,
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]

\ Q o
D b o Y\
A OH e | N
PhyP/BIAD 0 7
= toluene === Q

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

o]
\\,,.3 3 O NH,GH,CHoNH, Q
| N/ T Lt C') whHy
O 7 EtOH ]
== O =

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
mL) was added Hydrazine monohydrate (0.015 mbL, 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

Sten b (rdr-d-{henzvioxvicvelohexanol and (ds 4¢i-4-thenzvioxvyicvelohexanol

o QM Q

NaBH,, MeOH x | i
O 0-20¢ | | d

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 concenirated under vacuo to give title product (Ir,dr)-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

® =l ©
1(5) "“Q(R) e

silica gel column

; mCPBA, DCM 5
! \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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s-iQNM

C

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]

N PA(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%

\‘ ,s) A
(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 o NHBoC
; 40°0 -
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}
/ij K Q“"/‘ 0
: » ] 1e]
O mCPBA, DCM /\){) silica gel column (’)
| \i i \5 @ further purification
= i /' i ¢ v
~7 7 t O 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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. 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:

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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H
K\ N \f OH

&1 NH,
%~  EOH,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:

§EM HO _ SEM
N a Nt;w N\
oA N._~ ~<§7
/ O \ F
V /TF WNH )’“NW
SOCL/DMF 0" DIPEA/dioxane . ¥
50°C 3 s
- ees
N §

¥

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’”

64
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2-(2 5-difluorophenvi-4-fluoropyrrolidin- L-vlimethanone

SEM
/

HNQ“F fN\ N,

N

~

Nt
F@F }IJ
— ) )*m/\?"” F
SOCIL/DMF O
5°C 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 PEM 'S NHp
o N‘N ?
Nt o

OMe
cl Ny

F—& F : -
\_7 CMe =

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\ )
o / TFADCM
F '
NH —
. % 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
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H
ET’N\ N\
il N
PR NP
e F MeBrivg
NH N e
\«« 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\/N Ny N AN
f i N | LN
HN N N g ~f
\ﬂ/ 1) SOCLDME, e‘nvr Hy o F ae on Y % -
\N’A\f“‘ -------------------------------- oNH N \/’” e NH f?\N/j"
%) HO s I 0] \ J EiCAe O \“
N ‘]“ Hoﬁ\g-v—" L{NJJ <

o~ HN- o Q
s:@s: Boch - am N
DIPEA/dioxane, 50°C Nz
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SEM
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NaBH{OAC), ; (9] v 2) CHLCO,Na ( d \
ACOH, DOE, 6090 N ji DCMMeCH . | ; B
(»(/ F \ —F (/(’ F .
B h-:—— A —
e 5

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

oEM
Z \r’ N

I
HN 4
_ 1) SOCIL,/DMF, 60°C
5 Ny
O \ / 2 HO

F BooN~
_____ f/' DIPEA/dioxane, 50°C

WNH

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
N N N, N
S RN
N 0 o
N g P
OH \ o~ F 3 OH /\;\ P
 NH /N 7 2 )\H‘\NH N f
] G . NaBH(OAC), ; o \.

HN— &{j@—; ACOM, DCE, 60 °C /;v“ e 3 )
et \O) e

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.48)-2-(2.5-diflnorophenyl)-4-fluoropyrrolidin-1-yD{4-(((3R 4R }-4-hydroxy-1 -(oxetan-
3-y

vUpyrrolidin-3-vhiaming}- 1 H-pyrazolo{ 3 4-dlpyrimidin-3-vymethanone

SEM
Ny Ne N
oy W ﬁ’ Sy W
N //L\\'// TEA T N g
OH 4 . DTFA DCM oH _
~ NH /%\N_/\lf& ---------------------------------- 30 BH ‘NK\}’”
;-' O 2) CHyCO,Na ™ o\
Nt s DOMMeOH ot g
N N
{  F- ¢ el N g
€ g —
o~ 5

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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;SEM
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Sten b -bromo-2-(bromomethvh-4-chlorobenzene

Br
NBS
SRR Y
Br AlBN  Cl—¢
. 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 2: 1-(2-bromo-S-chlorophenyvh-N-methvlimethanamine

/
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 silica gel (PE:EtOAc = 5:1 to 1:1) to obtain 1-(2-bromo-5-chlorophenyl)-N-methylmethanamine

(1.00 g, vield: 22.45%) as a off-white solid. 'H-NMR (400 MHz, CDCL) d ppm 7.45 (d, 1H,J =

101



WO 2017/035354 PCT/US2016/048698

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

Y
7 3 . NF i
HN H(J“‘é 0 o NP
/s
~N
Cle? \ HATU/DIPEA \
S Br /DMF /
Ci.\

Br

To the solution of 1-(2-bromo-5-chlorophenyl)-N-methylmethanamine (500.00 mg, 1.22

¥
I
i;
Z
X
O

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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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
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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).

104



WO 2017/035354 PCT/US2016/048698

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-
butyidiphenylsilyDoxy)-4-formylcyclopentylicarbamate (900.00 mg, vield: 39.27%) as a yellow o1l
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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

NHBoc SNHp
' HCIEtOAC ‘

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,
1
N At

TBEPSO "
oNH» O
F

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 EtQAc (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

7 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
Number

Enz
NTRK1
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KMI2
(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.
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We claim

1. A compound of Formula (I

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

Rings A and B are cach independently selected from aryl, hetercaryl, cycloalkyl and
heterocyelyl:

each L' and L is independently selected from a bond, -C{(O)-, --N(Rl)--, --N(Rl)--C(O)--, -
COFNRY)-, «(C-Cg alkylene)-N(RD-, -N(RH-(C)-Cs alkylene)-, -NRH-C(O)-(C-Cs alkylenc)-,
and -C(O)-N(RH-(C-Co alkylene)-; wherein each alkylene portion of Lland L2 is independently
substituted with 0-5 occurrences of R’;

each R* and R” is independently selected from hydroxyl, C-Cy alkyl, Cs-Cy alkenyl, C-Cq
altkynyl, C-Cg alkoxyl, halo, C-Cq heteroalkyl, C;-Cg haloalkyl, C;-Cy haloalkoxyl, C;-Cq
hydroxyalkyl, cycloalkyl, aryl, heteroaryl, arvioxy, aralkyl, heterocyclyl, heterocyclylalkyl, nitro,
cyano, -C{OR', -OC(OIR', -C(OYOR', (C1-Cs alkylene)-CIOIR', -8R, -S(ORR', -8(0)-
NRYRY -(Cy-Cq alkylene)-S(OLR', -(C)-Cy alkylene)-S(0)-NRHYRY -NERDYRY, -C(O)-
NR YR, -NERH-COR', -NRHCO)OR', (C1-Cg atkylene)-N(RHY-COR', -NERHS(O),R', and
POYRYR"): wherein each alkyl, alkenyl, alkynyl, alkoxyl, heteroalkyl, haloalkyl, haloalkoxyl,
hydroxyalkyl, cyclealkyl, aryl, heteroaryl, arvioxy, aralkyl, heterocyclyl, and heterocyciylalkyl
portion of each of R*and R® is independently substituted with 0-5 occurrences of R or 2 R*or2
R" together with the carbon atom(s) to which they are attached form a cycloalkyl or heterocyelyl
ring independently substituted with 0-5 occurrences of RY;

cach R' is independently selected from hydrogen, hydroxyl, halo, thiol, C-Ce alkyl, C-Cs
thioalkyl, C-Cs alkoxyl, Cy-Cg haloalkyl, C-Cy hydroxyalkyl, C-Cg hetercalkyl, cycloalkyl,
cycloalkylalkyl, heteroarylalkyl, heterocyclyl, and heterocyclylalkyl, wherein each alkyl, thioalkyl,
abkoxyl, haloalkyl, hydroxyalkyl, heteroalkyl, cycloalkyl, cycloalkylaliyl, heteroarylabioyl,
heterocyelyl, and heterocyelylalkyl 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

. . ) . . b
ring independently substituted with 0-5 occurrences of R
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each R* and R s independently selected from C-Ce alkyl, halo, hydroxyl, C;-Ce haloalkyl,
C-Cs heteroalkyl, Ci-Cg hydroxyalkyl, Ci-Cg alkoxyl, cycloalkyl, heterocyelyl, and cyano, wherein
each alkyl, haloalkyl, hetercalkyl, hydroxyalkyl, alkoxyl, cycloalkyl and heterocyclyl portion of R®
and R is independently substituted with 0-5 occurrences of R’;

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

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

gis{, 1,2, 3, o1 4.

2. The compound of claim 1, wherein Ring A is selected from cycloalkyl, heterocyclyl,
and cycloalkenyl.
3. The compound of claim 2, wherein Ring A is selected {from cyclopentyl, cyclohexyl,

tetrahydropyranyl, tetrahydrofuranyl, pyrrolidinyl, and cyclopentenyl.

4, The compound of any one of claims 1 to 3, wherein Ring B 1s selected {from aryl,

heteroaryl, or heterocyciyl.

5. The compound of claim 4, wherein ring B is selected from phenyl, pyridyl, or
pyrrolidinyl.
6. The compound of any one of claims 1 to 3, wherein each L' is a bond, -C(O)-,

or -N(RY-; and L7 is -NRH-C(O)-(C -Ce alkylene)- or -C(O)-NRH-(C,-Cg alkylene)-.

7. The compound of clairo 6, wherein:

L is -NH-; and

L2 is selected from -COO)-NH-CH(CHL,OH)-*, -C(O)-N{CH3)-CHy-7, -C{O-N{CHa3)-
CH{CH:)-¥, ~-CION(CHCH3))CH-*, -COMNHCH(CH)-*, -C{ON{CD)TH,-*, -
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O H:%
1
COINHCH(CEy)-*, and FC-N ,

e ietess . 2 .
wherein “*” represents a portion of L™ bound to ring B.

8. The compound of claim 7, wherein L' is -NH-, L* is -C(0)- and ring B is pyrrolidin-
I-yL
9. The compound of any one of claims 1 to 8, wherein cach R'is independently

selected from hydrogen and C1-Cq alkyl substituted with 0-5 occurrences of R".

10. The compound of claim 9, wherein each R'is independently selected from hydrogen
and -CH.
It The compound of any one of claims 1 to 10, wherein each R* and R" is

independently selected from hydroxyl, C-Cs alloyl, Cy-Cy alkoxyl, halo, C-Cg heteroalkyl, C;-Cs
haloalkyl, C-Cy haloalkoxyl, C-{C¢ hydroxyalkyl, cycloalkyl, aryl, heteroaryl, nitro, cyano, -
C(O)R', -OC(OIR', -C(OYOR', -SR', -S(ORR’, -S(0)-NRHRY), -NRHR"), -CO)-NR'WR'), -
NERH-CORY, -NRH-COYOR', and -NRHS(O),R": 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 -5 occurrences of R®

12. The compound of any one of claims 1 to 6, wherein each R*is independently
selected {from hydroxyl, Ci-Cg alkyl, C1-Cs alkoxyl, halo, —C(()}N(Rl)(R]), ~C{O)()R1, “S((}DQRI,
C-Cy haloalkyl, -CN, oxetanyl, and C-Cs hydroxyalkyl, or two R* bound to adjacent ring carbon

atoms on ring A are taken together to form a (C5-Cy cycloalkyl fused to ring A.

13. The compound of claim 12, wherein each R™ 1s independently selected from

hydroxyl, fluoro, oxetan-3-yi, -CHF,, -CH,CH;, -C(CH:),0H, -OCH;, -CIOMN(CH:),, -C(OYOCH;,

138



WO 2017/035354 PCT/US2016/048698

-S(0):CHs; or two R™ bound to adjacent ring carbon atoms on ring A are taken together to form a

cyclopropyl fused to ring A.

4. The compound of any one of claims 1 to 13, wherein cach R” is independently

selected from halo, Ci-Cs alkyl, cyano, C-Cs alkoxyl, aryl, heteroaryl, oxo. and Cy-Cq haloalkoxy.

15. The compound of any one of claims 1-14, whercin Ring B is pyrrolidinyl and at least

one R” is optionally substituted ary! or heteroaryl.

16. The compound of claim 15, 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-3-fluoropyridin-3-yl, 2-cyano-3-fluorophenyl, 2-{luoro-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.
17. The compound of any one of claims 1-14, wherein Ring B 15 other than pyrrolidinyl,
and each R” is independently selected from chloro, fluoro, oxo, -CH;, -CF;, -CN, -OCH;, -OCF;,

and -OCHF..

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

{Ia}. or a pharmaceutically acceptable salt thereof, wherein

oy A B . . .
each of Ring A, R”, R”, p and q are as defined in claim 1.

19. The compound of claim 1, wherein the compound is a compound of Formula (H):
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H (11 or a pharmaceutically acceptable salt thereof,
wherein:
R is selected from hydrogen, C-Cg alkyl, and deuterated C1-Cq alkyl;
R'" is sclected from hydrogen and Cy-Cq alkyl; and

Ring A, Ring B, R’, RA', RB, p and q are as defined in claim 1.

20, A compound selected {rorm any one of the compounds set forth in Table 1, ora

pharmaceutically acceptable salt therof.

21. A pharmaceutical composition comprising a pharmaceutically acceptable carrier and

a compound of any one of claims 1 to 20.

22, The composition of claim 21 for use in treating a subject suffering from a condition

mediated by aberrant neurotrophic tyrosine receptor kinase (NTRK) activity.

23, The composition of claim 21 for use in treating a subject who has developed

resistance to a cancer treatment.

24. The composition of claim 21 for use in treating a condition selected from the group
consisting of non-small cell lung cancer, breast cancer, melanoma, low and high grade glioma,
glioblastoma, pediatric astrocytoma, colorectal cancer, papillary thyroid carcinoma, pancreatic
adenocarcinoma, head and neck cancer, cholangiocarcinoma, acute myelogenous leukemia,

secretory breast cancer, salivary cancer, and spitzoid neoplasms,.
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# Structure

NMR; LCMS

N, H
)

N
N

NH

1H-NMR (400 MHz, CD30D) & ppm 8.34
(s, 1H), 7.13-7.02 (m, 3H), 4.66 (s, 2H),
4.17 (d, 2H, J = 3.2 Hz), 2.32-2.29 (m, 1H),
2.11-2.08 (m, 1H), 1.91-1.87 (m, 2H), 1.86-
1.74 (m, 2H).; LCMS: 389.1

1H-NMR (400 MHz, CD30D) & ppm 8.37
(s, 1H), 7.319-7.15 (m, 1H), 7.02-7.01 (m,
1H), 6.99-6.88 (m, 1H), 4.61 (s, 2H), 4.38-
431 (m, 1H), 4.13-4.11 (m, 1H), 4.03-4.02
(m, 1H), 2.44-2.41 (m, 1H), 2.34 (s, 3H),
2.16-2.13 (m, 1H), 1.79-1.70 (m, 2H).;
LCMS: 401.1

1H-NMR (400 MHz, CD30D) & ppm 8.21
(s, TH), 7.15-7.09 (m, 2H), 7.08-7.01 (m,
1H), 4.65 (s, 2H), 4.41-4.38 (m, 1H), 4.03-
3.96 (m, 1H), 2.41-2.36 (m, 1H), 1.90-1.89
(m, TH), 1.58-1.56 (m, 1H), 1.44-1.41 (m,
1H), 0.76-0.73 (m, 1H), 0.50-0.47 (m, 1H).;
LCMS: 401.1

1H-NMR (400 MHz, CD30D) & ppm 8.12
(s, 1H), 7.06-6.99 (m, 2H), 6.93-6.92 (m,
1H), 4.56 (s, 2H), 4.32-4.29 (m, 1H), 3.93-
3.87 (m, 1H), 2.32-2.25 (m, 1H), 1.81-1.80
(m, TH), 1.49-1.47 (m, 1H), 1.35-1.33 (m,
1H), 0.67-0.64 (m, 1H), 0.41-0.40 (m, 1H).;
LCMS: 401.1
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N
r AN
Nl 1H-NMR (400 MHz, CD30D) & ppm 8.51-
Z 8.47 (m, 2H), 8.38 (d, 1H, J = 2.0 Hz), 7.74
/ (d, 1H, J = 9.2 Hz), 5.50 (s, 1H), 4.94 (s,
NH N 1H), 4.39-4.34 (m, 1H), 4.15-4.13 (m, 1H),
o =N 4.07-4.01 (m, 1H), 3.70 (s, 1.5H), 3.20 (s,
\ 1.5H), 2.47-2.44 (m, 1H), 2.19-2.16 (m,
. Y/ 1H), 1.84-1.71 (m, 2H).: LCMS: 402.1
HO
F
N H
W AN
N
1H-NMR (400 MHz, CD30D) & ppm 8.40
/ F (d, 1H,J = 4.0 Hz), 7.22-7.07 (m, 3H), 5.51
NH N (s, 1H), 4.26-4.17 (m, 2H), 3.70 (s, 1.5H),
o 3.21 (s, 1.5H), 2.38-2.36 (m, 1H), 2.17-2.06
(m, 1H), 1.96-1.76 (m, 4H).; LCMS: 403.1
“OH
F
N H
W AN
No 1H-NMR (400 MHz, CD30D) & ppm 8.34
- (s, 1H), 7.22-7.21 (m, 1H), 7.13-7.11 (m,
" \H 1H), 7.04-7.02 (m, 1H), 5.56-5.51 (m, 1H),
g 4.16-4.13 (m, 2H), 2.32-2.29 (m, 1H), 2.09-
2.08 (m, 1H), 1.90-1.70 (m, 4H), 1.59 (d,
3H, J = 7.2 Hz).; LCMS: 403.1
“OH
F
N
( AN
N| 1H-NMR (400 MHz, CD30D) & ppm 8.32
Z (s, TH), 7.15-7.09 (m, 2H), 7.05-7.03 (m,
F 1H), 4.67 (s, 2H), 4.15-4.11 (m, 1H), 4.05-
NH 4.04 (m, 1H), 3.98-3.95 (m, 1H), 3.85-3.84
o (m, 1H), 3.56 (t, 1H, J = 10.8 Hz), 3.43 (t,
1H, J = 10.8 Hz), 2.10-2.07 (m, 1H), 1.76-
1.68 (m, 1H).: LCMS: 405.0
F
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NH NH

1H-NMR (400 MHz, CD30D) & ppm 8.35
(s, TH), 7.16-7.03 (m, 3H), 4.68 (s, 2H),
437(q, 1H,J =8.4Hz), 4.12 (d, 1H,J = 4.4
Hz), 4.02 (dd, 1H, J = 8.4, 4.4 Hz), 2.45-
2.42 (m, 1H), 2.17-2.14 (m, 1H), 1.82-1.71
(m, 2H).; LCMS: 405.1

10

OH
HO

1H-NMR (400 MHz, CD30D) & ppm 8.35
(s, TH), 7.16-7.03 (m, 3H), 4.68 (s, 2H),
4.40-4.36 (m, 1H), 4.12 (d, 1H, J = 4.0 Hz),
4.02 (dd, 1H, J = 8.4, 4.4 Hz), 2.45-2.42 (m,
1H), 2.17-2.13 (m, 1H), 1.81-1.70 (m, 2H).;
LCMS: 405.1

11

NH

1H-NMR (400 MHz, CD30D) & ppm 8.34
(s, 1H), 7.16-7.10 (m, 2H), 704-7.03 (m,
1H), 4.68 (s, 2H), 4.07-4.01 (m, 1H), 4.00-
3.97 (m, 2H), 3.67-3.65 (m, 1H), 3.52-3.51
(m, 1H), 3.27-3.24 (m, 1H), 2.19-2.15 (m,
1H), 1.83-1.79 (m, 1H).; LCMS: 405.1

12

1H-NMR (400 MHz, CD30D) & ppm 8.17
(s, TH), 7.05-7.00 (m, 2H), 6.93-6.92 (m,
1H), 4.60-4.56 (m, 2H), 4.42-4.38 (m, 1H),
4.28-4.26 (m, 1H), 4.03-3.97 (m, 1H), 2.41-
2.36 (m, 1H), 2.17-2.14 (m, 1H), 1.90-1.85
(m, 1H), 1.60-1.57 (m, 1H).; LCMS: 405.1
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13

1H-NMR (400 MHz, CD30D) & ppm 8.26
(s, TH), 7.15-7.09 (m, 2H), 7.03-7.02 (m,
1H), 4.65 (s, 2H), 4.53-4.49 (m, 1H), 4.39-
4.35 (m, 1H), 4.12-4.07 (m, 1H), 2.50-2.45
(m, 1H), 2.26-2.25 (m, 1H), 1.99-1.92 (m,
1H), 1.70-1.66 (m, 1H).; LCMS: 405.1

14

1H-NMR (400 MHz, CD30D) & ppm 8.26
(s, 1H), 7.16-7.09 (m, 2H), 7.02-7.01(m,
1H), 5.27-5.13 (m, 1H), 4.65 (s, 2H), 4.38-
4.33 (m, 2H), 2.79-2.70 (m, 1H), 2.37-2.35
(m, 1H), 1.99-1.88 (m, 2H).; LCMS: 407.1

15

1H-NMR (400 MHz, CDCI3) & ppm 9.76
(s, TH), 8.35 (s, 1H), 7.57 (t, IH, T = 5.6
Hz), 7.05-6.90 (m, 3H), 5.16 (d, 1H,J =
52.4 Hz), 4.68-4.62 (m, 2H), 4.39-4.34 (m,
1H), 4.15-4.12 (m, 1H), 2.78-2.70 (m, 1H),
2.48-2.40 (m, 1H), 2.18-2.08 (m, 1H), 1.93-
1.81 (m, 1H).; LCMS: 407.1

16

1H-NMR (400 MHz, CD30D) & ppm 8.26
(s, 1H), 7.12-7.07 (m, 2H), 7.02-7.00 (m,
1H), 5.15 (d, 1H, J = 53.6 Hz), 4.64 (s, 2H),
4.58-4.52 (m, 1H), 4.17 (dd, 1H,J = 12.8,
6.4 Hz), 2.59-2.51 (m, 2H), 1.99-1.87 (m,
2H).; LCMS: 407.1
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FIGURE 1
N H
D
| N
N I/ 1H-NMR (400 MHz, CD30D) § ppm 8.26
- (s, 1H), 7.14-7.08 (m, 2H), 7.02-7.00 (m,

7 N NH 1H), 5.13 (d, 1H, J = 53.2 Hz), 4.64 (s, 2H),
g 4.57-4.52 (m, 1H), 4.19-4.16 (m, 1H), 2.59-
FG/ 2.51 (m, 2H), 1.99-1.90 (m, 2H).; LCMS:
407.1
“OH

1H-NMR (400 MHz, CD30D) & ppm 8.14
(s, 1H), 7.04-6.97 (m, 2H), 6.91-6.90 (m,
1H), 4.89-4.88 (m, 1H), 4.55 (s, 2H), 4.53-
4.46 (m, 1H), 3.98-3.89 (m, 1H), 2.38-2.3
(m, 1H), 2.18-2.00 (m, 1H), 1.90-1.83 (m,
1H), 1.56-1.52 (m, 1H).; LCMS: 407.1

18

1H-NMR (400 MHz, CD30D) & ppm 8.13
(s, 1H), 7.05-6.98 (m, 2H), 6.91-6.90 (m,
1H), 4.89-4.87 (m, 1H), 4.55 (s, 2H), 4.50-
4.46 (m, 1H), 3.98-3.89 (m, 1H), 2.37-2.32
(m, 1H), 2.19-2.00 (m, 1H), 1.90-1.83 (m,
1H), 1.56-1.51 (m, 1H).; LCMS: 407.1

19

1H-NMR (400 MHz, CD30D) & ppm 8.26
(s, 1H), 7.15-7.01 (m, 3H), 4.94-4.92 (m,
1H), 4.66 (s, 2H), 4.32-4.28 (m, 1H), 4.17-
4.10 (m, 1H), 2.34-1.88 (m, 4H).; LCMS:
407.2

20
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21

1H-NMR (400 MHz, CD30D) & ppm 8.17
(s, 1H), 7.05-6.92 (m, 3H), 4.86-4.83 (m,
1H), 4.56 (s, 2H), 4.23-4.21 (m, 1H), 4.08-
4.02 (m, 1H), 2.24-1.78 (m, 4H).; LCMS:
407.2

22

1H-NMR (400 MHz, CD30D) & ppm 8.36
(s, 1H), 7.58 (s, 1H), 7.47 (s, 2H), 4.67 (s,
2H), 4.39-4.37 (m, 1H), 4.13 (s, 1H), 4.02
(s, 1H), 2.44 (br.s, 1H), 2.16-2.15 (m, 1H),
1.79-1.69 (m, 2H).; LCMS: 412.1

23

f\
N =~
NH

1H-NMR (400 MHz, CD30D) & ppm 8.37,
8.34 (s, 1H), 7.25-7.18 (m, 1H), 6.93-6.82
(m, 2H), 5.40 (s, 1H), 4.42-4.35 (m, 1H),
4.16-3.99 (m, 2H), 3.61 (s, 1.5H), 3.22 (s,
1.5H), 2.47-2.43 (m, 1H), 2.31 (s, 1.5H),
2.28 (s, 1.5H), 2.18-2.12 (m, 1H), 1.83-1.75
(m, 2H).; LCMS: 415.1

"H NMR (500 MHz, DMSO-dg) & 14.07 (s,

24

1H), 9.45 (d, J= 7.7 Hz, 1H), 9.26 (t, J =
6.4 Hz, 1H), 8.27 (s, 1H), 7.11 — 6.81 (m,
3H), 6.51 (s, OH), 5.10 (d, J = 4.8 Hz, 1H),
4.47 (d, J= 6.3 Hz, 2H), 4.04 (dd, J = 7.8,
4.0 Hz, 1H), 3.96 (dd, J= 11.2, 3.9 Hz, 1H),
3.82 (s, 3H), 3.81 — 3.71 (m, 1H), 3.65 (s,
1H), 3.43 (t, J= 9.3 Hz, 1H), 3.18 (dd, J =
11.2,7.6 Hz, 1H), 1.93 — 1.85 (m, 1H), 1.53
— 1.43 (m, 1H); LCMS: 417
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FIGURE 1

NS N\ 'H NMR (500 MHz, DMSO-ds) & 14.09 (s,

| N 1H), 9.48 — 9.31 (m, 2H), 8.30 (s, 1H), 7.25

Y (td, J=9.4, 4.5 Hz, 1H), 7.15 («d, J = 7.5,

H . 6.7, 4.1 Hz, 2H), 4.81 (d, J= 4.1 Hz, 1H),

55 MH NH 4.55(d, J= 6.2 Hz, 2H), 4.40 (d, J= 7.1 Hz,

3 1H), 4.35 (d, J=7.7 Hz, 2H), 3.64 (t, J =

5.1 Hz, 1H), 1.56 (dq, J = 8.7, 4.2 Hz, 1H),

H 1.32 (p, J= 4.6 Hz, 1H), 1.07 (q, J = 4.1 Hz,

“OH 1H), 0.43 (td, J = 8.3, 4.6 Hz, 1H); LCMS:
417

No 1H-NMR (400 MHz, CD30D) § ppm 8.37-
- 8.36 (m, 1H), 7.17-7.07 (m, 3H), 4.81 (s,
» " N 2H), 4.16-4.13 (m, 2H), 3.66-3.60 (m, 2H),
J 2.40-2.27 (m, 1H), 2.20-2.03 (m, 1H), 1.91-
1.72 (m, 4H), 1.40-1.24 (m, 3H).; LCMS:
417.1

"H NMR (400 MHz, DMSO-d;) & 14.06 (s,
1H), 9.24 (d, J=7.2 Hz, 1H),9.11 (d, J =
8.6 Hz, 1H), 8.20 (s, 1H), 7.35 (ddd, J =

9.1,5.7,3.2 Hz, 1H), 7.20 (td, J= 9.3, 4.6

Hz, 1H), 7.10 (ddt, 7= 9.0, 7.3, 3.6 Hz, 1H),
5.44 - 5.32 (m, 1H), 5.11 (t, /= 5.9 Hz,

1H), 5.02 - 4.91 (m, 1H), 4.16 (p, J= 6.6

Hz, 1H), 3.86 (ddt, J=9.1, 6.2, 3.6 Hz, 1H),

E SH 3.77 - 3.60 (m, 2H), 2.15 - 2.02 (m, 1H),

1.78 (m, 1H), 1.64 (m, 2H), 1.42 (m, 2H);
LCMS: 419

27

ﬁ N \N 'H NMR (400 MHz, DMSO-dj) & 14.08 (br
N s, TH), 9.30 (m, 1H), 8.28 (s, 1H), 7.31 (m,
1H), 7.20 (m, 2H), 5.36 (d, J = 2.4 Hz, 1H),

/ F 4.90 — 476 (m, 1H), 4.40 (q, J = 7.5 Hz,
28 NH N 1H), 3.94 (dtd, J = 11.7, 5.6, 5.1, 3.4 Hz,
o 1H), 3.72 (ddd, J = 22.6, 7.5, 4.5 Hz, 2H),
3.60 (br s, 1H), 3.07 (s, 3H), 2.32 — 2.19 (m,

", 1H), 1.94 (m, 1H), 1.58 (m, 1H), 1.41 —
Wo OH 1.26 (m, 1H); LCMS: 419
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29

1H-NMR (400 MHz, CDCI3) & ppm 10.62-
10.49 (m, 1H), 8.39 (d, 1H,J = 5.6 Hz),
7.10-6.97 (m, 3H), 5.47-5.34 (m, 1H), 4.83
(s, TH), 4.26-4.16 (m, 2H), 4.02-3.89 (m,
2H), 3.60-3.45 (m, 3.5H), 3.13 (s,1.5H),
2.17-2.13 (m, 1H), 1.81 (br.s, 1H).; LCMS:
419.1

30

1H-NMR (400 MHz, CDCI3) & ppm 13.68
(br.s, 1H), 9.40 (d, 1H, J = 6.8 Hz), 8.33 (s,
1H), 7.61 (d, 1H, J = 9.2 Hz), 7.03-6.88 (m,
3H), 5.40 (t, 1H, J = 7.6 Hz), 4.13-4.09 (m,
2H), 3.95-3.92 (m, 1H), 3.78-3.76 (m, 1H),
3.42-3.34 (m, 2H), 2.04 (dd, 1H, T = 10.8,
2.0 Hz), 1.73-1.70 (m, 1H), 1.57 (d, 3H, T =
7.2 Hz).; LCMS: 419.1

31

1H-NMR (400 MHz, CD30D) & ppm 8.34
(s, 1H), 7.23-7.21 (m, 1H), 7.13-7.10 (m,
1H), 7.04-7.01 (m, 1H), 5.58-5.52 (m, 1H),
4.03-3.94 (m, 3H), 3.62-3.61 (m, 1H), 3.52-
3.49 (m, 1H), 3.27-3.22 (m, 1H), 2.17-2.13
(m, 1H), 1.86-1.80 (m, 1H), 1.60 (d, 3H, J =
7.2 Hz).; LCMS: 419.1

32

Olln
T
o p
T T
O
P4
T
-
n

1H-NMR (400 MHz, CD30D) & ppm 8.21
(s, 1H), 7.14-7.10 (m, 2H), 7.03-7.01 (m,
1H), 4.66 (s, 2H), 4.51-4.45 (m, 1H), 4.00
(s, TH), 3.70-3.63 (m, 1H), 2.09-2.07 (m,
1H), 1.85-1.78 (m, 2H), 1.61-1.56 (m, 2H),
1.45-1.36 (m, 1H).; LCMS: 419.1
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1H-NMR (400 MHz, CD30D) & ppm 8.36
(d, 1H, T = 5.6 Hz), 6.99-6.96 (m, 2H),
6.92-6.88 (m, 1H), 5.43 (s, 1H), 4.90 (s,
1H), 4.43-4.37 (m, 1H), 4.15-4.13 (m, 1H),
4.05-4.01 (m, 1H), 3.64 (s, 1.5H), 3.16 (s,
1.5H), 2.46-2.43 (m, 1H), 2.19-2.15 (m,
1H), 1.82-1.65 (m, 2H).; LCMS: 419.1

1H-NMR (400 MHz, CD30D) & ppm 8.34
(s, 1H), 7.21 (br.s, 1H), 7.11-7.09 (m, 1H),
7.01 (br.s, 1H), 5.54 (d, 1H, J = 7.2 Hz),
4.39-4.32 (m, 1H), 4.10 (br.s, 1H), 3.99-
3.96 (m, 1H), 2.43-2.40 (m, 1H), 2.14-2.12
(m, 1H), 1.78-1.74 (m, 1H), 1.69 (br.s, 1H),
1.59 (d, 3H, J = 6.8 Hz).; LCMS: 419.2

1H-NMR (400 MHz, CD30D) & ppm 8.34
(s, 1H), 7.21 (br.s, 1H), 7.13-7.09 (m, 1H),
7.03-7.01 (m, 1H), 5.55-5.51 (m, 1H), 4.37-
4.31 (m, 1H), 4.11 (s, 1H), 4.02-3.99 (m,
1H), 2.42-2.38 (m, 1H), 2.15-2.11 (m, 1H),
1.78-1.76 (m, 1H), 1.67-1.64 (m, 1H), 1.59
(d, 3H, J = 6.8 Hz).; LCMS: 419.2

FIGURE 1
N H
T
N~
/
33 NH N
(T e
§ oH
HO
F
N H
T
N A~
F
34
F
F
35
OH
HO
F
H
N
N
]
N A
cl
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HO

'"H NMR (400 MHz, DMSO-dy) & 14.10 (s,
1H), 9.49 (m, 1H), 9.37 (d, J= 7.3 Hz, 1H),
8.27 (s, 1H), 7.53 (dd, J = 8.8, 5.1 Hz, 1H),
7.18 (td, J = 8.4, 2.9 Hz, 1H), 7.12 (dd, J =
9.4,3.5 Hz, 1H), 5.68 (d, /= 7.4 Hz, 1H),
4.87 (m, 1H), 4.56 (m, 1H), 4.48 (m, 1H),
4.39 (p, J = 7.6 Hz, 2H), 3.90 (m, 1H), 3.70
(m, 1H), 2.22 (m, 1H), 1.91 (m, 1H), 1.60 —
1.47 (m, 1H), 1.31 (m, 1H); LCMS: 421
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37

Cl

"H NMR (400 MHz, DMSO-ds) 8 13.80 (s,
1H), 9.43 (t, J= 6.2 Hz, 1H),9.31 (d, J =
7.8 Hz, 1H), 8.22 (s, 1H), 7.47 (dd, J = 8.8,
5.1 Hz, 1H), 7.13 (td, J = 8.4, 3.1 Hz, 1H),
7.06 (dd, J = 9.6, 3.1 Hz, 1H), 5.06 (d, J =
4.8 Hz, 1H), 4.51 (d, J = 6.2 Hz, 2H), 3.99
(qd, J=7.7,3.8 Hz, 1H), 3.91 (dd, J = 11.1,
4.0 Hz, 1H), 3.72 (dt, J = 11.3, 4.6 Hz, 1H),
3.59 (tt, J = 8.5, 4.5 Hz, 1H), 3.38 (ddd, J =
11.7,9.0, 3.1 Hz, 1H), 3.12 (dd, J=11.1,
7.7 Hz, 1H), 1.84 (ddt, J=9.2, 7.6, 3.6 Hz,
1H), 1.43 (dtd, J = 13.0, 8.7, 4.0 Hz, 1H);
LCMS: 421

38

Cl

1H-NMR (400 MHz, CD30D) & ppm 8.24
(s, 1H), 7.23 (s, 1H), 7.08 (d, 2H, J = 8.8
Hz), 4.60 (s, 2H), 4.51-4.46 (m, 1H), 4.13
(br.s, 1H), 3.94-3.90 (m, 1H), 2.46-2.40 (m,
1H), 2.11-2.06 (m, 1H), 1.78-1.74 (m, 1H),

1.62-1.58 (m, 1H).; LCMS: 421.2

39

'"H NMR (500 MHz, DMSO-d;) §9.19 (d, J

=145.0 Hz, 1H), 8.08 (d, 7= 31.1 Hz, 1H),

7.37 —7.02 (m, 3H), 5.58 (s, 1H), 5.18 (s,

1H), 4.78 (s, 1H), 4.08 — 3.90 (m, 2H), 3.78

(s, 1H), 3.63 (s, 1H), 3.43 (d, J=11.5 Hz,

1H), 3.17 (dd, J=11.2, 7.4 Hz, 1H), 1.92
(s, 2H), 1.48 (s, 1H); LCMS: 422

40

'"H NMR (500 MHz, DMSO-dy) & 14.19 (s,
1H), 9.51 (t, J = 6.3 Hz, 2H), 7.57 = 7.35
(m, 1H), 7.11 — 6.94 (m, 1H), 4.60 (d, J =
6.1 Hz, 2H), 4.04 (dt, J= 11.7, 5.8 Hz, 1H),
3.97 (dd, J= 11.1, 4.0 Hz, 1H), 3.78 (dd, J
=11.3,5.1 Hz, 1H), 3.60 (tt, J= 6.6, 3.4
Hz, 1H), 3.48 — 3.40 (m, 1H), 3.19 (dd, J =
11.1,7.7 Hz, 1H), 3.12 (qd, J= 7.3, 42 Hz,
2H), 1.91 (d, J= 13.1 Hz, 1H), 1.50 (dq, J =
8.7, 4.6 Hz, 1H); LCMS: 423
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1H-NMR (400 MHz, CD30D) & ppm 8.37
(s, 1H), 7.09-6.98 (m, 2H), 4.71 (s, 2H),
4.41-4.34 (m, 1H), 4.13 (br.s, 1H), 4.04-

4.02 (m, 1H), 2.45-2.43 (m, 1H), 2.17-2.13

(m, 1H), 1.82-1.69 (m, 2H).; LCMS: 423.1

1H-NMR (400 MHz, CD30D) & ppm 8.33
(s, 1H), 7.14-6.99 (m, 3H), 4.65 (s, 2H),
4.49-4.43 (m, 1H), 4.35-4.32 (m, 1H), 2.85-
2.80 (m, 1H), 2.67-2.58 (m, 1H), 2.26-2.16
(m, 2H).; LCMS: 425.1

1H-NMR (400 MHz, CD30D) & ppm 8.28
(s, TH), 7.13-6.99 (m, 3H), 4.65 (s, 2H),
4.52-4.46 (m, 1H), 4.33-4.28 (m, 1H), 2.87-
2.79 (m, 1H), 2.64-2.59 (m, 1H), 2.22-2.14
(m, 2H).; LCMS: 425.1

WO 2017/035354
FIGURE 1
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1H-NMR (400 MHz, CD30D) & ppm 8.33
(d, 1TH, T = 6.0 Hz), 7.60 (d, 1H, ] = 9.2 Hz),
7.52-7.49 (m, 2H), 5.43 (d, 1H, ] = 3.6 Hz),
4.90 (d, 1H, J = 3.2 Hz), 4.43-4.38 (m, 1H),

4.13 (br.s, 1H), 4.03-3.96 (m, 1H), 3.65 (s,

1.5H), 3.17 (s, 1.5H), 2.48-2.44 (m, 1H),
2.17-2.13 (m, 1H), 1.83-1.66 (m, 2H).;
LCMS: 426.1
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45

1H-NMR (400 MHz, CDCI3) 6 ppm 11.58-
11.21 (m, 1H), 8.47 (br.s, 0.5H), 6.98-6.55
(m, 3.5H), 6.33 (d, 0.5H, J = 8.0 Hz), 5.51-
5.49 (m, 0.5H), 4.38-3.83 (m, 4H), 2.37-
2.32 (m, 2H), 2.05-1.64 (m, 8H).; LCMS:
429.1

46

1H-NMR (400 MHz, CD30D) & ppm 8.50
(br.s, 1H), 8.40 (br.s, 1H), 8.38 (s, 1H), 7.72
(d, 1TH,J = 9.2 Hz), 5.54-5.41 (m, 2H),
4.97-4.92 (m, 1H), 4.59-4.45 ((m, 1H),
4.09-4.04 (m, 2H), 2.91-2.84 (m, 1H), 2.29-
2.26 (m, 2H), 1.79-1.66 (m, SH).; LCMS:
430.1

47

1H-NMR (400 MHz, CD30D) & ppm 9.57
(s, 1H), 8.34 (s, 1H), 7.38-7.37 (m, 1H),
7.06-6.96 (m, 2H), 4.13-4.09 (m, 1H), 4.00-
3.96 (m, 2H), 3.87-3.76 (m, 1H), 3.58-
3.47(m, 1H), 3.45-3.44 (m, 1H), 2.11-2.07
(m, 1H), 1.75-1.66 (m, 1H), 1.37 (s, 4H).;
LCMS: 431.1

48

O—_

1H-NMR (400 MHz, CD30D) & ppm 8.36
(d, 1H,J=4.8 Hz), 6.73 (d, 1H, J = 12.0
H7), 6.69-6.63 (m, 2H), 5.40 (s, 1H), 4.82
(s, 1H), 4.39-4.36 (m, 1H), 4.15-4.12 (m,

1H), 4.06-4.02 (m, 1H), 3.78 (d, 3H, J = 6.4
Hz), 3.62 (s, 1.5H), 3.14 (s, 1.5H), 2.47-

2.44 (m, 1H), 2.18-2.15 (m, 1H), 1.82-1.70

(m, 2H).; LCMS: 431.1
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1H-NMR (400 MHz, CD30D) & ppm 8.35
(d, 1TH,J = 3.6 Hz), 7.01-6.93 (m, 1H),
5.44-5.33 (m, 1H), 4.83 (s, 1H), 4.40-4.35
(m, 1H), 4.14-4.12 (m, 1H), 4.05-4.01 (m,
1H), 3.86 (s, 1.5H), 3.75 (s, 1.5H), 3.63 (s,
1.5H), 3.12 (s, 1.5H), 2.46-2.43 (m, 1H),
2.17-2.15 (m, 1H), 1.82-1.63 (m, 2H).;
LCMS: 431.1

1H-NMR (400 MHz, CD30D) & ppm 8.60
(br.s, 1H), 8.50 (br.s, 1H), 8.43 (s, 1H), 7.89
(d, 1H,J = 9.2 Hz), 5.57-5.35 (m, 2H),
4.58-4.38 (m, 3H), 4.25-4.13 (m, 2H), 4.00-
3.93 (m, 1H), 3.84-3.71 (m, 2H), 2.90-2.82
(m, 1H), 2.34-2.21 (m, 1H).; LCMS: 432.1

1H-NMR (400 MHz, CD30D) & ppm 8.36
(s, 1H), 7.22-7.19 (m, 1H), 7.12-7.11 (m,
1H), 7.02-7.01 (m, 1H), 5.52-5.50 (m, 1H),
5.04-5.02 (m, 1H), 4.78-4.76 (m, 2H), 4.30-
3.89 (m, 1H), 3.80-3.75 (m, 2H), 3.36-3.34
(m, 2H), 1.59 (d, 3H, J = 6.8 Hz), 1.50-1.34
(m, 3H).; LCMS: 432.2
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1H-NMR (400 MHz, CD30D) & ppm 8.35
(d, 1H,J = 6.0 Hz), 7.94 (dd, 1H, T = 9.2,
2.4 Hz), 7.47-7.41 (m, 1H), 5.31 (s, 1H),
4.78 (s, 1H), 4.41-4.35 (m, 1H), 4.14-4.11

(m, 1H), 4.04-4.02 (m, 1H), 3.97 (s, 1.5H),

3.89 (s, 1.5H), 3.70 (s, 1.5H), 3.17 (s, 1.5H),
2.47-2.40 (m, 1H), 2.18-2.14 (m, 1H), 1.81-
1.64 (m, 2H).; LCMS: 432.2
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N
)
53

1H-NMR (400 MHz, CD30D) & ppm 8.38
(d, 1H, T = 5.2 Hz), 7.20-7.05 (m, 3H), 4.87
(s, 2H), 4.17-4.11 (m, 2H), 4.00-3.97 (m,
3H), 3.64-3.44 (m, 3H), 2.13-2.06 (m, 1H),
1.76-1.70 (m, 1H), 1.39-1.18 (m, 3H).;
LCMS: 433.1

N
o
F
H
N
)
N
No

'"H NMR (500 MHz, DMSO-dy) & 14.19 (s,
1H), 9.51 (t, J = 6.3 Hz, 2H), 7.57 - 7.35

(m, 1H), 7.11 — 6.94 (m, 1H), 4.60 (d, J =
6.1 Hz, 2H), 4.04 (dt, J= 11.7, 5.8 Hz, 1H),
3.97 (dd, J= 11.1, 4.0 Hz, 1H), 3.78 (dd, J
=11.3,5.1 Hz, 1H), 3.60 (tt, J= 6.6, 3.4

Hz, 1H), 3.48 — 3.40 (m, 1H), 3.19 (dd, J =
11.1,7.7 Hz, 1H), 3.12 (qd, J= 7.3, 42 Hz,
2H), 1.91 (d, J= 13.1 Hz, 1H), 1.50 (dq, J =
8.7, 4.6 Hz, 1H); LCMS: 435

55 LCMS: 435
1H-NMR (400 MHz, CD30D) & ppm 8.37
(s, 1H), 7.23-7.21 (m, 1H), 7.13-7.12 (m,
56

1H), 7.11-7.03 (m, 1H), 5.57-5.54 (m, 1H),
4.14-4.01 (m, 1H), 4.00-3.92 (m, 4H), 3.91-
3.90 (m, 1H), 3.61-3.44 (m, 2H), 2.05-2.02
(m, 1H), 1.72-1.68 (m, 1H).; LCMS: 435.1
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1H-NMR (400 MHz, CD30D) & ppm 8.36
(d, 1H, J = 14.8 Hz), 7.50-7.45 (m, 1H),
7.09-7.04 (m, 2H), 5.46 (s, 1H), 4.96 (s,

1H), 4.40-4.35 (m, 1H), 4.16-3.97 (m, 2H),

3.67 (s, 1.5H), 3.22 (s, 1.5H), 2.47-2.45 (m

J1H), 2.20-2.16 (m, 1H), 1.87-1.77 (m, 2H).;
LCMS: 435.1

1H-NMR (400 MHz, CD30D) & ppm 8.36
(d, 1H,J =52 Hz), 7.23 (d, 1H,J = 12.0
Hz), 7.16-7.09 (m, 2H), 5.42 (s, 1H), 4.85
(s, 1H), 4.40-4.36 (m, 1H), 4.15-4.13 (m,
1H), 4.06-4.02 (m, 1H), 3.64 (s, 1.5H), 3.16
(s, 1.5H), 2.47-2.44 (m, 1H), 2.19-2.15 (m,
1H), 1.84-1.72 (m, 2H).: LCMS: 435.1

1H-NMR (400 MHz, CD30D) & ppm 8.24
(s, TH), 6.94-6.89 (m, 2H), 4.64 (s, 2H),
4.52-4.48 (m, 1H), 4.14-4.12 (m, 1H), 3.95
(s, 3H), 3.93-3.92 (m, 1H), 2.43-2.40 (m,
1H), 2.10-2.08 (m, 1H), 1.78-1.75 (m, 1H),
1.61-1.57 (m, 1H).; LCMS: 435.2
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1H-NMR (400 MHz, CD30D) & ppm 8.26-
8.22 (m, 2H), 7.64-7.59 (m, 1H), 5.34 (s,
1H), 4.89 (s, 1H), 4.51-4.47 (m, 1H), 4.15-
4.09 (m, 1H), 3.95-3.86 (m, 1H), 3.68 (s,
1.2H), 3.22 (s, 1.8H), 2.46-2.40 (m, 1H),
2.11-2.09 (m, 1H), 1.80-1.49 (m, 2H).;
LCMS: 436.2
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61

1H-NMR (400 MHz, CD30D) & ppm 8.30
(s, 1H), 7.25-7.15 (m, 2H), 7.08-7.07 (m,
1H), 5.55-5.52 (m, 1H), 5.15 (d, 1H, J =
53.6 Hz), 4.60-4.55 (m, 1H), 4.21-4.18 (m,
1H), 3.95-3.88 (m, 2H), 2.62-2.51 (m, 2H),
2.00-1.89 (m, 2H).; LCMS: 436.4

62

1H-NMR (400 MHz, CD30D) & ppm 8.30
(s, 1H), 7.25-7.15 (m, 2H), 7.08-7.07 (m,
1H), 5.55-5.52 (m, 1H), 5.16 (d, 1H, T =

53.6 Hz), 4.60-4.54 (m, 1H), 4.18-4.14 (m,

1H), 3.94-3.89 (m, 2H), 2.60-2.51 (m, 2H),

1.99-1.90 (m, 2H).; LCMS: 436.4

63

"H NMR (400 MHz, DMSO-d;) & 14.09 (br
s, 1H), 9.25 (Abqd, 1H), 8.33 (d, /= 8.2 Hz,
1H), 7.67 —7.47 (m, 1H), 7.14 (m, 1H),
5.46 (m, 1H), 4.96 (m, 1H), 4.59 (dd, J =
9.6,4.0 Hz, 1H), 4.47 (q, J = 7.8 Hz, 1H),
4.00 (m, 1H), 3.84 —3.71 (m, 1H), 3.58 (s,
1H), 3.40 (s, 3H), 2.42 — 2.26 (m, 1H), 2.08
—1.92 (m, 1H), 1.72 — 1.57 (m, 1H), 1.37
(m, 1H); LCMS: 437

64

'"H NMR (400 MHz, DMSO-dj) & 14.12 (s,
1H), 9.58 — 9.35 (m, 2H), 8.29 (s, 1H), 7.37
~7.12 (m, 3H), 5.72 (d, J = 6.2 Hz, 1H),
4.67 — 4.49 (m, 2H), 4.29 (s, 1H), 3.76 (m,
1H), 2.04 (m, 2H), 1.99 — 1.79 (m, 1H),
1.71 (s, 1H), 1.47 (m, 2H); LCMS: 439
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1H-NMR (400 MHz, CD30D) & ppm 8.17
" (s, 1H), 7.38-7.34 (m, 3H), 7.10-7.06 (m,
66 NA . 1H), 6.01-5.95 (m, 1H), 4.17-4.12 (m, 1H),
4.07-4.03 (m, 1H), 2.19-2.17 (m, 1H), 1.96-
F 1.94 (m, 1H), 1.76-1.73 (m, 2H), 1.60-1.57
“OH (m, 2H).; LCMS: 439.2
F
H
N
N
T »
N

67

1H-NMR (400 MHz, CD30D) & ppm 8.15
(s, 1H), 7.38-7.35 (m, 3H), 7.10-7.05 (m,
1H), 6.02-5.96 (m, 1H), 4.24-4.14 (m, 1H),
4.03-3.99 (m, 1H), 2.24-2.19 (m, 1H), 1.94-
1.93 (m, 1H), 1.77-1.74 (m, 2H), 1.60-1.55
(m, 2H).; LCMS: 439.2

68

OH
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"H NMR (400 MHz, DMSO-d;) & 14.09 (s,
1H), 9.01 (d, J=7.1 Hz, 1H), 8.19 (s, 1H),
7.31 (m, 1H), 7.16 — 7.10 (m, 2H), 7.00 (m,
1H), 5.43-5.30 (m, 2H), 4.79 (d, J= 5.6 Hz,

1H), 4.60 (m, 1H), 4.48 — 4.33 (m, 2H),
4.33 —4.22 (m, 1H), 3.78 (m, 1H), 3.56 (m,

1H), 2.77 — 2.59 (m, 1H), 2.10 (m, 2H),

1.99 — 1.76 (m, 2H), 1.46 (m, 1H), 1.27 —
1.15 (m, 1H); LCMS: 445
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69

1H-NMR (400 MHz, CDCI3) & ppm 11.87-
11.48 (m, 1H), 8.50-8.46 (m, 1H), 7.06-6.65
(m, 3H), 6.40-6.39 (m, 0.5H), 5.62-5.59 (m,
0.5H), 4.46-3.95 (m, 6H), 3.55-3.51 (m,
2H), 2.42-2.11 (m, 1H), 2.04-1.76 (m, 5H).;
LCMS: 445.1

70

1H-NMR (400 MHz, CD30D) & ppm 8.35,
8.28 (s, 1H), 7.14-6.80 (m, 3H), 6.43 (d,
0.5H,J = 7.6 Hz), 5.60 (dd, 0.5H, T = 7.6,
4.0 Hz), 4.52-4.31 (m, 2H), 4.05-3.89 (m,
3H), 2.48-2.41 (m, 2H), 2.12-2.06 (m, 4H),
1.94-1.61 (m, 2H).; LCMS: 445.1

71

1H-NMR (400 MHz, CD30D) & ppm 8.33,
8.27 (s, 1H), 7.14-6.92 (m, 3H), 6.43 (d,
0.5H, J = 8.0 Hz), 5.58 (dd, 0.5H, J = 8.0,
4.4 Hz), 4.39-4.31 (m, 2H), 4.15-4.08 (m,
2H), 394-3.91 (m, 1H), 2.48-2.43 (m, 2H),
2.12-2.06 (m, 3H), 1.76-1.51 (m, 3H).;
LCMS: 445.1

72
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1H-NMR (400 MHz, CD30D) & ppm 8.42
(br.s, 1H), 8.31 (br.s, 1H), 8.26 (s, 1H),
7.63-7.61 (m, 1H), 5.46-5.26 (m, 2H), 4.50-
4.37 (m, 1H), 4.26-4.21 (m, 1H), 3.97 (br.s,
2H), 3.80-3.77 (m, 1H), 2.80-2.76 (m, 1H),
2.33-2.30 (m, 1H), 2.29-2.27 (m, 1H), 2.07-
2.00 (m, 1H), 1.69-1.67 (m, 1H), 1.52-1.51
(m, 1H).; LCMS: 446.1
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1H-NMR (400 MHz, CD30D) & ppm 8.52
(s, TH), 8.41 (s, 1H), 8.35-8.29 (m, 1H),
7.76 (d, 1H, J = 9.2 Hz), 5.57-5.36 (m, 2H),
4.96-4.94 (m, 1H), 4.60-4.51 (m, 1H), 3.98-
3.89 (m, 3H), 3.50-3.47 (m, 2H), 3.24-3.21
(m, 1H), 2.88-2.86 (m, 1H), 2.18-2.09 (m,
2H), 1.75-1.71 (m, 1H).; LCMS: 446.1

1H-NMR (400 MHz, CD30D) & ppm 8.60
(br.s, 2H), 8.35 (s, 1H), 7.75 (d, 1H, 7 =9.2
H7), 5.57-5.35 (m, 2H), 4.59-4.45 (m, 1H),
4.09-4.05 (m, 1H), 3.95-3.91 (m, 2H), 3.65-
3.75 (m, 1H), 3.53-3.50 (m, 1H), 3.40-3.35
(m, 1H), 2.88-2.86 (m, 1H), 2.29-2.27 (m,
2H), 1.97-1.93 (m, 1H), 1.66-1.63 (m, 1H).;
LCMS: 446.2

1H-NMR (400 MHz, CD30D) & ppm 8.89-
8.87 (m, 0.5H), 8.52-8.43 (m, 1H), 8.39 (s,
1H), 8.13-8.10 (m, 0.5H), 7.77 (d, 1H, T =
9.2 Hz), 5.55-5.40 (m, 2H), 5.16-5.01 (m,
2H), 4.60-4.37 (m, 2H), 4.17-4.15 (m, 1H),

2.89-2.86 (m, 1H), 2.66-2.56 (m, 1H), 2.44-
2.42 (m, 1H), 2.30-2.20 (m, 1H), 1.98-1.88

(m, 2H).; LCMS: 448.1

FIGURE 1
N H N| AN
AN
f \N =
N
73
N
o
"
N H N| AN
AN
f \N =
N A~
74
"
AN
=
75
"
AN
S
76
"
OH

1H-NMR (400 MHz, CD30D) & ppm 8.87-
8.86 (m, 0.5H), 8.67-8.50 (m, 1H), 8. 46 (s,
1H), 8.12-8.10 (m, 0.5H), 7.75-7.73 (m,
1H), 5.54-5.24 (m, 2H), 5.16-5.03 (m, 2H),
4.58-4.37 (m, 2H), 4.11-4.07 (m, 1H), 2.87-
2.85 (m, 1H), 2.55-2.47 (m, 2H), 2.26-2.01
(m, 1H), 1.95-1.84 (m, 2H).; LCMS: 448.1
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FIGURE 1
N H
~ \
ﬁ N 1H-NMR (400 MHz, CD30D) § ppm 8.43
No (d, 1H, ] = 5.2 Hz), 7.06-6.99 (m, 1H),
Y, O/ 6.96-6.87 (m, 1H), 5.57-5.48 (m, 1H), 5.00
. NH N (s, 1H), 4.45-4.41 (m, 1H), 4.20-4.19 (m,
G/ 3 1H), 4.12-4.07 (m, 1H), 3.98 (s, 1.5H), 3.89
(s, 1.5H), 3.71 (s, 1.5H), 3.22 (s, 1.5H),
2.53-2.49 (m, 1H), 2.25-2.21 (m, 1H), 1.90-
“OH 1.79 (m, 2H).; LCMS: 449.1
HO
F
F
N H
~N \
f N 1H-NMR (400 MHz, CD30D) § ppm 8.34
N _— Y/ F (s, 1H), 7.14-7.00 (m, 3H), 5.59-5.55 (m,
3 1H), 5.48-5.32 (m, 1H), 4.46-4.33 (m, 3H),
4.23-4.12 (m, 2H), 3.97-3.94 (m, 1H), 3.69-
NH N 3.68 (m, 2H), 2.85-2.75 (m, 1H), 2.16-2.09
OG/ o (m, 1H).; LCMS: 449.1
OH
H
e
| N
Ne o~ 1H-NMR (400 MHz, CD30D) & ppm 8.41
_—N (s, 1H), 8.35 (s, 1H), 7.20-7.16 (m, 1H),
79 NH N@/ 7.07-7.01 (m, 2H), 5.76-5.73 (m, 1H), 4.84-
o 4.75 (m, 1H), 4.25-4.08 (m, 3H), 3.64-3.61
G/ (m, 1H), 2.81-2.78 (m, 1H), 2.41-2.38 (m,
2H), 2.00-1.68 (m, 5H).; LCMS: 453.5
“OH
F—<: :>—F
N H 'H NMR (500 MHz, DMSO-d,) 8 14.35 (s,
( N \N 1H), 9.60 (q, J = 7.8, 7.0 Hz, 1H), 8.33 (s,
1H), 7.84 (dd, J = 8.7, 5.4 Hz, 1H), 7.39 —
7.16 (m, 2H), 4.72 (d, J = 6.1 Hz, 2H), 4.04
(qd, J=17.9, 4.0 Hz, 1H), 3.96 (dd, J = 11.1,
80

4.0 Hz, 1H), 3.78 (dt, J = 11.5, 4.5 Hz, 1H),
3.65 (td, J = 8.2, 4.3 Hz, 1H), 3.48 — 3.38
(m, 1H), 3.23 — 3.15 (m, 1H), 1.89 (dq, J =
12.7, 4.1 Hz, 1H), 1.49 (dtd, J = 13.2, 8.9,
4.0 Hz, 1H), 1.25 (dt, J= 13.3, 7.9 Hz, 1H);
LCMS: 455
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1H-NMR (400 MHz, CD30D) & ppm 8.37
(s, 1H), 7.80-7.71 (m, 1H), 7.29-7.27 (m,
1H), 7.21-7.17 (m, 1H), 4.74-4.67 (m, 2H),
4.44-4.30 (m, 1H), 4.11 (s, 1H), 4.02-4.01
(m, 1H), 2.50-2.40 (m, 1H), 2.15-2.12 (m,
1H), 1.78-1.77 (m, 1H), 1.70-1.67 (m, 1H).;
LCMS: 455.1

1H-NMR (400 MHz, CD30D) & ppm 8.39
(s, 1H), 8.33 (s, 1H), 7.22-6.90 (m, 3H),
5.74 (br.s, 1H), 4.83-4.73 (m, 1H), 4.51-

4.42 (m, 2H), 4.26-4.17 (m, 2H), 3.98-3.95

(m, 1H), 3.82-3.71 (m, 3H), 2.87-2.75 (m,
1H), 2.53-2.50 (m, 1H).; LCMS: 455.4

Cl

'"H NMR (500 MHz, DMSO-dj) & 14.12 (s,
1H), 9.51 (t, J = 6.2 Hz, 1H), 9.33 (d, J =
7.7 Hz, 1H), 8.28 (s, 1H), 7.64 (dd, J = 8.2,
3.0 Hz, 1H), 7.15 (dd, J= 9.2, 3.1 Hz, 1H),
5.09 (d, J= 4.9 Hz, 1H), 4.60 (d, J= 6.1 Hz,
2H), 4.05 (dd, J= 7.7, 4.1 Hz, 1H), 3.96
(dd, J= 112, 4.1 Hz, 1H), 3.82 — 3.75 (m,
1H), 3.65 (d, J= 4.9 Hz, 1H), 3.43 (t, J =
9.4 Hz, 1H), 3.17 (dd, J = 11.2, 7.6 Hz, 1H),
1.89 (d, J = 12.9 Hz, 1H), 1.52 — 1.44 (m,

1H); LCMS: 456

R F
F
81 NH S
82
83
F
H
N
o
N
N A
84 Q NH NH
—N
“OH

'"H NMR (400 MHz, DMSO-dy) & 14.11 (s,
1H), 9.60 — 9.39 (m, 2H), 8.28 (s, 1H), 7.32
~7.24 (m, 1H), 7.17 (m, 1H), 5.21 (d, J =
5.2 Hz, 1H), 4.56 (d, J = 6.1 Hz, 2H), 4.29
(m, 1H), 3.96 (d, J = 6.7 Hz, 1H), 3.29 —
3.18 (m, 1H), 2.97 (s, 3H), 2.84 (s, 3H),
2.30 (m, 1H), 2.14 (m, 1H), 1.78 — 1.61 (m,

2H); LCMS: 460
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85

N H NN

N
N
f \|/

1H-NMR (400 MHz, CD30D) & ppm 8.51
(s, 1H), 8.41 (s, 1H), 8.32 (s, 1H), 7.76 (d,
1H, J = 9.2 Hz), 5.56-5.40 (m, 2H), 4.87-
4.82 (m, 1H), 4.59-4.50 (m, 1H), 4.11-3.97
(m, 2H), 3.48-3.45 (m, 1H), 2.88-2.86 (m,
1H), 2.27-1.80 (m, 2H), 1.78-1.67 (m, 2H),
1.59-1.46 (m, 3H).; LCMS: 460.1

86

HO

1H-NMR (400 MHz, CD30D) & ppm 8.25-
8.19 (m, 1H), 7.14-6.85 (m, 3H), 5.63-5.59
(m, 1H), 5.42 (d, 1H, ] = 52.4 Hz), 4.83
(br.s, 1H), 4.48-4.31 (m, 3H), 4.12-3.99 (m,
1H), 2.88-2.80 (m, 1H), 2.42-2.39 (m, 1H),
2.25-2.20 (m, 2H), 1.92-1.89 (m, 1H), 1.69-
1.64 (m, 1H).; LCMS: 462.4

87

1H-NMR (400 MHz, CD30D) & ppm 8.26-
8.19 (m, 1H), 7.15-6.86 (m, 3H), 5.63-5.59
(m, 1H), 5.42 (d, 1H, J = 52.0 Hz), 4.85-
4.80 (m, 1H), 4.47-4.31 (m, 3H), 4.11-4.03
(m, 1H), 2.83-2.78 (m, 1H), 2.49-2.43 (m,
1H), 2.23-2.20 (m, 2H), 1.87-1.83 (m, 1H),
1.70-1.65 (m, 1H).; LCMS: 462.4

88

'H-NMR (400 MHz, CD;0D) é ppm 8.25
(s, 1H), 7.17-7.03 (m, 3H), 5.62 (t, 1H, J =
8.8 Hz), 5.43 (d, 1H, J = 52.0 Hz), 4.86-
4.81 (m, 1H), 4.50-4.40 (m, 2H), 4.12-4.08
(m, 1H), 3.93-3.84 (m, 1H), 2.89-2.79 (m,
1H), 2.41-2.38 (m, 1H), 2.12-2.05 (m, 2H),
1.76-1.75 (m, 1H), 1.56-1.55 (m, 1H);
LCMS: 463
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FIGURE 1
HF F
N\ N "H NMR (400 MHz, DMSO-ds) & 14.02 (s,
m \N 1H), 9.23 (d, J=7.0 Hz, 1H), 8.24 (s, 1H),
No /) F 7.41 (qd, J=9.4,4.9 Hz, 1H), 7.12 (ddt, J =
11.4,7.6, 2.0 Hz, 1H), 5.48 (m, 1H), 4.90
89 (m, 1H), 4.46 (m, 1H), 4.36 (m, 2H), 4.09
NH N (m, 1H), 3.89 — 3.83 (m, 1H), 3.59 (m, 1H),
0 2.49 —2.38 (m, 1H), 2.30 — 2.10 (m, 2H),
, 1.97 — 1.79 (m, 3H), 1.54 (m, 2H), 1.37 -
s 1.24 (m, 2H); LCMS: 463
5 OH
HO
N H
Y
N
N — /
>\/4l“.,_G/ O
—0 \
‘OH
HO .
N H
D
N
N _~ /
>\Hu.. O
—0
OH
HO .
HF
N\ 1H-NMR (400 MHz, CD30D) & ppm 8.34
m \N (s, 1H), 7.14-6.86 (m, 3H), 5.63-5.59 (m,
Ne / F 1H), 5.51-5.35 (m, 1H), 4.50-4.41 (m, 1H),
9 4.10-4.06 (m, 1H), 3.98-3.92 (m, 2H), 3.75-
3.70 (m, 1H), 3.52-3.41 (m, 1H), 3.39-3.36
N (m, 1H), 2.84-2.81 (m, 1H), 2.25-2.00 (m,
O 1H), 2.00-1.96 (m, 1H), 1.67-1.64 (m, 1H),
»,,F 1.38-1.28 (m, 1H).; LCMS: 463.1

23/61




WO 2017/035354

FIGURE 1

PCT/US2016/048698

93

1H-NMR (400 MHz, CD30D) & ppm 8.14-

8.04 (m, 1H), 7.02-6.74 (m, 3H), 5.73-5.48

(m, 1H), 5.37-5.24 (m, 1H), 4.36-4.10 (m,

2H), 3.87-3.76 (m, 2H), 3.44-3.38 (m, 2H),

3.18-3.10 (m, 1H), 2.76-2.72 (m, 1H), 2.10-

1.88 (m, 2H), 1.52 (br.s, 1H), 1.33-1.17 (m,
1H).; LCMS: 463.1

94

1H-NMR (400 MHz, CD30D) & ppm 8.53
(s, TH), 8.46-8.43 (m, 1H), 8.29-8.24 (m,
1H), 7.81-7.66 (m, 1H), 5.81-5.78 (m, 1H),
4.89-4.85 (m, 1H), 4.57-4.52 (m, 2H), 4.50-
4.48 (m, 1H), 4.13-4.11 (m, 1H), 3.88-3.85
(m, 1H), 3.12-3.11 (m, 1H), 2.62-2.59 (m,
1H), 2.44-2.42 (m, 1H), 2.08-2.05 (m, 1H),
1.82-1.77 (m, 1H), 1.55-1.53 (m, 1H).;
LCMS: 464.1

95

1H-NMR (400 MHz, CD30D) & ppm 8.15-
8.09 (m, 1H), 7.03-6.74 (m, 3H), 5.52-5.47
(m, 1H), 5.31 (d, 1H, J = 52.0 Hz), 5.06-
4.92 (m, 2H), 4.44-4.38 (m, 2H), 3.99-3.96
(m, 1H), 2.72-2.70 (m, 1H), 2.45-2.32 (m,
2H), 1.84-1.75 (m, 3H).; LCMS: 465.1

96

OH

1H-NMR (400 MHz, CD30D) & ppm 8.22-
8.10 (m, 1H), 7.05-6.75 (m, 3H), 5.51-5.47
(m, 1H), 5.31 (d, 1H, J = 52.0 Hz), 4.9 (d,
1H, J = 54.0 Hz), 4.44-4.29 (m, 2H), 4.02-
3.99 (m, 1H), 2.90-2.72 (m, 1H), 2.47-2.35
(m, 2H), 2.12-1.64 (m, 3H).; LCMS: 465.1
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1H-NMR (400 MHz, CD30D) & ppm 8.28
(s, 1H), 7.15-7.11 (m, 2H), 7.04-7.02 (m,
1H), 4.66 (s, 2H), 4.51-4.45 (m, 1H), 4.28-
4.23 (m, 1H), 3.84-3.80 (m, 1H), 2.96 (s,
3H), 2.75-2.70 (m, 1H), 2.53-2.50 (m, 1H),
2.15-2.06 (m, 2H).; LCMS: 467.1

1H-NMR (400 MHz, CD30D) & ppm 8.28
(s, 1H), 7.15-7.11 (m, 2H), 7.09-7.02 (m,
1H), 4.66 (s, 2H), 4.51-4.45 (m, 1H), 4.28-
4.25 (m, 1H), 3.84-3.80 (m, 1H), 2.96 (s,
3H), 2.75-2.70 (m, 1H), 2.54-2.52 (m, 1H),
2.13-2.06 (m, 2H).; LCMS: 467.1

1H-NMR (400 MHz, CD30D) & ppm 8.40,
8.36 (d, 1H, J = 11.6 Hz), 7.85-7.80 (m,
1H), 7.25-7.17 (m, 2H), 5.60 (s, 1H), 5.57
(s, TH), 4.40-4.35 (m, 1H), 4.16-3.98 (m,
2H), 3.69 (s, 1.5H), 3.23 (s, 1.5H), 2.49-
2.43 (m, 1H), 2.21-2.20 (m, 1H), 1.85-1.64
(m, 2H).; LCMS: 469.1
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FIGURE 1
F
97 i NH
—s
/|
o}
OH
F
N H
T »
N
F
98 ﬁ NH NH
\Slln.. O
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O "///
OH
F
N H
T )
N
/
99 NH N F
(T ¢
§  "oH
HO F
F F
N H
T »
N
—N
/
100 NH N
o o
"OH N
F F

1H-NMR (400 MHz, CD30D) & ppm 8.28-
8.22 (m, 1H), 7.19-6.90 (m, 3H), 5.78-5.76
(m, 1H), 4.85-4.80 (m, 1H), 4.71-4.69 (m,
1H), 4.19-4.17 (m, 2H), 4.09-4.08 (m, 2H),
3.75-3.74 (m, 1H), 3.59-3.48 (m, 2H), 2.86-
2.76 (m, 1H), 2.51-2.35 (m, 1H), 2.13-1.96
(m, 1H), 1.71-1.60 (m, 1H).; LCMS: 469.4
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1H-NMR (400 MHz, CD30D) & ppm 8.34
(s, 1H), 7.35 (br.s, 1H), 7.20 (d, 1H,J = 6.8
Hz),7.13 (t, 1H, J = 8.0 Hz), 4.71 (s, 2H),
4.41-4.35 (m, 1H), 4.12 (br.s, 1H), 4.01-
3.99 (m, 1H), 2.45-2.40 (m, 1H), 2.15-2.11
(m, 1H), 1.80-1.68 (m, 2H).; LCMS: 471.1

WO 2017/035354
FIGURE 1
N H
T X
N
101 NH NH F
o}
I, F
S ‘OH
3 F
HO §\o
F
N
o’ _//N
NH
N N
F
102 NH NH
0
N
Fok OH

1H-NMR (400 MHz, CDCI3) & ppm 11.11
(d, 1TH,J = 6.0 Hz), 8.67 (s, 1H), 7.84-7.82
(m, 1H), 7.04-6.92 (m, 3H), 4.64 (d, 2H, J =
6.4 Hz), 4.41 (br.s, 1H), 4.29 (br.s, 1H),
3.42-3.38 (m, 2H), 3.25-3.22 (m, 2H), 3.09-
3.07 (m, 1H), 2.79-2.77 (m, 1H).; LCMS:
472.2

'"H NMR (400 MHz, DMSO-dj) & 14.32 (s,

1H), 10.13 (d, J= 9.9 Hz, 1H), 8.99 (d, J =
7.6 Hz, 1H), 8.30 (s, 1H), 8.14 — 8.03 (m,
1H), 7.41 (m, 2H), 6.40 (m, 1H), 5.11 (s,

103 1H), 4.03 (m, 3H), 3.80 (m, 1H), 3.67 (m,
1H), 3.54 — 3.42 (m, 1H), 3.21 (m, 1H),
1.90 (dq, J=12.7, 4.3 Hz, 1H), 1.50 (dq, J
=13.7,5.1 Hz, 1H); LCMS: 473
F
H
104 LCMS: 475
NH N
o]
H %,
F
OH
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F
N H
A N
f \ 1H-NMR (400 MHz, CD30D) § ppm 8.32-
N, s e 8.25 (m, 1H), 7.15-6.87 (m, 3H), 5.62-5.58
(m, 1H), 5.51-5.38 (m, 1H), 4.94-4.90 (m,
105 1H), 4.51-4.47 (m, 1H), 4.14-4.07 (m, 1H),
NH N 4.02 (br.s, 1H), 3.52-3.49 (m, 1H), 2.83-
O 2.79 (m, 1H), 2.27-2.24 (m, 1H), 2.14-2.05
(m, 1H), 1.88-1.80 (m, 2H), 1.60-1.48 (m,
Py 3H).; LCMS: 477.1
O
F
N H
m N \ 1H-NMR (400 MHz, CD30D) & ppm 8.32-
PP N . 8.25 (m, 1H), 7.15-6.87 (m. 3H), 5.62-5.58
(m, 1H), 5.51-5.38 (m, 1H), 4.94-4.90 (m,
106 1H), 4.51-4.47 (m, 1H), 4.14-4.07 (m, 1H),
NH N 4.02 (br.s, 1H), 3.52-3.49 (m, 1H), 2.83-
O 2.79 (m, 1H), 2.27-2.24 (m, 1H), 2.14-2.05
., (m, 1H), 1.88-1.80 (m, 2H), 1.60-1.48 (m,
. "o F 3H).; LCMS: 477.1
O
F
N
o
| M F 1H-NMR (400 MHz, CD30D) & ppm 8.35-
AN 8.27 (m, 1H), 7.16-7.01 (m, 3H), 5.63-5.59
107 (m, 1H), 5.44 (d, 1H, J = 52.0 Hz), 4.51-
NH N 432 (m, 2H), 4.04-3.75 (m, 5H), 3.60-3.57
O (m, 1H), 3.39-3.38 (m, 1H), 2.86-2.80 (m,
. 1H), 2.27-2.13 (m, 1H); LCMS: 479
F
Nao N
r AN 1H-NMR (400 MHz, CD30D) & ppm 8.22-
| N 8.16 (m, 1H), 7.15-7.11 (m, 1H), 7.05-7.01
N~ F (m, 1H), 6.94-6.92 (m, 1H), 5.79-5.75 (m,
108 1H), 4.82-4.75 (m, 1H), 4.46-4.41 (m, 1H),
NH N 4.04-4.02 (m, 1H), 3.82-3.79 (m, 1H), 2.98-
S 2.94 (m, 1H), 2.52-2.36 (m, 2H), 2.01-1.92
O/ . (m, 1H), 1.71-1.60 (m, 1H), 1.32-1.29 (m,
", | 1H), 1.23-1.19 (m, 1H).; LCMS: 481.1
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FIGURE 1
H
D9
N| P N 1H-NMR (400 MHz, CDCI3) & ppm 11.26
(d, 1H, J = 6.0 Hz), 8.67 (s, 1H), 7.94-7.91
0 (m, 1H), 7.00-6.76 (m, 3H), 4.55 (d, 2H, J =
109 NH NH 6.0 Hz), 4.39 (br.s, 1H), 4.28 (br.s, 1H),
NQ/ 0 3.82 (s, 3H), 3.39-3.35 (m, 2H), 3.25-3.22
. 7(\ ' (m, 2H), 3.09-3.08 (m, 1H), 2.79-2.78 (m,
1H).; LCMS: 484.2
N H
(% F
P N )QF 1H-NMR (400 MHz, CD30D)  ppm 8.40,
F 8.35 (s, 1H), 7.40 (br.s, 1H), 7.20-7.14 (m,
/ O 2H), 5.51 (s, 1H), 4.94 (d, 1H, J = 9.6 Hz),
110 NH N 4.41-4.36 (m, 1H), 4.15-3.97 (m, 2H), 3.65
o (s, 1.5H), 3.18 (s, 1.5H), 2.48-2.42 (m, 1H),
2.19-2.14 (m, 1H), 1.82-1.65 (m, 2H).;
., LCMS: 485.1
OH
HO
F
N H
D9
N| P N 1H-NMR (400 MHz, CDCI3) & ppm 8.77
(br.s, 1H), 7.83 (d, 1H, J = 8.4 Hz), 7.10-
F 6.97 (m, 3H), 5.45-5.41 (m, 1H), 4.44 (br.s,
111 NH NH 1H), 4.35 (br.s, 1H), 3.51-3.43 (m, 2H),
NQ/ o 3.36-3.33 (m, 2H), 3.21 (d, 1H, J = 8.0 Hz),
F%\ ' 2.85(d, 1H,J=2.0Hz), 1.67 (d, IH,J = 6.8
“, Hz).; LCMS: 486.2
Fv OH
F
N H
r AN \ 1H-NMR (400 MHz, CD30D)  ppm 8.38-
| N 8.32 (m, 1H), 7.17-6.67 (m, 3H), 5.77 (dd,
Ne A~ F 1H, J = 9.2, 6.0 Hz), 4.83-4.77 (m, 1H),
112 H 4.40-4.37 (m, 1H), 4.30-4.26 (m, 1H), 3.94-
NH N 3.76 (m, 1H), 3.05-2.99 (m, 1H), 2.57-2.50
o (m, 1H), 1.70-1.65 (m, 1H), 1.48-1.46 (m,
H . 1H), 1.25-1.23 (m, 1H), 0.64-0.61 (m, 1H).;
\—", L LCMS: 493.1
‘OH
HO
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FIGURE 1
N\ H
f \N 1H-NMR (400 MHz, CDCI3) & ppm 11.10
N _~ / (d, 1H, J = 6.0 Hz), 8.69 (s, 1H), 7.80 (s,
F 1H), 7.28-7.26 (m, 1H), 6.92-6.87 (m, 2H),
113 4.33 (br.s, 1H), 4.26 (br.s, 1H), 3.46-3.44
NH NH F
3 (m, 1H), 3.31-3.25 (m, 1H), 3.12-3.10 (m,
N 1H), 2.73-2.72 (m, 1H), 1.32-1.24 (m, 4H).;
F%\ LCMS: 498.2
Fo% “OH
HF
N
D
N
N = / F
114 LCMS: 513

1H-NMR (400 MHz, CD30D) & ppm 8.26
(s, TH), 7.15-7.01 (m, 3H), 5.62-5.57 (m,
1H), 5.49-5.36 (m, 1H), 4.44-4.41 (m, 2H),
4.17-4.12 (m, 1H), 3.75-3.68 (m, 1H), 2.96
(s, 3H), 2.80-2.70 (m, 1H), 2.68-2.64 (m,
1H), 2.41-2.39 (m, 1H), 2.10-2.00 (m, 4H).;
LCMS: 525.1

115

1H-NMR (400 MHz, CD30D) & ppm 8.26
(s, TH), 7.15-7.01 (m, 3H), 5.61-5.57 (m,
1H), 5.49-5.36 (m, 1H), 4.44-4.41 (m, 2H),
116 4.17-4.12 (m, 1H), 3.75-3.68 (m, 1H), 2.96
O NH N (s, 3H), 2.80-2.70 (m, 1H), 2.68-2.64 (m,

\g, o 1H), 2.41-2.39 (m, 1H), 2.10-2.00 (m, 4H).;
I LCMS: 525.1
o F

N\
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H
s
| N
N 1H-NMR (400 MHz, CD30D) & ppm 8.36
—5 (s, TH), 7.01-6.96 (m, 3H), 4.62 (s, 2H),
17 " NH 437-431 (m, 1H), 4.13 (br.s, 1H), 4.04-
O/ 3 4.01 (m, 1H), 3.88 (s, 3H), 2.26-2.24 (m,
1H), 2.46-2.39 (m, 1H), 2.16-2.14 (m, 1H),
. 1.82-1.72 (m, 2H).: LCMS:ND
“OH
HO
N H
( N \N 'H NMR (500 MHz, DMSO-d,) & 14.01 (d,
N s J=41.7 Hz, 1H),9.31 (d, J = 7.6 Hz, 1H),
’ 8.98 (d, J = 7.5 Hz, 1H), 8.29 (d, J = 9.0 Hz,
/ F 1H), 7.36 — 7.07 (m, 3H), 5.33 (s, 1H), 4.81
118 NH N (dd, J=9.2, 5.0 Hz, 2H), 4.48 — 4.23 (m,
O 3H), 3.72 — 3.55 (m, 1H), 3.49 (s, 2H), 3.05
H (s, 1H), 1.56 (dt, J = 29.6, 6.3 Hz, 1H), 1.38
", ~1.20 (m, 1H), 1.08 (dq, J = 8.5, 4.1 Hz,
$ OH 1H)
HO
F
o
ot
| N 1H-NMR (400 MHz, CD30D) & ppm 8.37
N A F (s, TH), 7.18-7.04 (m, 3H), 5.61 (t, 1H, J =
119 8.4 Hz), 5.47 (d, 1H, ] = 51.6 Hz), 4.51-
NH N 438 (m, 1H), 4.14-4.08 (m, 2H), 2.89-2.81
O/ o (m, TH), 2.33-1.69 (m, 8H); LCMS: 447
OH
N H
NN
f N 1H-NMR (400 MHz, CD30D) § ppm 8.28
N (s, 0.2H), 8.26 (s, 0.8H), 7.24-7.20 (m, 1H),
a 7.11-7.09 (m, 1H), 5.77-5.67 (m, 1H), 5.04-
120 " \ cl 4.95 (m, 1H), 4.33-4.27 (m, 1H), 4.05-4.04
O/ S (m, 1H), 3.93-3.89 (m, 1H), 3.43 (s, 1.8H),
2.92 (s, 1.2H), 2.40-2.35 (m, 1H), 2.08-2.07
., (m, 1H), 1.72-1.71 (m, 1H), 1.62-1.59 (m,
“OH 1H); LCMS: 453
HO
F
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121

'"H NMR (500 MHz, DMSO-dj) & 14.14 (s,
1H), 9.01 (d, J= 7.2 Hz, 1H), 8.38 — 8.05
(m, 1H), 7.78 (t, J = 1.5 Hz, 1H), 7.74 —

7.62 (m, 2H), 5.44 — 5.31 (m, 2H), 4.92 (d,

J=4.0Hz, 1H), 477 (dd, J= 21.4, 14.1 Hz,
1H), 4.46 (dd, J = 39.9, 14.0 Hz, 1H), 4.18

(d, J=4.8 Hz, 1H), 3.79 (t, J = 4.7 Hz, 1H),

2.73 (dt, J = 16.8, 8.4 Hz, 1H), 2.20 — 1.99
(m, 2H), 1.78 — 1.60 (m, 3H), 1.56 — 1.32

(m, 2H)

122

1H-NMR (400 MHz, CD30D) & ppm 8.23-

8.15 (m, 1H), 7.36-7.31 (m, 1H), 7.15-7.14

(m, 1H), 7.06 (d, 1H, J = 9.6 Hz), 6.96-6.94
(m, 1H), 5.41 (br.s, 1H), 5.37 (d, 1H,J =

50.4 Hz), 4.60-4.33 (m, 4H), 4.81-4.70 (m,

1H), 2.83-2.74 (m, 1H), 2.20-2.15 (m, 1H),

1.75-1.63 (m, 1H), 1.46-1.40 (m, 1H), 1.38-
1.17 (m, 2H), 0.54-0.51 (m, 1H); LCMS:

457

123

Fllln.

1H-NMR (400 MHz, CD30D) & ppm 8.26
(s, 1H), 7.60 (s, 1H), 7.48-7.43 (m, 2H),
5.48-5.45 (m, 1H), 5.43-5.33 (m, 1H), 5.16-
5.02 (m, 1H), 4.80-4.75 (m, 1H), 4.55-4.48
(m, 2H), 4.06-4.03 (m, 1H), 2.83-2.81 (m,
1H), 2.55-2.43 (m, 2H), 1.93-1.85 (m, 3H).;
LCMS: 472.1

124

AN

OH

1H-NMR (400 MHz, CD30D) & ppm 8.24-
8.17 (m, 1H), 7.15-7.01 (m, 3H), 5.61-5.57
(m, 1H), 5.41 (d, 1H, J = 51.6 Hz), 4.88-
4.86 (m, 1H), 4.43-4.37 (m, 2H), 4.09-4.00
(m, 1H), 3.87-3.85 (m, 1H), 3.28 (s, 3H),
2.82-2.80 (m, 1H), 2.45-2.24 (m, 3H), 1.78-
1.69 (m, 2H); LCMS: 477
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.
N\ 1H-NMR (400 MHz, CD30D) & ppm 8.24-
f \N 8.17 (m, 1H), 7.14-6.84 (m, 3H), 5.61-5.57
N (m, 1H), 5.41 (d, 1H, J = 51.6 Hz), 4.89-
195 4.86 (m, 1H), 4.46-4.36 (m, 2H), 4.00-3.96
(m, 1H), 3.88-3.86 (m, 1H), 3.29 (s, 3H),
NH N 2.82-2.75 (m, 1H), 2.38-2.25 (m, 3H), 1.86-
Ot o 1.80 (m, 1H), 1.67-1.64 (m, 1H);
/ 5 " LCMS:477
“OH
F F
N\ H
f \N 1H-NMR (400 MHz, CD30D) & ppm 8.19
N (s, TH), 6.96-6.94 (m, 2H), 6.80-6.77 (m,
1H), 5.44-5.30 (m, 2H), 4.79-4.76 (m, 1H),
126 Vi N 4.48-4.38 (m, 2H), 3.87 (br.s, 1H), 3.65-
3 3.53 (m, 1H), 2.84-2.74 (m, 1H), 2.05-2.00
] (m, 2H), 1.78-1.72 (m, 2H), 1.53-1.35 (m,
K= 3H).; LCMS: 477.1
: “OH
OH
F cl
f ~ \ 1H-NMR (400 MHz, CD30D)  ppm 8.23-
N A/ 8.16 (m, 1H), 7.21 (s, 1H), 7.08-7.05 (m,
2H), 5.44-5.31 (m, 2H), 4.80-4.79 (m, 1H),
127 4.50-4.41 (m, 2H), 4.06-4.04 (m, 1H), 3.85-
NH N 3.82 (m, 1H), 2.83-2.77 (m, 1H), 2.38-2.36
O (m, 1H), 2.07-2.00 (m, 2H), 1.74-1.71 (m,
, o 1H), 1.52-1.49 (m, 1H).; LCMS: 479
“OH
HO
F
N H ZY
r AN \ | 1H-NMR (400 MHz, CD30D)  ppm 8.23-
| N X 8.20 (m, 2H), 7.59 (dd, 1H, J = 8.8, 3.2 Hz),
N Cl 5.67-5.62 (m, 1H), 5.40 (d, 1H, J = 52.8
198 H7), 4.63-4.40 (m, 3H), 4.03-4.01 (m, 1H),
NH N 3.80 (dd, 1H, J = 7.2, 4.4 Hz), 2.95-2.87 (m,
o 1H), 2.37-2.35 (m, 1H), 2.06-1.99 (m, 2H),
G/ ) 1.71-1.68 (m, 1H), 1.49-1.46 (m, 1H). ;
", “F LCMS: 480
3 “OH
HO
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FIGURE 1
N
H
N
D
N /
129 H ND
NH
H
§ OH
HO
H
N
S N
| 1H-NMR (400 MHz, CD30D)  ppm 8.19-
N  ~ 8.12 (m, 1H), 7.20 (s, 1H), 7.05 (d, 2H,J =
8.8 Hz), 5.43-5.30 (m, 2H), 4.77-4.76 (m,
130 - 1H), 4.49-4.39 (m, 2H), 3.87 (br.s, 1H),
3.56-3.53 (m, 1H), 2.81-2.75 (m, 1H), 2.15-
2.13 (m, 1H), 1.81-1.73 (m, 2H), 1.58-1.35
. (m, 4H).; LCMS: 493.1
: “OH
6H
NN
| N 1H-NMR (400 MHz, CDCI3) & ppm 8.38
N (br.s, 1H), 7.32-7.22 (m, 5H), 5.42-5.28 (m,
1H), 4.84-4.69 (m, 1H), 4.55 (br.s, 1H),
131 4.22 (br.s, 1H), 4.04 (br.s, 1H), 3.51 (s,
1.5H), 3.07 (s, 1.5H), 2.42 (br.s, 1H), 2.13
(br.s, 1H), 1.87 (br.s, 1H),1.71 (br.s, 1H).;
", LCMS: 383.2
HO
N
~ N\
| N 1H-NMR (400 MHz, CDCI3) & ppm 9.80
N (s, 0.5H), 9.64 (s, 0.5H), 8.38 (d, 1H, I = 5.2
Hz), 7.35-7.27 (m, 1H), 7.13-7.02 (m, 3H),
132 5.40 (s, 1H), 4.82 (d, 1H, J = 4.8 Hz), 4.38
(br.s, 1H), 4.22 (s, 1H), 3.95 (s, 1H), 3.57
(s, 1.5H), 3.09 (s, 1.5H), 2.52 (br.s, 1H),
—_— 2.10-2.05 (m, 1H), 1.96 (m, 1H), 1.89-1.82
g “OH (m, 1H).; LCMS: 401.1
HO
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FIGURE 1
Nao N
f N \ 1H-NMR (400 MHz, CD30D) & ppm 8.35-
N s 8.33 (m, 1H), 8.16-8.12 (m, 1H), 7.97-7.88
(m, 1H), 7.34-7.30 (m, 1H), 5.47 (s, 1H),
133 / R 4.85 (s, 1H), 4.38 (br.s, 1H), 4.15-4.12 (m,
NH N 1H), 4.03-3.98 (m, 1H), 3.70 (s, 1.5H),
0 =N 3.35-3.25 (m, 1H), 3.22 (s, 1.5H), 2.48-2.40
\ (m, 1H), 2.14 (br.s, 1H), 1.81-1.75 (m, 1H).;
I, Y/ LCMS: 402.1
s OH
HO
H
e
T
N A~ 1H-NMR (400 MHz, CD30D) & ppm 8.36
/ (d, 1H, J = 4.8 Hz), 7.76-7.67 (n, 3H),
NH N 7.58-7.56 (m, 1H), 5.47 (d, 1H, ] = 2.4 Hz),
134 o 491 (s, 1H), 4.42-4.37 (m, 1H), 4.15-4.14
(m, 1H), 4.04-3.99 (m, 1H), 3.65 (s, 1.5H),
", 3.16 (s, 1.5H), 2.48-2.45 (m, 1H), 1.84-1.81
Hd:‘ OH (m, 1H), 1.71-1.66 (m, 2H).; LCMS: 408.1
\
\N
H
NS N,
m N 1H NMR (400 MHz, DMSO-d6) & 13.98 (s,
No N 1H), 9.26 (m, 1H), 8.26 (d,J = 11.5 Hz,
\\ 1H), 7.99 (m, 1H), 7.45 — 7.28 (m, 2H),
135 NH N/ 5.47 (m, 1H), 5.02 (m, 1H), 4.25 (m, 1H),
G/ 3 3.94 (m, 1H), 3.56 (s, 1H), 3.30 (s, 3H),
3.09 (s, 1H), 2.22 — 2.03 (m, 1H), 1.91 (m,
1H), 1.84 — 1.64 (m, 2H), 1.64 — 1.34 (m,
“OH 2H).; LCMS: 410.2
F
N H
)
| N 1H NMR (400 MHz, DMSO-d6) & 13.89 s,
N 1H), 9.10 (ABqd, 1H), 8.21 (d, J = 10.6 Hz,
/0 1H), 7.87 (ddd, J = 8.3, 4.7, 3.3 Hz, 1H),
136 N N Yy, 7.33 (ddd, J = 9.4,7.9, 3.2 Hz, 1H), 4.97
G/ S \ (m, 2H), 4.46 (s, 1H), 4.27 — 4.12 (m, 1H),
3.99 -3.81 (m, 1H), 3.39 (d, J = 6.3 Hz,
\ y 3H), 3.29 (s, 3H), 2.18 — 2.01 (m, 1H), 1.86
“OH —1.35 (m, 5H).; LCMS: 416.1
F
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1H-NMR (400 MHz, CD30D) 6 ppm 8.36
(s, 1H), 7.52-7.41 (m, 4H), 5.49 (s, 1H),
4.91 (s, 1H), 4.63-4.60 (m, 1H), 4.27 (br.s,
1H), 4.04 (b.s, 1H), 3.67 (s, 1.7H), 3.21 (s,
1.3H), 2.56-2.55 (m, 1H), 2.23 (br.s, 1H),
1.90 (br.s, 1H), 1.71 (br.s, 1H).; LCMS:
417.1

138

1H-NMR (400 MHz, CD30D) & ppm 8.36-
8.30 (m, 2H), 7.79-7.74 (m, 1H), 7.42-7.38
(m, 1H), 5.44 (s, 1H), 4.96 (s, 1H), 4.41-
4.34 (m, 1H), 4.15-3.97 (m, 2H), 3.97 (s,
1H), 3.25 (s, 2H), 2.47-2.42 (m, 1H), 2.17-
2.15 (m, 1H), 1.82-1.74 (m, 2H).; LCMS:
418.0

139

1H-NMR (400 MHz, CD30D) & ppm 8.25
(d, 1H,J = 5.2 Hz), 7.23-7.14 (m, 3H), 5.51
(s, 1H), 4.94 (s, 1H), 4.51-4.47 (m, 1H),
4.15-4.13 (m, 1H), 3.94-3.89 (m, 1H), 3.89
(s, 1.5H), 3.15 (s, 1.5H), 2.45-2.41 (m, 1H),
2.12-2.04 (m, 1H), 1.80-1.77 (m, 1H), 1.60-
1.58 (m, 1H), 1.38-1.29 (m, 1H).; LCMS:
419.1

140

1H-NMR (400 MHz, CD30D) & ppm 8.40
(d, 1H,J = 8.8 Hz), 7.85 (dd, 1H, J = 7.6,
5.6 Hz), 7.31-7.22 (m, 2H), 6.22-6.17 (m,
1H), 6.09-6.04 (m, 1H), 5.61 (s, 1H), 5.05
(s, TH), 5.02-5.01 (m, 1H), 4.61 (dd, 1H,J =
14.8,2.8 Hz), 4.12 (td, 1H,J = 18.4, 5.6
H7), 3.69 (s, 1.5H), 3.21 (s, 1.5H).; LCMS:
424.1
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1H-NMR (400 MHz, CDCI3) 6 ppm 8.38
(br.s, 1H), 7.68-7.65 (m, 1H), 7.10-7.03 (m,
2H), 5.55-5.46 (m, 1H), 4.94-4.83 (m, 1H),

4.56 (br.s, 1H), 4.21 (br.s, 1H), 4.09-4.02
(m, 1H), 3.58 (s, 1.5H), 3.11 (s, 1.5H), 2.42
(br.s, 1H), 2.10 (br.s, 1H), 1.85 (br.s, 1H),

1.69 (s, 1H).; LCMS: 426.1

1H-NMR (400 MHz, CD30D) & ppm 8.35
(d, 1H, T = 5.6 Hz), 7.75-7.65 (m, 2H),
7.37-7.34 (m, 1H), 5.53 (s, 1H), 4.95 (s,

1H), 4.38-4.33 (m, 1H), 4.13-4.11 (m, 1H),

4.04-3.96 (m, 1H), 3.68 (s, 1.5H), 3.20 (s,
1.5H), 2.45-2.42 (m, 1H), 2.17-2.13 (m,
1H), 1.80-1.69 (m, 2H).; LCMS: 426.1

1H-NMR (400 MHz, CD30D) & ppm 8.32
(d, 1H, J = 8.4 Hz), 7.87-7.82 (m, 1H),
7.33-7.23 (m, 2H), 5.66-5.55 (m, 1H), 5.11-
5.02 (m, 1H), 4.06-3.95 (m, 3H), 3.68 (s,
1.5H), 3.67-3.58 (m, 1H), 3.52-3.49 (m, 1
H), 3.25-3.23 (m, 1H), 3.22 (s, 1.5H), 2.20-
2.11 (m, 1H), 1.82-1.74 (m, 1H).; LCMS:
426.1

FIGURE 1
N H
D
N
N = / N
s\
141 NH N
T
$ “oH
HO
F
N H
D
N
N I~
/
NH N
142 G/ o
$ “toH
HO .
\\
N
H
S
| N
N A~ N
N\
143 N
3
F
N H
ST
| N
N~
144
NH N
T e
", “
OH
HO

1H-NMR (400 MHz, CD30D) & ppm 8.34

(s, 1H), 7.32-7.25 (m, 3H), 7.24-7.19 (m,

2H), 5.47-5.35 (m, 2H), 4.84-4.83 (m, 1H),

4.53-4.29 (m, 2H), 4.05-3.97 (m, 1H), 3.90-

3.87 (m, 1H), 2.89-2.78 (m, 1H), 2.38-2.35

(m, 1H), 2.18-2.06 (m, 2H), 1.77-1.61 (m,
2H).; LCMS: 427.1
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145

N, H
()

N
N~

1H-NMR (400 MHz, CD30D) & ppm 8.33
(s, TH), 7.34-7.19 (m, 5H), 5.48-5.36 (m,
2H), 4.93 (br.s, 1H), 4.53-4.44 (m, 1H),

3.98-3.91 (m, 3H), 3.50-3.46 (m, 2H), 3.23-

3.20 (m, 1H), 2.80-2.79 (m, 1H), 2.13-2.07

(m, 2H), 1.77-1.74 (m, 1H).; LCMS: 427.2

146

1H-NMR (400 MHz, CD30D) & ppm 8.17
(d, 1H, J = 8.4 Hz), 7.78-7.72 (m, 1H),
7.21-7.11 (m, 2H), 5.52 (s, 1H), 5.48-4.98
(m, 1H), 4.95 (s, 1H), 4.50-4.44 (m, 1H),
4.10-4.03 (m, 1H), 3.56 (s, 1.5H), 3.10 (s,
1.5H), 2.52-2.41 (m, 2H), 1.88-1.81 (m,
2H).; LCMS: 428.1

147

1H NMR (400 MHz, DMSO-d6) & 13.92 (br
d, 1H), 9.19 (ABqd, 1H), 9.05 (d, T = 7.2
Hz, 0H), 8.20 (d, T = 9.9 Hz, 1H), 7.87 (m,
1H), 7.33 (m, 1H), 4.97 (d, J = 3.8 Hz, 1H),
4.87 (dd, J = 14.6, 5.5 Hz, 1H), 4.51 — 4.42
(m, 2H), 4.34 (m, 1H), 3.88 (m, 1H), 3.65
(ddt, T = 26.8,7.3,5.1 Hz, 1H), 3.40 (d, ] =
6.3 Hz, 3H), 3.29 (s, 3H), 2.20 (m, 1H),
1.87 (m, 1H), 1.52 (m, 1H), 1.36 — 1.15 (m,
1H).; LCMS: 432.1

148

NH N
Flln..G/ O
“oH
N H
7T N
N~
/0
NH N
G/ g N/
§ oH 4
HO
F
N H
T X
N
/ F
NH N
(T ¢
S "oH
HO
cl

1H-NMR (400 MHz, CD30D) & ppm 8.35
(d, 1H,J = 4.4 Hz), 7.42 (d, 1H, ] = 2.4 Hz),
7.41-7.32 (m, 1H), 7.18-7.14 (m, 1H), 5.48
(s, TH), 4.91-4.89 (m, 1H), 4.40-4.36 (m,
1H), 4.15-4.13 (m, 1H), 4.05-3.99 (m, 1H),
3.66 (s, 1.5H), 3.17 (s, 1.5H), 3.47-2.44 (m,
1H), 2.18-2.14 (m, 1H), 1.82-1.80 (m, 1H),
1.71-1.65 (m, 1H).; LCMS: 435.1
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1H-NMR (400 MHz, CD30D) & ppm 8.35
(d, 1H, T = 12.4 Hz), 8.25 (d, 1H,J = 8.8
Hz), 7.64-7.59 (m, 1H), 5.38 (s, 1H), 4.92
(s, 1H), 4.16-3.88 (m, 4H), 3.72 (s, 1H),
3.59-3.39 (m, 2H), 3.26 (s, 2H), 2.13-2.00
(m, 1H), 1.78-1.68 (m, 1H).; LCMS: 436.1

1H-NMR (400 MHz, CD30D) & ppm 8.36
(dd, 1H, T = 12.8, 2.0 Hz), 8.25 (dd, 1H, J =
9.2, 2.0 Hz), 7.64-7.59 (m, 1H), 5.38 (s,
1H), 4.02-3.94 (m, 3H), 3.72 (s, 1H), 3.68-
3.48 (m, 2H), 3.24 (s, 2H), 3.23-3.22 (m,
1H), 2.19-2.10 (m, 1H), 1.88-1.75 (m, 1H).;
LCMS: 436.1

149
F
N H
D
N
N
/ cl
150 N
(@] =N
\
F
N H
D
N
N~
/ «
151 NH
F...,,,O/ o}

1H-NMR (400 MHz, CD30D) & ppm 8.27-
8.23 (m, 2H), 7.61-7.57 (m, 1H), 5.32 (s,
1H), 5.24-5.10 (m, 1H), 4.94 (s, 1H), 4.58-
4.49 (m, 1H), 4.18-4.08 (m, 1H), 3.67 (s,
1H), 3.20 (s, 2H), 2.65-2.48 (m, 2H), 1.99-
1.82 (m, 2H).; LCMS: 438.1

N
~—=N
\_
F

N
H Yy, \\
152 NH N
0
H )
§  "oH
HO

F

1H-NMR (400 MHz, CD30D) & ppm 8.40
(d, 1H,J = 6.0 Hz), 7.88-7.84 (m, 1H),
7.36-7.24 (m, 2H), 5.62 (d, 1H, J = 4.0 Hz),
507 (d, 1H, T = 5.6 Hz), 4.61 (dt, 1H, T =
32.0, 5.6 Hz), 4.30 (d, 1H, J = 10.4 Hz),
3.94 (dd, 1H, J = 20.8, 6.0 Hz), 3.72 (s,
1.5H), 3.23 (s, 1.5H), 1.84-1.78 (m, 1H),
1.59-1.53 (m, 1H), 1.32-1.28 (m, 1H), 0.71-
0.66 (m, 1H).; LCMS: 438.1
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1H-NMR (400 MHz, CD30D) & ppm 8.33-
8.32 (m, 1H), 7.32-7.18 (m, 6H), 5.48-5.35
(m, 2H), 4.92-4.90 (m, 1H), 4.49-4.45 (m,
1H), 4.39-4.36 (m, 1H), 4.24-4.20 (m, 1H),
3.74-3.73 (m, 1H), 2.83-2.75 (m, 1H), 2.24-
2.10 (m, 1H), 1.70-1.67 (m, 1H), 1.48-1.46
(m, 1H), 1.28-1.20 (m, 1H), 0.65-0.59 (m,
1H).; LCMS: 439.1

1H-NMR (400 MHz, CD30D) & ppm 8.13
(br.s, 1H), 7.81 (br.s, 1H), 7.29 (br.s, 1H),
7.20 (br.s, 1H), 5.61 (br.s, 1H), 5.02-4.99
(m, 1H), 4.42 (br.s, 1H), 4.02-3.97 (m, 1H),
3.62 (s, 2H), 3.14 (s, 1H), 2.06 (s, 1H),
1.82-1.40 (m, SH). ; LCMS: 440.3

1H-NMR (400 MHz, CD30D) & ppm 8.31
(s, 1H), 7.32-7.25 (m, 3H), 7.24-7.20 (m,
2H), 5.47-5.35 (m, 2H), 4.53-4.43 (m, 1H),
4.10-3.97 (m, 3H), 3.49-3.46 (m, 1H), 2.81-
2.79 (m, 1H), 2.17-2.03 (m, 2H), 1.88-1.83
(m, 2H), 1.59-1.49 (m, 3H).; LCMS: 441.1

WO 2017/035354
FIGURE 1
N H
T
N
N 4
H
153
NH N
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N
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154 NH N
o
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N H
D
N
No
155 NH N
o
-~ "OH -
OH
/
HO
156 \
HO . o
cl
N
—=N

1H-NMR (400 MHz, CD30D) & ppm 8.33
(d, 1H, J = 8.0 Hz), 7.80-7.77 (m, 1H),
7.58-7.50 (m, 2H), 5.61-5.60 (m, 1H), 5.05
(d, 1H, J = 4.8 Hz), 4.42-4.37 (m, 1H),
4.15-4.11 (m, 1H), 4.04-3.97 (m, 1H), 3.69
(s, 1.5H), 3.22 (s, 1.5H), 2.47-2.41 (m, 1H),
2.16-2.13 (m, 1H), 1.81-1.69 (m, 2H).;
LCMS: 442.1
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FIGURE 1

1H-NMR (400 MHz, CD30D) & ppm 8.32-
8.24 (m, 1H), 7.35-7.31 (m, 1H), 7.14-6.93
(m, 3H), 6.10-5.96 (m, 2H), 5.47-5.03 (m,
OH), 4.83-4.87 (m, 1H), 4.52-4.38 (m, 2H),
4.07-3.94 (m, 1H), 2.83-2.67 (m, 1H), 2.17-
2.01 (m, 1H).; LCMS: 443.1

157 HO

HO

r AN \ 1H-NMR (400 MHz, CD30D) § ppm 8.39-

| N 8.32 (m, 1H), 7.39-6.97 (m, 4H), 5.51-5.35

Ne A~ (m, 2H), 4.96-4.91 (m, 1H), 4.49-4.46 (m,

158 1H), 4.06-3.92 (m, 3H), 3.55-3.49 (m, 2H),

3.26-3.24 (m, 1H), 2.85-2.83 (m, 1H), 2.21-

2.11 (m, 2H), 1.78-1.72 (m, 1H).; LCMS:
445.2

1H-NMR (400 MHz, CD30D) & ppm 8.40
(s, 0.5H), 8.37 (s, 0.5H), 8.23 (dd, 1H, J =
8.8, 2.8 Hz), 7.64-7.59 (m, 1H), 5.36 (s,
1H), 4.89 (s, 1H), 4.57 (td, 1H, J = 49.2, 4.2
Hz), 4.29 (s, 0.5H), 4.26 (s, 0.5H), 3.90 (dd,
1H, J = 26.4, 6.0 Hz), 3.70 (s, 1.5H), 3.25
(s, 1.5H), 1.82-1.81 (m, 1H), 1.56-1.48 (m,
1H), 1.30-1.27 (m, 1H), 1.68-1.62 (m, 1H).;
LCMS: 448.1

159

1H-NMR (400 MHz, CD30D) & ppm 8.37
(d, 1H, J = 4.4 Hz), 7.31-7.29 (m, 1H),
sk 7.13-7.06 (m, 2H), 6.24-6.19 (m, 1H), 4.37-

4.35 (m, 1H), 4.12-4.09 (m, 1H), 3.95 (s,
3 1H), 3.90-3.87 (m, 2H), 3.67-3.65 (m, 1H),
3.47-3.44 (m, 1H), 3.33 (s, 1.5H), 2.86 (s,
1.5H), 1.79 (d, 1.5H, J = 6.8 Hz), 1.66 (d,
1.5H, T = 6.4 Hz).; LCMS: 449.1

160
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161

1H-NMR (400 MHz, CD30D) & ppm 8.25-
8.19 (m, 2H), 7.16 (s, 1H), 5.33 (s, 1H),
4.94-4.88 (m, 1H), 4.54-4.46 (m, 1H), 4.03-
3.95 (m, 1H), 3.66 (s, 1.5H), 3.60-3.58 (m,
1H), 3.21 (s, 1.5H), 2.20-2.00 (m, 1H),
1.85-1.81 (m, 2H), 1.60-1.35 (m, 3H).;
LCMS: 450.1

162

1H-NMR (400 MHz, CD30D) & ppm 8.40-
8.37 (m, 1H), 7.49-7.44 (m, 1H), 7.10-7.03
(m, 2H), 5.46 (s, 2H), 4.36-4.35 (m, 1H),
4.11-4.10 (m, 1H), 3.97-3.85 (m, 3H), 3.67-
3.65 (m, 2.5H), 3.49-3.40 (m, 1H), 3.22 (s,
1.5H).; LCMS: 451

163

1H-NMR (400 MHz, CD30D) & ppm 8.36
(d, 1H, J = 4.0 Hz), 7.43-7.30 (m, 2H),
7.17-7.12 (m, 1H), 5.45 (s, 1H), 4.88-4.86
(m, 1H), 4.41-4.37 (m, 1H), 4.16-4.11 (m,
1H), 3.97-3.95 (m, 1H), 3.89-3.86 (m, 2H),
3.69-3.65 (m, 1H), 3.64 (s, 1.5H), 3.47-3.45
(m, 1H), 3.16 (s, 1.5H).; LCMS: 451.1

164

1H-NMR (400 MHz, CD30D) & ppm 8.30
(d, 1H, T = 5.6 Hz), 7.11-6.96 (m, 2H), 5.48
(s, 1H), 4.93 (s, 1H), 4.46 (d, 1H,J = 7.6 Hz

), 4.12-4.09 (m, 1H), 3.95-3.80 (m, 3H),
3.66-3.64 (m, 2.5H), 3.44-3.41 (m, 1H),
3.18 (s, 1.5H).; LCMS: 453.1
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FIGURE 1
Nao N
f N \ 1H-NMR (400 MHz, CD30D) & ppm 8.33
N N (d, 1H, T = 6.4 Hz), 7.79-7.76 (m, 1H),
’ \\ 7.60-7.53 (m, 2H), 5.58 (d, 1H, ] = 5.2 Hz),
/ 5.03 (d, 1H, J = 5.2 Hz), 4.64-4.57 (m, 1H),
165 NH N 4.36-4.33 (m, 1H), 3.93-3.87 (dd, 1H, J =
O 17.2, 6.4 Hz), 3.69 (s, 1.5H), 3.02 (s, 1.5H),
H 1.80-1.76 (m, 1H), 1.55-1.51 (m, 1H), 1.29-
X, 1.25 (m, 1H), 0.67-0.62 (m, 1H). ; LCMS:
3 OH 454.1
HO
Cl
X F
N\ N N| 1H-NMR (400 MHz, CD30D) § ppm 8.47
f \N _ (s, 1H), 8.38-8.23 (m, 2H), 7.70 (d, 1H, J =
Ne I~/ 9.6 Hz), 5.52-5.38 (m, 2H), 4.93-4.89 (m,
166 1H), 4.56-4.43 (m, 1H), 4.34-4.32 (m, 1H),
4.11-4.07 (m, 1H), 3.18-3.14 (m, 1H), 2.86-
NH N 2.82 (m, 1H), 2.56-2.52 (m, 1H), 2.51-2.38
N, o (m, 1H), 2.19-2.16 (m, 2H), 1.94-1.91 (m,
5 " 1H).; LCMS: 455.1
“OH
Na N
NN
N|r P, N N 1H-NMR (400 MHz, CD30D)  ppm 8.32
\\ (s, 0.5H), 8.30 (s, 0.5H), 7.80-7.77 (m, 1H),
J/ 7.58-7.52 (m, 2H), 5.66-5.55 (m, 1H), 5.10-
167 NH N 5.00 (m, 1H), 4.20-4.07 (m, 2H), 3.70 (s,
o 1.5 H), 3.66-3.59 (m, 1H), 3.22 (s, 1.5H),
2.14-2.07 (m, 1H), 1.90-1.82 (m, 2H), 1.64-
o 1.55 (m, 3H). ; LCMS: 456.1
OH 5,
F
N\ H
ﬁ \N 1H-NMR (400 MHz, CD30D) & ppm 8.31-
N s 8.23 (m, 1H), 7.37-7.33 (m, 1H), 7.15 (d,
1H, J = 8.0 Hz), 7.06 (d, 1H, J = 10.0 Hz),
163 7.00-6.96 (m, 1H), 5.48-5.35 (m, 2H), 4.54-
NH N 4.44 (m, 1H), 4.13-4.01 (m, 2H), 3.51-3.48
o (m, 1H), 2.84-2.80 (m, 1H), 2.32-2.04 (m,

2H), 1.84-1.79 (m, 2H), 1.59-1.50 (m, 3H).;
LCMS: 459.2
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169

1H-NMR (400 MHz, CD30D) & ppm 8.37-
8.29 (m, 1H), 7.44-6.96 (m, 4H), 5.46 (br.s,
1H), 5.40 (d, 1H, J = 52.0 Hz), 4.87-4.82
(m, 1H), 4.47 (dd, 1H, J = 38.4, 14.8 Hz),
4.30 (br.s, 1H), 4.05-3.83 (m, 2H), 3.75-
3.58 (m, 2H), 3.55-3.36 (m, 2H), 3.09-2.81
(m, 1H), 2.21-2.08 (m, 1H).; LCMS: 461.1

170

1H-NMR (400 MHz, CD30D) & ppm 8.29
(s, 1H), 7.16-7.02 (m, 3H), 6.08-6.00 (m,
2H), 5.62-5.58 (m, 1H), 5.42 (d, 1H, J =
52.4 Hz), 5.16 (br.s, 1H), 4.66-4.58 (m,

2H), 4.49-4.36 (m, 1H), 4.07-3.94 (m, 1H),

2.88-2.78 (m, 1H), 2.25-2.09 (m, 1H).;
LCMS: 461.1

F

\
Ni;\

F

N
\

N

Z
T

171 HO

F

1H-NMR (400 MHz, CD30D) & ppm 8.35-
8.28 (m, 1H), 6.96-6.94 (m, 1H), 6.85-6.78
(m, 2H), 6.23-6.04 (m, 2H), 5.46-5.33 (m,
2H), 5.04 (br.s, 1H), 4.56-4.40 (m, 2H),
4.11-3.97 (m, 1H), 2.86-2.76 (m, 1H), 2.19-
2.03 (m, 1H).; LCMS: 461.1

172

N

F
N

F
N \—%

F

F
F

1H-NMR (400 MHz, CD30D) & ppm 8.32-
8.23 (m, 1H), 7.16-7.09 (m, 3H), 6.10-5.98
(m, 2H), 5.66-5.61 (m, 1H), 5.43 (d, 1H, J =
52.0 Hz), 5.06-5.05 (m, 1H), 4.55-4.39 (m,
3H), 3.96-3.93 (m, 1H), 2.87-2.77 (m, 1H),
2.26-2.12 (m, 1H). ; LCMS: 461.1
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F
N H
r NN 1H-NMR (400 MHz, CD30D) 5 ppm 8.34
| N , ppm 8.
N s (s, TH), 6.95 (d, 2H, ] = 6.8 Hz), 6.87-6.67
(m, 1H), 5.46-5.33 (m, 2H), 4.91-4.89 (m,
173 1H), 4.53-4.50 (m, 1H), 4.34-4.30 (m, 1H),
NH N 4.05-4.04 (m, 1H), 3.91-3.88 (m, 1H), 2.84-
O 2.78 (m, 1H), 2.38-2.37 (m, 1H), 2.10-2.06
' e (m, 2H), 1.74-1.61 (m, 2H).; LCMS: 463.1
“OH
HO
F
Nao N
r AN N 1H-NMR (400 MHz, CD30D) § ppm 8.33-
| N 8.26 (m, 1H), 6.98 (d, 1H, J = 6.4 Hz), 6.88-
N~ 6.70 (m, 2H), 5.48-5.35 (m, 2H), 4.55-4.52
174 (m, 1H), 4.01-3.90 (m, 3H), 3.55-3.48 (m,
NH N 2H), 3.25-3.19 (m, 1H), 2.84-2.78 (m, 1H),
o 2.18-2.09 (m, 2H), 1.76-1.66 (m, 2H).;
LCMS: 463.1
0 e
"OH
Nao N
r AN \ 1H-NMR (400 MHz, CD30D) § ppm 8.32-
| N 8.24 (m, 1H), 7.17-6.96 (m, 3H), 5.69-5.65
N~ (m, 1H), 5.46 (d, 1H, J = 52.0 Hz), 4.94-
175 4.89 (m, 1H), 4.57-4.37 (m, 1H), 4.03-3.88
N (m, 3H), 3.52-3.48 (m, 2H), 3.24-3.22 (m,
o 1H), 2.87-2.81 (m, 1H), 2.16-2.10 (m, 2H),
1.74-1.71 (m, 1H). ; LCMS: 463.1
F
Nao N
r AN \ 1H-NMR (400 MHz, CD30D) § ppm 8.24-
| N 8.16 (m, 1H), 7.16-6.92 (m, 3H), 5.68-5.64
Ne A~ (m, 1H), 5.42 (d, 1H, J = 52.0 Hz), 4.91-
176 4.89 (m, 1H), 4.48-4.41 (m, 2H), 4.06-4.04
NH N (m, 1H), 3.84-3.81 (m, 1H), 2.86-2.80 (m,
g 1H), 2.40-2.35 (m, 1H), 2.09-2.01 (m, 2H),
O/ 1.74-1.72 (m, 1H), 1.53-1.51 (m, 1H). ;
", = LCMS: 463.1
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1H NMR (400 MHz, DMSO-d6) & 14.17 (s,
1H), 8.99 (d,J = 7.2 Hz, 1H), 8.38 (d, ] =
2.9 Hz, 1H), 8.26 (s, 1H), 7.87 (dd, J = 8.9,
3.0 Hz, 1H), 5.67 — 5.34 (m, 3H), 4.92 (d, J
=3.9 Hz, 1H), 4.80 (dd, J = 21.4, 14.0 Hz,
1H), 4.59 — 4.34 (m, 1H), 4.18 (s, 1H), 3.85
~3.75 (m, 1H), 2.87 — 2.71 (m, 1H), 2.26 —
2.00 (m, 2H), 1.66 (dq, J = 13.1, 5.5 Hz,
2H), 1.58 — 1.34 (m, 2H).; LCMS: 464

1H-NMR (400 MHz, CD30D) & ppm 8.37
(s, 1H), 6.97-6.95 (m, 2H), 6.84-6.79 (m,
1H), 5.47-5.41 (m, 1H), 5.10 (d, 1H, J =
53.6 Hz), 4.82 (s, 1H), 4.54-4.41 (m, 2H),
4.14-4.11 (m, 1H), 2.83-2.60 (m, 1H), 2.54-
2.47 (m, 2H), 2.07-1.84 (m, 3H).; LCMS:
465.1

1H-NMR (400 MHz, CD30D) & ppm 8.42

(br.s, 1H), 7.13-7.03 (m, 2H), 6.97-6.74 (m,

2H), 5.48 (d, 1H, J = 1.6 Hz), 4.91 (s, 1H),

4.47-4.43 (m, 1H), 4.20-4.19 (m, 1H), 4.09-

4.03 (m, 1H), 3.69 (s, 1.5H), 3.21 (s, 1.5H),

2.53-2.49 (m, 1H), 2.23-2.20 (m, 1H), 1.87-
1.69 (m, 2H).; LCMS: 467.1

FIGURE 1
F
N \
m N .
N = / Cl
177
NH N
(T °
F
OH
HF F
N
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N
N
178
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N H
)
N
N _~ /
NH N F
179 G/ 0
S oH
HO
o\<
F
H
N
n// NS N\
N
N _~ /
180 R NH o
>:...,,,O/ HN F
F
OH
OH g

1H-NMR (400 MHz, CD30D) & ppm 8.34
(s, TH), 7.22-7.04 (m, 3H), 5.85 (td, 1H,J =
57.2, 4.4 Hz), 5.54-5.51 (m, 1H), 4.25-4.16
(m, 2H), 3.90-3.83 (m, 2H), 3.35-3.33 (m,
1H), 2.31-2.19 (m, 2H), 1.92-1.85 (m, 1H),
69-1.66 (m, 1H).; LCMS: 469.1
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1H NMR (400 MHz, DMSO-d6) & 14.18 (s,
1H), 9.10 (d, J = 7.3 Hz, 1H), 8.25 (s, 1H),
7.78 (s, 1H), 7.74 — 7.59 (m, 2H), 5.57 —
5.35 (m, 2H), 5.06 (d, J = 5.4 Hz, 1H), 4.76
—4.63 (m, 1H), 4.50 (dd, T = 39.8, 14.4 Hz,
1H), 4.09 (s, 2H), 3.69 (dd, J = 11.3, 4.5 Hz,
2H), 3.42 —3.37 (m, 1H), 3.09 (dd, T = 11.4,
8.7 Hz, 1H), 2.73 (dd, J = 33.7, 20.2 Hz,
1H), 2.09 (q, J = 13.8, 11.9 Hz, 2H), 1.50 —
1.33 (m, 1H).; LCMS: 470

1H NMR (400 MHz, DMSO-d6) & 14.17 (s,
1H), 9.11 (d,J = 7.8 Hz, 1H), 8.26 (s, 1H),
7.88 —7.55 (m, 3H), 5.52 (s, 1H), 5.45 —
5.35 (m, 1H), 5.02 (d, J = 4.7 Hz, 1H), 4.73
(dd, T=21.9,13.9 Hz, 1H), 4.48 (dd, J =
39.7, 13.0 Hz, 1H), 4.03 (dd, T =7.5, 3.7
Hz, 1H), 3.92 (dd, J = 11.1, 3.7 Hz, 1H),
3.73(dd, J = 11.0, 5.7 Hz, 1H), 3.56 — 3.46
(m, 1H), 3.43 — 3.34 (m, 1H), 3.18 (dd, T =
11.3, 6.5 Hz, 1H), 2.83 — 2.63 (m, 1H), 2.19
~1.95 (m, 1H), 1.81 — 1.65 (m, 1H), 1.42
(d,J = 4.4 Hz, 1H).; LCMS: 470

1H-NMR (400 MHz, CD30D) & ppm 8.33-
8.26 (m, 1H), 7.84-7.81 (m, 1H), 7.36 (dd,
1H, J = 9.2, 2.0 Hz), 7.24-7.19 (m, 1H),
5.66 (dd, 1H, J = 10.4, 8.0 Hz), 5.49 (d, 1H,
J =52.0 Hz), 4.95-4.89 (m, 1H), 4.65-4.56
(m, 1H), 3.97-3.89 (m, 3H), 3.51-3.48 (m,
2H), 3.25-3.22 (m, 1H), 2.90-2.86 (m, 1H),
2.28-2.11 (m, 2H), 1.74-1.70 (m, 1H).;
LCMS: 470.1

FIGURE 1
N
F Z
N H
D
N
N /
181 =
N
o
F
N
F Z
N H
D
N
N /
182 Z
N
F
\\N
183
N
F
F
H
N
\N
/
184
NH N
NE......,G/ o
, ”F
‘OH

1H-NMR (400 MHz, CD30D) & ppm 8.33-
8.26 (m, 1H), 7.13-7.07 (m, 3H), 5.60-5.55
(m, 1H), 5.43 (d, 1H, J = 52.0 Hz), 4.47-
4.33 (m, 2H), 4.13-4.09 (m, 1H), 3.20-3.14
(m, 2H), 2.83-2.78 (m, 1H), 2.53-2.51 (m,
1H), 2.49-2.38 (m, 1H), 2.21-2.15 (m, 2H),
1.92-1.89 (m, 1H).; LCMS: 472.1
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185

NE“III-.G/ O .
"1 ,,F

1H-NMR (400 MHz, CD30D) & ppm 8.34-
8.27 (m, 1H), 6.97 (d, 2H, J = 6.0 Hz), 6.85-
6.80 (m, 1H), 5.48-5.34 (m, 2H), 4.92-4.86
(m, TH), 4.72-4.61 (m, 1H), 4.42-4.36 (m,
2H), 4.13-4.12 (m, 1H), 3.17-3.13 (m, 1H),
2.85-2.80 (m, 1H), 2.54-2.51 (m, 1H), 2.44-
2.40 (m, 1H), 2.21-2.16 (m, 1H), 1.94-1.90
(m, 1H).; LCMS: 472.1

186

1H-NMR (400 MHz, CD30D) & ppm 8.24
(s, 1H), 7.82-7.79 (m, 1H), 7.34-7.31 (m,
1H), 7.21-7.03 (m, 1H), 5.65-5.61 (m, 1H),
5.45(d, 1H,J =52.0 Hz), 5.10 (d, 1H,J =
53.6 Hz), 4.89 (s, 1H), 4.61-4.47 (m, 2H),
4.06-4.01 (m, 1H), 2.87-2.85 (m, 1H), 2.53-
2.46 (m, 2H), 2.44-2.41 (m, 1H), 1.92-1.84
(m, 2H).; LCMS: 472.1

187

1H-NMR (400 MHz, CD30D) & ppm 8.25
(s, TH), 7.83-7.80 (m, 1H), 7.34-7.31 (m,
1H), 7.21-7.13 (m, 1H), 5.65-5.61 (m, 1H),
5.45(d, 1H, T = 51.6 Hz), 5.08 (d, 1H, T =
54.0 Hz), 4.78 (s, 1H), 4.61-4.47 (m, 2H),
4.15-4.07 (m, 1H), 3.06-2.85 (m, 1H), 2.55-
2.42 (m, 2H), 2.25-2.00 (m, 1H), 1.94-1.82
(m, 2H).; LCMS: 472.1

188

N
N\
I\

-
OH

1H-NMR (400 MHz, CD30D) & ppm 8.34-
8.27 (m, 1H), 6.98 (d, 1H, J = 6.4 Hz), 6.85-
6.69 (m, 2H), 5.48-5.35 (m, 2H), 4.64-4.42
(m, 3H), 4.29-4.25 (m, 1H), 3.78 (d, 1H, J =
5.6 Hz), 2.82 (br.s, 1H), 2.19-2.08 (m, 1H),
1.70-1.64 (m, 1H), 1.55-1.47 (m, 1H), 1.23
(s, TH), 0.66-0.63 (m, 1H).; LCMS: 475.1
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189

4
T
p=d

1H-NMR (400 MHz, CD30D) & ppm 8.31-
8.23 (m, 1H), 7.18-6.95 (m, 3H), 5.66-5.62
(m, 1H), 5.45 (d, 1H, J = 52.0 Hz), 4.97-
4.95 (m, 1H), 4.46-4.28 (m, 3H), 3.89-3.72
(m, 1H), 2.88-2.79 (m, 1H), 2.30-2.16 (m,
1H), 1.70-1.67 (m, 1H), 1.49-1.46 (m, 1H),
1.27-1.20 (m, 1H), 0.65-0.58 (m, 1H).;
LCMS: 475.1

190

\
\‘\‘

1H NMR (400 MHz, DMSO-d6) & 14.16 (s,
1H), 9.15 (d,J = 7.4 Hz, 1H), 8.25 (s, 1H),
8.05 (d, J=2.9 Hz, 1H), 7.54 (dd,J = 8.5,

3.1 Hz, 1H), 5.56 — 5.32 (m, 2H), 5.07 (d, J
= 5.4 Hz, 1H), 4.79 — 4.62 (m, 1H), 4.53 —

4.27 (m, 1H), 4.09 (m, 1H), 3.91 (s,3H),

3.71 (m, 2H), 3.48 — 3.32 (m, 2H), 3.11 (m,
1H), 2.84 — 2.61 (m, 1H), 2.23 — 1.97 (m,
2H), 1.53 — 1.32 (m, 1H).; LCMS: 476.1

191

\
N
N

HO™

1H NMR (400 MHz, DMSO-d6) & 14.11 (s,
1H), 8.90 (d, J = 7.4 Hz, 1H), 8.23 (s, 1H),
7.34 —7.07 (m, 3H), 5.59 — 5.43 (m, 2H),
4.76 — 4.58 (m, 3H), 4.50 — 4.29 (m, 1H),
3.91 —3.76 (m, 1H), 3.58 — 3.39 (m, 1H),
2.82 —2.63 (m, 1H), 2.23 — 1.91 (m, 3H),
1.74 (d, J = 12.7 Hz, 1H), 1.32 — 1.05 (m,

2H).; LCMS: 477.1

192

Cl

HO

HO

N
N\
I\

1H-NMR (400 MHz, CD30D) 6 ppm 8.35-
8.28 (m, 1H), 7.20 (s, 1H), 7.07-6.93 (m,
2H), 6.22-5.98 (m, 2H), 5.46-5.33 (m, 2H),
5.04-5.03 (m, 1H), 4.64-4.43 (m, 2H), 4.00-
3.97 (m, 1H), 2.85-2.76 (m, 1H), 2.19-2.03
(m, 1H).; LCMS: 477.1
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1H-NMR (400 MHz, CD30D) & ppm 8.30-
8.22 (m, 1H), 7.17-6.95 (m, 3H), 5.67-5.63
(m, 1H), 5.44 (d, 1H, J = 52.0 Hz), 4.93-
4.87 (m, 1H), 4.50-4.37 (m, 1H), 4.11-4.08
(m, 1H), 3.99 (s, 1H), 3.49-3.46 (m, 1H),
2.83-2.82 (m, 1H), 2.24-2.03 (m, 2H), 1.86-
1.78 (m, 2H), 1.59-1.47 (m, 3H).; LCMS:
477.1

1H-NMR (400 MHz, CD30D) & ppm 8.32-

8.25 (m, 1H), 8.21-8.09 (m, 1H), 7.61-7.48

(m, 1H), 6.10-6.08 (m, 1H), 5.98-5.96 (m,

1H), 5.65-5.61 (m, 1H), 5.48-5.35 (m, 1H),

5.04-5.03 (m, 1H), 4.55-4.51 (m, 2H), 4.08-

3.92 (m, 1H), 2.96-2.87 (m, 1H), 2.19-2.04
(m, 1H).; LCMS: 478.1

1H-NMR (400 MHz, CD30D) & ppm 9.28
(br.s, TH), 8.30-8.21 (m, 1H), 7.51 (br.s,
1H), 7.18-7.00 (m, 2H), 5.58-5.39 (m, 2H),
4.65-4.31 (m, 3H), 3.84-3.62 (m, 2H), 2.65
(br.s, 4H), 2.19-1.28 (m, 2H).; LCMS:
479.1

FIGURE 1
. F
N
”// Jn N\
N
N = Y/ F
193 NH N
o
", ”F
: OH
OH
N H Y N
A TN |
| N XN
N cl
194 HO
WNH N
HO ©
F
HF
N
H// AN N\
N
No s cl
195
NH N
o]
N ‘2, ,’F
OH
HO
HF
N
N N\
| N
N cl
196
NH N
o]
O . ”/’F
“OH

1H-NMR (400 MHz, CD30D) & ppm 8.36-

8.28 (m, 1H), 7.46-7.42 (m, 1H), 7.09-6.91

(m, 2H), 5.75 (t, 1H, J = 8.8 Hz), 5.50-5.33

(m, 1H), 4.61-4.53 (m, 1H), 4.03-3.89 (m,

4H), 3.52-3.47 (m, 2H), 3.24-3.19 (m, 1H),

2.93-2.91 (m, 1H), 2.17-2.10 (m, 2H), 1.75-
1.71 (m, 1H).; LCMS: 479.1
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1H-NMR (400 MHz, CD30D) & ppm 8.35-

8.28 (m, 1H), 6.97 (d, 1H, J = 6.4 Hz), 6.87-
6.80 (m, 2H), 5.48-5.34 (m, 2H), 4.54-4.33
(m, 1H), 4.32-4.07 (m, 1H), 4.05-4.03 (m,

2H), 3.85-3.84 (m, 2H), 3.77-3.75 (m, 1H),

3.59-3.57 (m, 1H), 3.41-3.36 (m, 1H), 2.86-
2.79 (m, 1H), 2.20-2.04 (m, 1H).; LCMS:

479.1

1H-NMR (400 MHz, CD30D) & ppm 8.34
(s, 1H), 7.22 (s, 1H), 7.08 (d, 2H, J = 8.8
Hz), 5.47-5.34 (m, 2H), 4.86-4.82 (m, 1H),
4.55-4.50 (m, 1H), 3.97-3.90 (m, 3H), 3.54-
3.46 (m, 2H), 3.23-3.21 (m, 1H), 2.83-2.81
(m, 1H), 2.17-2.07 (m, 2H), 1.76-1.73 (m,
1H).; LCMS: 479.1

1H-NMR (400 MHz, CD30D) & ppm 8.30-
8.23 (m, 1H), 7.07-7.03 (m, 1H), 6.92-6.91
(m, 1H), 6.13-6.06 (m, 1H), 6.04-5.97 (m,
1H), 5.62-5.58 (m, 1H), 5.41 (d, 1H, J =
51.6 Hz), 5.08-5.07 (m, 1H), 4.55-4.35 (m,
2H), 4.05-3.93 (m, 1H), 2.86-2.76 (m, 1H),
2.24-2.08 (m, 1H).; LCMS: 479.1

FIGURE 1
F
197
? N
F
Cl
198
F
199
F
F
200
N
o
F

1H-NMR (400 MHz, CD30D) & ppm 8.30-
8.23 (m, 1H), 7.35-7.26 (m, 3H), 5.61-5.57
(m, 1H), 5.40 (d, 1H, J = 52.4 Hz), 4.52-
4.36 (m, 1H), 4.03-3.87 (m, 4H), 3.53-3.47
(m, 2H), 3.24-3.21 (m, 1H), 2.80-2.80 (m,
1H), 2.24-2.10 (m, 2H), 1.69-1.67 (m, 1H).;
LCMS: 479.1
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201

1H-NMR (400 MHz, CDCI3) & ppm 8.37-
8.29 (m, 1H), 7.35-7.10 (m, 3H), 5.60 (dd,
1H,J=10.0, 8.4 Hz), 5.45 (d, 1H,J = 52.0
H7)), 4.87-4.85 (m, 1H), 4.55-4.32 (m, 2H),
4.07-3.91 (m, 2H), 2.88-2.82 (m, 1H), 2.41-
2.11 (m, 3H), 1.79-1.63 (m, 2H).; LCMS:
479.1

202

Cl

1H NMR (400 MHz, DMSO-d6) & 14.20 (s,
1H), 9.07 (d,J = 7.4 Hz, 1H), 8.39 (d, ] =
3.0 Hz, 1H), 8.25 (d,J = 6.0 Hz, 1H), 7.84
(dd, T = 8.8, 3.0 Hz, 1H), 5.60 — 5.42 (m,
2H), 5.05 (d, J = 5.3 Hz, 1H), 4.75 (dd, J =
21.3, 14.1 Hz, 1H), 4.51 (dd, J = 39.5, 15.0
Hz, 1H), 4.09 (s, 2H), 3.71 — 3.62 (m, 2H),
3.13 - 3.02 (m, 1H), 2.08 (s, 2H), 1.44 (dd,
J=27.0,9.2 Hz, 2H), 1.21 (d, J = 13.5 Hz,
1H).; LCMS: 480

203

\‘\‘

1H-NMR (400 MHz, CD30D) & ppm 8.49
(br.s, 1H), 8.38 (br.s, 1H), 8.33 (br.s, 1H),
7.69 (d, 1H,J = 9.2 Hz), 5.97-5.77 (m, 1H),
5.64-5.39 (m, 2H), 4.57-4.44 (m, 1H), 4.24-
4.21 (m, 2H), 4.07 (d, 1H, J = 6.4 Hz), 2.89-
2.85 (m, 1H), 2.46-2.44 (m, 1H), 2.27-2.25
(m, 1H), 2.15-2.12 (m, 1H), 1.92-1.81 (m,
2H), 1.66-1.62 (m, 1H).; LCMS: 480.1

204

1H NMR (400 MHz, DMSO-d6) & 14.19 (s,
1H), 9.13 (d, J = 7.8 Hz, 1H), 8.26 (s, 1H),
747 —7.34 (m, 1H), 7.14 (d, J = 8.1 Hz,
1H), 5.59 — 5.48 (m, 2H), 4.80 — 4.60 (m,
1H), 4.41 (dd, J = 39.5, 14.0 Hz, 1H), 4.09 —
3.96 (m, 1H), 3.92 (dd, T = 11.1, 3.7 Hz,
1H), 3.75 (dd, J = 12.0, 5.6 Hz, 1H), 3.47
(dtd, J=59.1, 8.2, 7.8, 4.5 Hz, 2H), 3.19
(dd, T =11.2, 6.9 Hz, 1H), 2.85 — 2.60 (m,
1H), 2.33 — 2.04 (m, 1H), 1.79 (dd, J = 11.3,
4.7 Hz, 1H), 1.53 — 1.33 (m, 1H).; LCMS:
481
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1H-NMR (400 MHz, CD30D) & ppm 8.37-
9.30 (m, 1H), 7.08-6.98 (m, 2H), 5.68-5.63
(m, 1H), 5.53-5.36 (m, 1H), 4.53-4.40 (m,
1H), 4.02-3.91 (m, 4H), 3.55-3.46 (m, 2H),
3.26-3.21 (m, 1H), 2.86-2.82 (m, 1H), 2.30-
2.12 (m, 2H), 1.78-1.70 (m, 1H).; LCMS:

481.1

1H-NMR (400 MHz, CD30D) & ppm 8.36
(s, TH), 7.10-6.95 (m, 2H), 5.72-5.62 (m,
1H), 5.52-5.39 (m, 1H), 4.93-4.92 (m, 1H),
4.52-4.08 (m, 2H), 4.07-5.06 (m, 1H), 3.93-
3.90 (m, 1H), 2.88-2.82 (m, 1H), 2.41-2.10
(m, 3H), 1.78-1.63 (m, 2H).; LCMS: 481.1

1H-NMR (400 MHz, CD30D) & ppm 8.25-
8.20 (m, 2H), 7.61-7.58 (m, 1H), 5.66-5.62
(m, 1H), 5.25 (d, 1H, J = 52.0 Hz), 5.14-
5.00 (m, 1H), 4.91-4.87 (m, 1H), 4.53-4.44
(m, 2H), 4.06-4.03 (m, 1H), 2.94-2.91 (m,
1H), 2.54-2.43 (m, 2H), 1.91-1.83 (m, 3H). ;
LCMS: 482.1

FIGURE 1
HF F
N
Y
N
N _~ / F
205
N
o]
F
F F
H
N
\N
Y/ F
206
NH N
(T °
) .,,’, ,F
‘OH
HO
F
N \
( N .
No M/ cl
207
NH N
F...,,,O/ o
", "F
‘OH
F. F
N H
D
N
N _~ / F
208
NH N
F”““O/ O
", ,F
OH

1H-NMR (400 MHz, CD30D) & ppm 8.26-
8.20 (m, 1H), 7.08-7.02 (m, 1H), 6.94-6.92

(m, 1H), 5.64-5.60 (m, 1H), 5.42 (d, 1H, J =
52.0 Hz), 5.10 (dt, 1H, J = 52.0, 6.0 Hz),
4.80 (s, 1H), 4.55-4.44 (m, 2H), 4.09-4.04
(m, 1H), 2.92-2.54 (m, 1H), 2.52-2.43 (m,

2H), 1.93-1.89 (m, 1H), 1.86-1.83 (m, 2H).;

LCMS: 483.1
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209

1H-NMR (400 MHz, CD30D) & ppm 8.38-
8.35 (m, 1H), 7.84-7.80 (m, 1H), 7.24-7.15
(m, 2H), 5.58 (s, 1H), 5.07 (s, 1H), 4.40-
4.39 (m, 1H), 4.11-4.10 (m, 1H), 3.98-3.90
(m, 3H), 3.68-3.61 (m, 2.5H), 3.48-3.41 (m,
1H), 3.22 (s, 1.5H).; LCMS: 485.1

210

1H-NMR (400 MHz, CD30D) & ppm 8.26
(s, 1H), 7.36-7.32 (m, 1H), 7.15 (d, 1H, J =
7.6 Hz), 7.07 (d, 1H, J = 9.6 Hz), 6.97-6.93
(m, 1H), 5.45-5.41 (m, 2H), 4.49-4.36 (m,
1H), 4.13-4.09 (m, 1H), 4.01-3.97 (m, 1H),
3.13-3.09 (m, 1H), 2.84-2.75 (m, 1H), 2.26-
2.16 (m, 3H), 1.68-1.59 (m, 2H), 1.50-1.37
(m, 1H), 1.20-1.14 (m, 6H).; LCMS: 487.1

211

1H-NMR (400 MHz, CD30D) & ppm 8.34-
8.27 (m, 1H), 7.22 (s, 1H), 7.07 (d, 2H, J =
6.8 Hz), 5.47-5.34 (m, 2H), 4.88-4.87 (m,
1H), 4.79-4.77 (m, 1H), 4.42-4.37 (m, 2H),

4.13-4.12 (m, 1H), 3.17-3.13 (m, 1H), 2.83-
2.80 (m, 1H), 2.54-2.51 (m, 1H), 2.44-2.40
(m, 1H), 2.21-2.17 (m, 1H), 1.94-1.91 (m,

1H).; LCMS: 488.1

212

NE“III-.G/ O .
F

1H-NMR (400 MHz, CD30D) & ppm 8.36-
8.30 (m, 1H), 7.09-6.95 (m, 2H), 5.65-5.62
(m, 1H), 5.61-5.39 (m, 1H), 4.95-4.91 (m,
1H), 4.50-4.36 (m, 2H), 4.14-4.11 (m, 1H),
3.21-3.16 (m, 1H), 2.82-2.75 (m, 1H), 2.57-
2.54 (m, 1H), 2.52-2.42 (m, 1H), 2.23-2.18
(m, 2H), 2.00-1.94 (m, 1H).; LCMS: 490.0

53/61




WO 2017/035354

PCT/US2016/048698

FIGURE 1
F
Nao N
f ~ \N 1H-NMR (400 MHz, CD30D) § ppm 7.49-
N I/ cl 7.46 (m, 1H), 7.12-7.06 (m, 2H), 5.76 (t,
H 1H, J = 8.4 Hz), 5.47 (d, 1H, J = 52.4 Hz),
213 4.46-4.28 (m, 3H), 4.00 (s, 1H), 3.79 (d, 1H,
NH N J = 6.4 Hz), 2.20-2.04 (m, 1H), 1.71 (br.s,
0 1H), 1.50 (br.s, 1H), 1.31-1.25 (m, 2H),
H " 0.67-0.64 (m, 1H).; LCMS: 491.1
$ “OH
HO
F cl
Na N
r AN \ 1H-NMR (400 MHz, CD30D) § ppm 8.33-
| N 8.27 (m, 1H), 7.22 (s, 1H), 7.10-7.07 (m,
N~ 2H), 5.47-5.34 (m, 2H), 4.51-4.38 (m, 2H),
14 H 4.27-4.23 (m, 1H), 3.91-3.77 (m, 1H), 3.35-
NH N 3.33 (m, 1H), 2.84-2.78 (m, 1H), 2.19-2.18
o (m, 1H), 1.72-1.68 (m, 1H), 1.48-1.45 (m,
H : 1H), 1.24-1.21 (m, 1H), 0.67-0.60 (m, 1H).;
\ . E LCMS: 491.1
$ “OH
HO
cl
N H
r NN 1H-NMR (400 MHz, CD30D) & ppm 8.41-
| N : ppm 8.
N, A/ F 8.28 (m, 1H), 7.36-6.33 (m, 3H), 5.58-5.54
H (m, 1H), 5.51-5.38 (m, 1H), 4.98-4.96 (m,
215 1H), 4.52-3.76 (m, 4H), 2.97-2.74 (m, 1H),
NH N 2.30-2.15 (m, 1H), 1.73-1.48 (m, 2H), 1.26-
O 1.22 (m, 1H), 0.66-0.61 (m, 1H).; LCMS:
H %, 491.1
OH
HO
" N 1H NMR (400 MHz, DMSO-d6) & 14.19 (s,
N\ | 1H), 9.02 (d, T = 7.6 Hz, 1H), 8.39 (d, T =
f \N S 2.8 Hz, 1H), 8.29 (s, 1H), 7.89 (dd, J = 9.0,
No cl 3.0 Hz, 1H), 5.64 — 5.37 (m, 3H), 4.92 —
H 4.71 (m, 2H), 4.43 (d, T = 9.1 Hz, 1H), 4.30
216 (dd, J = 13.2, 7.4 Hz, 2H), 4.14 (q, T = 6.0
NH N Hz, 1H), 3.48 (t,J = 5.3 Hz, 1H), 2.79 (td, J
O =16.6, 16.1,7.2 Hz, 1H), 1.43 (dd, T = 8.9,
H %, 4.7 Hz, 1H), 1.24 (d, T = 16.9 Hz, 1H), 1.02
“oH F (q,J = 4.2 Hz, 1H), 0.48 — 0.33 (m, 1H).;
HO LCMS: 492
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1H-NMR (400 MHz, CD30D) & ppm 8.39-
8.30 (m, 1H), 7.51-7.48 (m, 1H), 7.11-6.95
(m, 2H), 5.79 (t, 1H,J = 9.2 Hz), 5.55-5.38
(m, 1H), 4.89 (br.s, 1H), 4.62-4.49 (m, 1H),
4.17-4.07 (m, 2H), 3.57-3.55 (m, 1H), 3.04-
2.91 (m, 1H), 2.17-2.10 (m, 2H), 1.93-1.85
(m, 2H), 1.67-1.54 (m, 3H).; LCMS: 493.1

1H-NMR (400 MHz, CD30D) & ppm 8.34-
8.28 (m, 1H), 6.95-6.86 (m, 2H), 5.66 (t,
1H, J = 8.4 Hz), 5.50-5.37 (m, 1H), 4.52-

4.43 (m, 1H), 4.03-3.91 (m, 7H), 3.54-3.49
(m, 2H), 3.26-3.21 (m, 1H), 2.86-2.75 (m,

1H), 2.24-2.11 (m, 2H), 1.76-1.71 (m, 1H).;

LCMS: 493.1

1H-NMR (400 MHz, CD30D) & ppm 8.36-
8.30 (m, 1H), 6.93-6.85 (m, 2H), 5.66 (t,
1H, J = 8.8 Hz), 5.50-5.37 (m, 1H), 4.52-
4.31 (m, 2H), 4.07-4.04 (m, 2H), 3.98 (s,

3H), 3.93-3.90 (m, 1H), 2.79-2.75 (m, 1H),

2.43-2.39 (m, 1H), 2.20-2.07 (m, 2H), 1.79-
1.77 (m, 1H), 1.64-1.62 (m, 1H).; LCMS:

493.1

WO 2017/035354
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1H-NMR (400 MHz, CD30D) & ppm 8.37
(s, TH), 7.10-6.98 (m, 2H), 5.63 (t, 1H, T =
8.4 Hz), 5.54-5.36 (m, 1H), 4.98-4.95 (m,

1H), 4.50-4.37 (m, 2H), 4.29-4.25 (m, 1H),

3.80-3.78 (m, 1H), 2.89-2.79 (m, 1H), 2.31-
2.15 (m, 1H), 1.78-1.72 (m, 1H), 1.56-1.50
(m, 1H), 1.30-1.25 (m, 1H), 0.68-0.62 (m,

1H).; LCMS: 493.1

55/61




PCT/US2016/048698

1H-NMR (400 MHz, CD30D) & ppm 8.30-
8.22 (m, 1H), 7.33-6.35 (m, 3H), 5.85-5.56
(m, 1H), 5.49-5.36 (m, 1H), 4.91-4.88 (m,
1H), 4.50-4.40 (m, 1H), 4.15-4.08 (m, 1H),
3.99 (br.s, 1H), 3.52-3.49 (m, 1H), 2.82-
2.80 (m, 1H), 2.24-2.03 (m, 2H), 1.86-1.78
(m, 2H), 1.58-1.47 (m, 3H).; LCMS: 493.1

1H-NMR (400 MHz, CD30D) & ppm 8.38
(s, 1H), 7.49-7.45 (m, 1H), 7.10-7.03 (m,
2H), 5.77(d, 1H,J = 8.4 Hz) 5.44 (d, 1H, J
=51.6 Hz), 4.59-4.49 (m, 1H), 4.38-4.36
(m, 1H), 4.09-3.61 (m, 6H), 3.42-3.39 (m,
1H), 2.99-2.90 (m, 0.5H), 2.16-2.01 (m,
0.5H).; LCMS: 495.1

1H-NMR (400 MHz, CD30D) & ppm 8.36-
8.28 (m, 1H), 7.21 (s, 1H), 7.11-7.06 (m,
2H), 5.46-5.33 (m, 2H), 4.84-4.80 (m, 1H),
4.55-4.51 (m, 1H), 4.28-4.27 (m, 1H), 4.05-
4.02 (m, 1H), 3.86-3.83 (m, 2H), 3.76-3.73
(m, 1H), 3.58-3.56 (m, 1H), 3.40-3.38 (m,
1H), 2.84-2.78 (m, 1H), 2.19-2.05 (m, 1H).;
LCMS: 495.1
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224 NH N
o
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1H-NMR (400 MHz, CD30D) & ppm 8.33-
8.32 (m, 1H), 7.09-7.03 (m, 1H), 6.95-6.93
(m, 1H), 5.65-5.61 (m, 1H), 5.51-5.38 (m,
1H), 4.52-4.42 (m, 1H), 4.10-4.02 (m, 3H),
3.51-3.48 (m, 1H), 2.84-2.82 (m, 1H), 2.24-
2.04 (m, 2H), 1.87-1.79 (m, 2H), 1.62-1.48
(m, 3H). ; LCMS: 495.2
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HF
N
L
N
N = /
225 OH N/A; LCMS: 497.1
F
NH
F 0
o
HF
NN 1H-NMR (400 MHz, CD30D) & ppm 8.34-
W \N 8.27 (m, 1H), 7.15-7.02 (m, 3H), 5.99-5.62
No (m, 1H), 5.60-5.58 (m, 1H), 5.51-5.38 (m,
96 1H), 4.96-4.90 (m, 1H), 4.49-4.40 (m, 1H),
F 4.23-4.18 (m, 1H), 4.12-4.09 (m, 1H), 2.87-
NH g 2.79 (m, 1H), 2.58-2.50 (m, 1H), 2.30-2.23
‘ (m, 2H), 2.15-2.11 (m, 1H), 1.87-1.77 (m,
£ 5 ”,'F 1H), 1.67-1.64 (m, 1H).; LCMS: 497.1
“OH
HF
N
0
N
N _~ / F
227 N/A; LCMS: 499.1
£ NH
0
F ”/,
N ‘s, F
‘OH
HO
H
N
N
f A N R OF
N / 1H-NMR (400 MHz, CD30D)  ppm 8.36
(d, 1H, I = 8.4 Hz), 7.40 (br.s, 1H), 7.20-
/ O 7.14 (m, 2H), 5.50 (s, 1H), 4.94 (d, 1H,J =
228 N 7.2 Hz), 4.40-4.38 (m, 1H), 4.11-4.10 (m,

1H), 3.97-3.85 (m, 3H), 3.68-3.61 (m,
2.5H), 3.47-3.40 (m, 1H), 3.17 (s, 1.5H).;
LCMS: 501.1
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N/A; LCMS: 504.1

1H-NMR (400 MHz, CD30D) & ppm 8.19
(s, 1H), 7.59 (s, 1H), 7.48-7.41 (m, 2H),
5.47-5.30 (m, 2H), 4.78-4.75 (m, 1H), 4.53-
4.43 (m, 1H), 4.34-4.30 (m, 1H), 3.75-3.70
(m, 1H), 2.84-2.79 (m, 1H), 2.18-2.07 (m,
3H), 1.75-1.49 (m, 4H).; LCMS: 504.1

1H-NMR (400 MHz, CD30D) & ppm 8.45
(s, TH), 8.33 (d, 1H, T = 2.8 Hz), 8.21 (s,
1H), 7.64 (d, 1H, J = 9.6 Hz), 5.51-5.34 (m,
2H), 4.82-4.79 (m, 1H), 4.53-4.40 (m, 1H),
4.33 (br.s, 1H), 3.74-3.66 (m, 1H), 2.84-
2.80 (m, 1H), 2.21-2.08 (m, 3H), 1.78-1.71
(m, 2H), 1.61-1.46 (m, 2H).; LCMS: 504.1
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N = / F
229
N
F
N
=
230
F
F
231
F
F
F
HO
232
HO

1H-NMR (400 MHz, CD30D) & ppm 8.22-
8.15 (m, 1H), 7.13-6.83 (m, 3H), 5.61-5.56
(m, 1H), 5.41 (d, 1H, J = 52.0 Hz), 4.91-
4.89 (m, 1H), 4.46-4.36 (m, 1H), 4.21-4.20
(m, 1H), 4.10-3.97 (m, 1H), 2.85-2.79 (m,
1H), 2.29-2.00 (m, 4H), 1.63-1.58 (m, 2H),
1.22-1.18 (m, 6H); LCMS: 505.2
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1H-NMR (400 MHz, CD30D) & ppm 8.30-
8.24 (m, 1H), 6.94-6.83 (m, 2H), 5.64 (t,
1H, J = 8.8 Hz), 5.41 (d, 1H, J = 52.0 Hz),
4.48-4.29 (m, 4H), 4.00 (s, 3H), 3.74 (d, 1H,
J=6.0 Hz), 2.79-2.71 (m, 1H), 2.20-2.06
(m, 2H), 1.65-1.60 (m, 1H), 1.47-1.45 (m,
1H), 1.23-1.20 (m, 1H), 0.61-0.55 (m, 1H).;
LCMS: 505.3

1H-NMR (400 MHz, CD30D) & ppm 8.33-
8.27 (m, 1H), 6.95-6.84 (m, 2H), 5.65 (t,
1H, J = 8.8 Hz), 5.50-5.31 (m, 1H), 4.52-
4.39 (m, 1H), 4.11-4.08 (m, 1H), 4.03 (s,

1H), 3.98 (s, 3H), 3.73-3.50 (m, 2H), 2.84-

2.74 (m, 1H), 2.20-2.06 (m, 2H), 1.86-1.81

(m, 2H), 1.61-1.47 (m, 3H).; LCMS: 507.1

1H-NMR (400 MHz, CD30D) 6 ppm 8.37-

8.30 (m, 1H), 7.04-6.95 (m, 2H), 6.85-6.67

(m, 2H), 6.15-6.13 (m, 1H), 5.99-5.97 (m,

1H), 5.46-5.33 (m, 2H), 4.98 (d, 1H,J =4.4

Hz), 4.80 (s, 1H), 4.53-4.42 (m, 2H), 4.00-

3.97 (m, 1H), 2.85-2.75 (m, 1H), 2.19-2.02
(m, 1H).; LCMS: 509
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FIGURE 1
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0
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1H-NMR (400 MHz, CD30D) & ppm 8.36-
8.30 (m, 1H), 6.94-6.84 (m, 2H), 5.67 (t,
1H, J = 8.4 Hz), 5.50-5.31 (m, 1H), 4.52-

4.42 (m, 1H), 4.31-4.30 (m, 1H), 4.07-3.89
(m, 5H), 3.83-3.76 (m, 3H), 3.58-3.40 (m,

2H), 2.81-2.75 (m, 1H), 2.22-2.03 (m, 1H).;

LCMS: 509.1
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1H-NMR (400 MHz, CD30D) & ppm 8.34-
8.27 (m, 1H), 7.05-6.96 (m, 2H), 6.86-6.68
(m, 2H), 5.47-5.34 (m, 2H), 4.81 (s, 1H),
4.54-4.49 (m, 1H), 4.31-4.29 (m, 1H), 4.06-
4.04 (m, 1H), 3.91-3.88 (m, 1H), 2.86-2.83
(m, 1H), 2.40-2.36 (m, 1H), 2.17-2.06 (m,
2H), 1.76-1.62 (m, 2H).; LCMS: 511

1H-NMR (400 MHz, CD30D) & ppm 8.32
(s, 1H), 7.06-6.97 (m, 2H), 6.87-6.69 (m,
2H), 5.47-5.34 (m, 2H), 4.54-4.50 (m, 1H),
4.01-3.88 (m, 3H), 3.53-3.46 (m, 3H), 3.23-
3.18 (m, 1H), 2.83-2.81 (m, 1H), 2.17-2.08
(m, 2H), 1.74-1.65 (m, 1H).; LCMS: 511.1

1H-NMR (400 MHz, CD30D) & ppm 8.34-
8.27 (m, 1H), 7.05-6.97 (m, 2H), 6.87-6.68
(m, 2H), 5.47-5.34 (m, 2H), 4.89 (s, 1H),
4.62-4.47 (m, 1H), 4.40-4.37 (m, 1H), 4.27-
4.23 (m, 1H), 3.77 (d, 1H, T = 6.0 Hz), 2.86-
2.80 (m, 1H), 2.22-2.18 (m, 1H), 1.71-1.68
(m, TH), 1.48-1.46 (m, 1H), 1.27-1.20 (m,
1H), 0.65-0.59 (m, 1H).; LCMS: 523
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240
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(T °
\ “, ,/F
3 OH
HO

1H-NMR (400 MHz, CD30D) & ppm 8.23
(s, 1H), 7.36 (br.s, 1H), 7.16-7.08 (m, 2H),
5.65-5.61 (m, 1H), 5.41 (d, 1H, T = 52.0
Hz), 4.80 (s, 1H), 4.57-4.38 (m, 2H), 4.14-
4.05 (m, 1H), 3.82-3.79 (m, 1H), 2.80-2.76
(m, 1H), 2.38-2.34 (m, 1H), 2.15-2.01 (m,
2H), 1.74-1.71 (m, 1H), 1.52-1.49 (m, 1H).;
LCMS: 529.1
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241

1H-NMR (400 MHz, CD30D) & ppm 8.22
(s, 1H), 7.36 (br.s, 1H), 7.17-7.15 (m, 1H),

7.11-7.08 (m, 1H), 5.67-5.62 (m, 1H), 5.41

(d, TH,J = 52.0 Hz), 4.91 (s, 1H), 4.51-4.38
(m, 1H), 4.20 (br.s, 1H), 3.86-3.83 (m, 2H),
3.54-3.49 (m, 2H), 3.27-3.22 (m, 1H), 2.82-
2.73 (m, 1H), 2.19-2.03 (m, 2H), 1.63-1.56
(m, 1H).; LCMS: 529.1

242

1H-NMR (400 MHz, CD30D) & ppm 8.34
(s, 1H), 7.38 (br.s, 1H), 7.18-7.10 (m, 2H),
5.65-5.61 (m, 1H), 5.46 (d, 1H, T = 52.0
Hz), 4.98-4.92 (m, 1H), 4.64-4.53 (m, 1H),
4.49-4.40 (m, 1H), 4.37-4.26 (m, 1H), 3.73
(d, 1H,J = 5.6 Hz), 2.82-2.73 (m, 1H),
2.24-2.07 (m, 1H), 1.67 (br.s, 1H), 1.47
(br.s, 1H), 1.29-1.23 (m, 1H), 0.68-0.59 (m,
1H).; LCMS: 541.2

243

Olllll-
T

1H-NMR (400 MHz, CD30D) & ppm 8.19
(s, 1H), 7.35-7.34 (m, 1H), 7.16-7.07 (m,
2H), 5.63-5.59 (m, 1H), 5.40 (d, 1H, T =

52.4 Hz), 4.86-4.80 (m, 1H), 4.49-4.41 (m,
2H), 3.81 (br.s, 1H), 3.56-3.54 (m, 1H),

2.81-2.75 (m, 1H), 2.15-1.97 (m, 2H), 1.77-

1.71 (m, 2H), 1.52-1.47 (m, 2H), 1.47-1.27

(m, 1H).; LCMS: 543.1

244

N\
N
I\

1H-NMR (400 MHz, CD30D) & ppm 8.23
(s, 1H), 7.35 (br.s, 1H), 7.16-7.07 (m, 2H),
5.67-5.62 (m, 1H), 5.40 (d, 1H, T = 52.0
Hz), 4.77 (s, 1H), 4.54-4.40 (m, 2H), 4.01-
3.86 (m, 2H), 3.79-3.72 (m, 3H), 3.57-3.54
(m, 1H), 2.82-2.72 (m, 1H), 2.22-2.12 (m,
1H).; LCMS: 545.1
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T RR Y TR Ik, JC L B R A 2 AR R X S VA R B R R R AR T A KRR EE R R
FB A BRI, 1 R R A A 4 2 B0l T RCHI 2527 bl 8252 1 7 2L (B RE AL 27 )
1) AL 43 E ) o 08 FH T )36 24 2 b ] B 2 1 [ A 0 A i L Ath 770 2 1) o Ath 3 PSR TRV R
) (& k3 (Tween) S f AL (Span) ) FHAd ZU A0 7RIS AE P mT F 138 58 55040 m] AR 61 E 1
[0141] AU EHRI 2252 b T e 52 I 20 A4 ml DUATART O i ml 252 I SR 2L 28 e A BT adk 711 24
A0 FEAEASER T e 88 L 7 771 7 M B VR BT R o AE A2 VA T R SR G o T 388 4 I
38571, 4 LA N T K o I IR AR N SR A R R X T AR B AT I A T
Jith 5 335 - 140 7 88 75160, 8 L RRE AR T K K o 2K P B VR 8 L R T 7 B 9 A ol
A S FATIRE T A A o 0 BT , 38 AT NN L B R ) YRR SR B S 5

[0142] B3, AR I Z) 5 Bl B2 A A mT UL F T4 B W it FH B9 R 550 7 20 H - i
BE o] A1) ] K 24 570 5 A0 =3 R O AR B R B RGIE TR R VA 38 A S TR A 7
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TR A R 46 91 HLIR B 70 B 8 Bk DURE 25 o 1K b4 R KE 7] P I SR i R 2R 20—

[0143] AR BRI 2455 BT 52 4 & W T LA 3t A e 3 24987 B AR RE I 1o = 30
L] 5 TR I X IR B A FEIR | S KB W38 5 9m « 5 T 1l 4% 38 5 () J=3 38 il 771 A
FTiX 8 X Sk sl 2% B R — A FH-T T W18 9 J5 350 B2 A AT A B R ) il 71 (300 B30 T
B T8 Y W 79 1 R T SR I s T AT P =3 48 R iy o

[0144] 3T JR i BL FH 2452 B 852 (A A ] AR A & B B BUA R T — s £ f
B P TS PR 2 A S A B IR R T R e P AR % B AL S P R R R BR T
Wi VAR LR A L AR T RS 2 R SRR AL A LA DL S K o B
H A PR A A LB & BV EA T — P e 2 M T2 3
H VS P2 23 (9 38 A BE RIS B A 38 A B AR AR T 4 i 7K 1L BB B R i 1
B SR BUEE RGO 7S br R ER I | i il R RS (cetearyl alcohol) \2-3F2E - kel oK H
BELL KK .

[0145] AR BRI 2525 LT sz i At nl il i 28 B /< 25 R B0 N 5 - Ik S8 1 A5
R 1 245 47 1) ) A8 28R ) AR i) S EL AT R 2 R I B A B R R S AR A mT
PRI IS ATR 338 741) SRR T B AR/ B Aty i R A 7R B8 23 EE ) ol % B 3 K HP BV A

[0146] A& AL A P mT S RIA R & DL = A 82 i — IR 20 A I S AR T ie
I7 1 AR i A A T AR AL o A ade th , ST 1 ok 20 A M DA AT 45 ] 1) 252 X L 2 S 1) (1)
HE i FAE0 . 01-100mg/ ke 4 /K 2 [ (¥ 77 2 1R 41 it 550

(01471 %

[0148] AR EHRIIL G4 (BFEZG 2% b a2 52 16 #h AT AR 440 19 85 1 AR 97 Dh U 4 m]
IS RGN Bt FR B S8 B AR ZJ VIR P SR E o LDso X T-50 %6 BEAR BRI I E .
EDso A 750 %6 B HR VAR TT A 2N )& - B AR 510 971 2 TR & b & (LDso/EDso) My
TBIT PR B L R B RIB T fe B AL &9 o ] i SRR 5 BE R AL A T, BB TR 13
THRE I A0 A S 1) 52 52 A 2EL 2R ) A0 ) 38 326 2R 9 DL A5 5 o) A ek 4% 41 ) 3% 7 437 55 B /S
A AT BIAE FH o

(01491 A 40 a5 57 W 52 1/ B BN A 98 3R A3 10 £ vl AT e il FH T N R A &= i
SEAY A ) ) L e b VE ARG PRI BEVE B Y, s A A AR B e B PRI EDso o BT 71 & AT AR
i BT fde ) 700 28R BT A P P it P 45 i A G Y TR A AR Ak o TR AT AL B4 VR TT A RO &
A S AT AN 20 3 55 I 52 Al v o 77 = AT AE S AR 2R I i DA SIS EILATE B AL 2 R R Y TR, L
TEAN MBS T2 BT 2 19 1 Cso (RA, SETURER AT — 1 S 3 Ak S PR ) < B0 B
AT 58 A At B 5 AE ST (K B8 o S v (500 7K ST AT 461 4 308 5 v 2 R £ i S

=

Ho

[0150] R PR figf P AR AT R 5 B AR s SR 0 SRR Bk T 2 AR &, B4 i A
O A S PRI G PE AR i A — B AR RRCIR DL TR 3 IR e FH 1) it i e L 254 41
B VA BGRTT EE I R AR R R SOw I 7 TR AR W AL SR S P K B R
Bk TAEY TR e EY.

[01511 37

[0152]  NTRKEL G0 b 2 R R R JEAE X LERE S WA 5 AR I R AR B A AL A
S AR AHIR] B 58 BENTRKSAR 45 F 50 IR M, AnA SCRE AT, LA 55 B AR ZRNTRKCR (7D £ 385 45 4k
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[FJAEAINTRK 2 1 5 (NTRK L 2853) 5 FR A “BF AR BINTRK” o 98 4% ] FENTRKS I &5 74 kb R 4
T 5 B S A A o T S 797 ¥ L B0 o K S B 1 AR T A FH 45 4 AR 2 5 4y
T DA I AG 25 e v e B AR A 7= A AN () A R 1 25 0 1) B RS e B T . B 45 58
FIH R P P SR AR AT AE LSS b et it A A 770 (] 2, 2 FINTRK B A2 2R 405 77D I HL AT 4
Jo 2 i T AR I 7] i IENU) SRR 1) o K 40 B e 5% S8 i FHIE 3R 2 (2-100X38 5 1 Cs0) (1)
WAV RAIR SR, 7634 B SR A 4u i ) b A K i FL o AR &, i PR v
Sk PR RINTRK Rl 2 9 4 L B2 A7 595 (NTRK L wtdfi ') &b 5848, Hse M H & B A5 &
BRI IL I B GE4FRA ‘GBI5R ) o It AR B Jim ik B ATl PR 9P A7 1 79 RN TRK 1 i1 751 G
FREDME (EFRFRH) R AR A Y5 T B A RINTRKE A 361 , {H 2 4 TNTRK
Rl-E 1 GHIBRIEAR T a0 v Pk I 25 AR /N

NTRK wt NTRK wt NTRK G595R
[0153] ‘ . 1Cs0 (nM) Gilso (nM) Glsg (nM)
JE A 3.6 2 2706
TSR-011 2.3 32 12000
AR 93 87 9000

[0154] PG, £E 55— J7 [0, AR B SR it — PR o7 S A B s M S SR IR I 52 A Il
(NTRK) V& PEA T R 5238038 1 7732, JLAHE ) 523038 i ¥R T 7 A SCE I A SOk i 4
EEAE I 2 A ) .

[0155] 2 BH HRAHe 40 1] 35 A4 RUNTRK FINTRK ) $70 PEGHO5R IS AR AR K Ak &4 o

[0156]  £E 5y —Jy i vh , AR A B IG T 7 X T e Ve 7 B IR 1 1 52 33 10 772, A 25 1)
AR T BT A R A S BRSO iR SR 23 51 .

[0157] b4, AT oAt 35l , #0007 ] 6o B AR ZRINTRK L A e B 5 ) b 5 3505 00l Ho A
I AH G 1R B PR 2D o R A HOG T BB AR 2R RN SR AR ARNTRK ()76 M , AR SCHEA AL &9 7] T
BT B 5 S NTRKIE A S IR 1 23 o Brid AL & Pt m] T V097 8% Pl i o 78— 1
SEHE T G, R e AR /N0 e LR B SR R RN v A B SR B SRR A
/N LREE AN IR 45 B FLOS BRI R AR e | Sk 30 e L IR e L SRR I 1 A
93~ o WA LIRS MR RE LA B spi tz A IR

[0158]  Ab& Wt n] F-T-697 5T B9 A RUNTRKFN 75 & e ki 22, s LA R K
NTRK (i @GH95RIFEARAA) (1) 2 o J7 150 4 e FHOA T NTRKHC 14 AR 4 B 75 PR 1 4% % B 1)
W EMBH A RIP R TEWE B e AL Z 00 e o T2 D — P M 5 AR A I =
1A B AT /N T 1uM. 500nM. 250nM. 100nM. 75nM. 50nM. 25nM 1 OnMEZ5MK 1Cs0.

[0159]  ASCHrR Ak & W FI2H A4 ml SR B A Ak &4 (B 48 FLABNTRK I #5210 & 3K
HoAh B 7 1) 26t o AE— 28 s8i J7 2 vh, AR G S B S )R] 5 —PpEl 2 Fiik
HUL TS A S B8 (COMETRIQ) ML At J& (CALPRESA) & fiJEJé
(NEXAVAR) &7 J& # JE (SUTENT) B 4% 3E 8 (STAVARGA) WAZN & Jé (ICLUSIG) . DA% # i
(AVASTIN) . 5 M3 J& (XALKORT) B 4E# Jé (IRESSA) o AR BH A& WL & P mT i A
[F) BCAS [F] it FH 45 -5 HA G 97 79 [R) I B e FH o« A R B AL A ] 5 oAty 755 — g
B AE B i 55 BAE B R

18



CN 108137607 A iﬁ, EH :I:S 15/106 7L

[0160] &k

[0161] ARG P (G H S AIN-SE ALY Rl A O A B A HLA B AR 6 & 55 BT
MR A 22 Al BEI A S GE L T A Hh I A g 4e) I — Pk G e F Tl A K
AL B D e NPT AR TS AV TR 30T, Frad ¥ 7700 mT F A HL A R ST AR N 28 5 e
TERAT OB IR JE R , B a0 78 ] 3 Bl R 71078 VR L 8 22 3 700 i L P RS T L 38 M 1 v
FIA]KAR A SRS G R OB  H TR B ™) = BE o 45 58 J B AT A6 — P i B it —
A FIIR SV AT AR R4S 2 I R AD B8 & T4 2 O AP BRIV 71 AT AR N Tk
[0162] il & AR I AL G W] ¥ S & Fh AL 22 2L A B OR3P AU AR 47 o AR 47 R0 B R 1) 75 22
A E R 4 ] 1 28 B AT AR U AR N 25 5 MU 8 o DR R B Ak 27 ] R IT-461 4
WutsHlGreene,Protective Groups in Organic Synthesis,Z4k%,John Wiley&Sons:New
Jersey, (2006) H, H DL 5] 7 sUBAR FEAA ST,

[0163]  Je B AT R4 AF A I Hh O A0 AR AR G T B AT B o 28460 1T 5, 7 W0 B ] T
T T BOHEAT I I, 1 WA RS IR (NVR) Y612 (9 4n, 'HERPC) (40 AR (TR) Seithai . %
J6PEM 52 v (Bl an, UV="] DL6) < SRk (MS) Bl i €00 77 v 18 s ROorH €3 (HPLC) Bl i
JE AL (TLC) o T AL S WIRAE K 73 Hr A 2§ M7V

[0164]  LC-MS:BrE A AMER , 7 W BT A A il - Bl (LC-MS) it (#1611 44 5 0
B ) #FHAgilent 12608LCR GRS, BTk R HFHIES-APTHL B [JAgilent 61202
FRIEAX, FL & H fE1E 1K 22.4°C FAgilent Poroshel 120 (EC-C18,2. 7umfi & ,3.0X 50mm
D) OMAE G aAHEH 50 1% B BRI /K AN 0.1 % B IR 2 A FIVR A 4 s A 7
4453 B L FE N 95 %6 K P /5 % A L AR5 %6 K 1 /95 % A AL Bl A 1) 1 5 16 B o 3% AE ImL/min
™EE

[0165]  Hill & FULC-MS: fEFC & A 7EFEEK22.4°C FHJLuna 5u C18(2) 100A,AXTAIE 731250
x 21.2mmJz AHFERIShimadzu Discovery VR® il 27 240 b 4T il 2 BUHPLC . i B AH EH &
0.1% FEREIAKFIE0. 1% F BRI £ N5 WV 1R A Y0 4 5 o R FHAE 2593 B0 B2 1 ML95 %6 7K
PE/5 % A HLE5 % K PE/95 % A LIS AH K 1E 2 86 B o P8 7E 20mL/min F 1H 5 o 7Ef0 34
ITH R RLAEBiotage o Bl 2 i B o A A 7 kAT o

[0166]  FVEHPLC: #57 FPHIR & M1 i & HPLCAERL % 3 Chiralpak AS-HAE (5mm,3.0cm
id x 25cm L) fJThar SFCH-801X 2% 134T S BN A HISFC COs (A) FMeOH/0 . 1 % NH:0H (B) £
Jif .67 % %233% (B) [KHEE A6 AE65g /min s T 100 I R E LR IREF . 7 B
183 220nm R T B UV IR 1 I

[0167]  FEEiE: iER i fETeledyne TscoCombiFlash®Rf ¥ roi Biotage®Tsolera
Fourf.Jt F3MAT .

[0168]  FTFNMR: & AE S4B, ST 'H NMRIGIEHS i Varian 400MHz Unity Inova
400MHz NMRAX#S CRAERS 1] =3. 580, fEH 1 AP IEIR 5 16 64K H14#) R4 . URAERS , BT G i
- IBIAEDMSO-dei5 771 H LA IR T HR A DMSO (2. 50ppm) [ 1 J3 4322 (ppm) JEAIMEAHR T

SE e 151
[01691  DURSEHEH] 5 A s BITERT , 3F A E B AR5 2R A R Tk
(01701 DU R Re e R L5 T il 6 A K B AL S W0 — R R R 3 o AU RN 0K 2R
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fitd T A T H) 2 25 AR B AL P B A LA 22— B RO BT S R o P s 1D 1 R AT

IR AL AL .
01711 —fi Akl

[0172]

\.

SN
(588 o {;\ N o
A =

,\s‘r "\"1’\}

Nw‘ \\ f‘.‘
Eb

[0173] XTI G, — B T i T s AL B TH-REE e JF: [3, 4-d ] e 1) 7
ARG (P) BRI A XA A LS TERAE T @Jﬂﬂfﬂ%ﬁﬁﬁﬁﬂﬂt&f/«#?,ﬁﬂﬂ’ﬁ)ﬁk(L%‘ﬁu
SRR L (DIPEA) ) » AEAR PEVA 7RI T8 1 W HE AR, AR MR IE PR 1 A o AL A0 3 3 4 BUA R
IR AT LA SR BEA IR ARRA ) XA o LW A 1 1 A 4 m] AERE A K B 4 N B L2 AF T B
A B JE KR AR BE TR RIR AR IR AT AE S G S 26 1F 1, Bl AE B AR 15 S B2 AR R 5 36
B B PA SR B PR ARIBIU ) BRI L 1 B BR AR S ] SR X T 54

[0174] ST %EL:

%

[0175]

P d
A

e
3

[0176]  F4f T BARFE R A0 — & IR AR LERL BB T B 1R o & B HIE T 3-
R4~ TH-TE M I [3, 4-d ] WEIE 11 SEMFE A R 37 - SEMIR A1) 28 PR 2] 75 25 4% 75 R HUAR = B2
AT AERS VA ) I s A R R T SR 2 B (DIPEA) A8 & FE % B DL 2
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PEREEUAC ) Z2FR3 o 3— LI M 18 5 3 7E DMF-Me OHYZ VR A4 v 48 52 40 A 5 (1 B S 3\ B
DA 4 (i FR G4 o /F 8 NaOHAL B K /K i i 2 )i PR RS TEBE R A I BE 2% A 57 e Bt s
Ft S 2 DA BRI SEMER 371 A5 06 o SEMER 37 I W] 3 F TBAFBRAE B2 14 551 T B ik DA 4 it A ¢
AT LT R A A — A Bl L 28038 il 4%, W19 BAE A T %61 2803 i —
WTEIR

[0177] —gXAE;zz

[0178]

[0179] XT?F%‘“’J%A% *ﬂ&‘ JIT IR T 422k -4, 5- A - TH-ME M [3, 4-d ] Mg -3~
FRIRI GE BRI (P) o BRI XA A] AEFALBGHITE WO AR B AT AL T S AIF 5 R 5
PR S MR AE G ST BN AL A% 05 IR AU R A6 A F @ﬁﬁﬁmﬁﬂﬂgﬂﬂiﬁaﬂéz
(DTPEA) , FERR PR 51T G W e , £EmEE 0 b (10 pa AL M0 A0 138 T3 =4 B PR ABUAC LA 4
T PR AR XA o # B AR 373 T R K T S o BLR $iR 1AL -4 m] A A — 5k
Kl % o AN, FHEHPLCH] FI T AT (Ta) L (Ta=1)  (Ta=2) - (Ib) » (Ib=1, (Ib=2) . TT,

(ITa) ~ (ITb)  (ITc) tL &I FHEIR G0
[0180] &R Z2

SEM
Py \*
NN \\w‘,‘\#“ R Pl
5‘3 R
. O
[0181] "
N N
X f .E-. i \_3 ¥
T_f?sé,@\ N N \:ﬂi\e;
| M TRADC G A
N #{_-;\53 ‘ . {\ . (f: s
S \s“* X Q*‘5 e . M {\ N .
i 3 k W X 3 A S
4 S fjé“““ N R \}?i\,\ § A 3 P
BNt = "X e N2 t
§ ﬁ }. S \} &< \\fi = &
- &
\‘iw.\"'-“g ::,\\“ &"\
§é3 :§ R &
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[0182]  FEflE BAAS U — e E iR 24E L B A BT 2R o B T SR F 4R T SEM
RIPAGA-AH -4, 5- - 1TH-MEME I [3, 4-d I WemE -3—FR IR |, FLm] fa FH IR 155 B S/ DMF &AL
I HAR JE AR R RO T 5 R R et ng e 48 15 LLIR L SEMER 37 (1 AL 5102 - SEMER 37 ) 2 3F 2]
FESFAZ 75 IRBAR S RS AR S 5 AERR PR I8 5701 0 — W Joe mh 8 OBl G — 5 TR 2k 2 i (DIPEA)
filt A L B AU LA SR (3t i AR 2543 o SEMR 4P 5 ] A I TBAF B AL R VE S A7 1 RS B DA S £
AN G4

[0183] & K3

[0184]

[0185]  XfT-HLefb 54, — MG TG T 45k -4, 5- S - 1H-ME e I [3,4-d] i -3
BRI EERRY (P) FREE AT B AR A 25 RAR S B T A0 & P mT A8 A P AR e S
KeFA, Bl JGAE A @ RAE TS, B AE SR 2 05 R BRSO RL S A T, A3 B a0 — 5 TR 2 4 i
(DIPEA) , 7EAR PRI )i W@ ke, 7R e BR_E 1 7 4 420 &b A O >4 AR I RAERA R DA 4
LR IR ARUAR I XA  BEBR AR P 2 T 3R AL T4 540 - BL TR 3R 104k A W mT A3 FH e — 5 A
K il & o oAk, FPEHPLCA] F T4 1. (Ta) « (Ta-1) « (Ia=2) . (Ib) . (Ib-1, (Ib-2) \II.
(ITa) « (I1b) « (I1c) AW FHIR A

[0186] & RITE3

. . & X Ry
$§§.§ MRS “{:;\3\ SN §s§\
5 $ N i 8 N
g‘tiw \?gw*‘ &‘ . & §‘§§S§\{w\*‘;‘“x \\f?
\ o
i«‘\&\‘% . . &:\S\»\\\ {.}‘ -\W\\W\\““W. $§ X . §\ 3
3 . . 3 "
& oM DiEATME gt
o
£ &
K
[0187] g
¥
N : # 3 &
f# V‘%“M &{‘ ¥ \< ,‘3*‘“\‘:’
LN TEADOM He Ty R
AF @\w“;&\‘f\\ X MRIXA @Y X\ .
B &‘\cﬁr“’" { Q\ oo - '\\\\w}\i{% e"'{;? 3\3
P N sosemen Ay T
[.é Ny ‘\&%} {:;“ N Y § 3 -_\3
§ »\&\\3 {‘} \‘)\\“\“‘fx \3\\“ A
3 N
il & ]
By 3 i 4
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[0188] Ak 6 HLAKE W — B A R RE S 7E BA B A il 7 B3P Y o A il 7 R FF 4T SEM
R4 HE -4, 5- A - TH-MEME I [3, 4-d ] BB g -3 R IR 1, H T FEBL AR A 2% T 57
BRCILEIE e A A o SEMER 37 (1) 2 B 2 ] 4 FH SV 40 I S0/ DMF SR A, F ELOR 5 758 4% 05 TR B R
JSESEAT T FEAR PRV R 1 0 W b rh S A B 0 = e P Ak S ke (DIPEA) i 28 2 B A A
PR BAC I 2 FR 3 o SEM(-4 S ] A FH TBAFEY 7 I Mk 2412k S RS [ AR IL AL A 14

[0189]  E1BIHII BT A4k &4, LA S AR B 1) At A A P 43 FH = Fh— ﬂ;% RRRE 2 —
DL B2 T7 ke il 2% o e Ak , FPEHPLCA] F TR 73301, (Ta) « (Ta-1) | (Ia-2) « (Ib) « (Ib-
1. (Ib-2) \ 1T, (ITa) « (ITh)  (ITc) PhA WM FTEIR A4 o Hh LS 78 A B it 191 75 S e 451
I HH

[0190]  sijiafdil 1. A b 5445

[0191]

[0192] DR H5E3-R-4-F-1- (- G AR > ) B E) — TH-ME e 5 (3,4
d ] g

( \”N~N SEMCUNaH |
[0193] Ay}
€  DMF
e Br
[0194]  7E0°C F 13- -4-4-1H- FIH:HJ:;fF[B 4-d]®EIE (10.00g,42.84mmol) T-DMF
(50.00mL) H (WA HEES INaH (2.57g,64. 25mmo ) o 7E3HE0 . 5h2 &, 7E0°C T SEM-C1
(8.57g,51.40mmo 1) ZE IS MNZE S B FIHT0 . 5h o 4 s BN iR 2225 °C I B FE16h.
FETLC (PE:Et0Ac=1:1,Re=0.88) L7~ R M. 5E K i » 1 1 50mL T Ho O 52 P8 KR . o K TR
A FEL0AC (GOmL*3) ZEHL, 3 EUKA HLZ A 67K (20mL*3) ¥eiss , 7ENasSOs b T8 ik 45 . 18
A RERAE TS (PEIELOAc=20:1) 2i{LRARYILA1F 2| B AR 13- 1R -4-2-1- (2- &R
B R 2 A L) B - I H-ME M IR [3, 4-d ] mENE (6. 20g, 722 :39.80%) « 'H-NMR
(400MHz ,CDC13) 6ppm 8.83 (s, 1H) ,5.82(s,2H) ,3.70 (t,2H, J=8.4Hz) ,0.97 (t,2H,J=
8.4Hz) ,0.00 (s,9H) .
[0195]  JDER2: Ak (IR, 2R) —2- ((3—iR-1- (- (CF AR RELTEL) 5 ) B AL —1H-np
FE[3,4-d] mme -4-J5) ZUL) -1 -
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[0197] [ 3-R-4-&-1- ((2- L@%Eﬁﬁﬂ*%mﬂa%)ﬂﬂ% TH-ME e 3% [3, 4-d ] ms g
(2.50g,6.87mmol) A1 (1R, 2R) —2-Z JEFF R 5 £hFR £k (945. 38mg,6.87mmo 1) T & 4% (15mL)
VR AP A8 INDIPEA (1.78g,13.74mmol) , 5 [ MR A M) /ETOME R itk 16h . — H.TLC (PR
:EtO0Ac=5:1) BRBIEME T2 WA, R A WET ﬁ?éﬁ%ﬁﬁ o hk e A A (PE:
EtOAc=30:1~10:1) 24k AF A 2 B AHPIRA (IR, 2R) —2- (B-1R-1- (- R EF SR
) L) L) - TH-ME M (3, 4-d ] mng —4-2) &) K -1-8% (2.10g,4 . 41mmol , P= 2R ;
64.22%) o 'H-NMR (400MHz , CD30D) Sppm 8.41 (s, 1H) ,6.26 (s, 1H) ,5.70 (s,2H) ,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 (d,2H, J=4.0Hz) ,0.00 (s,9H) .

[0198] PR3 & pid- (((AR,2R) —2-F PRI S Hk) -1- (- CHF AR R L) 4585
B JE) —1H-ME e [3, 4-d ] W -3 AR IR I

SEM SEM
e
Pd{dppfiCly/COMEN N
[0199] - = o e

DMF/MeOH %RNH OMe
/T N G

[0200] [\ (IR, 2R) —2- ((3-¥R-1- ((2- (= R kL L) L4 B L) -1H-mE eI (3,4
d] mEiE-4-3) 2 L) B R-1-8% (2.10g,4.90mmol) TDMF (10mL) FIMeOH (15mL) H {178 & 4
— RS NP (dppf) Cla (717.07mg,980.00umo1) FIEtsN (1.49g,14.70mmol) , 3 H A5 S MR
EHWAETOC FAECO (50psi) SR FHEHE30h. — A TLC (PE:EtOAc=1:1) FILCMS &~ dah1 B
SEATVHFE IR SIS U8 T BB I8 B IR A LIRS 2 3 PRI 4- (((IR, 2R) —2-F2 31K,
) B -1- (- CH R O B —1TH-IEMe I [3,4-d] g -3 1 F B
(2.70g, K779 , HoRHE— 2D 4l AL B B 4243 ] . "H-NMR (400MHz , CDC13) 8ppm 8.85 (s, 1H) ,
8.45 (s, 1H) ,5.83 (s, 2H) ,4.14 (br.s,2H) ,4.10 (s,3H) ,3.70 (t,2H, J=8.4Hz) ,2.40-2.38
(m,1H) ,2.20-2.17 (m, 1H) ,1.93-1.79 (m, 4H) ,0.98 (t,2H, J=8.4Hz) ,0.00 (s,9H) »

[0201] P3R4 & plid- (((AR, 2R) —2-F PRI S Hk) —1- (- CHF R R L) L5850
F ) —1H-ME eI [3, 4-d] BEE -3 R

;[SEM
oSN
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[0203] [ A E4- (((IR, 2R) —2- ¥R R L) & AL) -1- (- (R ARG R) 55 B
H) —1TH-ME e 3 [3, 4-d ] MEmE -3 R K (2.70g,6.63mmo1) T-MeOH (10mL) H (V& ¥+ & i
Ho0 (10mL) , B J&— ¥R PR IONaOH (530 . 01mg, 13. 25mmo 1) « 3R i , 15 S NEIR S W) 1E 26 °C T it
FE16ho— HLCMSHITLC (PE:EtOAc=1:1) W IHM Bl 58 2 FE , s I 7E 1 25 i 4 K 7%
FrMeOHFF HK 5% R4 FHEt0Ac (8mL*2) Heik o SR Ji , M INHCL /KA (IN) EL & pH<73 H WL %2
B A EYTIE VD EI T B o 8 Tk 8 e i AR [T 44 HLAE 31 25 o 108 DA £k 2 1 ATl 4tk 4 -
(C(AR, 2R) —2- PR N ) &) —1- (- (G H R RELE L) 4858 F L) - 1H-Ip e [3,4-
d1BEIE-3- ¥R 1R (1.20g, 7% :37.89%) o 'H-NMR (400MHz , CD30D) Sppm 8.40 (s, 1H) ,5.80 (s,
oH) ,4.37-4.32 (m, 1H) ,4.22-4.19 (m, 1H) ,3.75 (t,2H, J=8.0Hz) ,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 (t,2H, J=8.0Hz) ,0.00 (s,9H) .
[0204] D5 Ak (R) —2- (2,5- RS Mg be-1-38) (- ((AR,2R) -2-FFF ) &
) -1- (- CHRER L 4850 D) - 1H-ME e I:[3,4-d] msng -3-5) F i

[0206]  ££20°C R A4~ (((IR, 2R) ~2- IR E) B - 1- (2~ (= R REGESL) 2, 500E)
FF ) — T H-MHe e 5 [3, 4-d T WEIE -3-F2 12 (100.00mg, 254 . 12umo1) Al (2R) —2- (2,5- IR IHE)
L %% (55.87mg , 304 . 95umo 1) T-DMF (2mL) H V& -& 4 - 8 JNHATU (144 . 94mg , 381 . 18umo 1)
MIEtsN (128.57mg, 1.27mmo1) , 3 HAE20°C T K S B4R H: 16h o« FELCMS Wb/ i B2 58 e Ji
H20 (5mL) ¥ INZE VR A, I FUK S R4 FHEtOAC (10mL*3) ZEHUF H A 2h7K (5mL#3) BEi%
SRIG T B HLETENa2 SO E 10 HLlk 4 o it i & B4 TLC (PE:EtOAc=1:1,Re=0.5) ZHi{bF%
RYLIF B E T AR (R) —2- (2, 5- g AREL) e kE-1-28) (4- (((IR, 2R) —2- ¥R K
5) ) —1- (- (R R L) 255 B L) - IH-MEme I [3,4-d] ms g -3-45) i
(20.00mg, = %:14.09%) o
[0207]  PIR6: Ak (R) —2— (2,5- o) LMK fe-1-48) (4- (((AR,2R) —2-FFFLIHL) &
HE) —1TH-ME Mg [3, 4-d] B g -3-3%) H i

SEM
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[0209]  7E20°C R A (R) —2- (2,5- R EL) Mg bE-1-28) (4- (((AR,2R) —2- IR AL &
) -1- (- (=R EFRESE L) LA B L) - 1H-nb e [3,4-d] s g -3-3%) F i
(20.00mg, 35.80umo 1) T M4z (20mL) HH ()94 7 -F 5 N TBAF (80.61mg, 358.00umol) , 3 H
7E80°C R S NI 16h o ZETLC (EtOAc,Re=0. 1) 7R [N 58 2 I » B VA Tk 4 7 HL
10mL T H OB N 5% 2 W) o 45V FHE t0AC (10mL*3) #EHY , 7 H A ML JEAENa2S0s 15 3F H
AR o 108 1L R 1 1] 28 B HPLC (MeOH/H20/ TFAVA 77 ] 4 A AL 5R AR WD AT 21 2 A% €8 [l 4R 11
((R) -2- (2,5~ FARHE) MEME fe-1-45) (4- (((IR, 2R) —2-F2FF k) ) —1H-MEME H: [3,4-
d] g -3-3) B (11.10mg, = 2.:72.37%) .
[0210]  sEZjEf2. A AL AT FIALA 198

N 8§
Y RSN

i

[0211]

& &
[0212] D381 &8 (IR, 2R, 4R) -2- ((3-JR-1- ((2—- (=R kg L) 285 B HL) - 1H-
I I (3, 4-d] Mg -4-J%) EI8) -4 (PRl i) -1 K%

MO

“si‘\

sew ond
[0213] ¢ N\y“*\i\.g\,_

VY §§>
W

S
S

X
X
N B
3
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[0214] ] 3-R-4-5-1- ((2- (P EF L) L) B ) - 1H-iE M IF [3,4-d] wsng
(300.00mg,824.83umol) T M4 (10.00mL) H [KIR & ¥ JIDIPEA (319.80mg,
2.47mmo1) M1 (1R, 2R, 4R) —2-%4 H—-4- (AR L AL) 265 1-B% (195.71mg,907 . 31umol) , 3 H.
BRAMAEIOC T i FE32h o FELCMS 7R [N 58 i L S » KR S Ik 4a ARE BR 1, 4- — Wb,
It HoKs 5% R VA T DCM 20mL) KA HLJZ FIZK (10mL*4) Hei , 7ENa2SOs_b 48 , 3F H ik 4
PAAS 2 2 A AR 1 (IR, 2R, 4R) —2- ((3-¥R-1- (- (Z R R LR 285 B ) -
TH-TE e 3 [3, 4-d ] g -4-3%) 2 L) —4- (R EHL) 38 %~ 1-B% (350.00mg, 7= 2 :83.78 %)
o 'H-NMR (400MHz , CDC13) 8ppm 8.43 (s, 1H) ,6.23 (br.s,1H) ,5.71 (s,2H) ,4.50 (br.s, LH) ,
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, 2H) ,0.97
(t,2H, J=8.4Hz) ,0.00 (s,9H) «

[0215]  JDIR2: & pkd- (((AR,2R,4R) —2-F2 5 -4- (Rl 3D 23D -1- (- EH
SRR 7 40 B L) 1T H-IE e 3 [3, 4-d] MR g - 3—$R i FR i

SEM
N
o N‘N
" N ot
ELNRAdpphiCI/ICO HO ;
[0216] - __NH COOMe
MeOH/DMF i
oxd
P
&

[0217]  [a] (1R, 2R, 4R) —2- ((3—¥R-1- (- (=R ik 55 B AL - 1H-IhMe g [3,
4-d]WEnE-4-J8) F ) -4- (Bt E) )% -1-8 (350.00mg,691.03umol) T-MeOH
(10.00mL) /DMF (2.00mL) K7 &Y H Z INEL3N (139.85mg, 1.38mmo1) FPd (dppf) Cb
(25.28mg,34.55umol) FEENINZ & , IR A WIAETHC T AECO (50Psi) T4 #f16h.— HLCMS
TN RS SE R TR A R 46 LA B ), 1 3 i) 4 T TLC (PECEt0Ac =01 1) 24k prif
FERI LIS B B A B AR 4- ((UR, 2R, 4R) —2- ¥ 54— (AR AL) 3038 &30 -1- ((2-
(Z R R LT E) £ B AE) - 1H-IEme 3 [3, 4-d ] Mg -3- 3R 5 G (250. 00mg , 77 28 «
74.50%) .

[0218]  JDIX3: & pkid- (((R,2R,4R) —2-F 5 -4~ (FRABEEL) 3D 230 -1- (- EH

LRI 240 L) — 1 H-ME e 3 [3, 4-d] BB IE -3 R TR
SEM

| N
N st
MahiH HGO \

e JNio GOOH
MaOH/H,0 ' \i

Osg
9]

R

o
[0220] (4~ (((IR,2R,4R) —2- R -4- (PG ) &) -1- (- CRERER
) 2 H ) L) - TH-ME e I [3, 4-d] g -3— R IR FF Il (250.00mg , 514 .80umo 1) T-MeOH
(10.00mL) /H20 (5.00mL) F ({1 V8 &40 F 7 IINaOH (41 . 18mg, 1.03mmo1) , ¥ HAE20°C F i FE
16h o — HLOMS W7 I B 58 1 » BURE TR & Wik 46 DL AE R Me OH. 1 7K /= FHE t0Ac (3mL*2) BE¥k It
HiERHCT (M) fRib B 2 pH=4 M1k, SR E W R A 8 BB I A B R TR DR L 2
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M RE A E AR 4- (((IR, 2R, 4R) —2-F8 JE -4 (BB IEFL) 34 L) E ) -1- (- (= 3
F ke dt) 250 38) L) — - 9% [3, 4-d ] M e -3 R (180.00mg, P23 :74.14%) . 'H-
NMR (400MHz , CDC13) Sppm 8.47 (s, 1H) ,5.77 (s,2H) ,4.43-4.40 (m, 1H) ,4.17-4.12 (m, 1H) ,
3.85-8.82 (m,1H) ,3.69 (t,2H,J=8.4Hz) ,3.03 (s,3H) ,2.45-2.41 (m,2H) ,1.99-1.91 (m,
2H) ,0.92 (t,2H,J=8.4Hz) ,0.00 (s, 9H) .

[0221]  DER4: G HN- (2,5- R IE) —4- (((AR, 2R, 4R) —2-F2 B4 (P REELEL) PRI
2k -1-((2- (EEF'%EF'E};%%%) L) L) —1H-ME e 5F: (3, 4-d ] msnE -3 F I fi

i N
N i
o /\< TRDIPEA  HO }
[0222] .’ 3 \\N,H """"""""""""""" e NH 7 ~~KH
o DME ) & ,
3 e
Q:-:S O::S}r \
g /S0 S
e

[0223]  mA]4- (((1R,2R,4R) —2- 24— (REEEE L) PR &2 -1- (- CHRAER L
) AL L) -1 H-ME M If [3,4-d] e g -3- #4318 (60.00mg, 127. 23umo1) -T-DMF (2.00mL)
KR A W R s IIDIPEA (16.44mg, 127. 23umo1) « (2,5- K L) F % (36.42mg,
254.46umol) FIT3P (40.48mg,127.23umol) o LA INZ I » KR S WAE20°C R HifF1h, Ho
LOMS 7 B 58 i o B VR A M0 N 22 7K (4mL) o 3 H HEtOAc (5mL*3) ZEHL, I HAGHHLZAE
Na2S0a_b 5 FF ik 4 LA 21 2 40 B JHeIRIIN- (2, 5- 83 —4- (((IR, 2R, 4R) —2- 2 -4~
(R R L) PRI 3E) &) —1- (- G HEF kI 4 H L) B3 - 1H-i I (3, 4-d ] 8
WE -3 Wi (50. 00mg , ¥4

[0224]  JDIR5: & EN- (2,5- @ R —4- (((R, 2R, 4R) —2-F2 JE-4- (F B 7))
k) —1H-ME e [3, 4-d ] g -3 Wi

[0226]  7E20°CF,DCM (5.00mL) HHKIN- (2,5- i F4L) —4- (((IR, 2R, 4R) -2 FL-4-
(R i ) B E) & 00) —1- (- G R R kLAY 45 L) —1H-mE e 3 (3, 4-d ] e
g —3—FA ki (50.00mg, 83 . 79umo1) ZETFA (5.00mL) KIVE-A Y $i+E16h, SR G LOMS o & B
SER R AW 4 A4S 2R 4, ik ) 46 ZUHPLC (TFA) A1 PEHPLCR 264k BT ik AL ™ 4
5> SRR AR B8 B 1E) 3 R 7 . 46min 9. 20min) o 3R15 2 A ElE AR IN- (2, 5- 2/
H5) —4- (((IR, 2R, 4R) —2- 2Kk -4- (AR BL L) PR 50HR) 2 AE) — 1H-ME e 5 [3, 4-d ] g -3-
MRz (2.80mg, =2 :7.16 %) FIN- (2,5~ ZF R —4- (((1S, 2S,4S) —2-F2H-4- (PG L)
L) G ) —TH-MEME (3, 4-d] Ws g —3-F Bz (4.00mg, " :10.23%) X AL AW
LC-MSZA4- 1R : 93 =0.8mL * min™", R ENAH : 99 % [7K+0.375%0v/v TFA]FI1 % [CH3CN+
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0.188%0v/v TFA],7EBE45F N R0, 4min, 2R FF7ES. Omin N AS AL S 10 % [7K+0. 375%0v /v
TFA] 190 % [CH3CN+0. 188%ov/v TFA],#X)57E0. 45min Py 484K 52100 % [CHaCN+0 . 188%o0v/v
TFA] , 5 G 7E0. 0 lmin PN 284K 299 % [7K+0. 375%0v/v TFA] 1% [CH3CN+0. 188%0v/v TFA],
SRIGAE 254 T HIF 0. 64min s 45 543 51 998 887 % 1196 . 551 % .

[0227]  sEjats]3. AEBzﬂcAfFZJzo;FMJcA%m

& B Y

[0228]

[0229] PRI (IS,2R,55) —2- (3—¥R-1- (2= (=FE kLRI 4500 F 5L —1H-itE
I [3,4-d] m e -4-4) Z) -5 -1 -7

[0230]

y i\\\ H
\ i

[0231]  [q3-R-4-&-1- (- (=H ;%EF'&XJE%Z%&%)?'%) TH-MEE e 3 [3, 4-d ] g
(600.00mg, 1 .65mmo 1) 22 J-5-F—FF K (196.58mg, 1.65mmo 1) T —HELE (15mL) H K]
TR AW R I INDIPEA (426.49mg, 3. 30mmo ) IR AWAELL0°C Rk 16h, SR 5 TLC (PE/
EtOAc=1:1) Si7n B 58 i o R BV H1 E25°C 3 HAE RS T 7E50°C N lk4s . [ 7% A
WS INELOAC (50mL) , 3 HUE A HLAH FIH20 (20ml%3) ei4 , 7ENasS0s [ T , 1538 3 H B 25 Wk 45
PAFRAHE (1S,2R,55) —2- ((3-¥R-1- ((2- (CH HEFR L) 25485 F AL - 1H-1IEe I [3,4-d]
WA g —4—4E) B ) -5 M- 1-FF (600.00mg , KL/ SRR H — DAEIERHT T
— B,

[0232]  DE2:4- (((IR,2S,3S) -3-F—2-FR ML) FH) -1- (- CHREFELIL) 454
B B - LH-nh e JE [3, 4-d] mgie -3-FR MR P g

SEM
B
Pe{dpphiCl/COIELN NF\LN
[0233] T {
DMEMsOH NH )\QMe
Fii
J

[0234]  FEN2F, 7] (1S,2R,5S) —2- ((3-¥R-1- ((2- EH R L) 488 B3 -1H-1tk
e [3, 4-d] Mg —4-3) &I -5-F I K- 1-FF (600.00mg, 1. 34mmo1) T-MeOH/DMF (20mL, v
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v=2/1) IR R I0Pd (dppf) Cl2 (49. 17mg,67. 21umo1) FIEL3N (408. 03mg,4.03mmol) .
EE 2 R BB S5 B HCOMF JLIK - E70 C N IR A MI/ECO (BOpsi) Tt Hk16h, 44
JETLC (PE/EtOAc=1:1) W UG Bl 58 A TH FE o 1 I TR & 0 8 I FLI Sk 4 LA R fit
4= (((IR,2S,3S) =3-F-2-FR I HE) L) —1- (- (CHFEER L) 24 FAL) - 1H-1t
W [3, 4-d] mEWE-3-F2 1R I (700. 00mg , ML) o Ikl ™= Wy A i — D 2l AL B .
[0235]  BER3.4- (((IR,2S,3S) -3-F—2-F M) &) -1- (- CHEF L 44
HE) L) — L H-FE P JF (3, 4-d] ME0E -3-FR IR

SEM SEM

n AN NaOH i /\ N

[0236]  wo Bbiancilt VN jﬁ
OH

Y NH  Jome MEOHMD NH
Froe i G Fivi j Q

[0237] 4= (((IR,2S,3S) —3-F—2-FR I HE) & A -1- (- (R AR L) 048R
FROL) —TH-ML e 51 [3, 4-d ] Mg -3 FR FR 5 (700 . 00mg , 1.65mmo 1) T-MeOH/H20 (15mL,v/v=
2/1) HIE R PEAR ONaOH (132.00mg , 3. 30mmol) , ¥ H7F 25°C F #k 2h . ZELCMS & 7
RS JG » BIR A IAEA0°C T Y R M4 o 4 7K T 22 22 pH=4JF Had JE LA SR 1 2 1 [
PRI 4= (C(IR, 28, 38) —3-F —2- IR &) -1- (- CREFRRRE) o888 F
5 —TH-ME eI [3, 4-d] g -3- 3R & (700. 00mg , ¥4 -

[0238]  3R4:N- (2.5- —F ) -4- (((IR,2S,3S) -3-A—2-F IR &) -1- (- =
B R ik e ) 2% 0) AR ) — L H-WE e 9 [3, 4—d ] msing —3— 7 Wi i

SEM

Crp %
i TaP/EGNIDME HO
[0239]  pg " é

O

NH OH Fros
Frad ¢ Qf

[0240]  7£25°C T4~ (((IR,2S,3S) -3-% -2~ #}I)jzﬁ) ) -1- ((2- (G EP L)
A B E) — T H-ME M 3 [3,4-d ] g -3- 25 (100.00mg, 243.01umol) FITsP (231.97mg,
729.04umo) FIVE &4 7 INDMF (2.00mL) F A EtsN (49. 18mg,486.03umol) , B J5 ££ 10min
ZJE— RSN (2, 5- ZF oK) % (69.57mg,486 . 03umol) « ££25°C T RHR A Wi+ 16h.

TELCMS B 7R e B 5E 2 S > P VR B IAE60 °C TR AR & T k4 LLEREN- (2, 5- &/ K55 -4-
(((AR,2S,3S) -3-F—2-FRF ) B —1- (- CHEFR ) 458 F A -1H-ntmk
FE[3,4-d]wsng-3-F Bl (200mg, ¥17740) SRR AR 2040 3+ B E A0 Ao

[0241]  PIR5:N- (2,5- R4 —4- (((IR, 2S, 3S) —3-FR—2—F I R HE) S HE) —1H-MEme I
[3,4-d]msng-3-F B AIN- (2, 5- K5 —4- ((AS, 2R, 3R) -3-F—2- ) F D) -
LH-ME e [3, 4-d] m g -3- 1 B i

30



CN 108137607 A iﬁ, EH :I:S 27/106 BT

£ TR0 Fd BRY

R e

SRS

[0243]  HN- (2,5- 4 EHE) -4- (((IR,2S,3S) —3- R —2- ¥R Fh kL) &) -1- (- (ZH i
FRRE e k) 2 FE) B L) — TH-ME e 3 (3, 4—d T mg g -3 B fi% (200.00mg, 372. 70umo 1) T
TFA/DCM (15.00mL,v/v=1/1) FFIREWLE25°C T HidE3h, SRIGAE30°C R A E T W4 o 4]
BRAWD s IMeOH (20mL) FTKOAc (100mg) , IF H AR AM7E25°C T HiifE16h. — HLCMS 7R
R TE R SRR A WIAE30 °C T AR T IR i o 1 sk R 14 1] 2% BUHPLCAAL TR A 0, B i 134T
Tl & BUHPLCLA Bt 2 [ (B fACIRION- (2, 5- —FF ) -4- (((UR, 2S,3S) —-3-F—2- 3
i) G ) —TH-ME e I (3, 4-d ] Mg -3 FF Wi i (25.00mg, 728 :16. 51 %) HI 2 K 4 & 444K
fEIN- (2, 5- 5 4E) —4- (((AS, 2R, 3R) —3-F—2-F2 BRI ) Z L) — 1 H-ME e 3 (3, 4—d ] g -
3-FBEI (30.00mg, 7728 :19.81%) o IX LA A MLC-MSEAF AN : JiiE =0.8mL * min™", i
B : A95% [ZK+10mM NHiHCO3] F15 % CH3CN, 7E I 45 2F T JI 0. 4min, SR T 4E2 . 6min Py 224k
£10% [7K+10mM NH4HCO3] #190 % CH3CN, 2R J5 /£0 . 85min P4 A8 £ 22 100 % CH3CN , £ Ji5 /&
0.01lminy AL 5 95% [7K+10mM NH4HCOs] 15 % CHsCN, 4R J5 78 26 2F F FiiH0 . 64min . 43 5
N9T . 125% 2l fEF197.690 % 41
[0244] & plE R R4
[0245]  sjifafdld: 4Rk (IR, 28, 3R) —3- S L FF R -1, 2- i

HO

[0246] . hH
HO

[0247]  BIR1: (3aS,4S,6aR) —2,2- R U -4H-38 3% [d] [1, 3] [A] 5 2 30 0 ) -4 -1
[0248]  [4] (3aR,6aR)-2,2- —F3E-3a,6a- & -4H-FF% [d] [1, 3] A =48 2230 2 45 -4l
(92.00g,596.78mmo1 , 1.004 &) T-MeOH (2.00L) [ A H s inPd-C (10% , 12g) - 7E B2
T BIE ST B LK B IR A 7E20°C R #EH2 (30psi) S HitFE4h, 78 ILA TLC
(PE:EtOAc=3:1) IR IAM Bl 52 A THFE 5 I NTR A 03 38, 3F BLAEO C R 181 S - fik s
HNaBHa (34.09g,901 . 14mmol,1.51 48 , 3 S TR A 7E20°C FH6HE0. 5ho SR it IR
AW YE , F HL R AW ES InHz0 (500mL) o K7V A9 FIE t0Ac (500mL*3) KX , fENa2S04 b T
B 3F HR4E LR B 2 5 AR (3aS,4S,6aR) -2, 2- — B 3L PUA - 4H-3F )%, [d] [1, 3] fa] —
A IR R -4-BE (84.00g, 72 % :88.98%) . "H-NMR (400MHz , CDC13) 8ppm 4.60 (t,1H,]=
5.2Hz) ,4.39 (t,1H,J=5.6Hz) ,3.83 (br.s,1H) ,2.37-2.35(m,1H) ,1.88-1.76 (m,2H) ,
1.65-1.56 (m,1H) ,1.48(s,3H) ,1.45-1.36 (m,1H) ,1.33(s,3H) .

[0249]  JDEX2.2- ((3aS,4R,6aR) —2, 2- — H L PUS-4H-F5 3% [d] [1, 3] IF) — S 2P0 -4
) S| BRIk -1, 3- i

[0250]  7EN2'F, [4] (3aS,4S,6aR) -2, 2- — F L PUS - 4H-3F 1 [d] [1, 3] W] A 43R 50 -4-
fi# (70.00g,442.51mmol , 1.0045) 7 M|WEMk-1, 3- [ (80.00g,543.74mmo 1, 1.234 )
AIPPh3 (175.00g,667.20mmol ,1.51 4 5) TF#F 2K (1.00L) I H R &9 B
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DIAD (135.00g,667.62mmol,1.51 &) o F{FR G H7ES0C N FEN T it 20h . FETLC (PE:
EtOAc=3:1) W/ IHEM Bl 5B A FEZ Ja IR Gk 4s , 7+ H sk ik oAt 438 (PECEtOAc
=80:1/50:1/20:1/10: 1) 24k RV LAAF 2] 2 A (4R 2- ((3aS, 4R, 6aR) -2,2-—H
FEPUE-AH-FR 3 [d] [1, 3] 1R =2 2 B8 e dis -4 - J) e Mgl Wbk — 1, 3- i (90.00g, ™ %«
70.79%) . "H-NMR (400MHz , CDC13) Sppm 7.82-7.80 (m,2H) ,7.72-7.70 (m,2H) ,5.03-4.96 (n,
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 (s, 3H)
[0251]  IR3:3aS,4R,6aR) -2, 2- ~H L PUH -4H-FF /L& [d] [1, 3] [A] AR -4 1%
[0252]  #%2- ((3aS,4R,6aR) -2, 2- - F B U -4H-31 3% [d] [1, 3] 1R A 2R BRI -4 -2)
S bk —1, 3—- i (90.00g,313.25mmol,1.00245) FINH2NHs. H20 (32.00g,626 . 50mmo] ,
2.0024 %) TEtOH (600.00mL) FH VR A Y7E80°C Nt 16h. ZETLC (PE:Et0Ac=3:1) /i
EM B e FEZ T RHR AV 8k 4, IF HASEOH (500mL) 8 i = HR AR W o 72 4 LA
FEBRIE R Ja , ¥ INPE (1000mL) FF HORE R A sk 98 I e 4 AT 21 2 2 IR (3as, 4R,
6aR) -2, 2- L PU S -4H-28 36 [d] [1, 3] [A] 5 2R BR A —4- Tl (41.00g, F1 74 , HoAE##
B A [ AL A . "H-NMR (400MHz , CDC13) Sppm 4.72 (t,1H, J=5.2Hz) ,4.18(d, 1H, ] =
5.6Hz) ,3.39 (d,1H,J=4.0Hz) ,2.01-1.93 (m,2H) ,1.78-1.77 (m, 1H) ,1.40 (s,3H) ,1.38-
1.35 @, 1H) ,1.26 (s,3H) ,1.10 (br.s,2H) .
[0253]  B0B4: (IR,2S,3R) —3-F LI k-1, 2- “EEHh L
[0254] ¥ (3aS,4R,6aR) -2, 2- ~ A PUS-4H-3F 3 [d] [1, 3] 0] =5 Z4 30 - 4- %
(10.00g,63.61mmol ,1.0024%) T H:0 (55.00mL) FIHC1 (5.00mL, 12M) H VRS M7E20°C
P HE2h  TLC (EtOAC :MeOH=10 1) B RE M Bl 78 2 THFE IR A VI 4 LA 21| 2 25 ([l 44
R (IR, 28, 3R) —3-Z LI k-1, 2- EEER IR Eh (9.20g, 773 :94.15%) o 'H-NMR (400MHz ,
CD30D) Sppm 4.03 (br.s,1H) ,3.90 (dd,1H,J=8.4,4.4Hz) ,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) .
[0255]  sZjififdl5: & % (IR, 2R, 3S,4R, 58) —4-Z &~ [3.1.0] & fe-2, 3- %

HO

_\\NHZ
[0256]  Hiyes

[0257]1  BI%1: (3aS,4S,6aR) ~2,2- ~H $-3a,6a- A -4H-FF5 [d] [1,3] 8] S IR %
I —4-T%

[0258]  [A] (3aR,6aR) —2,2- —F }-3a,6a- S —4H-5F % [d] [1, 3] 18 & 23R IR )G -4
(90.00g,583.81mmol,1.004%) FMCeCls.7H20 (240.00g,644. 16mmol,1.104&) FTMeOH
(2.00L) 0 CHEFEIR &4 7 {7 INNaBHs (44.00g, 1. 16mol , 1.9924&) FHI0.5h. 7E ¥
N2 &, fE18°C MR A Wi ££0 . 5h . TLC (PE:Et0Ac=3:1) IRl ifitt bl 5 £ FE IR &
W4 , 31 B R a8 IEL0AC (2000mL) FF HAF VTR AE18°C R it 10 . 5ho SR E IR 540
U8, 4 BRI AENa2S04 b5 3 H ik 4a A5 21 2 1% 5 AR F L4 (3aS, 4S,6aR) -2, 2-—
I J-3a,6a- ~E-4H-3F 35 [d] [1, 3] 1R U R R di—4-1% (79.00g , 174 , Rt —
WAL EI E BT T — 38 '"H-NMR (400MHz , CDC13) Sppm 5.88 (s,2H) ,5.01 (d, 1H, J=
5.6Hz) ,4.74 (t,1H,]=5.6Hz) ,4.55(dd, 1H,]=9.6,5.6Hz) ,2.76 (d,1H,J=9.6Hz) ,1.43
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(s,3H) ,1.40(s,3H) .

[0259]  :I%2.3aR, 3bR,4aS,5S,5aS) -2, 2- ~H HEANEIHRA [3, 4] % [1,2-d] [1,3] 7] —
FIRI -5 B

[0260]  [7] (3aS,4S,6aR) -2,2- ~FF-3a,6a- A -4H-3F% [d] [1, 3] 18] 4R 4430 2454
f% (40.00g,256. 11mmol,1.0045) T-DCM (50.00mL) F1 (K0 CHEFE IR &4 3B W i N ZnE to
(IM,1.00L,3.9024 &) £ 15minZ Ji , #CHz12 (550.00g,2.05mol ,8.02 &) N INE IR AY)
H S HAE20°C FHEHE16h. TLC (PECEtOAc=1:1) &7~ AR UG M B #E o 38 it 4 FINHLC LV W
(200mL) ¥ KRG, B Jim 7 INH20 (500mL) o 5 98 5-4 FIDCM (500mL*5) A5 HX , F H A4 & I (1)
HHLZEAENazSOa P T3 Bk 48 LAS 2R W) o R R A €238 (PEIEt0Ac=0:1/100:1/80
S1/50:1/20:1/10:1/5: 1) SEAL AL =P LA1S B 2 3% 28 eIk (3aR, 3bR, 4aS, 55 ,5a8) -2, 2-
TRENAHA 3,41 - [1,2-d] [1, 3] 8] A BN M -5-BE (18.00g, 7738 :41.29%)
o 'H-NMR (400MHz ,CDC13) Sppm 4.87 (t,1H,]=6.0Hz) ,4.53-4.45 (m,2H) ,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, 11) .

[0261]  3BEE3.:2- ((3aR,3bR,4aS,5R,5aS) -2, 2- ~H HANEMN (3,41 )% [1,2-d] [1,3]
[F) AR RN -5 ) e igl bk -1, 3-

[0262]  7EN2 R[] (3aR, 3bR,4aS,5S,5a8) -2, 2- NS A [3,4]-FF % [1,2-d] [1,3]
0] S 2B IR —-5-F% (10.00g,58.75mmol, 1.004 &) . S0 WEmk—-1,3- —Fd (12.00g,
81.56mmol , 1.394 &) IPPhs (24.00g,91.50mmol,1.56 4 5&) T T 7 (500.00mL) H1 (]
VR A v JZ AN IDTAD (20.00g,98.91mmol , 1.684 &) ¥ AT R 5 ¥ 7E80°C T 7EN,
THEFE20h. TLC (PECEtOAc=3"1) IR UAM Bl 58 2 VHFE M IR & VR 4, I+ HIs I ik B A
B3t (PECEt0Ac=80:1/50:1/30:1/20:1/10:1) ZiAL5R W LA1E B 2 9% & A iRk 2-
((3aR,3bR,4aS,5R,5a8) -2, 2- ~HHNEI A [3,4] -5 [1,2-d] [1, 3] [A] =400 R )di-
52 IR -1,3- [ (14.00g, 773 :79.61 %) . 'H-NMR (400MHz ,CDC13) 8ppm 7.86-7.83
(m,2H) ,7.74-7.72 (m,2H) ,5.37-5.34 (m, 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, 2H) »

[0263]  3%4: (3aR,3bR,4aS,5R,5aS) -2, 2- ~HIENEIA 3,41 3% [1,2-d] [1,3]]H]
TR -5

[0264]  #%2- ((3aR,3bR,4aS,5R,5a8) -2,2- ~HENEIRH[3,4]1 - [1,2-d] [1,3]]H]
AR R -5 FEEWER-1,3- —F[ (14.00g,46.77mmo1 ,1.0024&) FINH2NH2. H20
(4.78g,93.54mmo1,2.0024 &) TEtOH (200.00mL) H1 1B S YIAETOC N Hi4E16h, TLC (PE:
EtOAc=3:1) W et Bl 58 2T FE I VR G A, K D8 4 , - HL IR AR R W 8 INEt0Ac
(20mL) AR A P EIR AW, 3 HIR4§LA13 21 2 5 A PRI (3aR, 3bR, 4aS, 5R, 5as) -2, 2- —H
HANEIRH (3,415 5% [1,2-d] [1, 3] /) A &I -5 (7.00g, 77 %:88.45%) o 'H-NMR
(400MHz ,CDC13) Sppm 5.06-5.03 (m, 1H) ,4.30(d,1H,J=6.8Hz) ,3.45 (s,1H) ,1.73-1.71
(m,1H) ,1.48 (s,3H) ,1.43-1.39 (m,1H) ,1.25(s,3H) ,0.74-0.67 (m, 2H) .

[0265] B985 (IR, 2R, 3S,4R,5S) —4-%H ¥ [3.1.0] & k-2, 3- ~F¥*HC]

[0266] ¥ (3aR,3bR,4aS,5R,5aS) -2, 2- ~HENARH 3,413 [1,2-d] [1,3] 8] =4
FIR N -5 T (1.00g,63.61mmol,1.0045) T-H20 (5.500mL) FIHCL (0.5mL, 12W) H VR A
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YIFEL5C R HE2h . TLC (EtOAc :MeOH=10" 1) iR IAP R} 58 4 T L IR S Wik 45 LA 3
S E AR (IR, 2R, 3S,4R, 5S) ~4-8 3R [3.1.0] B 4i-2, 3- EE*HC] (780mg g, )~
Z:79.9%) .

[0267] s 56 : &5 1k (1S, 2S,4S) ~2-Z -4~ TR~ 1-BE X STARALEE)

. N SN

RN R T L e Y R BN X 8 \’\\‘) 8 S

N NatiBaln { §‘<« SRR »'\ o %

A & ok ‘g\w F R TS Y % R ‘\
MO THE Sngy R - qe? Y

[0268]

[0269]  ABUE1. ((FIR-3-JF—1-JL4 L) L) %

NaR/BrOH
v_________..............----ﬁ& i - #

[0271]  ZE0°C T [/ F % -3-J-1-1 (60.00g,713. 27mmo1) T-THF (600 .00mL) H1 (KR4 4
A3 L8 iNNaH (37.09g,927. 25mmo) o 7EAZIE A 1L 2 J5 , £0 °C T £E45m i nfhf 8] B A 32 7 ¥ N
TR LT (158.59¢,927.25mmol) , 4R J5 INdE %2 25 °C 9 H 4t #16h . TLC (PE/Et0Ac=50/1) &
TN RN 5E o ZEAR T5 °C HEL R, FIMeOH (120mL) 3% K3t ENaH. IR S inig £ 25°C, H
H20 (600. 00mL) B , 3 H A BS AN 2 A4 7K 2 I 1R £ BiE (200mL*3) ZEHL 55 FE A HLAH
FER7K (200mL) BE¥ , /ENa2SO4 -8 , ik yE IF H B =4 . il i ik AL i (PE/Et0Ac=1/0)
a1k ik 4 P DL R B A IR A (R IR -3 M- 1-JE 4 ) L) 28 (120.00g, 77 %,
96.56 %) o H-NMR (400MHz , CDC13) Sppm 7.38-7.28 (m,5H) ,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) .

[0272]  3PIR2: (IR, 3S,55) —3- (R&EIL) -6 AF[3.1.0] T kel (IR, 3r,55) —3- (R4,
55) 6L MIF[3.1.0] ChbE

PR X
; S o
Ry, mOPBA AN 3
{3 G ;

- AR AR KRR & 3
NN ) X N 3 3
e R ¢ g

[0273]  qpuey D08 B A

ey B
[0274]  AE0°C R (R -3-#-1-FE 4 %) B L) 2% (120.00g,688.71mmol) T-DCM
(600.00mL) ¥ 78 A4 T — K PEER INm—CPBA (297.68g, 1. 38mo 1) « 7£.25 C IR A A 4

[0270]

o,

o
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16h. TLC (PE:Et0Ac=20:1) f7x J B 5E A o 4 VR A P03t 98 I HL I ik 8 v AiNa2 S0 7K ¥4 75 K
/D1 Em-CPBA E 2% W 22 21| 9 PR AL i # l A Ak K VR A i pE O HLE =5 ik 4 - il i hik
Je il (PEIELOAC=1:0,20: 1) ZEAL R YA SR L 2 B (PRI (IR, 3R, 55) -3~ (R -
6L XA [3.1.0] . 45E (56.00g, 753 :42.74%) A1 (1R, 3S,5S) —3- (REFL) -6-FZ XU
[3.1.0]1C %% (37.00g, 77 Z:28.24%) . #f (IR,3S,5S) —3- (L) -6-A & AIF[3.1.0]C
BEHEAT L 2 M7 o 'H-NMR (400MHz , CDC13) Sppm 7.31-7.20 (m,5H) ,4.36 (s, 2H) ,3.84-3.74
(m,1H) ,3.43 (s,2H) ,2.51-2.35 (m, 2H) ,1.66-1.57 (m,2H) . %} (IR, 3R,5S) -3 (R4 &) -6-
AR [3.1.0] O AR AT 618 4 Hr "H-NMR (400MHz , CDC13) Sppm 7.31-7.15 (m,5H) ,4.36
(s,2H) ,3.85-3.74 (m,1H) ,3.43 (s,2H) ,2.51-2.35 (m,2H) ,1.66-1.60 (m,2H) .

[0275]  3E%3. (1S,2S,4R) -2-B R I -4- CREE) Bk -1-8

@l

AN
W

O H
AL NaNa/NHOH
[0276] S e ]

ELOHH,0 3

8no BnoO
[0277]  #E25°C T Ia] (1R, 3S,58) —3— (FF4 ) -6- XA [3.1.0] 2% (20.00g,
105. 13mmo1) FEtOH (760.00mL) FIH20 (230.00mL) 7 178 2 Hh — Yk PR IINHAC (20. 98¢,
392.13mmol) NaN3 (24.00g,369.17mmo1) . V& &£ 80°C 3 H.fii #: 16 /M . TLC (PE:
EtOAc=10:1) WoR SN 581 NG 1R G875 21 2225 °C I HIE N FZ BREOH, 1 HLAF FIDCM
(100mL%3) B A o 452 319 A WL A FIH20 (30mL*33535%) , 7ENasS0s - T8, ik e 3 H B 2
WeAg DAt 2 3 EHRIRAY (1S, 2S,4R) —2-B 2k -4 - (R AR TR -1-BF (23.00g, /72
93.79%) - 'H-NMR (400MHz , CDC13) Sppm 7.43-7.28 (m,5H) ,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,2H) .
[0278] JDBR4. (1S,2S,4R) —2-& FIE-4- (R IE) IR L RS
O

OH ,
2 ACCIELN 3
[0279] D“"NS — ; Q"Ns
BaQ Bnd
[0280]  £E0°C T 7E3043 B [A] Bt N AEN2 T, [A] (1S, 2S,4R) —2-8 2k -4- (REE) B k-1
B (22.90g,98.17mmo1) JEt3N (59.60g,589.02mmo1) T-DCM (550mL) H VA HZ i i N 7.
BE& (38.53g,490.85mmo 1) T-DCM (50mL) H FIA WL , 75 b B A8 AR FRAES C UL R AR i
RR G YN 2225 °CH A FE16h TLC (PE: t0Ac=10:1) I~ iEA Rl 58 2 FE  d i 22
2 ¥ MH20 (100mL) SRR K N A5 A HILAH FHE AT ER 7K (B0mL) ¥, 7ENa2S0s b 18 , ik jE
It HAEE Sk 4 i A 03 (PEIEtOACc=100:1,50: 1) Zi4kR AW DAt 2 2 0 i
R (1S,28,4R) —2- B -4~ CFEIL) PR 2 Bl (17.00g,773:62.90%) o 'H-NMR
(400MHz ,CDC13) Sppm 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) .
[0281]  BIR5. (1S,2S,4R) —2— (GBUT 2 b Il 2 ) —4-F2 P AL £ TR IR

2y
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O
Ho/Pd{OH), 3
Ng o = NHBoe
s/ % BogcyQ/EIOH -
gng” HO?
[0283]  fEN2 T[] (1S, 2S,4R) —2-& & -4- (REAL) A LR ES (8.80g,31.97mmo1) T
EtOH (100.00mL) {1y % HH s inPd (OH) 2 (4.42¢,31.97Tmmo 1) /E B4 N ¥ B 0T B
FHWR A LR K IR A D 7EH (50psi) NAETOC R HEFE32h. TLC (PE:EtOAc=2:1) L N ih A4
Bl 524 W FE 1 JE R MRS I IR JE VR ik B a3 (PECEt0Ac=10:1,2:1) Zi{kH
PR A4S B B EARR I (1S, 2S,4R) —2— (GRUT BB ) S0 5L —4- 5 3R R 5 2, IR g
(3.80g,77%:45.84%) »
[0284]  F#R6: (IS,28,48) ~2- (GRUT S G ~4- I IR H 2 s

[0282]

Ohe DAc
DAST s
[0285] =fHBoe — i}mNHBss
HO Fr

[0286]  {E-70°C FAEN2 N[ (1S,2S,4R) —2- (GRUT S R L) & L) —4-FR 0 2 2 IR i
(2.57g,9.91mmo1) T-DCM (150.00mL) H [¥)78 & ¥ H B #¥ INDAST (2.40g,14.87mmol) - £
70°C MEBIREYPHE30min, TLC (PEIEtOAc=2:1) BN M 5Bl R A HIE0CIE A
VS NaHCOs (5mL, 10 %) 7K IEW I B4 HwHE 10mino KR FHEtOAc (15mL*2) ZEEL, 3 B
A FF B A HLAH I ER K (10mL) Hes , 7ENaSOs b -0, 1 98 , I H 3B 25 iR 4 o i b ek e 243 (PE:
AtOAc=20:1,10:1) ZEAL AR =¥ LAFS B 2 58 EHPIR I (1S, 2S,49) —2- (BUT SRS &AL -
4-F IR F 2 RS (700.00mg , = #£:27.03%) . 'H-NMR (400MHz , CDC13) Sppm 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 (m,9H) «

[0287]  BIRT: ((1S,2S,4S) ~4-F-2-F IR 22 BT B

OAc H

[0288] ﬂQﬂNHBoc (\>mNHB@c-

E F
[0289]  [A] (1S,2S,49) —2- (GRUT B AL) &) —4-FIR A 2 BR S (700.00mg , 2. 68mmo])
FMeOH (20.00mL) 1 TR &4 — R PRV NaOH (160.80mg , 4. 02mmo1) o 7£25°C IR &)
PidE1h o TLC (PEEtOAc=3:1) 7R R B 5E Al o FF R B AE30C R AR ik 4a AR 2 A
A ARIRE (S, 2S,49) —4-F—2-F2 AR L) S G AU T B (650 . 00mg , K74 -
[0290]  PIRS: (1S,2S,4S) —2-FE-4-FI N -1-BE GHA AR5
H OH

HCVEIOAS 3
NHBoc " QENHQ

F‘\% s &
[0292] % ((1S,2S,4S) ~4-F—2-FR I L) Z AT BT B (650.00mg,2.96mmol) T
MeOH/HC1 (20.00mL , 4M) H1 (B A 47625 °C R 4k tho TLC (PE:EtO0Ac =21 1) IR K B 5E i o
VHRAYAE30°C AR T4 AR AL 2 (A B 4R 1 (1S, 2S,4S) -2~ -4 -1~
FiE (GFHAARAL ) (400.00mg, 77 2%:86.85%) o 'H-NMR (400MHz , DMSO-ds) Sppm 8.38 (br.s,

£y ;0

NaGH/MeOH

°

[0291]
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3H) ,5.09(d, IH,J=53.6Hz) ,4.09-4.03 (m, 1) ,3.34-3.30 (m, 1H) ,2.44-2.39 (m, 1)) ,
2.21-2.16 (m,1H) ,1.95-1.87 (m, 1H) ,1.75-1.66 (m, 1H) .
[0293]  SZJEHI7: Ak (IR, 2R, 4R) —2- A HE-4- (P i) A6 1% R L4810 2F)

\ ERS i Nt N \ e RQQ% vg
,\(“ SR SN ¥ \\ \ RUntedin \ \)
e .
\\\;’ \«\i \\%\}\v‘
&% N e
[0294]
[0295] D3RI i % (IR, 2R, 4S) -2~ ((ﬂT%ﬁﬁ )%2—%) —4- (RS 08 TR 2
il
| o NHBoo
AcO X MsCHELN/DCWM AcO, 3
- - O

o

OH OMs

[0297]  7£0°C T Al (1R, 2R,4S) —2— (GRUT ) & k) -4- IR 4 R 1R (3.00g,
11.57mmol) MIEtsN (4.68g,46.28mmol) T-DCM (50.00mL) 91 {178 & ¥ 3% 6 s MsC 1
(3.98g,34.71lmmol) , R J57E20°C IR AW FE3h TLC (PEEtOAc=1:1) %/R R N 58 o
FHEE Y A K (100mL*3) Pk , I8 Ja 1A H1Z /ENaaS04 b 13 Hk4s PA45 21 2 25t [E 44R
(1) (1R, 2R, 4S) —2— (GBUT & AE) 2 L) —4- (PN AL L) L L BRIE (3. 5g, =¥ :
100%) »

[0298]  JHR2: (IR, 2R,4R) —2- (GRUT kAL 28 —4- (F i) P 2E 4 IR

NHBoc NHBoe
[0299] g

, DME

OMs SMe

[0300] [ (1R, 2R, 48) -2- (GRUT kL) &) -4 (P RIEHE) 0 5E) F1 I FE L 1R B
(3.50g,10.37mmo1) T-DMF (30.00mL) 1 [KJIRA M)A MNasSMe (4.36g,12.45mmol) 8K 5 , %
RAYAEIC T HitHE2h, JF HTLC (PE:EtOAc=211) TR [ ML TE o KR S R4 LA S 2] 2
A ACIRIGAR (IR, 2R, 4R) —2- (GRUT S LB IE) ZUIE) ~4- () IRk 2 #e s (3.00g, 4
FEI100%) o

[0301]  JB3R3: ((IR,2R,4R) —2-#2 34— (R AR H 53 EIEF BT B

NHBot
NHBoc HO :
AcO,, % gt P
o0z Yy KeGOsMeoH ‘Q
Shig

SMe
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[0303]  [a] (1R, 2R,4R) -2- ((HUT S B 2 L) —4- (B ) MK 4B (3.00g,
10.37mmo1) F-MeOH (100.00mL) H [V &4 s #5 K2C0s (2.87g,20. 74mmo1) - ££25°C 4R
G4 160 TLC (PEIEt0Ac=211) 7R L 58 il o ¥ 1R S ) 4 I HAm i ek R A 4 1% (PE-
EtOAc=5:1-1:1) 24k LAFF 2] 2 [t AR (AR, 2R, 4R) —2- 24— (R0 -H L) 2
FEFF R AT EE (1.60g, 7% :62.38%) o 'H-NMR (400MHz , CDC13) 8ppm 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,1H) ,1.45 (s,9H) .

[0304]  D0R4. ((UR,2R,4R) —2-F4Jk-4- (P REELIL) PR30 S P AL T By

NHBoc HO SNHBGQ
MO 3 m-CPBAIDOM b
[0305] s .
3 =87
Siie: 07
Siie 5

[0306] T[] ((IR,2R,4R) —2—-fHk—-4- (FIR) AL 2 A H B AT BE (1.60g,6.47mmol) T
DCM (100.00mL) 1 IR &4 ¥ iim—CPBA (3.49g,16. 18mmol) «7£25°C TR & ¥4+ 16h.
FETLC (PE:EtOAc=2:1) WoniBIat Bl 58 W e fa , F IR A FH I HINa2S0s (aq . 20mL) 114
FINaHCOs (aq . 20mL*3) B4 o SR 5 15 A HLZ £ENa2S0s B T4, W4, FHPE (10mL) ¥k, ity , I
HAG PP 2 N R UE 2 2 1 AR E) (AR, 2R, 4R) —2-$2 -4 (R REEL L) 1%
B FUULR ST S (1.70g, 77 2£:94.06%) o "H-NMR (400MHz , CDC13) Sppm 4.62 (br.s, 1H) ,
4.07-4.04 (m,1H) ,3.81-3.79 (m, LH) ,3.48-3.45 (m, 11) ,2.82 (s, 3H) ,2.57-2.40 (m,2H) ,
2.11-2.07 (m, 1H) ,1.90-1.87 (m,2H) ,1.38 (s,9H) .

[0307]  PIE5: (IR, 2R, 4R) —2-% k-4 (PRl L) P00 -1-BF GHA VAR

NHBos NH;
HO,, HO. 4
' HCI:’EtOAc
[0308]
o e
3$§\ O*‘;s\‘

[0309] % ((IR,2R,4R) -2-¥8 3 -4~ (FRAEEIL) P10 S F R BUT 85 (1. 2¢,4. 30mmol)
T-HC1/MeOH (10.00mL) H (K1 VR A 7E25°C F Pk 16h, 2R 5 LOMS B B 52 1%, 3T B IR &
YRk 4 LAAS B 2 3 A E AR (IR, 2R, 4R) 22 -4~ (PR EESL) IR -1-8 (1. 0g, #iL7™=
):100%) o 'H-NMR (400MHz , CD30D) Sppm 4.11-4.07 (m,2H) ,3.76 (br.s, 1H) ,2.94 (s, 3H) ,
2.53(br.s,2H) ,1.99 (br.s,2H)

[0310]  SEZjfafs]8: Ak (1S, 2R, 5R) -2~ HE -5 TR IA N -1 -1 SR B #h (R AR L)

NG N o b
S €Y wmame ) morseny §\ R e
gw'“‘;‘}‘ s ':\M“_e‘ <« < )* § s d ”Q\\» N

-I\‘/ :\z'\’." ; S

3 TR i 3 " “_}v\

R

[0311]
N BN e BRI

pise SCMEC A St i - IR LR o SN R = N
Ted ROSRBNGT Lo HOM } . = K

Sal R ¥ ¥

[0312]  JBUB1. RN -2-F-1-F%
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PN CeClTHO ‘
[0313] Y i -
NaBH,MeOH

o HO
[0314]  #£15°C T [A]CeCls. TH20 (24.00g,64 .42mmo1) T-MeOH (120.00mL) 1 (K78 -& 4 rh &
R IX -2~ 4~ 1-H (5.00g,60.90mmo1) o 7ESmin.Z Ji7 , fE0°C N #NaBHs (4.61g,121.80mmo1) 43
AR IR AW B TR G WAE25°C T FE Lh, ZA S TLC (PEIEtOAc=5:1) WoRAE M Z
I HER A A A BHMR B o 181 H20 (100mL) ¥4 K s S ELIG A HILVE FAE B 25 s ik 4 o 1A
B AR W) S NH20 (300mL) , fifi Ji5 FIMTBE (200mL#3) ZEHL 4% & afFEﬁﬁm}:ENazsou:ﬂs,@fF
HAEE 2 I8 LIS 2 2RI = 30 -2 @ - 1-1% (3.00g, M7= 4) o HooRad—
PRI BT R — 3 % . "H-NMR (400MHz ,CDC13) Sppm 5.91 (d, 1H, J=4.8Hz) ,5.77—
5.76 (m, 1H) ,4.79(d,1H,J=3.6Hz) ,2.47-2.42 (m, 1H) ,2.21-2.15 (m,2H) ,1.64-1.59 (m,
1H) »

[0315]  BER2. (GFK—2-M—1 - FL%E) F D) o8

[0316] }/) M Q

HO - BaQ
[0317]  7E0°C R Al ¥R &—2- 4% 1-E% (9.00g, 106.99mmo1) “T-THF (200.00mL) 744
3L iMNaH (6.80g, 170 11mmo1) o FEAINZ & BHIR A W0/E20°C R Hi+R0.5h, SR G /E0C T
¥ BnBr (20.00g,116.94mmo 1) B A MBI G . 7E20°C N TR S YEFE2h . TLC (PE
:Et0Ac=20:1) BRI E Re=0.6,254nm) . 78 JI 2, ¥R I0H20 (20mL) , B 5 FIEt0Ac
(20mL*3) ZEEL A5 A FE 1A WL AENa2S0a_ -5 I H 45 LAAS BURL 724 , 00 0 Ak A €2 3
(PE:EtOAc=1:0/100:1/80:1) Al Brad A 7= M) LA1S ) 2 38 (A iR (ORI -2- M- 1- 44
) HIE) % (8.00g, 75 2:42.91%) o 'H-NMR (400MHz ,CDC13) Sppm 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 (m, 1H) ,1.87-1.84 (m, 1H) »
[0318]  JDUE3: (1S,2S,55) —2- (R -6 ENIA[3.1.0] U bE

o

2N m-CPBAIDCM h
—— R

[0319] | ; ; L

BnO BRO

[0320]  7EO°C R (CGFRR-2-H—1 L4 3L) B 3E) 2 (8.50g,29. 27mmo1) F-DCM (50 . 00mL)
IRV S M 4 LS Iim—CPBA (13.50¢g,58.67mmol) o 7£25°C N R & W HE4h. — HTLC
(PE EtOAc=10:1) WA iAM Bl 58 A FE , SUL U8R GV 1 pEk 4 I H i ik 7ok B AT £

T (PE:EtOAc=1:0/100:1/80:1/50:1) 2li4k LAFS 2AH ™ ¥ - SR G ¥5 INDCM (20mL) , #7854
uﬁé F H#H20 (20mL) FiNa2C0s (500mg) s A P8, Bl f5 7525 °C IR A M4 +10 . 5h o 24
JE 45 IR A FIDCM (20mL%3) 2EEY , 7ENa2S0s_[- -4 ﬁﬂz&‘zé’ﬁuﬁiuf%émﬂ&ﬂ’] (18,28,
5S) —2— (AL —6-AZXUF[3.1.0] T bt (2.40g,772:43.10%) , HIBIENOEIESL . 'H-NVR
(400MHz ,CDC13) Sppm 7.37-7.26 (m,5H) ,4.61-4.51 (m,2H) ,4.09 (d,lH,J—S.ZHz) ,3.55
(br.s,1H) ,3.49 (br.s,1H) ,1.99-1.95 (m,1H) ,1.87-1.75 (m,2H) ,1.54-1.52 (m, 1H) »
[0321]  DER4. (1S,2R,5S) —2-B R IE-5- CRE L) )N -1-K
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Ny
NaNg/NH,Cl -

[0322] e HOSN
MeOH/HO L

BrO

[0323]  [a] (1S,2S,58) —2— (R 62 0P [3.1.0] L e (2.40g,12.62mmo1) FINHaC1
(1.55g,29.03mmol) T-H20 (3.00mL) FIMeOH (24 .00mL) H [{] V& &4 vh ¥ fnNaNs (4.10g,
63.10mmol) , ¥ HAES0C Nk 16h. /ETLC (PE:EtOAc=10:1) Boni G BN 5, 1l
No T HLVE 771 I SR AR FH20 (20mL) #8E , FIDCM (20mL*3) ZEHL . 1A I F HLAH F
HaO (10mL*3) ¥k, fENa2 S04 158 , 3F H k4 A1 2 AR B HPIRIY (1S, 2R, 5S) —2- B % -
5— (L) B -1-1 (2.60g, 77 2%£:88.32%) . 'H-NMR (400MHz , CDC13) Sppm 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, 1H) ,2.25
(br.s,1H) ,2.07-2.01 (m,2H) ,1.80-1.77 (m,2H) .

[0324]  DEE5: (((1S,2R,55) —2-F % IE-5- (FED MR F2H) (BUTH) ke

B
by Ny
R o RN TR ANIINGY . R e
d\\“‘f N RIS COTHROMBD \,\
[0325] 1 N e Y 3
X & T T3 3 &
Fd R Fond
2 : -
a2 e
Reld gl

[0326] ¥ (1S,2R,5S) —2-B R I-5- (FHEHL) K -1-8 (2.50g,10.72mmo1) KM
(1.61g,23.69mmo1) FITBDMSCI (2.42g,16.08mmol) T-CHC13 (5.00mL) H [{1VE-AM{EQ0°C
it 16h.— HTLC PE:EtOAc=10:1) IR BL 584 THFE IR & WDk 4 I id i ik B A
T3 (PECEtOAc=1:0/100:1/80:1) 2L LA 2| 2 A PRI (((AS, 2R, 5S) —2- B 4 HE-5-
CREIL) PRI k) (BUT ) —F JERESE (3.00g, 77 26:80.52%) o 'H-NMR (400MHz,
CDC13) Sppm 7.24-7.15 (m,5H) ,4.40 (d,2H,J=2.4Hz) ,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 (s,9H) ,0.03 (s,3H) ,
0.00 (s, 3H) .

[0327] 36 ((IR,2S,3S) —2- (BT F: —H ke db) 43 -3-H IR ) AR F R
ST B

Ny NHBoc

TBOMSOa~, HPAOH):  TBDMSOM_
[0328] il e _
@ MeOH/Bo,0 \O
BnO HO

[0329] A (((1S,2R,5S) —2-B -5 (R AL L) (BT A kbR
(2.90g,8.34mmo1) FBoc20 (2.20g,10.10mmo1) T-MeOH (50.00mL) H K V&-4H+ ¥5 nPd (OH) »
(1.50g,5.42mmo1) , ¥4 HAE50°C T 7EHs (50psi) FHtFE20h. 7ETLC (PE:Et0Ac=3:1) fNAD
WEM R SEEVEREZ I, ILIETR AW, FERE R 4 JF s i w3 (PEXEtOAc=10:1/8
D1/5:01) A g AR B 2 A EE AR I (IR, 25, 3S) —2- (GRUT 3 — FF 3 FR e ) A
B -3-FIRIL) EIEF AT EE (2.10g, 7% :75.95%) o 'H-NMR (400MHz , CDC13) Sppm
4.81 (br.s,1H) ,3.89-3.88 (m, 1H) ,3.70-3.67 (m,2H) ,2.06-1.89 (m,2H) ,1.58-1.56 (m,
2H) ,1.35(s,9H) ,0.79 (s,9H) ,0.02 (s,3H) ,0.00 (s, 3H) »

[0330]  JDER7: ((IR,2S,3R) —2- (GRUT 2& RS L) 08 -3-FF ) FAEH
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T B

NHBoc NHBoc

BOMS 29 DAST & -
[0331] T MSOﬁ TBDMSQp
DOM

N

HO E

[0332]  7E-70°C Rl ((IR,2S,3S) =2 (GRUT 2t —H JE R fe L) 4 2) —3-FR R ) 2) Ak
AT B (1. 10g, 3. 32mmo 1) FDCM (50. 00mL) IR A MR INDAST (1.61g,9. 96mmo1) o Ff
SRS AE-T0°C Nk 1h I HAE25°C R 3tdE LN o /ETLC (PE:EtOAc=5:1,Re=0.6) i,
TN IR TE S P KK (BmL) U8 N4 e R o 4 ¥ W FHDCM (20mL*3) A5 B H A #hK
(30mL) P o 5 A HLZFENa2SOs b T JF H ik 4 o 1 i ek B A (48 (PECEt0Ac=100:1) 2lifk
WRAWIVAE S 82 A A EACIRE (IR, 2S,3R) —2— ((RUT i — R kb dd) 005 -3-FFF L
5 S E P ERACT ES (100.00mg, 72 2:9.03%) - "H-NMR (400MHz , CDC13) Sppm 4.64 (d, 1H, J=
54.4Hz) ,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) .
[0333] %8 (IS,2R,5R) —2-ZFE-5-FIF -1 B Eh FR &b CREXS AR )

?H&gc {;&Hz'HCi

S HEL MG N
F F
[0335]  H ((IR,2S,3R) -2 (GRUT 2 LR R e 0) 408 —3-9R A L) R IR T
I (100.00mg, 299. 84umo1) T-HC1/MeOH (20.00mL , 4M) H [ VAW 7E 25 °C S itk 16h. TLC (PE:
EtOAc=5:1,Re=0) W~ R M58 il o 0 I No T80V, - HL3RAG 2 5 A 440IR 11 (1S, 2R, 5R) -
2-E 5T -1 B R R £k (RIS S TAR L 2%) (45.00mg, 72 :96.45%) o 'H-NMR (400MHz ,
CD30D) Sppm 4.93-4.89 (m, 1H) ,3.98-3.88 (m, 1H) ,3.52-3.47 (m, 1) ,2.30-2.00 (m, 3H) ,
1.66-1.62 (m,1H) .
[0336]  sfiafs19: A Ak (1S, 2R, 5S) —2-2d S -5 I — 1~ (RHXS ST ARAL %)

By N&m

TR XN R N R S RN X ~{ SN
N RO NNRY (\.» ; ;‘; ity

0N

SN

BolEENEY B
ERERERERLERARRRRETARRY LRERRTRN

[0337]
{\‘ Vi\ R
X

Y
3
R
%

MR

"
Y
3 R T PR

T R B R NN DA
(AT RaBatal

[0338]  4&1: (IR, 2R,5S) -N,N-RIE-6—SALAIA[3. 1.0] L -2-i%

R
e B 1 DLOCOOH S8 §HDOM e
9] /Y s N S
: 8§ SR & N w
\..:":\« Sy OPBA IR \& ;\
““‘i‘i\w{}

[0340] 4 C13CCOOH (154.72g,949.20mmol) N INEN, N-FBE S EL IR R —2- - 1-F% (50.00g,
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189.84mmo1) T-DCM (640mL) H (¥ i F A VR 5 HAS Ir 43R G045 20 C R k0. the — ik T
7~ Mm-CPBA (43.00g,199. 33mmo1) F H K Je MR A 4 4£20 °C T FF 4L # 16h. FETLC (PE:
EtOAc=10:1) IR N 5E M2 S » KR A4 FHDCM (500mL) #RE 3t H 38 IMNa2 SOs 7 Al 7K 75
B AL GE R 48878 30E B N m-CPBA N 1L . 8 JINNaHCOs (500mL) L Al /K I FLIG %5 )2 4
B A HLZ FINaHCO3 (200mL*2) 7K VRGeS S8 o T 08, We4a , JF Hisad ik it 3 (PE:
Et0Ac=100:1-50:1) Ak LA1F 21 & 1 E[E A4OIR Y (IR, 2R, 58) -N, N-JK R JE -6 -4 28 XA
[3.1.0]C-2-f% (30.00g, "% :56.56 %) . 'H-NMR (400MHz , CDC13) Sppm 7.41 (d,4H, J=
7.2Hz) ,7.31 (t,4H,J=7.6Hz) ,7.25-7.22 (m,2H) ,3.86-3.70 (m,4H) ,3.44 (s, 1H) ,3.32 (s,
1H) ,3.28-3.24 (m, 1H) ,2.04-2.01 (m, 1H) ,1.54-1.45 (m, 3H) .

[0341]  DEE2: (IR, 2R, 3R) -3- (PR FHEEIL) —2- I 4 R

NBa

%\iﬁf’:g AcOHBOCH I /i L ety
[0342] - e (O
\&MJ{“{} LJ }fm
4] 1o

[0343]  #f (1R, 2R,5S) -N,N-BL R -6 -2 & XA [3. 1. 0] & -2-J}% (30.00g, 107 . 38mmo 1,
1.0024 ) TAcOH (200mL) H (KA AES0 C T #tdE 16h. £ETLC (PE:EtOAc =10 1) BIR RN 52
W ST S TR A IR 4 A RE BRACOH, K 5% R WD At T-DCM (100mL) 1, FF H KA #1JZ FINaHCOs
(100mL*3) 7KIFWR LSS, I HAENasSOs bR 4 o Il i IR H 41 (PEZEt0Ac=100:1-50
D) Atk R AR LA 3] 2 [ AR ARG (LR, 2R, 3R) —3— (AR FE L) —2-F2 3R [ 0 2. R T
(20.00g, 7% :54.87%) . "H-NMR (400MHz , CDC13) Sppm 7.36-7.28 (m,10H) ,5.05-5.02 (m,
1H) ,4.05(d,1H,J=4.0Hz) ,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, 1H) .

[0344]  PIE3: (IR, 2R, 3R) -3— (PRI ZIE) —2- (PRl i) S0 PR 2 RIS

NBng ‘
") MSCUELN/DMAP AR s,
[0345] Ron MSCUELNDMAE
LRy DOM
OAc

[0346]  FEMsC1 (8.10g,70.71mmo 1) IR A MZE (1R, 2R, 3R) —3- (PR IEE L) —2-FR PR [ AL
. &G (20.00g,58.92mmo1) \EtsN (18.48g,182.66mmol) AIDMAP (719.83mg,5.89mmol) T
DCM (200mL) H VR S AN G FHR A WI7E20°C T 4 HE 16h . /ETLC (PE:Et0Ac=10:
1) TR SRR G R A 7K (100mL*2) BEi5 , 1A HLEAENaSOs E -0, 3 Bl ik
WAL (PEIEtOAc=80:1-60:1) ZEAL LIS 3 & 1 (L 440KV (IR, 2R, 3R) —3— (R R4
H) —2— (B EEEIL) 0L PR IR 2 RS (15.00g, 75 28:60.97%) o "H-NMR (400MHz ,CDC13) &
ppm 7.41(d,4H,J=7.6Hz) ,7.33 (t,4H,]=6.8Hz) ,7.31-7.25 (m,2H) ,5.16-5.13 (m, 1) ,
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, LH) ,
2.01 (s,3H) ,1.98-1.91 (m,2H) ,1.56-1.53 (m, 11]) .

[0347]  JDER4: (1S,2R,5R) -N, NI F -6 AR [3.1.0] L -2- %
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KoCGOy4 N(?fg
[0348] , = NS
MeOH/THF (7:3) o

Ry

[0349]  #£K2C03 (5.96g,43. 11mmo 1) ¥ NZE (1R, 2R, 3R) —3— (LTI Z L) —2- (R BE L)
L) RN 2 BT (15.00g,35.93mmo 1) T-MeOH (70mL) /THE (30mL) H (VR4 . ££20°C
TR S FE16h. ZETLC (PE:Et0Ac=10:1) TR RN 52 G » 1R A Wk 4 UL A5
MeOHANITHF o 8 J5 45 VR & W05 i#-T-DCM (20mL) H , KA Bz FHZK (10mL*2) Bk , £ENa2S04 |+
5, IF Hlk4a LAAS 21 2 A 6 B AR (1S, 2R, 5R) -N, N-IC R -6—41 8 XA [3.1.0] . -2-Fi%
(10.00g, 7" 2£:99.62%) o '"H-NMR (400MHz ,CDC13) Sppm 7.37 (d,4H, J=7.6Hz) ,7.32(d,4H, ]
=7.2Hz) ,7.29-7.23 (m,2H) ,3.73-3.69 (m,2H) ,3.53-3.41 (m,5H) ,2.06-2.00 (m, LH) ,
1.91-1.90 (m, 1H) ,1.87-1.76 (m,1H) ,1.51-1.48 (m, LH) ,

[0350] %5 (1S,2R,5S) —2- (B EHREIL) 5-FIF -1 -8

NBn; BN
2 HBFELO L .
[0351] - —_—
AR S F

[0352]  [a] (1S,2R,5R) -N,N-BXRHE-6-2 2 X [3.1.0] 2 -2-J% (6.50g,23. 27mmo 1) T
DCM (200mL) H1 (¥ 7R & 4 8 INHBF4/Et20 (7.54g,46 . 53mmol) , 3 HF IR GHIAE30°C T i
0. 2h o FETLCR 78 RN 58 il 2 Ji » F 1R B W0 N 22 NaaC0s (100mL) F H FIDCM (200mL*2) Z5HY .
P A WLZEAENa2SOs 8%, W4, H s i ik A 3l (PEEtOAc=60:15220: 1) 2i1b LA15 3
EAEEARE 1S, 2R,59) -2- (BEAEREIL) -5-FI - 1-8 (1.80g,77%:25.84%) . 'H-
NMR (400MHz , CDC13) Sppm 7.38-7.22 (m, 10H) ,4.81-4.67 (m, 1H) ,4.23-4.15 (m, 1H) ,3.83-
3.55 (m,4H) ,3.04-2.98 (m, 1H) ,1.93-1.79 (m, 4H) .

[0353]  BER6: (1S, 2R,5S) —2- % JE-5-FRIM K -1 -F GHX EAR4LES)

Yoy L4
X & X 33
[0354] \ \*\

& S

v@\g@-mﬁv NoAddw aadia
SRR g ?\\,~\‘.\‘ SRNY
TR i

[0355]  [f] (1S,2R,5S) —2- (S FL L) -5-F I K- 1-F (1.60g,5. 34mmo1) F-MeOH (10mL)
W ()RS AR nPd (OH) 2 (500.00mg , 3.6 lmmol) , 3 HAFIRAYE30°C T £EH2 (30psi) T4
FE16ho AETLCIE R S B SE B2 I » 3l i ik i ek VR & 9 HOBR i iR 45 IS 31 2 A Al
AR (1S, 2R, 5S) —2-F H-5-F I - 1 -1 (600.00mg, 77 2£:94.31%) - "H-NMR (400MHz ,
CDC13) Sppm 4.93-4.77 (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) .

[0356]  SEJifaf]10: A 3-9m—5- (2R, 4S) —4-F ML La—2-F5) kg
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- OTRDR
B o o TR fa
[0357] i \ RISTH R RN ISR f b TEa
£y W™ DO e THE B
§\«§v )\\}3 Brs \‘i\ ‘._;;tg VAN
S
w ;I + Y
N HOERSSS
AN A A AR
[0358]
[0359]

[0360]  7E0 C?ﬁ R) -4~ ixﬂtt”%bn 2= Eﬂ (9.0g,89. 1mmo1) T-DMF (50mL) H [FJVR &)+ —
YRR MK (9.09g , 134mmo1) FITBDMSCI (14.1g,93.6mmo1) o £E25°C I #5 S B VR & i £
3hoTLC (DCM/MeOH=10/1,Re=0.8) .7~ X N 58 il » SR J5 AR 07K (200mL) , 3 i ik e L Fr 43
DUEYIF BARD PR E] 2 8 A EACRE ®) —4- (GUT 2 = P AL P ke s) 2 0L)
nL g ke -2 (15.5g, 77 2:80.7%) o 'H-NMR (400MHz , CDC13) Sppm 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) .

[0361] DR il ¢ (R) —4- (GRUT 2 —H R A b ) S 00) —2- SR g e — 1 R AU T
B

OTEDMS OTBDMS
LR Boc;g{)iDMAP LR
[0362] | N 00 e
E%NICH;:,CN N
0o \
Boo

[0363]  fEO0C T (R) —-4- (R T 2 A H R e i) L) g ke-2-8d (15.5¢,
72.0mmo1) T-CHsCN (150mL) H1 VR & — IR S INE tsN (8. 72¢,86 . 4mmo1) \DMAP (4. 39g,
36mmo1) FBoc20 (20.4g,93.7Tmmol) o4 K SIVR A )AL 25 C H 1iFFE10h. TLC (PE/EtOAc=3/1)
N RN TE R SR SR 7K (600mL) , JE ki SRR AR T3 Ui M09t BAE S IR DR 2 2
W 200 B AACIR I (R) —4— (GRUT 3 — FR 3 F9 el e 3k ) 4 3k) — 2SR LML g Joe — L - FR B LT B
(19.2g,7%:84.6%) o 'H-NMR (400MHz , CDC13) Sppm 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 (s,9H) ,0.80 (s,9H) ,0.00 (s,
6H) o
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[0364] PR3 ((2R) —2- (GRUT J — BRI e i) S 0) —4— (5-Fmkme-3-J) -4-F2 FL T
) G IRACT BiR
[0365]

Br

OTBDMS
. e
N FPIMGCHLICITHF

[0366]  7E0°C R AE304: % N [l 3T -5- %~ (3.35¢,19.02mmol,1.20% &) T THF
(40.00mL) H RSP ZE B Ini-PrMgCl-LiCl (1.3M,17.56mL,1.4445&) (R /EH
Nz )5, 7ETh NI B 1 i 2225 °C I HLAE25°C T #3040 81 . TLC (PE/Et0Ac=10/1) oA i
B s X AR Mg iRl S b i £ o S8 5 AE-78°C N AE 3043 8 K T-THF (50mL) H ) (R) -4~
(GRUT 2 R R R R e ) ) — 2% 2L e e — 1 R IR U T 1B (5. 00g,15. 85mmol,1.00%4
5) BRI E B IR S WAE LN IR 225°C, SR JG7E25°C R itk 16h . TLC (PE/EtOAc=
3/1) Wi IE M R 58 A WA I HAT IR P 7574 (R) - (2- (GRUT 2 B a2 2
5 —4- G-RMLBE-3-%) 4507 2 ZU L BT B g 720 C TR R JiMeOH (50mL) ey
RIR L  E0°C N Ex fNaBH4 (1.20g,31.70mmo 1, 2. 004 &) , 2R ol IR A 7525 CT#@#
4h. TLC (PE/Et0Ac=2/1) FILCMS .7~ [ N T8 1 o 4 A FF 1 R BLVR A1) (4 PAT IOBD) 18
NH4+C1 (400mL) 7K ¥ M K 3 H HE t0Ac (600mL*3) A H 445 1A W AE Nazso4i$ﬁé3‘$
HAEE S hk4s , 3 B HPLCAEAK A R4 AAS 31 2 38 (A eiR ) (2R) —2- (GRUT 2= 1 2
B e 5R) A L) —4- (B-RMEIE -3-J) -4-F2 AL T 5 A AR AT BE (1. 24g, /" % .
18.91%) o 'H-NMR (400MHz , CDC13) Sppm 8.26-8.22 (m,2H) ,7.37 (d,1H,]J=8.8Hz) ,4.95~
4.88 (m,2H) ,4.69 (br.s,1H) ,4.00-3.98 (m,2H) ,3.23-3.10 (m,2H) ,1.73 (br.s,2H) ,1.32
(s,9H) ,0.80-0.79 (m,9H) ,0.00 (s,6H) o

[0367]  JDIR4: (4R) —4- (GRUT it — FF S R i e ) 3) —2- (G- gmumtb e - 3—J%) MEng Je—1-
AR T B

S S R
CTROME

A N

RASCE ST S VRN I by
[0368] P . Sy
g T e i”é

DOMGSGISC R ) Soa

[0369]  7E-60°C T AE0.5h N [A] ((2R) —2- (GRUT 2 AR R R ke L) 46 ) —4- (5t e -
3-3E) —4-$ R T I EIEH R AUT BE (8.70g,20.98mmol,1.0024 &) FEtsN (31.84g,
314.70mmol,15.0024 &) TDCM (500.00mL) 71 [¥ V8 &) HH iZ % INMsCI (31. 24¢,
272.74mmol , 13,004 &) SR G EHR S WAE-60C FHtdE Lh, 3 HA8 I MR A iR £25°C
FF B4+ 18h o LOMS 7R S 4 M4 K} 58 4 T FE o 2R 5 B R 540 FHH20 (200mL*3) Feigk , 7 HAg K
FH FIDCM (200mL*4) #E B . 44 FE (K H WL ZAENa2S0a b T4 35 HAE B2 ik 4 LAE 31 2 Ba 4t/
PR EHPIR AR =4 (4R) —4— (GRUT 2 R R R pE JE) 480 08) —2— (5 RNt i —3—2%) mbng -
L-FRIBUT R (8.30g, M4 , HEARZALED ERAT

[0370]  JDER5: (4R) —2- (G-FMLIE -3-2) —4-FR FEIEI e -1 R IR T fie
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[0372]  7E25°C R IA] (4R) —4— ((GRUT 28— FF B Rk e JiE) A0 38) -2 (5—FpUitb e —3-2%) mng
S 1R T IR (8.30g,20.93mmol, 1.004 &) T-THF (250.00mL) H VR &) & INTBAF
(9.43g,41.86mmo1,2.005&) .7E25°C IR A WP 16h 7ETLC (PE/EtOAc=1/1) 7R %
N SERZ G > PR A Y 4a FF BB SR R i TEt0Ac (600mL) H, F7K (200mL*5) Heik , 7
Na2S0s b4, FEIk4A o i 1 PLCAEAL AR ™ M) A4 21 47 R AR (4R) —2- G-tk ie -3-
H) —4- LR k- 1 - R R AU T lE (4.70g,16.65mmol, 7 #:79.54%) o 'H-NMR (400MHz ,
CDC1s3) Sppm 8.37-8.33 (m,2H) ,7.48 (br.s,1H) ,5.09-4.89 (m, 1H) ,4.56-4.54 (m, LH) ,
3.80-3.65 (m,2H) ,2.63-2.43 (m, 1H) ,2.03-1.96 (m, 1H) ,1.56-1.20 (m,9H) .

[0373]  BIR6: (OR,4S) —4-F—2- (G-FMLIE-3—F5) MEIK Fi -1 R IR AT BE

OH £ J
, (5 S
DAST
[0374] N pew ;:\_T/ PN F g OB
Boo 1 Boo ) Boc
k o LN/) LNf/'}

[0375]  7E-78°C N7E0.5h P ] (4R) —2- (5L e -3 JE) —4- 2 FEMEng b -1 R IR U T B
(4.70g,16.65mmol,1.0024%) FDCM (150.00mL) H1 A VR &40 FiZ 7 # IDAST (29.52¢,
183.15mmol, 11.0024 &) I [ MR A WE-T8°C R HitkE2h, SR J5 HoniE £ 25°C 3 Hh
20h . fETLC (PE/Et0Ac=0/1) B/nB M B B 2 THFE G IR G WA J 20°C IF His it il
HINaHCOs ¥ (100mL) SR ¥ K o KA HLAH 7358 IF HAENao SO B-J8 , W4 LAF B R »
SR 5 I ik B A A 1 (PEIEtOACM10:1.8:1%5:1,8R)53: 1) 2040 LIS 3 2 [ £ [& 4400k 1)
(2R, 4S) —4-F-2— (5-FMEL BE -3 5=) Mm% br—1-RERAUT 5 (1.38g,4.85mmol, 7
29.15% ,Rr=0.53) AL E LRI (2S,45) —4-F-2- G-FHLKE-3-3E) MEMG ke 1 -FRER
THS (1.36g,4.78mmol , P22 :28.73% ,Re=0.43) o '"H-NMR (400MHz , CDC13) Sppm 8.31-8.27
(m,2H) ,7.20-7.18 (m, 1H) ,5.18 (d,1H, J=51.6Hz) ,4.97-4.88 (m, 1H) ,4.04-4.00 (m, 1H) ,
3.64 (dd,1H,J=38.8,12.8Hz) ,2.67 (dd,H,J=15.6,6.8Hz) ,1.97-1.67 (m, LH) ,1.56-
1.12@m,9H) .

[0376] U7 3-F-5- (2R, 4S) —4-FMLME k5t -2-35) nk e

x\/

[0378] 70 C?ﬁ(zR 4S) —4-9—2- (5-FMLWE -3-F) ML bE—1- R IR AT B (1. 38g,
4.85mmol,1.00*45) TEtOAc (10mL) H VR A4 & s INHC1/Et0Ac (40.00mL, 4M) o K5 7R
AR Z 25°C I HLAHE3h 7ETLC (PEXEtOAc=1:1) Bon R 582 Ja » B i 77k LS
B 2kt [ AR [ 3-5 -5 ((2R, 4S) —4— 5L fe—2—5) ML e (1.25g,4.86mmol , P23
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100.00%) - "H-NMR (400MHz , CD30D) Sppm 8.84-8.81 (m,2H) ,8.31(d,1H,J=9.2Hz) ,5.62
(dt,1H,J=52.0,2.4Hz) ,5.23-5.18 (m, 1H) ,4.00-3.95 (m, 1H) ,3.88-3.71 (m, 1H) ,2.67
(td,1H,J=16.0,6.0Hz) ,1.69-1.59 (m, 1H) .

[0379] St 11 &Rk (3R, 4S,5R) 528 L PU S —2H-FL g -3, 4-

QAn i : O
AcO ; By BN YR CPBA
o DCM o MeOH/MLO O DCM o
[0380]
OH OH
HG, Hp, Pg-C HO, oNHz
P e
2-BuOH, 100 °C “6 B o

[0381]  JBIEL: (S) -3,6- 4 -2H-ML g -3- 3% 7, Rl

[0382] % (3R,4S) -3,4- & ~2H-MLIE-3,4- — 5~ Z, W8 (2.9g, 14.49mmo1) ¥ fiF T-DCM
(15m1) A7, 7 HAEN FAE I8 FHtdE I In =2 k4% (2.55ml,15.93mmo1) I H i HE5 9
i o B AN INBEs . OB t2 (1.836m1 , 14. 49mmo 1) FF HZKERHEFE30 73 Bh o 1 S MR 4 HI 30m 11
MR SRR, 3 B B %2 S IR A NS EBRER AN E 50 RIS IR B o it TR
HEATE (0-30% Hex/EtO0AC) ZiALERARM) . IR 232 B HPIR B (S) -3, 6- & —2H-k g -3-: 2,
FRHE (1.9g,92% 772%) .'H NMR (400MHz , DMSO-d6) 86.10 (dddt,J=10.2,3.2,2.1,1.0Hz,
1H) ,5.84 (ddt,J=10.1,4.3,2.1Hz,1H) ,4.96 (dtd,]=4.3,2.7,1.5Hz,1H) ,4.16-3.89 (m,
2H) ,3.73 (t,]=2.9Hz,2H) ,2.01 (d,J=0.9Hz, 3H) »

[0383] %2 (S) -3,6- & —2H-At I -3-F%

[0384] % (S) -3,6- & -2H-MEME-3-FE L1 (1.9¢,13.37Tmmol) ¥ i T-MeOH (30m1) 7K
(20m1) W AN =% (Tm1 , 50, 2mmo 1) 3 HLAE %0 N i 30min o KA 7 AL IS B BB o 98
JE 5% AR K FHECOAC BB = IR A VLR & I, FEBRIR AN b T8 3F H AV IR 5 o [l i 2 1%
B YRR (S) -3, 6- A ~2H-ME -3 (1. 1g,10.99mmo1 ,82% F=2&) , Bkl =4y gk — 5
afi {1 4k A8 A

[0385]  3E3: (1S,5R,6R) —3,7- S 8 AFF[4.1.0] Pi-5-F

[0386] ¥ (S)-3,6- & -2H-MLIE-3- (1. 1g,10.99mmo1) YA T CH2C12 (20m1) H 3 H ¥
HAHZEOC R IImCPBA (4.55g,13. 18mmo1) o 75 IS, % 28 Y5 i [F) IsF 5 S TR ) 3 b
T S VR A W ) B e Wi D, IR BE e ), RIS IR R IF H H S TR B A
AP IR R AR (1S,5R,6R) -3, 7- A2 [4.1.0] Pi-5-B% (1.2g,100% ;=ZK) Kit—
afi {1y 4k A8 H

[0387]  ABR4: (3R,4S,5R) —5— ((R) —1-IH £ ) 208 VYA -20-MEig-3,4- %

[0388] % (1S,5R,6R) —3,7- S X [4.1.0] BE-5-B% (1.26g,10.85mmol) « (R) ~1-<
. (1.658m1,13.02mmo 1) ¥ % T-2-BuOH (15m1) o K3 S BT & W) I 2 100°C , #5218/
I o S RV A0V AV B =35, BRI, BAR S AE1SCO 0-100% EtOAc 2k iR &M - K
WA 1 BB RIS, I BAR G B AR A FIMTBEAL 3 I i FERL 7 B A FLIE A 1 1 (BT
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VEP L PE UL (3R, 4S,5R) -5 (((R) —1-2R3E 2 08) EAL) IU&E -2H-ME g -3, 4- [
(0.350g,14% 7= 2&) .'H NMR (400MHz , DMSO-de) 67.38-7.24 (m,4H) ,7.22-7.12 (m, 1H) ,4.61
(d,J=5.6Hz,1H) ,4.46 (d,]=4.8Hz,1H) ,3.88 (4, J=6.5Hz, 1H) ,3.64 (tt,]J=5.0,2.8Hz,
1H) ,3.47(dd,J=11.4,4.7Hz,1H) ,3.39 (ddd,J=8.4,5.6,3.1Hz,1H) ,3.31 (s, 2H) ,3.29
(t,J=3.0Hz,1H) ,3.25(d,J=2.5Hz,0H) ,2.79 (dd,J=11.1,7.8Hz,1H) ,2.57 (td,J=7.8,
3.9Hz,1H) ,1.86 (s,1H) ,1.21 (d,J=6.6Hz,3H) .

[0389]  JDU%E5: (3R,4S,5R) -5~ IEVUS - 2H-ML IR -3, 4- fF

[0390]  #% (3R,4S,5R) -5- (((R) ~1-2KF 2 FE) & HL) VYA -2H-ML -3, 4- —FF (0.350g,
1.475mmo1) ¥&f#E-T-EtOH (3m1) o 3F HLEA INPd—C (0.031g,0.295mmol) o ¥ e MR & Y 7EH S,
BRI A o T8 A 8 0 8 e SETR B 1) 9 HR V8 72 B A4S 31 2 0K i 4R 1) (3R,
4S,5R) 5 LU A - 2H-ME -3, 4- — % (0.190g,1.427mmo 1,97 % F=2&) ., Frid ML 7= 4 5 3
— P AL BN 4% S48 A LOMS (M+H) 134,

[0391]  SZjfEfI12. (R) —3— (4,4- —F AL bE—2—45) —5-F kg

[0392]  JDUE1: (R, 4R) —4- (BT FE ~HHE RS EI0) —2- G-utie—3-3%) g bi-
1R B

. i SRR §ﬁ$§®$
G RN TG N
LA N o RO el A
¥ 3 5 : X . 2 s R TR
[0393] SR A X S
i _ SRty B { . L
Sk S P g % Sad : S s
F B, B e N S N
3 { LEMEN0RE % . i i b
I N o N > X i{ ¥ §,\\~\ B 3 e
b T B o RN g oA R
TN \3;5 R \Nﬁzli*' \\\RQ.?,‘-V
3 % ¥

[0394]  {E-60°C NAE3043 % Py Al ((2R) —2- (GRUT 28 — L R R e L) 460 0%) —4- (5-#iik
g -3-4k) —4-F5 T 3) FILFFER AT B (6.80g,16.40mmol) AIEtaN (24.89g,246.00mmo1)
F-DCM (500. 00mL) H1 (K] VR A 7 h i 7 MsCl (24.42¢g,213. 20mmo1) - fE-60°C NAIR 54
PiFE Lh o SR A Y0 it 2225 C 9 HL R 18h IR A4 FIH20 (200mL*3) ik o K 7K AH
FIDCM (200mL3*4) EEY o 65 & I H HLZ ENaoS0s b T 5 HLAE B 25 ik 45 o il il ek iR i
(PE:Et0Ac=50/1,20/1,10/1) Zifb5R RS2 it SRR (2S,4R) —4- (BT = H
SRR BT L) S L) —2- (5-FRML e -3-2) MEMS bE- 1 R ERHUT T (2.70g, 772 :41.52%) il
(2R, 4R) —4- (GRUT J — FF B A i e ) A ) —2— (B ML g - 3—J5%) Wk be— 1R IR AU T I
(2.40g, 7% 2:36.89%) o 1H-NMR (400MHz , CDC13) 6ppm 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) ,1.56 (s,3H) ,1.32 (s,6H) ,0.99-0.88 (m,9H) ,0.18-0.00 (m,6H) »
[0395]  DEX2: (2R, 4R) —2- (G-FMLIE -3-2&) —4- R LML % e -1 - R IR AT Big

OTBEDMS
A

[0397]  7E25°C FIH] (2R,4R) ~4- (GRUT F& —HF P ke ) 5 38) —2- G-k e -3-3&) it
-1 R R A T 5 (2.40g,6.05mmo 1) T-THF (60.00mL) H 7R &0 — K L7 INTBAF
(3.16g,12.10mmo1) . KHIR A WNAES0C N IR L T 48 M7 RIS A 7K (20mL) H o4 7K
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2% . Bi5 (30mL*3) ZEHL 14 FE (A AL AT £E 7K (20mL*2) Heis , 7ENa2S0s b4,
It AR B A ik 4l T RS R (PECEtOAc=20/1,10/1,1/3) 4ifb iR A LA IR it 2
B AE AR (2R, 4R) —2- G- e -3-28) —4-F2 JEME I e -1 R R AU T s (1.30g, =%
76.11%) o IH-NMR (400MHz ,CDC13) 8ppm 8.26 (d,2H,J=12.8Hz) ,7.39 (br.s, 1H) ,4.95-
4.81 (m,1H) ,4.48-4.47 (m,1H) ,3.73 (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) .

[0398]  DIR3: R) —2- (G- AL IE —3-3k) —4- S ML ke -1 R IR T B

[0400]  7E-10°C Rl (2R, 4R) —2- (G-FRMLME-3-3L) —4-F2FEML g k-1 R IR AU T s (1.30g,
4.60mmo1) A1 =5+ & (1.10g,4.60mmol) KI7E -S40 H ¥ INTEMPO (72.41mg, 460.49umo1) .
BIR S -10°C R HikE15min, 2R 5 INIE 2 25°C I3 H A+ 1h. TLC (EtOAc) oo R M 58 - 1
A WA FINaHCO3 (20mL#2) ik , 7ENazSOa -4, i 983 FL7E B 23 vk 4 o il i R 238 (7
Tk 2 CBER=50/1,10/1) iR LA {E B ER LRI ®R) —2- G-FALIE-3-4%) -4-
SRS b1 R BT B (1.10g, 77 %:85.32%) .

[0401]  P3R4: R) —4,4- 52— (G-FRIMLIE-3—F8) MLk e—1 R ER BT B

f"/g DAST

[0402] \@/"E‘;N
L Bogo
N

[0403]  7E-70°C FAEN2 T[] (R) —2— (5 F ML WE -3 —2%) —4 -5 HE ML i bE -1 - R IR T B
(1.00g,3.57mmo1) T-DCM (100.00mL) H VR A4 HHZ s INDAST (14 39g,89.25mmo1) o £E-
70°C T HIRA P HE30min o SR 5 7E25°C TG IR A W F: 16h . 7£0 °C T 18 I NaHCOs M AT 7K ¥
VR G218 v K I YR A ) I B KA FIDCM (50mLs4) A5 B o 54 35 10 43 AL A A i 26 7K
(30mL) Pk , FENa2S0a b0 , ik I HLAE B8 ik i o i I Tk s (3% CR vk / IR B =
100/1,30/1) 2tk R LAFRAE AR A PIRET R) -4, 4- 52— G-FME e -3-3L) ML ke -
- HUT BE (1.00g,7°%:92.66%) - 1H-NMR (400MHz ,CDC13) Sppm 8.40 (s, 1H) ,8.34 (s,
1) ,7.30-7.21 (m,1H) ,5.06 (br.s, 1H) ,4.14-3.85 (m,2H) ,2.91-2.84 (m, 11) ,2.39-2. 32
(m,1H) ,1.43-1.14 (m,9H) .
[0404]  LI%5. R) -3- (4,4- ~FUIE k—2-F5) -5

2HCE K}gF
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[0406]  7E25°C R4 (R) -4,4- 5 -2- (5-FMLNE -3-58) ML g fe—1 R EE BT B (1.00g,
3.31mmo1) T-HC1/EtOAc (50.00mL , 4M) H VR A Pt HE2h B VR A 07530 'C R 7R IR T ik 44
PLER 3t 52 A [ 4ACIR 1 2 WHCT #2208 (R) —3- (4, 4- LG fe—2-FL) —5-F i g
(840.00mg , 72 :92.25%) - IH-NMR (400MHz , MeOD) Sppm8.68-8.63 (m, 1H) ,7.97 (d,1H, J=
9.2Hz) ,5.26-5.21 (m, 1H) ,4.03-3.90 (m,2H) ,3.13-2.92 (m,2H) .
[0407]  SEJfif5]13. (3S,5R) -5— (2, 5- F A IE) Mg ke—-3- i
[0408] B HR1: ((2R) -2- ((BUT & P bk fedd) S0E) -4- 2,5- ) 4-BHET
52 AT IRBUT B

Br

OTBDMS F\é\ HOL__~

[0409] /J;% i T
o~ 1. PPIMGCHTHF ]

O X

Boe 2. NaBHy/MsOH
[0410]  7E0°C RAEN2 T, [ 2-%-1,4- — %K (3.01g,15.60mmol, 1.20°4E) T THF (15mL)
W ISR IR N N SRR A (2.27g,15.60mmol, 1. 2029 &) o R NPIFELSC
THEFE LW PLH A& (2,5- g R AL BALEE (23mL) o £E0°C T AE304r 8 1] (R) —4- (GRUT A=
R FR ok e L) AU R) —2—- S R e e - 1 R IR AU T I (4.10g,13.00mmo1,1.004 &) T THF
(50mL) AR IR TN N (2,5~ AR IRALEE (23mL) «7E0°C ¥ S BLIR A it HE 1h.
7E0°C ¥ EE (20mL) S IN 2R 5 W), B J5 ¥ iiNaBH4 (738mg , 19 . 50mmo 1, 1. 504 5) o iR
AAEOC I HEFE Lh, SR SR 22 10 %6 NHaC 17K VAT o K5 VR A ) FHE tOAc (20mL*2) ZEEY , # &
F A HLZ R KB /ENa2S0s B4, 1o 98 FR ik 4 o J it o R VA 3 (MPLC) 240 R 7~
YILAAS 3 ((2R) —2- (GRUT 2 BRI REST L) S0 —4- (2, 5- aRIL) —4- 2 T L) &0t
F 2 AT B (2.22¢,5. 14mmol , 39.6 % 77 ) . 'H-NMR (400MHz , CDC13) Sppm 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,2H) , 1.80-1.69 (m,2H) , 1.35 (s,9H) ,0.84-0.82
(9H,m) ,0.04-0.03 (6H,m) .
[0411]  BIR2. (4R) —4- (GRUT FE SRR RS ) S0 —2- (2, 5- /R Mg ke-1-18
R BT B

O Boc
LA

[0413]  #E-60°C F7EN2 I, [A] ((2R) —2— (GRUT 2 R AR R R e ) SA08) -4- (2,5- /K
) -4-3HETH) A EFRAETE (13.40g,31.05mmol,1.004 &) AIEtsN(9.43g,
93.14mmo1,3.00% ) T-DCM (50mL) H ¥4 ¥ H 12355 v in R T & (5. 33g,46 . 57mmo 1, 1. 50
M) R AWIAE-60°C FHHE2h T HAEL5C R tHE 16h . LOMS SR 2 164 Bl 58 45T 38 .
S NETE G ) FIDCM (30mL*2) 25 B3 HAG-A 3 1A H1A) F £R7K (50mL) ek, 7ENa2S0s -5
U, WRAE LS B (4R) —4- (GRUT S BB ik e ) S 3) —2- (2,5 o RIE) Mg ke —1-
FRERBUT B (12.00g,26. 11mmol , 77 %:84.10% ,90 % 2l &) , HoR 3 — 4l AL BD B 848 o
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[0414]  PEK3: (2R, 4R) —2- (2,5- AL —4—%%%@%%—1#ﬁ@ﬁ?ﬂT@E

OTBOMS o

TBAF
T

0415
[0415] N

[0416]  fE15°C T IA] (4R) —4-( <i§(T%~Eﬁ%Eﬁﬁi%’%E> %&%) —2-(2,5- FIRIL) ML k-
1-RIR T Bi5 (4.50g,10.88mmol,1.004 ) T THF (30mL) H (¥ ¥ - 8 JNTBAF/THF (1M,
14.15mL,1.304 &) £E15°C N IR AW 16h. TLC (PEIEtOAc=31) BRIt bl 524
THFE o JE I H20 (50mL) ¥ K R MR -G, % H HEt0Ac (30mL*2) A B FF H A FF KA ML H
#h7K (10mL) Heigs , /ENasSOa b -8 , iy I 78 B2 TR ik 4 o Ji o o 4 i) A& B HPLCAEAL 7R AR )
PAFRAE 2 1 AR (2R, 4R) —2- (2, 5- UKL —4-FRBEMEng ke 1 PR B AU T BE (1.00g,
3.34mmol, =2 :30.70%) - 'H-NMR (400MHz , CDC13) Sppm 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) .
[0417]  DR4: (2R, 4R) -2- (2,5~ 5FRHEL) —4- ((FRBE L) 450D MLk b1 RS T B
OH OMs

[0418]
BCM

[0419]  7F0O CTﬁ(zR 4R) —2-(2,5- AR AE) —4-FR LML G fi-1 - R IERAUT B (3.00g,
10.02mmol,1.0024 &) FIEtsN (2.03g,20.04mmol,2.004 &) -F-DCM (80.00mL) T[] V& &4
BN IMMsCL (1.61g,14.03mmo 1 ,1.40245) . 7E18°C MR AW HH:2h . JH L H20 (30mL) ¥
KIREH) o 1L DM (50mL*3) ZEHLAKAH o -5 I A HLJE AENa2SOs b3 H A T W4 o
1T EARAEARE 2R, 4R) —2- (2,5 ORI —4- ((FFREELAL) 20 28) mEng e—1 -2 R AL
THEE (3.60g,9.54mmol , 77 %:95.20%) .

[0420]  JDUE5: (2R, 4S) -4-FIE-2- (2,5- “HAIL) Mg bi-1 -SRI T B

OMs ,’?

KCN/DMSO ,/%*3
------------------------------ 3 a

F N
| ‘ Bog
L

[0422] ] (2R, 4R) -2- (2,5- M IEHE) —4- (P REBLIE) 5 50) Mg e- 1 - R AL T s
(3.60g,9.54mmol ,1.0024 &) FDMSO (20.00mL) HF IR AP0 — IR A INKCN (745 . 49mg
11.45mmol, 1.20°45) . 7£90°C N IR & ¥t #:3h K 8OmL A H20 7 N £ I8 410, I Hod it
EtOAc (80mL*4) ZEEUIR G4 o FE0E N IRAA & T A LS ol ik e 3 (PE/EtOAc =401,
30:1.10:1) ZEHERARY)  3R1F B IR G OIBAIRET (2R, 4S) —4-FH-2- (2,5- /IR HL) i
FE-1-FRIEAUT 5 (1.60g,5.19mmol , 7= 2:54.40%) .

[0421]
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[0423]  JDEE6: (3S,5R) —5— (2,5— " IRHL) MEIE f—3- )i

N
U
W8I TFADCM
[0424] e
P RN
. | Boc

[0425]  }% (2R,4S) -4-FH-2- (2,5~ _Aﬁ$%> ML % b -1 - R ERHUT BE (800.00mg,
2.59mmol,1.00245) T-TFA (4.00mL) /DCM (20.00mL) IR S ¥7E18°C FHitE3h R G
TEN2 N T8 3R15 R yR B A AR K (3S,5R) -5- (2, 5- 5 2K ) ML % 45t -3-JiF (780.00mg,
2.42mmol, 7 #:93.44%) .

[0426]  sEZiffil14 . 3-5-5- (2R, 4S) —4-F ML ki —2-J5) 2K Bt fii

£ F
N L \{"LN
[0427] PR Py SR Tea

Boco

|
N

[0428] &3-H-5- ((2R,4S) -4-F L& kE-2-3%) i (0.050g,0.240mmol) (WIWO 2012/
034095 1 4%) VARE-T-TFA (0.800m1, 10. 38mmo1) 5FnH2804 (0.200m1,3.75mmo1) W3 HAE =R
THCFE A o SN A R VKK (3m1) FaRe IF Hoam i i 58 o B 44, 3 H. B s A prids [
1 o

[0429]  sZiEf15. 2-5-5-9—3- ( (2R, 4S) —4-F LI FE—2-35) Mg

[0430]  JDR1. (S,7) -N-( <2—§\—5—‘ﬁwtt%—3—%) PR 3) —2-FR S T e - 2 P T 9 e

H2N (R)

[0431] =
{gc; THOE)/THF

[0432]  ££0°C ¥ 2-F-5-F MBI (20g, 125mmol) ¥ # T THF (150m1) H . &0 (R) —2-H
FEA -2 s i (16.71g,138mmo ) , i 5 3B ¥ INPY £ BE%K (22.88m1, 150mmo1) o« #i
SSEVR A TR IR ZERT o FE3/NI S5 ¥ SO IR A Ve J1 220°C , I B N1 50m1 £5 7K I
B 2052l i e L IEIR B W) K E B I R 5T A WU /ENaxSOa BT 1 H
BE R R R (S,7) -N- ((2-F-5-F ML e -3-58) M %) —2- B J5L T e — 2 I T 95
(32g,122mmo1,97% r=%) , HAR 3 — 5 ali{h BN 4k 4248 FH . LCMS : 263M+H,

[0433]  JDEE2: (R) -N- ((R) —1- (2-F—5-FML e -3-3%) T -3-45-1-55) 2-F R/ S -2-T
itk Pt e
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\ _____ NI > \{R}
[0434] R znm,0HMPA N
F ‘ C; F j’ CE
\ i

[0435]  #% (R,E) -N- ((2-& -5t ne -3-5) W ) -2-FF L P e -2 WP T % ik (32. 9g,
125mmo1) ¥ - T-HMPA (100m1) H 3 HAHI A 0°C . 7E0°C NI INE: (16.37g,250mmo 1) 4 74 i
IR (21.67ml,250mmol) FI7K (2.256ml , 125mmol) F FLI 5 B VR A0 N ERTIE A « LOMS &7
SR Y AERT T EIN100m 1 7K FF H 4 F:304 8 . U IN30m 1 FIMBTE , fifi 5 s 0
60m1 ) 10 % ¥7 8 1R 31 ELK S 2 VR & 0t #3020 b o i i 7k 8 4 3 i VR &0 3 FIMTBE 3R 4
A NLZEH10 %R ER KA EL K Bk A FIAE 125 T FE 0% DAAS B 248 iR (R) -N-
((R)-1- (2-&-5-FMmE-3-3L) T-3-M—-1-F&) -2- WL A kr-2- WHE B % (14.5g,
47.6mmol,38.0% = 3) . LCMS: 305M+H.

[0436] 3. R) -1- Q-E-5-FlmE-3-3L) T-3-%-1-J%,HCl

[0437]

[0438] % (R) -N- ((R) —1- -5 -5-FMLmE-3-3L) T -3-JF—1-5) —2-F 3L T4 fe—2- W hik 5k
fi% (7.5g,24.61mmo 1) ¥ T 10m1 f¥IMeOHH o 8 INHCT (FELEH 7 4M) (30.8ml, 123mmol) FF
HAERT M4 Lh ZEE 2 F B ERIE FIIF HAG AR FIDCMAR B I FANaHCO3 M M 7K VAR BE 3¢ o
W 24 B I HA A WL FNa S04 3 78 5125 T R BV 77 o RIS 2 AR (R) —1- (2-
F-5-FALnE-3-3L) T -3-JA-1-%,HC1 (5.83g,24.59mmo1, 100 % 7= &) o LCMS: 201M+H,
[0439]  DER4: R) -N-(1- Q-F-5-FMEIE-3-3) T-3-4i-1-) LB

; ey
FONGRE RN
N ' & \N
[0440] IR Dy e - SR ;M\“ N
g & ™3 i}{;&% i s\\\x\\“s‘ \}\w«i X8
;\\m,av&\x{‘“‘“ 1{;«‘ s 3 P ‘Q\ .?;* {5 §
X X 2
Wi N
N N

[0441]  ZE0°C R [AIDCM (70.3ml) i (R) —1- 2-& -5-FALIE-3-3L) T -3-4F-1-f% « HC1
(5.83g,24.59mmo1) PR ANTEA (4. 11ml,29.5mm01) F1Z, BEET (2.320ml,24.59mmol) R4
WD EE 27N o 15 s B VR A DA A3 25 M AN HC 03 7K VA W P 9F HL FDCMAE B A L2 F £h 7K
Beigk  AEMg S0 b3 HLAE Jak i T4 o B (R) -N- (1- 2-S-5-FML g -3-4%) T -3-#i-
1-55) 2Bk (5.97g,24.60mmol , 100% > 28) 3 H AR — P AL I 4% 2248 F . LOMS : 243M+H.
[0442]  DIR5. (BR) -5 (2-&-5-FILmE -3 L) LK k-3 7, FR TG
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[0444]  f% (R) -N- (1- Q- -5-FMLHE -3-58) T -3-Mi-1-3%) 2Bk (5.97g,24.60mmo 1) ¥#
fiftT-THF (56 . 2m1) F17K (14.06m1) H, B G T2 (18.73g,73. 8mmo 1) Jf HAERT i+ 4% -
R B FH A AINaHCO3 F1INa 2S20s ¥4 WU e H FHEtOACBE B VK o 46 7K J2% FH ML FINaHC 037K
TEWIRACFE H HEtOAC R HX AR 2 3k 2 PR (BR) -5 (2-F-5-F Mk e —3-28) ML g 4 -
3-J 7 HE (5.9g,22.81mmol,93% ;= 2&) ,LCMS: 259M+H.

[0445]  BIR6: OR) -4- B4 JE-2- (2-F-5-FUMLAE -3—J8) ML a1 R IR T Be

& NG

A i Ss & SRR
sy Y Boceyy™ Y

[0446]

o
\N §
[0447] 1] (5R) —5— (2- S5 e —3-4L) MEME bE-3-2E 2, FZ TG (5.9g,22.81mmol) T &
£ (76m1) F7K (76m1) H AR H a8 INBOC-IF (7. 94m1,34. 2mmo1) , ffi G fE S 2N NaOH
(Tm1) BLIS B pH~9. FERT T4 I NLTR A W04 1 L/ NN o e BEVR A 490 T 7K B 37 HFE tOAc
I ZIR A HLZEAENa2 S04 b1 FF R E FIE 2 N ERR LAAR 21 (2R) —4- 2 B2 -2
(2- S -5-FMLE -3-J) ML Le— 1R IR T BE (3.5g,9.75mmol,42.8% 7 %) , HoR#—
alifk B 4k 248 A . LCMS : 359M+H,

[0448]  JPIRT. (2R) —2- (- -5-FMLNE -3-55) —4-F FLMEng be—1 R AT B

BOCMN/\}T/OAC B"G”N/\T/QH

NaGHi‘MeH
[0449] . N (R}

F{é, o { .

[0450]  f (2R) —4- £ BR AL -2 (2- -5 ML IE -3 F8) ML be -1 R EE AU T B (3. 5g,
9.75mmol) VA i TMcOH (48.8ml) 71, f 5 ¥R in2M NaOH (5.37ml,10.73mmol) Jf HK /e MR &
WIAERT ™ ¥ FE 2/ IV FIAE B2 T R R 1 Ho K JZ N HC1H T, 3F H FEtOAC#E Y =
R N5 FF I ANLZAENa2SO 15 V5 FAE 52 T 2 6k B i iR 138 (0-70% Hex/
EtOAc) Zi4b 7R RYILAFF B 2R) —2— (2-F -5 FMEE -3-J%) —4-F2 FLML g Fi -1 - R AT BB
(2.1g,6.63mmo1,68.0% f=Z&) ,LCMS: 31 TM+H,

[0451]  JDEE8: (R) —2— (2-S—5-FMEIE -3—F8) —4- A FEMLME b -1 R BB T B

[0452]
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[0453] % (2R) -2- (2-&-5-F ML e -3- L) —4-B g ke - 1- BB T s (2. 1g,
6.63mmol) AR T-DCM (66. 3m1) 1 I ELER HINaHCOs (0.557g,6.63mmol) , B & FR N 47— T
RLBUSE (8. 44g,19.89mmo 1) o4 IR SIR A MIEHERL AL o MK (0. 119m1,6.63mmol) , B J 7%
INEEr- 5T o bE (8.44g,19.89mmol) IF H 4w +E 18/ o A3 FINaHCOs /K V& MR pHH 3 52
~T3 FLIIDOM x3#EHL. 45 A HUZ & 3, 7ENassOs b TR FLISVE HIZE B2 T BBk o it bk
il (0-70 % Hex/E tOAC) ZEALTRRPILIAFE] (R) -2- (-5 -5 FUMENE -3-HE) ~4- S JEnb g -
1 -FREEHUT B (1.6g,5.08mmol, 77 % = 8) o LOMS: 315M+H.

[0454]  3B89. (OR, 4R) —2- (2-G -5 IE —3-3) —4- 2 L& k-1 R R T BS
Bmw/‘fﬂ Bogyy~GhOH

NaBH,/MeOH

[0455]

¥

[0456] ¥4 (R) —2- (2-S-H-FMb e —3-3L) —4- A ZEMEIE b -1 - R ER AT B (1.6g,5.08mmol)
=F T B (33.9m]) 1 9F HR A1 20°C o /-t JiNNaBHa (0. 096g, 2. 54mmo 1) FF HAE0C T i
F455 . ﬁﬁi’@iFHNHszl%‘rE'ﬁX&r” Vit HoRs iR 2RT, FF Ho VA AIDCM x3EEHL %
HHZE A I HAENaSOs 88l Bl i (0-70 %Hex/BtOAc) 2iib iR A MLA1E 2 (2R,
4R) —2- (2- S -5-F ML e —3—2%) —4-FR LM% b -1 R FRAUT S (1.446g,4.57mmo1,90 % 7
#) ,LCMS: 31 7M+H.

[0457]  3PIR10: (2R, 4S) —2- (2-F—-5-FMLAIE -3-F5) —4-FMLIE Li-1 R IR AT B

[ s S
BOG~p }‘QH Bog-py e F
Ay XtalFluorE
[0458] »fR} USRS
DOM
Y

[0459]  f (2R, 4R> 2- (2-F-5-FMLIE-3- %) —4 -2 BEME I BT - 1R R AT BE (1.0g,
3. 16mmol) VA fE-T-DCM (25m1) o 3F H A H1E-78°C . ¥ INTEA-HF (1.098m1,9.47mmo1) 3 H$i
FEL09 B A X talFluor-F (1.446g,6.31mmol) 3f HLAE 109340 2 545 RN IR SR8 K
W HA IR 20°C o R 2/ 2 5 1 S BEE A5 4 FHDCMAR R I H. F Me AINaHCOs 7K V& VRA
KAGHNZ 7, 3 BB E FIE B2 SRR @I 1SCO (0-50 % Hex/Et0Ac s 12g4F) #lifth%
RYLLF B2 [ AEAACIRE (2R, 45) —2- @-E-5-FMLHE-3-3L) —4-FALE bi- 1R R T
fi5 (0.805g,2.53mmol ,80% ;= #) ,LCMS: 319M+H.

[0460]  PIR11:2-F-5-F—3— ((2R,4S) —4-FMLM& kE—2—FL) MELmE , HC1

o NSlF e F
~N" T HN/\T&

HCliMeOH
_________________ e ot

O—mcs

[0462] ¥4 (2R, 4S) —2- (2-F -5 ML g -3-3L) —4- ALK - 1R R AU T BE (0.805¢g,
2.53mmo1 ,80 % r=#) ¥ fi# TEtOAc (5Gml) H 3 H s In4N HC1/ —WE%E (3ml) o 7ERT K e SR
EURFE VNG YT L v, B, OF AR | B 2 g A DS B 2K B [

[0461]
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AR 2~ 553~ (2R, 4S) 45 LW ke —2—35) Mk nE , HC1 (0.612g,2.399mmol ,76% =
Z2) ,LOMS: 219M+H,
[0463]  SZjff116.5-F -3 (2R, 4S) —4—F ML ki -2-FL) —2-FF S Ltk g
{(SI4F
HN

o
[0464] S®

F-C >*0Me

N
[0465]  ¥5-9-3- ((2R,4S) —4-FMLIZ fi-2-3E) —2-FF S AL g L 5 3-3-5- (2R, 4S) -4~
TR e —2-35) 2R B Ik e+ R (14 5 Xk il 2%, A5 -3 -2 FF 4 AL R Bl 5 460 2 - -5 U Ak
i,
[0466]  sZjaf5]17. (IR, 3R, 4R) —3-& -4 F T IR K S5t~ 1 R IR Y B
[0467] 1. (1S,2R,4S,5R) -3-A J4—6-F & =3[3.2.1.02,4] Z-7-H

[0468]

Q N
L : 3
AN S

%

Sk

[0469]  fEO0C T AEShW M (1R,4S) -2-% AW [2.2.1]Pi-5-4-3-Ff (30.00¢g,
274.90mmo1, 1.004 %) T-NaH2P04 (395.00mL, 0. 2M) FINasHPO4 (55.00mL, 0. 2M) o R IE K b
3L 20 (450 . 00mL) AL AR B R AP & 2k (669.31g,4.40mol,16.0024 &) , I Hill &
DONaOHZKIE R (12M) SRR FFpH="6FF HRHRJEIRFF T 0C AR N J5 , IR B AE0°C T
Pt 2h, TLC (PEIEtOAc=1:1) Wi EBIHHM K 58 AW # , TR & Wik 98 3 H K% 7K A FIDCM
(400mL*5) AHY , 4G FH- A HLJZE ENasS0s b 1-J5 , S W 4d DA3R 4T 2 28 (i 4R 1 (S, 2R,
4S,5R) -3 4 Z-6- A =3 [3.2.1.02,4] -7 (9.00g,71.93mmol , F*F:26.16 %) . 'H-
NMR (400MHz , CDC13) 8ppm5.96 (br.s, 1H) ,3.86 (s, 1H) ,3.62 (1H,d,J=3.2Hz) ,3.53 (1H,d,J
=2.8Hz) ,2.86 (s,1H) ,1.82(d,1H,J=9.6Hz) ,1.64 (d,1H,J=10.0Hz) .

[0470] D82, (1S,2R,4S,5R) -7 FE-3- A I-6-A L = [3.2.1.02,4] FEhi-6-FR IR HL
T

i  BoaDELNIDMAR gﬁ\ﬁ%

o DCM S

Q.\\ O\r

[0472] 4] (1S,2R,4S,5R) —3— 4 26— 2 =31 [3.2.1.02,4] 3E-7-H (9.00g,71.93mmo1 ,
1.00%4 &) FDCM (100.00mL) VAR ¥ inBoc20 (17.27g,79.12mmo1,1.1024 &) EtsN
(8.73g,86.32mmo1,1.20245) FIDMAP (878.71mg,7.19mmo1,0.1048) IR EGWE25C T
Bt 16h, LOMS 7R B 4 M 6L 5E 4 VH FE 5 B I A ) FINHAC1 /K 75 3 (100mL*3) ik , 4 A I 1
HHLZAENazSOs BT, fE B 25 TR ik 4, A8 T RERRHE A (PEIEtOAc=5:1~1:1) ZifL ¥ =4
PARAS 2 H AR (1S, 2R, 4S,5R) ~T-48 -3 44 -6-F & =3 [3.2.1.02,4] £ 45 -6~
FRIRAUT S (12.00g,53.28mmol , =2 :74.07%) - 'H-NMR (400MHz , CDC13) Sppm 4.56 (s, 1H) »
3.71(d,1H,J=2.8Hz) ,3.54 (d,1H,J=2.8Hz) ,3.00 (s, 1H) ,1.75(d,1H,J=10.0Hz) ,1.57

[0471]  NH
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(d,1H,J=10.8Hz) ,1.46 (s,9H) »

[0473]  DIE3: (3R, 4R) ~4- (BT H AL & HL) -3 N -1-Mi-1 R R T I
o HO NHBOS

<%k JBoc MeONa/MeOH

[0474] i;:}y S B
o

07 OMe

[0475]  YEO°C F#Na (3.37mg,146.50umol,0.01 24 &) ¥ INEMeOH (10.00mL) , 38 J5 5 V& W
FE0°C R P40 . 5h, B IEVR R I EMeOH (30.00mL) F1(1) (1S, 2R, 4S,5R) 748 J:-3—48 26—
RTIA[3.2.1.02,4] FHE-6- R T BE (3.30g,14.65mmol,1.004 &) , I HAR GRS
YIFE16°C I HidE13.5h, LOMS WS a4 Rl 5e AW 8, FH 218 (GmL) YK S, 31 HAR f5
NaHCOs (20mL*3) Jeifk , ¥ A ML /Z FENa2 S04 b4, 3F HAE 25 ik 4, HIPE (20mL) BEEHH ™
YILAZRAS 2 3 A ERRE BR,4R) —4- (GRUT 4 A:) 208 —3- R HI R -1-M- 1R R H B
(2.10g,8.16mmol, "2 :55.72%) . 'H-NMR (400MHz , CDC1s) Sppm 6.65 (s, 1H) ,4.98 (s, 1H) ,
4.81(d,1H,J=2.8Hz) ,4.46 (s,1H) ,3.98-3.92 (m, 1H) ,3.75 (s, 3H) ,3.07-3.01 (m, 1H) ,
2.36-2.29 (m, 1H) ,1.45 (s,9H) .

[0476]  BR4. (IR, 3R, 4R) —3— (GRUT %l dl) 2 ) —4-F A a1 R R H I

HEY NHRag NG “ﬁ\ei**@\\
L N
& N
Y -
[0477] “§§$«f N
mwx\‘-“ 3 BN g
O ONe T OMe

[0478]  F& (3R, 4R) —4- ((BUT kL) &) -3-REFR K- 1-M-1- R FEE (2.00g,
7.7Tmmol,1.004 %) | (1Z,57) -3 F-1,5- "Hii; (2S,55) -1-[2-[ (2S,5S) -2,5- ~F A%
Wk i-1-2] 4 5] -2,5- " BE-E R T 88 (14) s =R P ER s (48.08mg,
77.74umol,0.01 4 5&) TMeOH (50. 00mL) H (VR A B A0 H FHHaM 130K, I HAR 5 1R
A WI7E55 C R AEH2 (40psi) SN T #E16h, TLC (PE:Et0Ac=1:1) S tEH B FE 1R
GRS, T HAR G AR TEL0AC (5mL) H , 2R i VR A 4 8 INPE (20mL) , % Al 1 4[]
1, B UTTE IS BE , 76 B 25 088 1 [ 44V A T-MeOH (TmL) w1, FF H AR T 1] £ 28 —HPLC
(HCI) 24k LAZRAZ 2 5ty (IR, 3R, 4R) —3— (GRUT 2 A AE) & k) —4- I i dn - 1-R IR
F G (750.00mg,2.89mmo , P22+ 37.23%) , BT ik 45 4 8 3 T P HPLCAI ' H-NMR R IE 52 o 'H-NVR
(400MHz ,CDC13) Sppm 4.04-3.99 (m, 1H) ,3.80-3.77 (m, 1H) ,3.70 (s,3H) ,2.93-2.91 (m,
1H) ,2.48-2.44 (m,1H) ,2.43-2.35 (m, 1H) ,1.92-1.89 (m, 11) ,1.87-1.69 (m, 1H) ,1.45 (s,
9H) .

[0479]  SEJiffdl18. A Ak (IR, 3R, 4R) —3- R - 4-F2 BB e -1 - R L Y B

MO NS0 B
S %\ .M*i&as, HG, B

N

Oy HOFS AR TN

[0480] SN S
T ey

[0481]  7E19°CTIAFHCL/ Wk (I0.00mL,4M) HrR) (IR, 3R, 4R) =3— (GRUT 28 A & 3k) -
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A-FR RN -1 R BE G (700.00mg, 2. 70mmo 1, 1.004 &) fiHi:-5h , LOMS 7~ & 444 K1 H
¥, IR AW Sk 4a LLIR1T B 3 AR (IR, 3R, 4R) -3-Z 2 -4-FR BB b - 1- R
% F G (500.00mg,2.56mmol , 7= #:94.66 %) . 'H-NMR (400MHz , CD30D) Sppm 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) »

[0482]  LC-MS (R zhAH: M95% [7K+0.375%0v/v TFAJFII5 % [CH3CN+0. 188%ov/v TFA], {E
BEEEAT R PR 0. 25min, 8 G E10. Omin N 484k 2215 % [CH3CN+0. 188%ov/v TFA] , 7E 2%+
T HitBmin, G AE0. 0lmin P 284K 2595 % [7K+0.375%0v/v TFA] A5 % [CH3CN+0. 188%0v/v
TFAL, SR G 7E I 261 R iR Smin i & H A EH & N1 .0mL » min™) 41 498.803% ,Rt =
0.893min, MST12 {4 : 159. 2, MSELL&ME : 160. 1 ([M+1]7) .

[0483]  sjifafs]19. (3aS,4R,6aR) -2, 2- —H H-3a,6a- S ~4H-3F % [d] [1, 3] [ — 4 2430
IS4~

[0484]  B0R1. (3aS,4S,6aR) -2,2- ~HJE-3a,6a— S —-4H-FFR[d][1,3] /8] &N

i1
__ NaBH,/MeOH A"Q
O — T b
: O
S

[0486] % (3aR,6aR) -2,2- —H }:-3a,6a- A -4H-FF % [d] [1,3] 7] — %A 2430 1R S5 -4- TR
(50.00g,324.34mmo 1, 1.00 4 &) VAM#E TMeOH (1.00L) J1, 4R 5 ¥ MCeCls. TH20 (120. 84g,
324.34mmo1,30.83mL,1.00 &) HRAWEHE0CARGEIE0C NAEL. ShiN 4 LA N
NaBHs (24.54g,648.68mmo1,2.00 4 5&) /LA N2 )5, @IETLC (PE/Et0Ac =5/1) K 2 R M. 58
J o 3 7 FINHACL (1000mL) YK 2 Sid , 4% H: FHDCM (500mL*5) A5 o -4 HE (A HLZAE
Na2S0s4 T8 IF HAEASC T AEE 2 th ik 4 3R 15 B 3 tBUA R IY) (3aS,4S,6aR) -2, 2- —H
H-3a,6a- & -AH-F B [d] [1, 3] A 5 =R M4 -4- 8% (50.66g,324.37Tmmo , = % ;
100.00%) , HAR AR E B fE H .

[0487]  JPIR2:2- ((3aS,4R,6aR) -2,2- ~HH-3a,6a- “A-4H-31 % [d] [1,3] 18 SR
P Jdi—4-2) F g kb -1, 3- i

i

\

oo X
oags] 5~

< vy \j-;vw P
X 3 \1\\‘\ {3 X
e v;“wf 3 o3 Qi 3
[ 0 488] 2 N}?«\ A Y sy \% wdd 3 \x\ ;{:-"
R Y D oy A
% i ’ &‘\ ]
NSRS \:\31‘3‘} ‘E:}

[0489]  7£20°C T 1Al (3aS,4S,6aR) -2,2- — 1 J-3a,6a- & -4H-FF % [d] [1,3] /A %%~
TR M—4-TE (8.00g,51.22mmol, 1.0045) FI Fmg[wEobk—1, 3—- —f{ (9.04g,61.46mmol,1.20
5 T H 2K (250.00mL) F1 VRS ¥R INPPhs (20. 15g,76.83mmol , 1.5045) SR JG£E0
‘CFFEDIAD (15.54g,76.83mmo , 1.50 4 &) BN MBIR AW AL N )G, IR A WA E
80°CH H¥#:16h.TLC (PE/Et0Ac=H/1) Wi/~ R N T8 il o IR AR &40 - il I ik AR M €44 (PE/
Et0Ac=25/1%15/1) SiMER R I 3RAT 4 0y 2 38 iR ISR 4, 7ETLC B A — 2eqi
o R, 8 N80mLA Me OHIH HL7= A= [ Y vE #) 3t ik i p8 WA £ - 3R 18 2 1 Al 4R 11 2-
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((3aS,4R,6aR) -2,2- - H }-3a,6a- ~F~4H-FF3 [d] [1,3] 18 5 Z230 b —4-3%) S5 0g Wk
k-1, 3- - (9.60g,33.65mmol , =2 :65.70%) »

[0490] B3, (3aS,4R,6aR) -2,2- ~H}-3a,6a- A -4H-3F% [d] [1,3] 08 A =K,
Jai—4- T

| 8] A
o ¥ NHRCHCHaNH \-%»Q

[0491] ; D 1N
0, i EtOH B
O™

[0492]  [2- ((3aS,4R,6aR) —2,2- — B }:-3a,6a- S ~-4H-3 % [d] [1,3] 1] —E 2%
W—4-3L) FEEwEmk-1, 3— [ (9.52g,33.37mmol, 1.0024 &) FEtOH (300.00mL) H {1 54
RN kE-1,2- % (4.01g,66.74mmol , 2. 0024 &) . 7E80°C T ¥ [ MR & Wi dE16h . 7~
AVF 2 A EBUTTEY) . TLC (PE/EtOAc=5/1) i UG Bl 58 A VHFE DT M0 38 - (A1 P8V
R AN300mLIINaOH (0. 5M) « 14 V241 FIDCM (200mL*5) #EEY , 7ENasS0s | T4 3 ik 45 . 3R 15 2 1%
R (3aS,4R,6aR) -2, 2- - H 3E-3a, 6a- A —4H-3F% [d] [1,3] 18] 23R R -4-
(4.90g,31.57mmol , 77 2:94.62%) .

[0493]  sZjfEf5120. (IR, 3R, 4R) -3-&F-4-F LR b -1 -1

[0494]  ABR1. (IR, 3R, 4R) —3— (GRUT 2B ) 258 —4-FR I k-1 R IR

]

HQ . HG
L 9 ;‘NNHBQG )\\NHBQG
LIOH
[0495] S ———
; MeOH/H.0
Oie OH

[0496]  £E15°C K (1R, 3R, 4R) —3- (GRUT 28 He k) 2 2k) —4-F2 B30 e e -1 -2 1R FP B
(5.00g,19.28mmol,1.0024 &) .LiOH.H20 (2.43g,57.85mmol ,3.0024 &) T-MeOH (10.00mL)
HIH20 (10.00mL) H1 (KR &4 HE 16h, TLC (PE:EtOAc=1: 1) 7N B 58 R, [ VR4 P s
MOBERTHCT (M) EL & pH=6A 1k, Ff H 5 25 W40, 8 5 KR A W % T-DCM (15mL) FIEtO0Ac
(5mL) W, IR SV BE , IF HOB I8 B Sk 4 LR 2 1 B lE AR 724 (IR, 3R, 4R) —3-
(T EIRIL) F3L) 42 IR - 1R IR (6.50g, HLP=4) o 'H-NMR (400MHz , CD30D) Sppm
3.95-3.90 (m, 1H) ,3.74-3.69 (m, 1H) ,2.91-2.87 (m, LH) ,2.32-2.22 (m, 2H) ,1.82-1.72 (m,
2H) ,1.45 (s, 9H) .
[0497]  PIR2. (AR, 2R,4R) ~4-Z F B -2 PR S IR T B

HO HO

Y.__~NHBoc ny,crEDCY o WNHBOC

DEPEA;’D-MAP}DM;

[0498]

OH MH

[0499] 4] (1R, 3R, 4R) -3- (BT A R %) &) -4- B AR K- 1-F2 1R (3.00g,
12.23mmo1,1.004 &) T-DMF (40.00mL) H 7R A4+ A JNHATU (6. 058, 15.90mmo1, 1. 304
&) .DIPEA (4.74¢,36.69mmo] , 3.004 &) FINH«C1 (1.96g,36.69mmol,3.004 &) , 2R 5458
BWIAELSC T HiFE32h , LOMS W7 I B S8 i, FHR G 1) 33 W4 LA3R 1S ((AR, 2R, 4R) -4-Z FF
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B -2-FR IR L) R R AU T BE (Llg, ML) (BESr 2Ntk o BAE—i2alifh) o 'H-NVR
(400MHz , CD30D) Sppm 4.58 (br.s,1H) ,3.96-3.94 (m,1H) ,3.77-3.75(m, 1H) ,2.25-2.20 (m,
2H) 71.79_1.75 (m,zH) 71-44 (S,gH) o

[0500]  DE3: ((IR,2R,4R) ~4-FIE-2-F23F ) = AL F AU T B

MO P
B 3 RS ey L -
%‘\ RE e §\ oNMBoo
& TRAG oy SO
$ N RIS T MITRNG :{\ g
[0501] \z e R
\§‘§ < N

[0502]  7E0°C N ((1R,2R,4R) —4-% FF Bt 2 -2- R PR I 4% ) & 8 FF R BT i (2.00g,
8.19mmol,1.00%48) JMLiE (1.94g,24.56mmol ,3.0045) T-THF (3.00mL) *F (VR A1+ &
TR INTRAA (2.58g,12.28mmo 1, 1.50245) , SR 5 1R & MI7E0°C R HEHE0 . 5h, SR S5 /E15°C R Al
REYHAINELN (2.49g, 24 .56mmol , 3. 004 5) , I HAFIR S EL5C T Hidk0.5h, Jf H
MR AP AR INTFAA (2.58g,12.28mmol ,1.509 &) , 3 HB B AM/E15C R HEHR0. 5h,
LOMS 7 [ B2 5 Bl » VR B ) B 25 R4 , I ek il & ZLHPLC (TFA, MS) 2L A 3RS 2 T8 iR
1 C(AR, 2R, 4R) ~4-F F-2-FIF L 5L F A F BT E (380.00mg, 1.68mmol, =% ;
20.51%) « "H-NMR (400MHz , CD30OD) 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) ,1.41 (s,9H) .

[0503]  JDER4: (IR, 3R, 4R) -3-ZFE-4-FR IR be -1 -

HO

_NHBoe

[0504] TFA/DCM

7
[0505] % ((1R,2R,4R) —4-&JE-2- 5 FA R 0t B R U T S (800 .00mg , 3. 54mmol , 1. 00
&) TTFA (5.00mL) FIDCM (5. 00mL) H ¥ 7R A W75 20 °C T HitFE2h , LOMS 7R S B 56 il » 1 i
HNE TG VLIRS 2 AR (IR, 3R, 4R) -3~ & - 4-F2 IR b5t - 1- i (545.00mg,
2.27mmol, P22 :64.10%) - 'H-NMR (400MHz , CD30D) Sppm 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, LH) ,1.94-1.90 (n, 1H) »

[0506]  sEZjififfl21. (3aS,4R,6aS) —6,6- 52,2~ — B HPUA~4H-FF 1% [d] [1,3] i) =4 2~
-4

[0507]  JBIE1:2-((3aS,4R,6S,6aR) —6-F2Hk-2, 2- ~HF R PIE-40-FF % [d] [1,3] 10 5
F IR M~ A S MRk -1, 3- i
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ey

\Qﬁ“\v Lt

‘t
\\ER
[0508] X RO e o %\‘”3 g
\ TN LRGN {}« 3
. ; e S § E G
: : Sl §}§ f:"}}\\ \\“‘““

[0509] % (3aR,4S,6R,6a8) -6-F -2, 2- ~FHIELPUA-4H-3F1% [d] [1,3] 8] & I&IFL
i—4-1% (0.43g,2.46mmol,1.009 &) 4B ~H IREF (0.36g,2.46mmol , 124 &) HMIDIEA
(0.65mL,3.7mmo1, 1.5 &) TH 2K (6. 2mL) H VR A PI7E100°C T HitH1:9h . LOMS B 7R [ B 58
Jl o KB LOACHN INZE S VR A0, I FLAR I FH L AR R S A /K VA (15mL) ek G A IR
ML P AN R K VA MHE 3 » 7ENa2 S04 I8, 70 B 25 h I 4 o Tl b ek OH: 233 (T 458 /E t0AC)
LR R I IRAS B A ARG 7= M2 ((3aS, 4R, 6S,6aR) ~6-F2 -2, 2- - F 3L JUA -
AH-3A1% [d] [1, 3] 10 A2 PR R M —4-25) Mgl wnbh-1, 3- i (0.62g,83%) »

[0510]  H51%2.2- ((3aS,4R,6aS) -2, 2- —H F-6-4E LU S -40-F0% [d] [1,3] (8] A ZFF
R JE-4-55) SEmIeRmk-1, 3-

[0512]  []2- ((3aS,4R,6S,6aR) —6-¥H:-2,2- — H H:PUS -4H-FF )% [d] [1, 3] [A] — 4 244
TR AT -4—FE) S|k —1, 3- —Ff (0.20g,0.68mmol , 1.00245&) FDCM (4. 5mL) o i VAR 1 s
HIPCC (0.29g,1.35mmol , 224 5) 3 HAGVERAE23C R ik 16h 8 i 75— A5 - U PCC
(0.15g,0.67mmo ) 3 ELKF SN F-FF 452 16 /N o LOMS 5 7% B 58 il o S E tOAC TR N 28 Js 32 VR 4
Y, 35 HAR Ja i i e e = B D8 IR AR IR AR , SR T i R A 18 (T e /Et0AC) 44k A
AT 2K A B AR = 2- ((3aS, 4R, 6a8) -2, 2- . -6-4 APy A -4H-F1 % [d] [1,3]
) AR BRI —4-5) P kibk—1, 3- i (0.19g,94%) -

[0513]  sBB%3.2- ((3aS,4R,6aS) —6,6— -2, 2- — B B PUS -4H-3F 1% [d] [1,3] i) — 44 2=

PR A 3E) b e —1, 3- i
DABT Ko _
oo L
DCM, 40 °C ; i \
o o

g F

[0515]  []2- ((3aS,4R,6aS) -2,2- — A H:-6- 4 LU A -4H-2F % [d] [1,3] 8] A 230K,
Jfi—4-25) S| WEmk-1,3-—Ff (0. 16g,0.53mmol,1.0045) T-DCM (3. 5mL) H 1V ¥R 8 0
DAST (0.42g,2.64mmol,59 &) FF H R E AL IR N FE16h 5 0 55— S 4 i FE I DAST
(0.42g,2.64mmo 1,5 &) FF H K R BiAE23°C T HHHR4E 16 /N o 1 e TR A5 42) FH DOMA: B -
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H A B S AT R 5% o 5 6 I A HLJE AR Eh K VAR 5%, 7ENa2SOa B 158, 72 5
R AR I R AT AT (T 458 /Et0AC) 2R MILASRAF ) M)2- ((3aS, 4R, 6aS) —6,6-
-2, 2- R IR PUE-AH-BR 7 [d] [1, 3] [A) =50 R B0 LM — 4 - J8) S bl Wbk -1, 3— —
(0.065g,38%) .

[0516]  U%4: (3aS,4R,6aS) —6,6- F—2,2- ~HFEVIE-4H-34% [d] [1,3] 8] S LA
IXHi—-4-F&

o 1
\\\éw\ \‘\‘Y«“g:} s
[0517] s §« ol
RATNENNY i;} s
. BIOM, 80N X
s:;- §\. ?: §“

[0518]  [4]2- ((3aS,4R,6aS) -6,6— —f—2,2- — B PUS ~4H-3F 1% [d] [1,3] 7] — 4 230 %,
Jfi—4-2) FM|WEmbk-1, 3- —FR (0.065g,0.2mmol ,1.0024 &) T £ EE (1.8mL) H &R s
—IKAHE(0.015mL,0.3mmo1 , 1.5 &) H HAFIE W AE50°C M FE2h, SR G /270 °C T B2
NI o A e AN AR B 2 T SR ek R B A I NV A o SR TR R SRV 4 9 H A B KL
(3aS,4R,6aS) —6,6- 32, 2- ~ LY H-4H-3 % [d] [1, 3] 18] 540 R fd—4- Tl R gt —
AR T T — AP

[0519]  sEjEfil22. & Ak (IR, 3R, 4R) ~4-Z AL k-1, 3- BE

[0520]  JDER1: (r,4r) -4- CREE) FO B (s, 4s) -4- CFESD B OB

0 &C“\OH e WOH
[0521] N NaBH,, MeOH "

[0522]  {E10minf 8] BEHHIE , - (R4 FREVER (31.0g, 152mmo1) F-500mL B % H (UK
W HIVERT 4> Z A IS LN (5. 78g, 153mmo 1) , SR W VA AE20°C T Hitk2h . SR 5
T I P AN AL KA R (B0mL) Y KIRA D - 1 e 4 I HAG R AR WS i T-200mLoK H 3 H.
M8 2. B8 200mL x 3) ZEEL, 45 (A WLAHTEBRER B8 _L 15, S8 5 75 B 25 ik 4 LA1S 2
BIRE PRI AR = (e, 4r) —4- (R L) RO EEM (1s,4s) ~4- (R4 L) IO EE
(31.0g MW , AR DAL R B3 T T — AP ERMS (ES+) CisHis0275 £4H : 206, 52
I6 {8 : 207 [M+H] ",

[0523] 2. ((FC -3 P &

N 0 THO, DIEA ]

[0525]  7E30minff [E] BCHHME] , 4] (1r,4r) —4- (R RO EER (1s,4s) —4- (R S

[0524]
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% (30.0g,145mmo 1) PA SN, N- = R R B2 % (28. 1g,218mmo1) -T1200mL — & B 45¢ 1 1 UK I
A HIVE W E TN = /P R ERET (30.7g,109mmol) , SR SIS VA W AE25°C F Hi bk 18h ARG
IR A AT B S Rk 4 5 BT e e A (i DAV E - 28R 2L B8 = 12 1L e e R 2l AL iR R W)
DLAS 3 B 2 PR AR B S (28.0g, 722100 %) oMS (ES+) CiaHis0FE BAH : 188, SLIHAH
189 [M+H] *»

[0526] D EE3: (IR, 3R,6S) —3— (REIL) -7 8- WIF[4.1.0] Pkt

e

& N
o R
Calli N 0 <
& § \T W
N N

SN

3
i

[0527]

. ¥ & e

[0528]  £E0°C T A SUS A R IR (21.9g, 127Tmmol) ZbFE ((FAT-3-Jf ) 1 58) R
(12.0g,63.7mmol) T & F Fi (200mL) H FIE W A5 I BVR G700 C T Bichk2h, R IGE =
B NHEFE15min A HEE 1 (10 %6 AR BREN 7K VA« 5 %6 EEEAAAKIE T SR 5 KD LS W
RS TRAETRAR R R W), 3 R A B DA Ot - ST - 2R 2. T =651 281 T ik - & B
RERAYIAS B 2 B DR AR AL S (4. 18g, 77 %32%) o e - (1S, 3R, 6R) —3- (4,
3 ~T-A - RIA[4.1.0] PEBEAETLC B Son B /MR PE I B S e i o Iit- (1R, 3R, 6S) -3
(FEIL) -T-HF- RO [4.1.0] PEBEH IR B MS (BS+) CisHis02 75 H4H : 204 , 5238 AH - 205 [M+
HI',

[0529]  JDER4: (IR, 2R,5R) -5 CRAIE) —2- ((S) —1 - ZHL) Mg

[0531]  f SR (7.27g,68.4mmol) ¥ fINE (1R, 3R, 6S) —3- (RA L) 75 I8 - X
[4.1.0]P#bE (7.0g,34. 2mmo 1) T-120mL 4A-MSTF-J 2 o B UK ¥4 2D FEIE WP 1 i
Sk I HLAE15minf (] BRI R A 0 (S) —1-2K 3 2% (5.58g,46. Immo 1) , SR JE VA TR 725
CRHFEL8h AR G RHR AV AE200mL /K AR B IE L 2 R Ul (200mL x 3) ZEEL, K4 FE /Y
B HUFHAERR BRAN_E T8, SR 5 i 4 o B AR Bk E (il DUA T S 2R TR - = 2.8 =98:0
2749149 2P R AL TR RV LA S B 2 B ORI AR UL A (3. 5g, 72 F31 %) . (1S,
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2S,5S) 5= (FHEIHL) —2- ((9) ~1-R I 4 FHL) RO BEAETLC [ B 7R 5 /MR, 3 Her e b i -
(1R, 2R, 5R) —5— (R L) —2- ((S) ~1-FFE LA HL) I B H IR MS (ES+) CarHarNO2 75 2L
fH: 325, SE56 {1 - 326 [M+H] .

[0532]  JPER5: (IR, 2R, 4R) —4- CFEIE) —2— GRUT 2k — AR R I R e L 40 E) -N- ((§) —1-0K%
) B O

TBSOTE, TEA

[0534]  F =GR R AL ] R R R RS SR (13.0g,49. 5mmol) ¥ ANZE (IR, 2R, 5R) -5
(REFE) —2- ((S) -1-FFH- 28 3) FF B (5.4g,16.5mmol) FI=2Z. % (5.0g,49.5mmol) T
100mL -4 — S e B UKt 4 J I 4 F- AP o AE30min . i, 1 ot PR R S BN ) i A 7K
TGRSR, FERRIRAN 158 BB R VA ), IF A Ak BORE (i U ik - 218 L BR=100:0~
70130 SR AL R R P LLAS B B8 A PRI AR S 54 (5. 48, 7 T1%) MS (ES+)
CorHaiNO2S1 55 BAH : 439, SEIGAE : 440 [M+H] ",

[0535]  PURT. (IR, 2R,5R) -5— (REIE) —2- ((§) -1 R E LA OB

OH

T8 *
L § {'Fé}k ‘ ‘\\N
[P TBAF IR
ey THF, 65°C Q O
L ‘

[0537]  ZE=IE T KUY T Em AL (2.66g,10.2mmol) FRINZE (IR, 2R, 4R) —4- (4 HE) —2-
GRUT 2 — H B Rk e B4 0E) —N- (S) —1-R L £ 8) BT iz (1.5¢, 3. 41mmo1) T-50mLF#:
SEIRIR e I B VAR o SRS AE65 C T B ILVE TR 2h o SR R RHR S AE B A IR
It HE R AAE 200mL K h AR I HFH 2.8 2,15 (200mL x 3) AEEL, ¥4 3 10 43 HUAH A K A
AN G EN K IR BRI, FERR RN b1 o BB R VA 501, I HL 4S8 Ak oA €18 LA A ik - 1R
L BE=100:0~70:30% Bk 28 ALk RV LAT 2 2 R A PRI bR AL 54 (0. 75g, 77 2
68%) oMS (ES+) CorHo7NO2 75 224 : 325, SEEG{H : 326 [M+H] ",

[0538]  DBES: (IR, 3R,4R) 4-Z M fi-1,3-

[0533]

[0536]

OH
.\*‘NHZ
PA(OHIC
EtOH, 50°C  HO”
N 12

[0540] SN R Ak L 10 % S AT (697me , AL AR INA (IR, 2R, 5R) -5- (R
) -2- () - 1-FK 2 L&) A BE (650mg , 1. 99mmo 1) T+ 15mL Z B P WL 2R JA AE50°C

[0539]
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TR IR HE 200 S8 SRR A Y0 A 5 B i ok It R L
AP BE =1 1085, I8 RAE B2 NIk IF AR R E20mL B . — &R ke =11 103
R R IE HMR4E , AR E B A N SR AE-20°C R VA A DLAE 3 B A A AR K b i A 4
(240mg , 7 Z92%) MS (ES+) CeH1aNO2 75 BAH - 131, L& - 132 [M+H] ", "H-NMR (400MHz , 6d-
DMSO) Sppm 4.62-4.49 (m,2H) ,3.42-3.33 (m,2H, J=3.2Hz) ,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 (m,2H) ,0.97-0.90 (m, LH) .
[0541] sz fH23 . A Ak (IR, 2R) —2— (R3] Fk — FF L FR R e S AR 3k ) — 4503 O L U3 R
BT B

(05421 A9R1: (IR, 2R, 4R) ~2— GBUT JE — FFLBE Y i ik S ) —4— 40 5 B (1 AL PR L
THE

Pd{OH)s, Hs
Bocs O, EIOH

[0543]

[0544]  FEZR T B iE PR B 10 % SEEAEE (1. 9g, AT 8N 2K 1 S BT S 411
(1R, 2R, 4R) —4- (R H L) —2- GRUT 2 AR R AL -N- ((S) -1-RHE 4 T ik
(2.0g,4.54mmol) A —HREE ——FU T ES (3.95g,18. lmmo1) T-60mL Z, B 1 ({3 - SR J5 7850
C TSN RIE R FE20h SR 51 IR A W% 20 3 B ek g o 38, K5 98 0F FH A
TR BE=101085 IR RAE H S R 40 I B R R WA 20mL R D SR R =11 109%
TR R AR HLR A, A8 = 12 T, SR B BBl &8 (1.2, 772 T77%) .
MS (ES+) C17H3sN0aS1 75 248 : 345, SLEGH - 346 [M+H] 7,

[0545]  JDER2: (IR, 2R) —2- GRUT & R R R LA 20 —4-A O R 2R R IBUCT TR
QTBS

DMP, DCM s oNHBog
40°C ) ~
O .

[0547]  FERIR T 1,1, 1-=ZBE3E-1,1- =51, 2- R Mg 3L -3 A0 -fF GEir-5 T
T, 4. 11g,9. 7lmmo ) ¥RANZE (IR, 2R, 4R) —2- GRUT 2 = B R RE T B4 ) —4-FR LR
O LR T S (1.4g,4.05mmo1) T-50mL — &0 4 v VAR T o SR 5 £E40°C R AE RS
TN IR IR 3h o SR A WG VR A e B S TR IR 4 5 BT A e A R DU Tk - 2L TR 2L B
=100:0~95: 5 MR AL TR RV LA B 2 88 AR AR B G (1. 2g, 77286 %) MS
(ES+) C17H33NO+S1 55 B4 : 343, SLEG A : 344 [M+H] " 'H-NMR (400MHz , CDC13) Sppm 4.70-4.49
(br.,1H) ,4.10-3.90 (br.s,1H) ,3.79-3.65 (br.,1H) ,2.64 (dd,1H, J=14.4,4.0Hz) ,2.42-
2.28 (m,4H) ,1.46 (s,9H) ,0.87 (s,9H) ,0.08 (d,6H, J=6.8Hz) »

[0548]  sijifa 623 . A A& (IR, 2R) —2- GRUT 2 - FF R AR ke L AR 0L) —4-E I O R A F IR
BT EEAT (IR, 3R, 4R) ~4-Z & U be-1, 3-

[0549]  PIR1: (IR, 4R) —4- CREE) RO EEA (AS,4S) —4- (RS T B

[0546]
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NaBH,, MeOH
0-20°

AOH -
OQ GQ .

&

ot

[0551]  fE10minff [A] B 1A , 14— (R4S PACER (31.0g, 152mmo1) T-500mL HY EE H [ 7K
W AR, 2 2 AR I EA LN (5.78g, 153mmo 1) , SR JG ¥ VAR AE20°C T HtdE2h SR 5
T I AN S KA R (BOmL) Y KIRA D - 1 i 4 I HAG R AR WS T-200mLoK H 3 H.
M2 85 (200mL x 3) AL, 45 FF BIANUAEIERR BREN L1058 , S8 5 76 525 N IR4a AR 21
SR bR B2 (1R, 4R) —4- (R RO BEA (1S,49) —4- CRE ) RO
(31.0g M) , AR DAL B T T — AP ERMS (ES+) CisHis02 75 £4H : 206, 5K
I6 {8 : 207 [M+H] ",

[0552]  DER2. (O -3- M) L) oK.

,_»\\GH o N
[ T )
[0553] /A\\/) o THO, DIEA oy

¢ ”

[0554]  7E30minfif [A] BLHAIA], ] (1R, 4R) —4- CRAEL) BT EEM (1S,4S) -4- (REE) 12
fi% (30.0g, 145mmo 1) FIN,N- TP 2 % (28. 1g,218mmo1) -T1200mL — & FF 52 [ KB4
HIVE W E T I =5 PR ERET (30.7g,109mmol) , 4R G VAR AE 25 °C TPtk 18h R 5%
TR AR B Th k4 51 BAT FHRE A (3 A YR - 1R Sl = 127 L IRk 2840 R R ) LA
1930 B 2 AOHLIR AR UL S (28.0g, 77 22100%) MS (ES+) Ci3His0FE ZiH : 188, SEIGAH «
189 [M+H] *,

[0555]  PE3: (IR,3R,6S) —3- (R —T- A& XNOR[4.1.0] Bk

S8y

NS
SR
SR
¥ <
¥ s
N

3 3
R N
B R T

¥ MUFHRS, S

i o e 3

[0557]  #£0°C 8 A la) Sk S8 2R B R (21.9¢g, 127mmo ) Zb3E (R T -3-1F AL A ) L) %
(12.0g,63.7mmol) T & FF F£ (200mL) H FIVE W A8 R BLVR A H7E0°C R i 2h, I HAR 5
R T HEFE15min SRR (10 % WAR FREN K IA R - 5 %6 S E AL BN K IR SR 5 S 7Kk) B AL
TEIRA R, RAETBAR R AR, i AT (A iE LA T b - eIl LR L BE =65 28 1 TH ok 77
B TR R AR AR B 2 A WHPIRI AR L 54 (4.18g, 77 232%) o k- (1S, 3R,6R) -3~
(WAL -T2 R (4. 1. 0] BB AETLC b R 58 /NI I HL 8 25 e ik i - (IR, 3R,
6S) —3— (FAIE) -T2 R XA [4. 1. 0] Befie Ho IR e i o MS (ES+) CiaHis02 75 EEH < 204, SEAGHE -
205 [M+H] ",
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[0558]  Jifizt— (IR, 3R, 6S) ~3— (L) ~7T-FZ—XFF[4.1.0] PifE : 'H-NMR (400MHz , CDC13)
Sppm 7.35-7.27 (m,5H) ,4.56-4.45 (m,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) »

[0559]  Jz X~ (1S,3R,6R) -3 (F4IL) T4 24— AR [4.1.0] Pike : 'H-NMR (400MHz , CDC13)
Sppm 7.35-7.27 (m,5H) ,4.48 (dd,2H,J=28.0,12.4Hz) ,3.56-3.52 (m, 1H) ,3.19-3.17 (m,
2H) ,2.24-2.18 (m, 1H) ,2.15-2.07 (m, 1H) ,2.00-1.91 (m,2H) ,1.64-1.53 (m,2H) .

[0560]  PER3: (IR, 2R,5R) -5 CRAIE) —2- ((S) —1-IRFL 2 5008 MO %«

[0561]

[0562] g /m A IREE (7.27g,68.4mmol) A 1A (1R, 3R, 6S) —3— (RE L) -T2 24— X
[4.1.0]BEkE (7.0g,34. 2mmo1) T-120mL 4A-MST-J ZJIF I UK ¥ J FRIE R, i #%
b FF HAE 15minff 6] BOHE ZE R A 0 (S) -1-28 3 2% (5.58g,46. lmmo1) , SR Ja ¥ VTR 7E25
C N HE L8h o SR JE K TR S AE 200mL K R FRE I HFH 28 208 (200mL x 3) 58X, KA F i
A HLAHTERR BN 158, S8 JE e 4 o B PR AT (il LUA JhE - IR 4 B5 - = 48 =98:0
:2~49:49 2 R AL R RV IS B B AR AR BL A5 (3.5, 77 %31%) o (1S,
2S,5S) 5= (FHIHE) —2- ((9) ~1-FK I L FHE) RO BEAETLC B R 5 /MR, 9F Her e e i«
(1R, 2R,5R) -5~ (FEAIE) —2- ((S) ~1-ZKF 2 &) T 1 H IR B IR MS (ES+) Ca1HaNO2 75 22
{H:325, 520048 : 326 [M+H] ",

[0563] (1R, 2R,5R) -5 (4 L) —2- ((S) —1-KHE 2.5 L) I - 'H-NVMR (400MHz , CDC13) &
ppm 7.35-7.24 (m, 10H) ,4.52(d,2H, J=2.0Hz) ,3.97 (q,1H, J=6.8Hz) ,3.42-3.34 (m, 1H) ,
3.19-3.12(m,1H) ,2.39(dd,1H,J=12.0,2.4Hz) ,2.16 (dd,1H,J=12.0,3.6Hz) ,2.09-2.00
(m,2H) ,1.65-1.49 (m, 1H) ,1.35(d,3H,J=6.4Hz) ,1.28-1.15 (m,2H) ,0.90 (qd, IH, J=
13.2,3.6Hz) .

[0564]  (1S,2S,5S) -5 (4 IL) —2- ((S) —1-RH 2.5 L) BT - 'H-NVMR (400MHz , CDC13) &
ppm 7.36-7.22 (m,10H) ,4.54 (d,2H, J=3.2Hz) ,3.90 (q,1H, J=6.4Hz) ,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) ,1.95-1.90 (m,
1H) ,1.47-1.29 (m,3H) ,1.34 (d,3H,J=6.4Hz) ,0.82 (qd,1H,]=13.2,3.2Hz) .

[0565]  DIRA: & (IR, 2R, 4R) —4- CRA L) —2- GRUT B — R R RE e B4 08) -N- ((S) -
|- ) R
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[0566]

[0567] ¥ =R PR A T 2 — H AL R AR e 2 I (13.0g,49.5mmo ) A ANAE (1R, 2R, 5R) —5-
(FREIL) -2- ((S) ~1-ZKHE 2 A IE) A OB (5.4g,16.5mmol) FI=Z 1% (5.0g,49.5mmol) T
100mLF-452 G0 e B UK V2 ENI O H- VA WP o 7E30min . Ji » 1 otk P B R S BN ) i A 7K
T VRGE SR, TERRERAN b T158 BB R VA 1), FF AT A Ak BOAE (i U A ik - 2R L BE=100:0~
70309 k2l fb Bk R M LA15 B 2 PR AR B A4 (5. 4g, P EET1 %) JMS (ESH)
CorHaiNO2S1 55 B4R - 439, SZIGAE : 440 [M+H] ",

[0568]  AI5: (IR, 2R,5R) —b— (RAHE) —2- ((5) ~1-I8 F: 4 50 MO BE :

[0570]  fEZIETS WY T Eam ki (2.66g,10.2mm01) ¥ 1% (IR, 2R, 4R) —4- (REAL) -2-
GRUT 2 — R R R A e AR L) —N=- () 1R 2 08) PR % (1.5g,3. 41mmo 1) T-50mL 15
RPN BCE T B VA R SRS AE65 C TN B TR TR IR 2h o S8 5 R TR S W AE B A IR
I H A HRARMAE200mLK A RBEFE 2.2 2. 186 (200mL x 3) AEHL, A FF B9 A HLAH K R4
AN KB TRBE B, FETRER AN T B B v 1), I HLASE AR At €1 U T © 1R &
BE=100:0~70:303¢ i R 2i1L R AR YA B 2 T A IHPIR bR L 59 (0. 758, 72268 %) o
MS (ES+) Ca1HaoNO2 75 BEAY + 325, SEIGE - 326 [M+H] 7

[0571]  PIE6: (IR, 3R,4R) ~4-Z I fe—1,3- .

OH
A JNHy
PA{OH)LIC
EIOH, 50°C  HO®
>

[0573]  {EZIR N HIEPERR L 10% ZEA AR (697mg, AL W INE (IR, 2R, 5R) —5- (FF
L) -2- ((S) -1-ZFHZEE) RO B (650mg, 1.99mmo1) T 15mL 2 1 VAW T « 2R 5 AE50
CHFEER N BHE R IR 200 S8 51 VR A v 201 Hoam ik ek 3 98, 45 98 6 A P i
TR EE=101050% IR B S TR A I BB R R R 20mL R L SRR =11109%
TP FRRE T FL i, B R B2 N T, ARG E-20°C A Z1LL19 3 2 (A AR 1 bR AL &
) (240mg , 7= Z92%) MS (ES+) CeHiaNO2 75 B - 131, SLIGE : 132 [M+H] "o

[0574] (IR, 3R,4R) ~4-Z LR k-1, 3- % : 'H-NMR (400MHz , 6 J-DMSO) Sppm 4.62-4.49

[0572]
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(m,2H) ,3.42-3.33 (m, 2, J=3.2Hz) ,2.93-2.86 (n, 1H) ,2.25-2.18 (m, 1H) ,1.98-1.92 (m,
1H) ,1.72-1.59 (m,3H) ,1.13-1.03 (m,2H) ,0.97-0.90 (m, 11) »
[0575]  SEjaf|24 : & AL S 4232

§£\I~I§’x§
L SO
PRI ER
¥ N b

X

;
A
kS

R
it
R

[0576]

E S— b v _
3 o s AR G 3 <. &
3 e \'\ ® g&’-ﬁ\bf\\\‘ N 3 N

% }A”*‘ 4..““\.“...“\:;@ ) J}bé?; N j%*\hg% ?ﬁ

Nooadd THE \' &3 ‘} o
& \ - 3 ‘5\\
FX

\\\\\\ & RS 4 \4}....,}.
X \ d
4 s
DM N SN N o

[0577]  JDER1. (4-F-1- (- CRIER R L5 B - TH-MEM I (3, 4-d ] Wi -

33 ((2R,4S) —2- (2, 5= FAIL) ~4-FRAE % e -1 —JL) FI il
SEM

50°C

FE[3,4-d]mEngE-3- R (1.00g,3.22mmol,1.004 &) FSOCl2 (164.00g,1.38mol,428.114
) TV U INDME (235.49mg, 3. 22mmo 1, 1. 0024 8) B K S 7E50°C T N 16h,. TLC
(PE:EtOAc=3:1,Re=0.8F10.7) IR J B 58 il o« U AE TR A o WG HR AR WDV 1 22~ 10°C I L
fET-DCM (25.00mL) H1 . FFEtsN (1.63g,16.10mmol ,5.0024 &) fl (2R, 4S) -2- (2,5- —H K
5) ~A-F-MEME 5 (497 . 40mg, 2. 09mmo 1, 0. 655, HC1) ¥ INZE SR « 7E0 °C T K S S A4+
0.2hoTLC (PE:Et0Ac=3:1,Re=0.38) L7~ N 58 1 o WG VTR FH R 7K (Bml) BEs » 7ENa2S04 |
T8 9 FLIR 4 - 3 6 & T -TLC (PE:Et0Ac=10:1) Zi{L iR Y LAE B 2 0 S ARG (4-
H-1- (- CHEPRELE) 2850 B ) -1H-Eme I [3,4-d] g -3-35) ((2R,4S) -2-
(2,5- " OREL) —4-FIMEAESe-1-35) F IR (400.00mg, 7= 2:24.26%) .

[0580]  DI%2. (IR, 3R, 4R) -3- ((3- ((2R,4S) —2- (2,5- “FIEIE) —4-FILIE fe- 1 -FRIE) -
1= ((2- (Z R F R 7,5 B — IH-IEme 3 [3, 4-d] Mg -4- ) L) -4-F 50k,
b1 - R P I
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DR o
S { _}.i:*;.-\
)\'\\\Y N 8\ ?
§ ‘N Nl
\« S o \}*‘{
B ik\ _ , Shis
[0581] . QNI"
R v F DDA &
WS \1%‘““ 3 LA RS S
L
S
o & Y o
e
X A%

&

R <
RREEEERY

[0582] o] (4-F-1- (- CCH ARG 5 F I —1H-ME e JF [3, 4-d] BEng-3-J)
((2R,4S) -2- (2,5- A IE) —4— L% i—1-25) B EH (200.00mg ,390.63umol,1.0024 &)
(1R, 3R, 4R) —3- R -4 - IR G2 B H 6 (80.24mg,410. 16umol,1.05 %5 ,HC1) T
IS (10.00mL) H KA TP AR NDIPEA (151 . 46mg, 1. 17mmol , 3. 004 5) 1 M AIAE90°C
T INFSh o LOMS 27~ RN 5E i o B VA R IR AR o B3 i 6 2 -TLC (PEEtOAc=2: 1) Zift iR R 1)
PA1S 3 2 8 i 40K (IR, 3R, 4R) =3- (3= ((2R,4S) —2- (2,5~ 5N L) ~4-FMEIE St -1~
BIL) ~1- (- CHFEFRELRHL) L8 F L) -1H-MEeE (3, 4-d]wsng-4-3%) 2t -4-§%
FEI b1 - R B (120.00mg, 7" #8:48.40%) .

[0583]  DEE3: (IR,3R,4R) -3 ((3- ((2R,4S) —2- (2,5~ —F KK ~4-FULIE St 1-FRID) -
LH-ME e [3, 4-d] meng —4-55) S ) —4-F 5B ke -1 - R R FF IS

SEM H
# N\ N\
4 N s T N
TEA/DOM H ! ‘ F
[0584] e Lo Y
KOAcMeOH %) N

o F—-(/ \> >>>>> F
Ohde =

[0585]  #£15°C T, (1R,3R,4R) -3 ((3— ((2R,4S) —2- (2, 5- ~F L) —4—FULIE bE—1- 9%
) -1- (- (EHRER ) 285 PR - - 5 [3, 4-d] g -4-3%) %38) -4-# 3
IR b1 -2l FR S (120.00mg, 189.06umol, 1.004 &) T-DCM (3.00mL) 1V W o s INTFA
(3.00mL) 7E15C B S N FE 16h o LOMS B 7R 46 A4 RHHFE A T B H 2D (IR, 3R, 4R) -3~
((3- ((2R,4S) -2- (2,5~ FIA L) —4-FML MG HE—1-Fe k) —1- GRH JE) —1H-ME e 3 [3,4-d]
W g —4-) FIL) —4-FRFE PR TR IR P IR o 1 S BEIIR 446 o V4 B AR W) i T-MeOH (20 . 00mL)
H o FEKOAC (185.54mg, 1.89mmol , 10. 0029 5&) RN Z R M H o R B 7ES0°C T n#k16h.
LCMS 2.7~ L 58 il o I VRIR 4 o 1 R AR W i T E 0Ac (20mL) w3 H A #R7K (10mL) ¥
FENasS0s b1 9 H k4 L5 2] 2 20 A A 4R (IR, 3R, 4R) -3 ((3— ((2R,4S) -2- (2,5-
AR IE) —A-FEIE - 1 - B IE) — LH-TE e I [3, 4-d] s ng-4-38) &) —4- B ke -1-7&
e H B (80. 00mg, A4 , He AR AEALEN T T — MR

[0586] DR ((2R,4S) —2- (2,5~ ~H ALK —4-FMLrg e-1-F) - ((AR,2R,4R) -2-F&
F-4- Q-FFH-2-F) FFRED) L) -1 H-Ee I [3, 4-d]mEne -3-35) iR
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[0587]

2=

[0588]  fE-70°CF, [ (1R,3R,4R) -3- ((3- ((2R,4S) -2- (2,5- g AR L) —4-FRMLHE b -1-
PRAEE) - LH-ME M JF [3,4-d ] mpng-4-J8) 2 3E) -4- 3 A k-1 - R IR F 5 (80.00mg,
158.59umol, 1.0024 &) FTHF (20.00mL) 5 ] vA W 78 IiMeMgBr (3M,1.59mL,30. 004 &) .
W RS G 2 15°C I HAHE2h . TLC (EtOAc, Re=0. 24) FILCMS i 75 5 S 58 % o 15 1 W
FHINHCIZK AR A AN A pH=T7 . 5 [ RLVR A WD 4 o 8 e v 7 ] 26 4 -HPLC2EAL iR R M LA 2]
S A EAEART) ((2R,49) —2- (2,5 AHE) —4-RML g fi-1-) (4- ((AR,2R,4R) -2-F2
H-4- Q- -2-58) L) F L) -1 H-ME e I [3, 4-d ] mgmg -3-JL) B R (17.40mg, 7= 2 ;
21.75%) .

[0589] % T Ak & HILL T A 0156 , LC-MSZEAF AN T « (GshAH : 99 % [7K+0.375%0v/
v TFAJ 1% [CHaCN+0.188%ov/v TFA], 7E 30451 T JiAS0. 4min, #R 5 7E3. Omin Py A8 {L %2
10% [7K+0.375%0v/v TFA]F190% [CH3CN+0.188%0v/v TFA],%R JG/E0.45min N 254k &
100% [CHsCN+0. 188%0v/v TFA], ¢ /G 7E0. 0lmin N AL Z299% [7K+0.375%0v/v TFA] 1%
[CH3CN+0. 188%0v/v TFAJ, SR JG 7€ b4 2F T T 0. 64min. i & 145 11480 .8ml » min™'s)
2l 99.870%

[0591]
g F
’ N\'(”Iﬁf 1) TFA, DCM
OH v 8 , DEM
[0592] e T o -
NaBH{OAC) : e \,J 2) CHACO Na
AcOH, DOE, 60 °C /{N”’" / N DCMINeCH
e
LA ==

[0593]  2DE%1: (3R, 4R) —3- ((3- ((2R,4S) -2— (2,5- —FIRHE) ~4-FMLIE e 1 -FRIL) - 1-
(2= (S I YRR ) 2, 00) A — LH-THO e 3 3, 4-d] WivE—4- 1) U —4-J Mt g
b 1B T B
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[0594]

Ry R »
\»\ \:\ W S NS \\\“\\» \f
R OPELEER swe e 5

[0595]  #E50°CF,#13- ((2R,4S) —2- (2,5- A L) —4-FMLIE bi-1-FR L) -1- (- (=H
R 2 ) L) -1, 5- A -4H-MEm I (3, 4-d ] g -4 (0.085g,0.17mmol , 1
B VAR S R B (0.031mL,0.43mmol , 2. 524 8) FIDCM (0. 7mL) [ JLIFDMF— A2 i
FE3/NB o LOMSHE 7~ SMFE 4 T FE A AR IRER TR A ) 4 S SLTR S WIAE DK % 209 Hoas in — i@
%52 (0.7mL) , B J5 S IDIEA (0. 21mL, 1. 21mmol , 724 &) FI (3R, 4R) —3-Z JE—-4- 2 Rtk ng f—1-
RIRAUT B (0.058,0.26mmol , 1.5 &) LA IET0C R RMIR G YFE3 /NS . LOMSTE 7~
JRE5E o SR 5 1 S VR A 40 P DOV R 5 L AV AN B S BN VA WL e 5% - 1 & R B HLE H
VAN ER I W B » 7ENao SO 4R HLAE B8 ik 4 o 8 1 ik e A 3 (T bE/Et0AC) 2iifk,
BRARVIVAIRIS =4 (3R, 4R) -3- ((3- ((2R,4S) —2- (2,5~ FARHL) —4-FMLIE k- 1-FRFEL) -1-
(- (CHRERRE 4HE) FHE) -1H-IE e [3, 4-d] Mg -4-J8) 2 &) -4-Fa Rt ng
Fe-1— R BRHUT B (0.084g,72%) .

[0596]  DIR2. ((2R,4S) -2- (2,5- g ARE) 4L g i -1-55) (4- (((BR,4R) —4-F2 L%
fe-3-4%) &) —-1- (- G R ER LR L4508 B ) —1H-MEmeJF [3,4-d] Mg -3-55) H

SEM
i

[0598]  fi F —MEE%5E (4M,0.9mL,3.72mmol , 30 24 &) I IHCI AL 3 (3R, 4R) -3- ((3- ((2R,
48) —2- (2,5~ FREE) —4-FIMLE S - 1B dh) —1- (- (ZH Rk O H 5 B -
TH-ME e I [3, 4-d ] Mg -4 -J%) 2 %) —4-F FRME g fe -1 - AR R R (0. 084g,0. 12mmol , 124 &)
TEtOAc (1.25mL) FIIEW - 723 C R i FE4/ DI 2 )5, LOMSHE 7R B 58 B » 1 I SLVR A4
EtOAcH B I H AR AR R SV BN VA VRS o 6 FF 1O A HLZ RS AN 3 7K 8 MR BE 5 » 7ENa2S04
R, FE B SRS L) (2R, 49) —2- (2,5~ FARHE) 4TS Bi-1-95) (4- ((GR,
AR) —4-FR ML fE—-3-38) Z L) —1- (2- CHREFR L) 4585 B AL - 1H-MkMe 54 [3,4-d]
WEE -3-2%) REARE— DAk T N — 1P %+,

[0599]  PIR3: ((2R,4S) -2- (2,5- R —4-FMLE fi-1-3%) (4- (((3R,4R) —4-F 5k
1- CAZRI T fe—3—3k) Mg fe—3-3) &) —1- (- EHR AR R 48005 B - 1H-it
M3 (3, 4-d] Mg -3-J8) H i

2
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SEM SEM
N : N {
-%,.—.N\ o \\\/N\
I E /N 8 !Ll . &
o [ 7 on Y i
\ 7 F id 3
[0600] \\ T L5t NH )\N/\;"
o s NaBH{OACK &1 },4
A 3 AcOM, DOE, 80°C N 3

HN -3 } 3
s @ —F ‘};g F- _;}\ —F

[0601] ] ((2R,4S) -2~ (2,5~ “FIKHL) ~4-FHEIE S5e—1-F5) (4- (((3R,4R) ~4-FZ LMK kg~
3-34E) L) —1- (- (CF AP RELE L) 254 F L) - 1H-1E eI [3,4-d] mEig -3-3E) F i
(0.036g,0.062mmo1 , 124 5) T-DCE (0. 5mL) H VAR & I L £ B8 (2uL,0.031mmol,0.5
M8 B EE AR T HE-3-1 (0.015mL,0.21mmo1 , 3. 324 &) I K S BV & #7E60°C
TAnF2 /N RN = 2 BRI E AL AN (0.033g,0. 16mmo ], 2. 548 3 OB A RAE23°C T
P24 /N o LOMSHE 71 I B 58 1) o 15 R RL TR 25 40 FHE COA 7 18 3 L FH VS R0 e I S8 B0V R 0t
W WG B IR A LR UMD B /K ISR 6%, #ENaS0s B 18, 7E B A5 Th ik 4 . SR I i I e
FEELTE (DCM/MeOH) 2k 5% R LA 5B 72 (2R, 4S) —2- (2,5~ F KAL) —4-FMEE br-1-
5) (4= ((BR,AR) —4-F2H-1- GR R T fe-3-48) ME g be-3-38) &) -1- ((2- R AR
PEdk) 25 B L) —1H-IE e 3 [3, 4-d ] Mg -3-J5) B (0.030g,75%) -

[0602] D3R4 ((2R,4S) —2- (2,5~ RHL) ~4-FMEIE i 1-35) (4- (((3R,4R) -4-FR K-
1- CRZRPR T B -3-4%) Mg e -3-3) L) —LH-E Mk 9 [3, 4-d] g -3-3%)

i 4
j N .-;Q\ ; N\ _N\
N g/"N N L ‘/‘N
OH \T il 11 TFA, DEM oH o
[0603] puy N\’f T NH N
] &y Y OH4C0Na ] L

DOMIMeOH N &

(‘{w‘ F—@—F \,,;(; F .’;::__\« £
o

[0604] 4% ((2R,4S) -2- (2,5- L) ~4-FMEI& K- 1-32) (4- (((3R,4R) -4-$23E-1- (&
F IR T BE-3-3) LR 5t -3-38) L) -1- (- (Z R R P REGIE) L 8L L) — 1H-nE e Jf:
[3,4-d] mnE-3-35) A (0.060g,0.095mmo1 , 124 &) T-DCM (ImL) = {9 7% ¥ FITFA (0. 73mL,
9. 5mmo 1, 10024 ) AT 16/ 41 28 290 FHDCHRE B 3 EL A L ABRBRSLHI K 7 L ¥
A2 IO HLIE FHL R 6K M IR I, 7ENaoS 041 T8 , 3 ELAE 048 P #K 48 191 DCM/MeOH (1/
1, ImL) o () e ()P 28 N 2. R4 0016, 0. 19mmo 1, 224 5) I HoW S MEAAAE 23 C TR 42
/NI 5 S £ 0 FEIDCRG 3 L PRV AT B L B ik A5 23 D0 B2 PV
VAR » FENa2S0s b T, 78 B3 il 4 o SR 5 1 56 300 1 R RS €3 (594510 %6 NHAOH (K
DCM/MeOH) % Je 3eL #1] #~TLCAR AL TR A L5 BS 721 (2R, 48) —2- (2,5~ A HE) ~4-9R
MENE Be—1-2) (4= ((GR,AR) ~4-F2 51 (EIRIA T e-3-2) ML fe-3-2) 2 —1H-nE
JF (3, 4-d]mgnE-3-4) I (0.034g,70%)

[0605] s f5126 . & RiAL 4156
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8 Hy
WNRS A QU S P PR A
\‘:\ “““““ foad Jon ?-'/'7““/ """"""""""""" b _.':~~..,{-“".
S I (W G R HATUIOWES
..... 8 e’ BE M
[0606]
¥ w. o
N P
o . . . O el
THOKY N : T TERDTM By i
T T W e N
g . S s ¥ S i it S b
PHERN HOw Sy a " 2 WAV DN Flme™
DRFRW e 4 o ;
Sy R A N
SAECS Chwg® R St -
\\‘2:':,/. “fi:N : "’:‘N
3 3 =
[0607]  JDER1. 1-1R-2- GRHFE) —4-5K
8r
[0608]

" N

[0609]  ZE90°C R, ¥H1-1R-4--2-F I (3.00g,14.60mmol ,1.0024 %) .NBS (2. 34g,
13.14mmol,0.904 &) FIAIBN (239.75mg, 1 .46mmol,0.1024 %) FCCla (20.00mL) S K1 VER
EFEL 2h o I TRAE B A IR 48 DS B 2 28 G A AR AL 2 1 1R -2- QR R -4-80%
(5.40g, 174 , AR FE— DA BRI T~ — P8,
[0610]  JDBE2.1- (2—JR-5-FIKHE) -N-F FLH ik

BT ff

MeNH,H,0
Q Br

. e
¢l /;\ . ¢l
[0612]  7E25°CTF, 41— -2- (R JE) -4-50K (5.40g,18.99mmol,1.004 &) T-MeNHz/H20
(30.00mL) VAR IR 150 24 SR 5E R, FHEt0AC (50mL*3) ZEEL ), B A& I A HLZ
FEH 2 Rk 4E LATS BIKL =4 o W Ik Ak R A 3 (PECEtOAc=5: 121 1) Zifb R =YL R13 2
KA AR 1= Q-3 -5- 52K HE) -N-F L F % (1.00g, 722 :22.45%) . 'H-NMR (400MHz ,
CDC1s) Sppm 7.45(d,1H,J=8.8Hz) ,7.40-7.39 (m,1H) ,7.10 (dd,1H,]=8.4,2.4Hz) ,3.79
(s,2H) ,2.46 (s,3H) »

[0613]  JBEE3:N- (2-1R-5-5 % 3) -4- (((IR,2S,3R) -2, 3— ~F2FLIR R IE) G HE) -N-F -
1- (- CHREF RS 2585 B -1H-MEe I (3, 4-d] mEne -3- F B

[0611]
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OMF

[0615]  [a]1- (2—-VR-5-G ZE L) -N-FF IL I iz (500.00mg, 1. 22mmol ,1.0045) Ffl4- (((IR,
2S,3R) -2, 3- “FRIIF LI EIb) -1- (- EHREP R 283 B -1H-1kme I3,
A-d]WEIE-3- ¥R (314.98mg, 1. 34mmol, 1. 104 5E) T-DMF (5.00mL) 9 {34 ¥ F ¥ INDIPEA
(315.35mg, 2. 44mmo1 ,2.004 &) FIHATU (556 .66mg, 1.46mmol,1.204 &) , 4 IR &1L
25°C RHEHE 15h o 24 S W 58 B, 78 IH20 (20mL) , i iEEt0Ac (20mL*3) A B =¥, & 3F A
HWUETEE 2k 45 LA B =9 - 13t 1] 26 74 -TLC (EtOAc) 2L =) LA 3RS 2 4 ta iR
[EIN- (2-VR-5-50"F3E) —4- (((IR, 2S,3R) -2, 3- —#2 L PR 3E) ) -N-FH-1- (- (=
P REREAL) £ ) AR - TH-IE e I [3, 4-d ] g -3-FF Bt fiz (520.00mg, 77 2%£:81.20%)
- 'H-NMR (400MHz ,CDC13) 6ppm 9.77 (br.s,0.5H) ,9.49 (br.s,0.5H) ,8.45(d,1H,]J=
11.4Hz) ,7.63 (dd,1H,J=8.4,4.4Hz) ,7.33-7.31 (m,1H) ,7.26-7.25 (m,1H) ,5.87 (s, 1H) ,
5.67 (s,1H) ,5.46 (s, 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 (t,1H, J=8.0Hz) ,3.71 (s,1.5H) ,3.55 (t,1H,]=8.0Hz) ,3.29 (s,1.5H) ,3.16 (d,
1H,J=6.0Hz) ,2.65-2.61 (m,1H) ,2.05-1.83 (m,2H) ,1.05 (t,1H, J=8.4Hz) ,0.90 (t,1H,]
=8.0Hz) ,0.07 (s,4.5H) ,0.00 (s,4.5H) .

[0616]  BIRA:N- (6-F—2-FIE R HL) -4- ((AR,2S,3R) -2, 33— F FLFR R IL) & k) -N-H
H-1- (- CREREGSL) 2585 B - IH-MEe I [3,4-d] mEine -3 F i

SEM SEM
:,./ & {r\*aﬁ, N\ :,.v 4 ;'\\:ﬁ_ﬁ» N\
\3 /}i\ & N .r:JE\,\ a‘?’N
L B W b R
0617 s . S
; N 7 " i S 7
H‘:}""‘X\ \\f.\ NH O ) P‘d{?"?"ﬂ;}}é HCM ?.\ NH 0/ "z
Nt - ORIERLW 2 N e
s ;?”f 140008 by Ci'*“xf% h\
Nopo/ B Names RN

[0618]  HEN- (2-7R-5-8 T L) —4- (((IR,2S,3R) -2, 3- IR IR L) FHL) -N-F H-1-
(- (=PRI 25 5 B L) - LH-me e 3 [3,4-d] W 0E —3— FF B % (420.00mg ,
670.91umol,1.0024%) Zn (CN) 2 (630.22mg,5.37mmol , 340.66uL,8.0024 &) F1Pd (PPhs) 4
(77.53mg,67.09umol ,0. 10> 5) VR A VIVl T % BHE I DMF (3.00mL) H1, 4 HAE140°C
™ s FR S 3ho /E 30 5 , LOMS /R B G LR 58 45 HAE , RIS N BE 22 Zn (CN) 2 (225 58)
HIPd (PPha) 4 (0. 135 58) , 44 HAE150°C N F IR FRE ST 2h o 24 B 58 BT , ¥ iH20 (15mL) , 18
IHEtOAC (20mL*3) ZEH™ M) o £ TC 7K Na2 SO T4 B& 3 A HLZ I HAG H W45 13 2K~ o
T ] -TLC (EtOAc) AL =LA RS 2 J AR ON- (-&—2-F %48 -4- (((IR,
2S,3R) =2, 3- " FR IR RAL) F L) -N-F i -1- (- (G R ERREE AL 28 F L) - 1H-nt
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I3 [3, 4-d] M IE - 3-H B % (520 .00mg , #7240, A8 45 PPh30) - 'H-NMR (400MHz , CDC13) Sppm
9.72(br.s,0.5H) ,9.44 (br.s,0.5H) ,8.45(d, 1H,J=6.4Hz) ,7.79-7.54 (m,3H) ,5.86 (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, J=8.0Hz) ,3.32(s,1.5H) ,3.18-3.16 (m,
1H) ,2.19-1.86 (m,3H) ,1.04 (t,1H,J=8.0Hz) ,0.92 (t,1H, J=8.0Hz) ,0.06 (s,4.5H) ,0.00
(s,4.5H) »

[0619]  DEES :N- G-F-2-FUHEE K L) —4- (((IR,2S,3R) -2, 3- R B IR i) &L -N-F
JE-1TH-ME e 3 [3, 4—d ] Wi —3— F ki

SEM
No N
Y r/
o Na# p 13 TRA/DCM
[0620] T - e
sy 0\; 2)KOAs/MeOH  HO
.

[0621] [j/th,{ﬁ?‘IJTFA(IO 00mL) FIDCM (10. 00mL) 78 JIN- (5-5-2-FHE K H) —4-
(((1R,2S,3R) -2, 3- “FFLFR IR IL) FIE) -N-F - 1- (- (SR P REFIL) 2850 F
3) — 11T 5 [3, 4-d] s -3 FF B A% (520.00mg, 908. 88umol, 1. 0024 &) , ¥ FT iR &1
FE25°C T B Th o BN 28 IR 51 AR 2URE ) o ML P09 T MeOH (15 00mL) 1, 3 if
NaHCOs 8 48 2 pH="7-8, 3 H.¥F JIKOACc (178.39mg, 1.82mmol ,2. 0024 &) , 5 HAE50°C T itk
2h o > [N 58 RN KR B AL 2 v R A LA AT 2R, 1 S A% TE t0AC (50mL) v, 3 3
H20 (15mL*3) Fedsk o A HURAEH 2 IR Aa LA B4, il i IR T i 4% B4 -HPLC (TFA) 24k
PSP 345 2 1 € (AR ION- (552~ WL 4 ~4- (IR, 25, 3R) -2, 3- “H L3R
IR G ) -N-FF -1 H-NE e 35 [3, 4-d] msnE —3- A fEfiz (171.00mg, =2 :33.85% , TFA) .
[0622] szt 27 . A itk 540226

[0623]  TE1: (IR, 3R,4R) —3- (G T ERAD) EUL) —4- (T 2 R PR 400
VbR de- 1 - PR R P i -

ERNE THD *‘*;‘%Q
5 Y X
& 3 \S\«g §\.$ §:}§§¢\\§ o
i FEARLITTNNG
[0624] Y L A - \
ok SEONE g’
YRR 9 i packte
\x?ﬁ& by ks

[0625]  {EO°C R, M (1R,3R,4R) —3- (GRUT A AL) L) -4-FR B3R e -1 -2 e FF I
(1.50g,5.78mmol ,1.004 &) FIBKH: (590.74mg,8.67mmol , 1.50 4 &) T-DMF (10.00mL) 1 [{]
VWP INTBDPSCL (1.67g,6.07mmol ,1.0524 &) #E15°C N s M4k £ 16h. TLC (PE:
EtOAc=5:1,Re=0.43) 7R 858 il o 4V TR 3] 22 7K (20mL) 1 3 H HEt0Ac (10mL*3) %5
B 4G A WL ENaosOa [ I HLIRAR AR RV MPE (ImL) 5 45 LAS 2 2 3 A BRI
(1R, 3R,4R) =3— (GRUT L) 2 5E) —4- (GRUT 2 2R RS L) 008 e -1- R IR
I (2.80g, 77 %:97.40%) o 'H-NMR (400MHz , CDC13) Sppm7.69-7.64 (m,4H) ,7.43-7.37 (m,
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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, LH) ,
2.01-1.95 (m,2H) ,1.65-1.61 (m,1H) ,1.40 (s,9H) ,1.05 (s,9H) ,

[0626]  JBBR2: ((IR,2R,4R) —2- (GRUT F& LR R L) ) —4- GBI I ) &
AT iR

oNHBoc o 1. NHBoc
LIAIH,/ THF X
SRS SRS R ™

[0627]

° OMe S
[0628]  7E-30°C T, [4] (1R, 3R,4R) —3— (GRUT S pedt) 2 Ak) —4- (T R B R e k)
AL BRI b -1- R IR B (2.80g,5.63mmol , 1.0029 &) T-THF (30.00mL) H )& - s 0
LiAlHs (427.32mg,11.26mmol,2.00 &) G x B AGEAE N %215 °C I H A H:2h . TLC (PE:
FtOAc=3:1,Re=0.24) f.IR N 5E il FE0°C T , B S S A0 . 43mL A H2010 . 43mLA 10 %
NaOHZK VAR K o IR A V0 B8 FF B DRI 4 o 45 R AR W) FHPE (5mL) B o 4 [ i 52 3R
522 A EEARE (AR, 2R, 4R) —2- (GRUT R FE R e L) SR —4- R 28 R E)
ST R AT B (2.30g, 77 2£:86.98%) o 'H-NMR (400MHz , CDC13) Sppm 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) .

[0629]  PER3: ((IR,2R,4R) —2- (GRUT J& —oR B R be ) S 08) —4-F B B 0 ) 0k

AT B
TRORGR TRONED
. oS §\ STk f; : \:3_-\&%&%&&2
[0630] \ E i oo o L y
é"“ new -*
o %

[0631]  £E0°C T ] ((1R,2R,4R) —2— (GHUT B R FE Rk e J) 4008 —4- R IR E)
TP AT B (2.30g,4.90mmol , 1.00245) T-DCM (50 . 00mL) H [ ¥ H s g B -5 T
R (3. 12¢,7.35mmol, 1.50 24 &) £E15°C 5 M4+ 16h. TLC (PE:EtOAc=3:
1,Re=0.7) IR RPN TE - E0C T, K s B2 47) F i AINaHCOs (30mL) 7K A ¥ K FF H I DCM
(30mL) AEHL o K5 A HLJZE 7ENa2S0s b T8 k4 il i e e A 3% (PECEtO0ACc=30:1) 2li{bh%
R FRAF 2 AR (AR, 2R, 4R) —2- (GRUT 2 R R REGE L) A28 —4-F BRI K
5 AT AT S (900.00mg, P72 :39.27%) o 'H-NMR (400MHz , CDC13) Sppm 9.55 (s, 1H) ,
7.61-7.56 (m,4H) ,7.37-7.31 (m,6H) ,4.08(d,1H,J=7.2Hz) ,3.93-3.89 (m, 1H) ,3.79
(br.s,1H) ,2.62-2.55 (m, 1) ,2.44-2.40 (m, 1) ,1.86-1.83 (m,2H) ,1.57-1.52 (m, 1H) ,
1.34(s,9H) ,0.97 (s,9H) ,

[0632]  JDBR4: ((IR,2R,4R) —2- (GUT JE R R R L) 20 -4- CHRF R D)
ZIER AT -

7l
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TBDRSO TBDRPSO
. «NHBoc

WNHBog
DAST/DCM
[0633]

[0634]  FEO°CF, Al ((IR,2R,4R) —2- (GRUT 2 RS R ke 5k) 4 ) —4-FF RS 2R T 2)
FHEFER AT B (900.00mg, 1.92mmol, 1.0024 &) -F-DCM (50.00mL) HH ¥ ¥ H S INDAST
(928.45mg,5.76mmol,3.00 &) - f£15°C T4 e BY 4 #5h. TLC (PEEtOAc=3:1,Re=
0. 6) 273 R B 58 J o 15 1 R P AINaHCOs7K ¥4 ¥R (20mL) ¥ K 3 H FHDCM (20mL) %5 B o 44 A L.
JEAENa2S0s_E I HLe s o B i RE A 44 (PEIEt0AC=30:1~20:1) Zifb W 3R 5 2
TR (AR, 2R, 4R) —2- (BT 2t 2R kb ) A0 -4- (CHEF ) k) &
F PR AT IS (250.00mg, P2 %:26 .59 %) o 'H-NMR (400MHz , CDC13) Sppm 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, LH) ,2.07-2.04 (m,
1H) ,1.80-1.75(m,1H) ,1.65-1.57 (m,1H) ,1.33 (s,9H) ,0.99 (s,9H) .

[0635]  JDEX5: (IR, 2R,4R) —2- (GRUT & R AR RERE D) A0 -4- CHERF D Hk-1-
Ji

TBDPSO TBDP&O
k .‘ V \\\NHE

[0636]

F F
[0637]  {E15°CF, M ((IR,2R,4R) —2- (U] 2 R B R S ) S 0L) —4- (R 4D 3R
3 HE) AR AT BE (50.00mg, 102, 11umol, 1. 004 &) TEtOAc (2.00mL) H & H s N
HC1/EtOAc (10.00M1,4M) o 7E15°C FR B HiFE 1h. TLC (PE:Et0Ac=3:1,R¢=0.05) &/~
JRSE5E B o 3 I NGV TR T TR R AR i3 — AP 4li4k . 3R 15 2 3 AR (IR, 2R, 4R) —2-
CGRUT e R B ke ) 000 —4- (S P D) R -1-J% (40.00mg, 77 %2 :91.95% ,HC1)
o 'H-NMR (400MHz , CDC13) Sppm 7.70-7.68 (m,4H) ,7.49-7.43 (m,6H) ,5.81 (td,1H,]=57.2,
4.8Hz) ,4.25(dd,1H,]=12.0,5.6Hz) ,3.50 (dd, 1H,]=13.2,6.4Hz) ,2.22-2.19 (m, IH) ,
1.80-1.74 (m,2H) ,1.66-1.63 (m,1H) ,1.08 (s,9H) .
[0638]  DER6: (4- (((AR,2R,4R) —2- (BT 2 OREE R ARSI L) -4- CHEF ) K
5 FE) -1- (- CHRERRE) 485 FA) -1H-MEegf [3,4-d] mimg-3-45) (2R,
4S) —2— (2, 5- RN IE) —4-FE K fe—1-55) HHE
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[0639] s A reoesg Y ~
N o oy {} \\m §
F {
&

[0640]  [] (1R, 2R,4R) -2~ (GRUT 2R B Rk e L) 280 2E) —4- (SRR 28) B - 1- i
(40.00mg,93.89umol,1.0024 & ,HC) Fl (4-&-1- (- CREFREE) 2485 i) -
TH-MEE e 91 [3, 4-d] ms g -3-J5) ((2R,4S) -2~ (2,5~ ZHIKHL) ~4-FMLIE S - 1-55) F ff
(48.07mg,93.89umol,1.004 &) T MEHE (10.00mL) F1 [ I T 75 INDIPEA (60 . 67mg,
469.45umol,5. 002 5) 4 M APIFEI0C R IHFR0. 5ho LOMS R 7R I B 58 il o VA VR 4 » 1A
1 il % AY-TLC (PE :EtOAc =3 1) AL B R - 3/ 15 B 5 (iR (4= (CIR, 2R, 4R) —2- (G
TR ORI L) AU —4- (R ) B ) -1- (- GREF R 25
) FER) — IH-HE eI [3, 4-d ] Mg —3-35) ((2R,4S) -2- (2,5~ AR HE) —4-FALHg Ji—1- %)
I (38.00mg, =% :46.78%) .

[0641]  PIRT: (4- (((AR, 2R, 4R) —4— (Z P A —2- R IR HE) Z00E) - 1H-ME e JF: [3,4-d]
WEIE-3-5) ((2R,4S) -2 (2,5~ FRARIL) ~4-FULIE fi-1-J5) A (k5 4226) -

SEM
/N\ /"N\
. N
TBAF/THE
[0642] N/\TA
F "KOAGMeOH
/\
4 {,
%

[0643]  7E50°C T (4~ (((IR, 2R, 4R) 2- (GRUT 28 B AL 56 80 -4- (R 25)
WIRH) EH) -1- (- (ZH AP kgL 283 B3 -1H-mE e IE (3, 4-d] mmg -3-5%)
((2R,4S) -2- (2,5- —F L) -4-FME& fi-1-3E) FER (38.00mg,43.93umol,1.004 &) T
TBAF/THF (5.00mL) /1 {7 N#42h . LAMS 27~ 8 T (4= (((IR, 2R, 4R) 4~ (&) —2-5%
IR A —1- G 3E) - IH-ME e (3, 4-d ] mnE-3-3) ((2R,49) -2-(2,5- “FAIH) -
4-F LR 5t - 1 -5 R o o S BEVR S Pk A o K i R WDV A T E t0AC (20mL) vh JF H A 7K
(10mL*2) B A5G WL 2R 4G 3 HVA M T-MeOH (20.00mL) H .4 KOAc (21 .56mg,219.65umo ] ,
5.008) I INE AP K N TESO C R INHA16h o LOMS 7 J5 8L 5E i o 15 75 VA 4
i3 i) #% B4 -HPLC (MeOH/TFA R 40) 204k 5% R W) - 3145 2 3 [l 44-IR K (13.50mg, 7= &
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50.34% ,TFA) [ (4= (((IR, 2R, 4R) —4- (30 FF 4%) —2-F2 3 ) &Ak) - 1H-ME e JF: (3, 4-d ]
WEIE-3-45) ((2R,48) -2- (2,5- FARHL) —4-FILIE be—1-55) FH .

[0644]  SZjf28. & kAL 54

[0645] AW R ARSME G PE 5 BL_ESCi ] 1) B I BOARSAARI BARAK A Bl H R AR 7R
BT RERAL G (“Cmpd”) 1R 15 B 7 S SE 1 (USSR LS T 5 i B R 5 AL 54
5 i e S AR o

[0646] 1. T & R BITEAL SR T SR E 4 o

&
;3% i ot o5 ] -
Syl j.’\ 8 7 Rl N 7R
. #H ) l’ f{ ! '__{‘5{ ff !
% Ol i/ Troes \.::;/ U..”(\’;’:J (It '\I:;;; g_;;’)g;}
=N | = 2 z~ z
p =z T T T

225
/VNHQ
N

OH

T

o
)
GH
e N
T
OH
Y

HE

11

Cmpd
7
3
9
10

[0647]

Kt
1
]
1
1
1
1

DuPoarosVosio=rd =
W o Y | LT
£ ;

%J = ZN’J 2 S S
x X o T x T

2 T oz o = oz o
= T T
oz 3 2} L 5 O ‘O Zk o z %
- I ) = | L)
LA SN o )
. o N T X
1 fant = L) R

Cmpd
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Ek4
]
1
1

[0673]

= .

£ o £ <t
£ z 5 4
5

[0674] X FASCAFHIAL B VI FRATRINURAILC MSEE Rt AE K 1

[0675]  sZjitafs]29 . W 5E

[0676]  1mM ATPARRYNTRKLEF A A4 il 5E

[0677]  FE384FLARHIEEA L, 7E25°C T, 7E— RN AV E IR RIS 4 (1 % DMSOf 44k
) AFAEBANATAE R B InM-1. 5nMEF 4 BINTRK 1 fiff (BPS Bioscience;40280) /£ 54612, 50l
2% YR (100mM HEPES pH 7.5,0.015%Brij 35,10mM MgCle, 1mM DTT) o1 51-2uM CSKtide
(Tuft’ s University or Anaspec;FITC-AHA-KKKKD DIYFFFG-NH2) Fl1mM ATP— S5 560
S IR INTORLZ IR ZE i (100mM HEPES pH 7.5,0.015%Brij 35,35mM EDTAR!
0.2% AT RS (Caliper Lifesciences)) K& 1L N SRJG , KR fECaliper EZReader 2
B R E 1. Tpsi, I E-500, T E-3000, XFE fGsip 35s) FitH. $dEH—1k
Z20% 1100 % $ 0T #E I FLICsof8 FHCORE LIMSH 1 4- S5 A1 5

[0678]  NTRKEFA4: R FIGHI5R IS AS R 4 i 0 52 77 %

[0679]  H A TPM3-NTRK1FH A 25 [ 5T KMIL 25 AR 70 28 iz e 4 38 A L S JonE 2 2 (NCT) 3R
5 o L 40 i 22 56 BT AIE B AR TSR A NTRK Rl & 82 B BT RO NTREYE 11 DA (8 A A A7 36 o KM 12
CLiff (GH95R) 4 Z i3t FHDNA R Je Ak 77175 A2 B A AUKM1 240 i 32 5 HLBE fE i B T 2
e T iR M S B FANTRE S 57) (e 5 JE) A Btk 0 5 B8 oK 7 AR o 5 4 1 S5 72 384 FL AR A
1000/ e/ FLIRTE T 56 4B 953, (10 % FBSHI1 % pen/strep) HIE HAESTC R E % . 2R
J&i » A8 FIBravo AR Ak B 22 Gt 45 7 20 AN 5] 9 2 1) DU RCAE it o U FE S L D 25uMEL 229 . 5pM (4
R AR 10K IE) B AL A M A IR 3 SIS AT T U DMSORI+ 7B (25uM) 1y
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A AR 9 PR B P HEALHE T RMR b o AELR 252 Ja72h, M AR AT FHCe11Titer—Glo
(Promega) . 823 H 1R CAEEny i sionfR [ 248 152 H . ICsoff (i FA-Z 2t &4 &
R S

[0680] R &4k n B TR A I e (K 45 R LR R TR R B I E T TCs0: A<
10.00nM;B=10.01-100.0nM;C=100.01-1000.0nM; FID>1000. InM; “ND” = R 5E -

by i | _Enz K_’\/HZ K\/Ii:z e ) unﬁ *x‘\«llz ) }\“»112
T INTRK | (WT) [(GSI9SRY NTREL| (WTY {G593R)

| B B B 44 B B C
2 C & « 45 A A A
3 B 5] D 46 A A A
4 ¢ D D 47 £ C C
5 ¢ & '® 48 B B C
G A B B 49 A B B
7 B B B 50 B B &
8 B B & 51 C C €
g B B C 52 B B B
19 C o D 53 B B &
11 £ ¢ C 54 B L5 ©
12 C C D 55 B B B
13 B B e 56 B (& o
4 & L) o 5% A A B
15 {8 8 D) 58 A B B
16 o D D 59 C C C
17 B B o a0 B B B
18 L (N D 61 C ¢ D
19 i3 D D 62 B B C
240 B B i 63 A B B
[0681] 21 C 8 D H4 C C C

22 & D D 65 ¢ KD ND
23 A B B 66 5 L 53
24 B [ C 67 D D D
25 B B o 68 A A A
26 B B C fage] A B B
27 A B B 743 A B B
28 A B B 71 B B C
29 A B B 72 A B B
30 ¢ B C 73 A A B
31 < < C T4 A B B
32 B &) C 75 B o D
33 B B B 76 A B B
34 B B C FF A B B
35 C C D 78 A A B
36 B € C 75 A A B
37 B C C 80 B c ¢
38 C C C 81 B Z o
39 A B B 32 B C &
490 B ¢ (& 83 B C C
41 B C ¢ 84 A B B
42 C D 1 85 A B B
43 B B G 86 A A A
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e ol Enz | KMIZ D EMI2 Gieend  Boe [ KMIZ1T KMI2
S5 TRk (W) G305k TR vtk | (w) (G595R)
87 A B B 130 A A A
88 A A A 131 C C C
89 A B A 13 B B C
90 D D D 133 C ¢ C
91 B B C 134 C C 0
92 A A A 135 A A A
93 A A A 136 A B B
94 ¢ ¢ D 137 B B B
93 A A A 138 C C »
96 B B O 139 B B B
97 A B C 140 A B A
98 C D D 141 A B A
99 A A A 142 B B C
100 B B C 143 B B B
101 C C C 144 B B C
102 A B B 145 C B C
103 D D D 146 A B B
104 A A A 147 B C C
105 A B B 148 A A A
106 A A A 149 A B B

[0682] 107 A B B 150 B B B
10% B C C 151 B B B
109 A B ¢ 152 A B A
110 A B B 153 B B B
111 A B B 154 A B B
112 B B C 155 R B B
113 A B B 156 B B A
114 A A A 157 A B B
115 A B B 158 A B B
116 A A A 159 A B B
117 C C D 160 A B B
118 A A A 161 B B B
119 A A A 162 A B B
120 B B B 163 A B B
121 A A A 164 B B B
122 A A A 163 A A A
123 A B B 166 A C C
124 A ND | ND 167 A A A
125 A | ND | ND 168 A A A
126 A A A 169 B B B
127 A A A 170 A A A
128 A A A 171 B B B
129 A B B 172 A B B
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CN 108137607 A iﬁ, EH :FS 105/106 7L

ey B0z |KMI2) KMI2 e Doz (KMIZ) KMIZ
NTRK1| (WT) [{G395R) ‘ CNTRKIL] (W) (G393R)

173 A A A 216 A A A

174 A A A 217 A A A

175 A B B 218 A A A

176 A B B 219 A A A

177 A A A 220 A A A

178 A B B 221 A A A

179 B B C 222 A B B

180 A A A 223 A B B

181 A B B 2724 A A A

182 A A B 225 A B B

183 A A A 236 A A A

184 A A A 227 A A A

185 A A A 228 B B B

186 A A A 229 A A A

187 A B B 230 A B B

188 A A A 231 B B c

189 A A B 232 A A A

190 A B B 733 A A A

191 A B B 234 A A A

192 A B B 235 A B B
[0683] 193 A B B 236 A A B

194 B B B 237 A B B

195 A A A 238 ND B B

196 A A A 239 A A B

197 A B B 240 A A A

198 A A A 241 A A A

199 B A A 243 A A A

200 A B B 243 A A A

201 A A A 244 A A A

202 A B B

203 A A A

204 A A A

205 A A A

206 A A A

707 B B B

208 A A A

209 A B B

210 A A A

211 A A A

212 A A A

213 A A A

214 A A A

215 A A A

[0684] DL 5| HAY 7 RIFN
[0685] A SCHR A1) BT AT AT AE R 25048 b DL 4 e 51 IR 5 200 AN A Se , H: B TR FE mk
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[ L 0 T3 LA S 7 26 A B A A LRI 51 TG 7 SR A AT — i
[0686] A1)
[0687]

106/106 1T

AFIBHARN Gk DU P AN I 7 S 56 B2 D TR B BRE 2 1 52 AR SCRIRA 0 A
IR R B SR T SR VR 2 A5 A IR S S XU B AE DA TS ABUR R A

110



CN 108137607 A

i3

B B M

1/61 1

#

H

NMR; LOMS

Zxidh

FH-NMR (400:M B, CI300YS ppae 8.54
(& VRO T 597482 o, 34D, 4.66 (5, 2H),
447 (&0 2H = 3T Ha) 2.32:2.29 U THD,
201208 (i, 1), T.OLLE7 (m, TR, 1,86
LM Ov B LOMS 330

L]

TR MM (900 MBz, CISOD) B ppm 8,57
{8, 107319705 G, TEO, 702701 (.
THY, 6.99:6.88 {m, LH), 4.61 (s, 2H), 438
S0 om, DHL 41340 1 im, 1), 4034402
G, THY, 248241 G, 1R, 234 s, $HY,
206213 tm, THY, 1.79-1.70 ¢, BHY:
LOMS: 4013

THANMR (400 MHz, CDA0D &ppm 821
(o JH TANZ09 G, 2R, 708700 G,
FH e ZHL 44 -4 3 dm, THDL 403+
398 (m, THY, 340236 G, THE LY-1.89
(o LHY 138186 (o THD, 144141 (o
THD, 076073 (. THD, 050047 (o, THD
LINIS 4011

FH-NNMR (300 MBe, CIROIN S ppe 8,32
{8, LHDL 7.06-6:9%9 {m, IH) 0.93-6.92 {1,
), 436 05, 2453429 (o THGL 393
387 O PG, 2322358 4y T, 3BT
{m, THY LA 1 47 Gu, THY, 138133 (g,
1H 067064 {my 18), 041040 imy 1)
LOMS: 4
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CN 108137607 A

i3

B B M

2/61 71

TH-NMR {400 Mz, CD30D) & ppre 851
.47 {rm, JHY. S38 , THL s
( THL = 9.2 H2), 5.50

20 Hey, 174
o THES, 4.94 G5,
D, 4300434 {m, TH), 485413 (m, TH),
07400 i, YL 370 05 1L 330 0,
LSHD, 247-2.43 g, T8, 2.19-2.16

FE L3078 G, 38 LOMSB 4021

N

PEENMR (400 Mz CDI0OD) dppm §.40
L TH P H2) 232

707 {m, 3H). 551
fo, THY, 43697 G, 2, 370 05, 1S,
321 65, LSHY, 238236 tm, 18D, 2.17-206

(oo HEDL L96-1.70 (e 38 LOMS: 303.1

208 ¢, HHD, 10170 {m, 44D, 1500,

TH-NMR (300 Mz, CR3GI) S ppoa 8 34

{o, T, 7.22-7.20 dm, R, T30 (o,
1), T04-7.02 (i, 1HY, 5.36-5.50 (. 1D,
46333 O, 20D, 2304

2229 (o, THD, 240
AH I =22 Had o LOMB: 3031

IHNMR (400 MHz, CD0ODN 8 ppm 332
5 THD 73 S-7.09 Qo 2HG, 708703 Owg
FHY, 6T (o, 28 A5 1 Gny 1D, 4005
404 i, TG, 398308 (m 1B 385384

(o THO, 358 (L THL I 108 By, 343 ¢,
TR T IS HrY 239207 (o, T HY L6
Ea8 4 THI LOMS 4050
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CN 108137607 A

-NMR (4 M CBI0D» S pp 533
8, THY, 71657 83 (a1, 3H), 4.68 65, 2R,
$37 G I =B A D412 66 L T =4
Hsd 402 g, THL 3= Sl 4 8, 288
242 G, THY 247214 (TR, 182417
{3, S LCMS: 4053

TH-NMB 40 M CBI0D S ppu B33
8 1Y 730703 (3L L 68 €6, 21D,
440436 tmy, THL 412400 IHL I = 4"}}&2‘:
202 (dd, TH Ve R4 4 B 2.45- {
PR T2 83 . TEDL L8170 O, 28
LOMS: 4084

TH-NME (400 Mz, CD30DY Sppa .34
{5, T 746700 O 3HD, 704705 Oy
T 408 (i, 2H), 407401 (. TG4
397 Gu, 28D 367365 (o, THD, 3
fon, THY, 32793004 G, THEGL 21822

Y L83-1.79 (o 1D LOMS: %{i”}

TH-NME (400 MBz, CDIODY S ppin .17

(s TH), 7.05-7.00 (rn, 2H), 6.93-6.92 (m,
FH), 60458 (rm, 21, 442438 (e, 1,
A 28426 (oy, THY, 203397 (o, 1HY, 241
236 4my THY, 207-2. 04 ém, TH) 1.90-1.85
(et TEES, 160-1.87 Gr, Vs LOMS: 9081
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CN 108137607 A i’% EH :F; Bﬁ 4/61 71

THNMR (00 MH: CDROD 6 ppm 836
{8 *H}_ H\ m‘)emv WH_; 7 O% D2iny

12 i s% {m !}{5 3 3;,«4 0: »’m, un '?,'

Gm, 1) 2.26-2.25 (. 1Y, 1.99-1, 07 inv
TG, 70166 O THG LOMS <4038

VHENMR (400 MHz, CD30D &
{8 TR 760 0% {m, 2H),
PHY 327803 (o, THOL AR s
433 (o3 2HY, 378270 Gy, TH 5
o, THLY; 1O0-1.88 ant 28 LOMS: 487}

PpE a6
Yitn

i4

VELNMR (400 M, CDC3 S ppmn .76
IR G 7T 0. =56
Ha) 756,90 (m, M. 5068, IR ) =
A B AY Iy zmi 304,34 ¢,
Y. 415402 om, THD, 278270 O, 1HY
DAS A T 2482 \'}8 fo 1M 193w
PR O TED LEOMS 4070

HHNMR A0 MH: CDIODY & ppm 826
Eo 3ED, FART0T (o, MG, 702700 (ny,
FHY S350 T = 8306 Hey, 464 (5, 2H)
58482 (ro THGL 17 (@ 3HL P 128,
fd Hey, 2592510 (v, 2H), LO9-ERT Gm
D LAOMS 4078

16
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CN 108137607 A i’% EH :F; Bﬁ 5/61 1

TH-NMER (400 MHBz, CO0D) Sppin 8.26
s, TH)L 74708 G, 2H), T.007.00 (o
IR SA348 1 = 032 M 464 (6 28,
57452 0m AL 419406 Oy, THY 289
2351 Ov 28 LRGS0 Oy 2D LOMS:
37,3

PHAMMR (400 MB2, CD30D) S ppm 818
\\ §H} 7 {‘4 6 ‘)? \m M6 ‘)‘»(} S0 (g

(o, 1y 2116200 (o, () 1.90.1 83 .
PHY L58-3.52 G HD TOMS 307 ¢

TH-NME 00 MEz CD20D) S ppm 813
s, YL R 08698 (m, 21 '9‘{\ *30 g
38487 (o THY 4
40 (o TED, 308389 (v, THY, S
fo THDY 218200 (o FH 106 ‘%Mm

PHYL ESE-18T G T D LOMB 807

THNMR (300 Mz, CDIOD) 8 pp 3,26
(5, THY, 215701 (m, 3H), 494492 {m,
TH), 466 6, )Y 432428 (m, THL 437
410 (o, THY, 2034138 Can, 4HL LOMS:
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CN 108137607 A i’% EH :F; Bﬁ 6/61 1

TH-NME 00 MHz, CR3CIN S ppux 8,17
{8, THY, 705-6.92:4m, 3H)L 4.86-4.83 (m,
TH 486 (s, 2HY 323421 (G 108
402 ¢y, THY 224178 (e 2HD 5 LOMS:
4072

23

TH-MMR (300 MBz, CD30D)Y S ppm .36
(s 1D 7,98 (s, 1D 747 (s, 2H) 4.6
T 39437 (i, THY 403 & T,
{8, THO, 244 (hes, 1B, 2062

4
§ {on 1R
79369 (o 2H LOMS 4338

THANMR (400 MBz, CRSOD) 3 ppm 8.37.
B34 G THLRASTA8 Ox 1H, 693682
(oo, 2HY 40 G TR 44"»4 s‘i{m i}ﬂ
$ 16388 {8,
FAML 247248 Oy ]

2208, 13HL 2 t»‘% 2 i"(n* 1)1

u, 2HRCLOMER: 4181

23

2,3-( ‘7'\

SHNMR (300 MHz, DMSGdi) § 1407 i,
{85995 (I =77 B, I 26 (1 d =
Gd Mz TH) 8274, BHYL 73 < 8t am,

JHY, 6.5 (s, 08 530 i, T d 8 W, TG,
A7 (o = 6.3 M 260, 404 (dd. S = T8,

40 Hz TH)L 306 (dd, &= 1123, 3% By 18y

B3 (s 3, AR T G, LD, 165 (G,
L343 i = 93 He THL 308 J =

P12, 70 Mz 1H) 103+ 185 G, 1ML 153

3143 Oy T LOMS 487

24
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CN 108137607 A i’% EH :F; Bﬁ 7/61 71

YHNMIR (500 Mz DMSO:) S 1308 0,
Y248 - 03] (o, 2HE 83048, THY, 7.28
(d, P 94 43 My, THL 215 0d, I T8,
6740 Bz 385 A8 e B ),

: fod =82 He, 3,440 68, = 7.1 Hz,
THYL 5860, Fo 77 Hu 3HL 363 (8 I =
A4 By I, 180 Qg P R 22 B 18,
LAY {pd =46 He, 1), 107 (g, J= 4.1 Hy,
1), Q43 G, 7= B3, 38 B 1D LOMSS
417

Fd
S

TH-NMR (400 MHz, CR30L) S ppra 837+
36 Om, BT AT 0T G 38T
ZHY 0413 G, 2HD, ROH3.60 (a2

J40-2.27 (o TR, 220208 Gm, THL A S~
PR 0wodt ;T3 O 3HL  LOMS:
4171

NI 00 M, DSOS S 106 (3
LM =72 e THL L I=
8.6 He JHYLR.20 (s 1H), 735 (add, £ =

D387 3 He TR 7200 P =03 48

ez, 1y, 710 6 S = 9.0, 7.3, 16 He 1My

A4 - 332 (m LA L A= SO H

DL 502491 im, T 4.1 F=66

B, THD, Y86 e S= 900, 6.2, 36 He THY,

L7F - 360 0 IR 28 - 2002 (w18,

178 o TH3, 164 Om 2HG, 142 Gy 2R

LOMS 419

£33
~ad

HENMEB (00 M DMSO-dd § 1408 thy

5 A 2030 oy THL B 28 6 UL 73 g

FH, 720 {m, 2H) 836 J= 24 He TR,
FHY 476 (o, IH) 3404, = T3 B
FHE 3R (g, J= LET A8, 5L 34 He,
Y, 372 6add, T = 2206, 7.5, 4.5 Hz, 2H),

X160 (he s, FHYL 2074 3, 232 - 20840

RO, Dot o B 158 oy 13, Bt -~

126 {m L LOMSH 418
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CN 108137607 A i’% EH :F; Bﬁ 8/61 1

THANMR (400 MHz, CDCID) § ppro 1052
1149 Con, THL 83!.3 {ih IH F=35.6HY,
TAGHRT (v 38 S.47-534 O, THLL 483
(o, THD L2694, imm 2H> F023:89 40,
FTHY 3A0:3.45 Om ISHY 333 6 LSH,
ZAT-RA3 (v TEDL LR gbes THDG BOMS:
19,1

THANMR (400 MHz, CDCI3) 6 ppm 13.68
thes, THE R0 G IR =68 H2) 833 s
606 1, ¥ =82 Hey, 7.03-6.88 (u,
3, 5,40 {t 1= 76 Hz3o 4, 13409 G
), 3.93-3.92 (e, THY 378170 4w, T H)
J423 >§<_m, 2D, 208 (dd i = 108,
208, LR O IR 1A AL T =
TAHOLLOMS 4198

TH-NME (300 Mily, COMD d ppre .34
5, T 7,2‘3'-*7.2} Ga, DL IR0 G,
LED, 704701 (o, THD, 258882 fm iﬂ}
403354 0, 3HL3.62-38 $
249 (m THY 3327322 (n ;m 2 i
EEH IR S0 1“’\6~1 $0 (m, 18, 1O 31, I=
22 Hada BOMS 419

PH-NME (300 MEz, CD3Q) Sppre 821
{8, L), 704700 0, 3HD, 703200 {m,
TH), 4.66 (5, 2800451445 o THD, 400
T AL 328363 O, B 200207 (my,
TH) LRN-EIR Om, 28D, LAT-1.56 (24,
143156 (o 1) LOMS 4188

502
33
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CN 108137607 A i’% EH :F; Bﬁ 9/61 T

FHANME (400 MEz, CD30ODY Sppm 836
{d TR F 5.6 Hz) Q096,96 (m, 2H).
SO26.88 (o, THYL S DL 400 (s
TR 4434037 G IR 30843 3 (s LR,
FL5-L0T (my THYL 384 G LS 336G
LAE 246243 O, 1), 2O Oy
FHY LR85 (m, 2D LOMS 41

THENME (00 MBZz B30I Sppm 834
¢ THD, 721 (brs, THE 7.01-7.09 G, 1HD,
T (s TH, S84 0 L 3=0.2 30
3932 Gy IR, A 10 they, THY, 306:
306 am I, 243240 0w, TR 20402
Con TG, L78-1.74 (e THD, 169 (hras, 18),
EA9 AL T =l Bk LOMES 3392

TH-NMER (400 Mz, CD30OD Sppm 8§34
Gn THY 728 hes, 1HE 2832709 Gn, 1H),
TORTOT G, LD, B555 5T O THD, 437

$31 Oy T AL O THD), 402399 (s,
THY, 242-238 dm, THD), 205-208 Dl THG,
LIRE76 G T 6T L6y TH)L 180

(S I = 68 B LOMS 3102

T NBR (100 Mz, DMSOW 3 14104
PHLQAS (o IRDCQAT (L F= T3 Bl 1
87 fx IHY 753 (d = 88,51 He 18D,
TAS G, S R 20 e TH), 702 (dd, I =
W, 3.8 He Ty S68 o =74 Ha JHY
48T (o THY, 4566, TR, 448 (i THY
S {p, S 76 He 2D, 300 (m THY 3R
O TEE 2032 G FEOL 123 (o, 3HYL 60 -
L7 {oe PR L3 0 Em, TH LOMS: 421
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CN 108137607 A Ww BR B O

10/61 7L

T NMIR (00 Mz, DMSO-20 8 1380 6.
THY, 943 (1.0 = 6.2 Hz, TH)Y. 931 4, I =
7.8 He, (U, $22 ¢, 1) 747 (34, J =88,
1 Hz D, '? ;q g, F =84, L He, 11,
706 (e, = 9.6, 30 Ha THL 506 (0. J =
A8z, B, 431 (0, 0= 6.2 He, 200, 399
(qd, 7= 77, 3.8 He, TR, 281 (ad, J =111,
40 B, T8, 172 (e S 113046 Ha, 1,
3390, 7= RS, 405 Ha, 1Y, 338 (Qdd, T =
FRT0, 30 Ha THYL 303006, J= 111
77 Ha, U, 184 (ad, F=9.3, 7.6, 16 te,
FEY, 193 gl J 10, R, S0 Bz, 1y
LOMS: 421

TH-NMEB GO0 Mz, CO30D) Sppaa 8234
s THDL 723 €, THYL TO8 (L 2HL S
Hindo k60 s, 26 4813406 (1%
{br.s, HHY 3043004, 1) 2362240 (m,
THE 213200 Guc THy, 17803 e A8
FA-LS8 (IR LOMS 4212

3n

HENMR (300 Mz DMSOdI §9.19 (6.7

= 1450 Hz, 14D, S.08¢d, 2= 311 Hz, 1),

7.37 - 702 G 3HD, S8 (s, THL 818 (s,

FEG, 478 (5, THY .08 - 3.90¢ ;

(5. TH, 3.63 s, 1H), 343 (8, J= 115 Ha,

1), 307 600 = 1L T e, T, 12
o T, LAS 6 T LOMS: 422

BURMR (S0 MG DMSOWI S IR IR
THD, 9,51 (0 0 = 63 Hz, SH) 782738
o, THD, 0L 6,94 (n, THY, 468010, £ =
b Mz 20040 de = 1T 58 Ha 1D,
Kﬂ?(dd =L L A0 M T 378 (g, F
JHz L 360 (0 T =65, 34
A 3 (g E G 3R S A=
1t } R 'Hz WG =232 Hx,
ZED, LT I~ 1A B TH), LS00y, U=
B746 B 1H LOMS 423

40
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CN 108137607 A iﬁ, EH :FS Bﬁ 11/61 1%

TH-NMR {400 MBz, CDB3000 8 ppm 8.37
{5, VRO, 709098 G, 283, 471 (5, 2H),
441434 (o TH), 403 (b, 1) 404~

402 (m 1HD, 245243 0my 1), 217233

Cro, TEOL L82-169 {ra, 3HGL LOMS: 42308

FE-NMIR A0 MHz, CD200D) 8 ppas 833
{5, TR, 214038 G, 3HD, 463 (6, 2HG,
49443 0my, DL 435057 (s THL 285
280 (o, THY, 3G 288 G, THD, 2262216
G, 2D LOMS 4235

THANME (300 MHz, CD30D) Sppma K28
{5 T T 346,99 (o, DH) .85 6 210
$.53-446 G THL 433438 G, DL 2.
379 (i, THY, 266239 Gu, TR, 2220 8
im, B LOMS 4250

43

1H-NME (400 MBz, CDIODM § ppra 8,33
(o THUT = 6.0 H2L 7.60 8, 1HL. 3 = 9.3 Ha,
TSBT.49 (o, 2HY 54304, TH, I = 36 B2,
490 (d, 1M § =32 Hz, 4435438 tm, TH),

415 (s, THY. 3.03:3.96 (m. THIL 365 6,

LSHYL 17 (s, LSHG, 288243 Gu, (M),
247213t LR, 185166 (m, 2,
LOMS: 4763

a4
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CN 108137607 A iﬁ, EH :FS Bﬁ 12/61 1%

THENMR (400 MHz, €D S ppa 11.38-
PE2T €y THD, 84T (hrg DiSH), 698855
i, A3HL 633 (d, O5H, = S0 Ha), 5.5
34 Gy 058D, 438083 fx B, 2.3%
LA o, 2H0 2051064 O BHG LOMS:
3201

TH-NME (400 MUz, CE30D) S ppw £.50
NN {brs, TH), 840 thes, THY, R.38 (s, 1H), 772
No g (o THL T = 9.2 Bk, 354541 O, 2HD,
$.07-4.92 {m, THL 4594 45 {0y, 11D
400404 im, HY, 261284 (m, 1H). 2.8
22600 D 1790064, SHY: BCMS:
$30.1

46

TH-NMR (400 MH2 CD30D) G ppm 837
{5, 1HD, 8§34 Gy, T 23873 e TH
F46-6.56 (o M) 413408 tm, 1H), 348

30640y ZHY 387376, HHDL 2SR
287 A 3838w, 11 2
v TR, 1028166 0, WD 3T (5 1
LOMS: 431 8

47

TH-NMR 300 MHz COODI S ppm 836
IR = 4R 2 60 IR T =120
Hey, 6.62-663:0m 3, S40 (5 T, 482
R, HHD, 4399436 D $H 415313 O

1), 4.06-4.0% (m, TH), 378 (d, 34, I = 6.4
Hak 382 06 LSHY 3386 LSHG, 247

T4 o THY 20R-248 Gy, 1HDL 182170

(o 2R LOMS 3L
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Bg B

13/61 L

Bf

, H
NN
( \N
19 In-x N/ g {m zm {si»cz z'ﬂ rm m, 405401 {m
: @ \ SN THy, 486(\ PAHL 378 {0 LAH L 383 {x,
4 \ L5H, 212 65, 150y, 246-2.43 (m, THD,
\ ' DTS (o THYL B8341.63 dam, 2H):
. N LOMS: 431 1
HO
F
F
, { :
,./N\\ iN N/\ﬁ/
1 \N [\ o THANMR (30 Mz, CD: *(3{3) & ppro BE)
N i (hes, THO, 8,50 (huus, THD, 843 G 1Y, 7.89
50 ﬁ"’ { IR =2 Hin) 587 "s A% {m, 2H)
. ) s LSR8 (e, 38D, 259,13 g, 26D, 400+
s it C;{}\ N 193 G THL 38T on 2H), 290252
o ,\/ il DY 23922 €, B LOMS 4323
\,.«-r""} ‘.,“ 'f"F
OH
) #
P
Nl P N THENMR (400 MHz, CDIOD) 3 ppim 836
s (a THE T 22709 Gw, TR, FO7 0 O,
E PR 027,01 G (R, S82-5.50 6, m";
st L. N S89-5.02 {m; 1H), 4.78-076 ¢, 2H).
S ;" G S 389 G, 1D, 380-3775 (m, 24, 3363
L ~ fro, 2H, 130, 3L T =88 Ha),
Nt \ P {m, T LOMS 4322
OH
£
TH-NMB (400 MEz, CDIODY § ppri 833
(LB T = .0 Hid, 794 (00 11, 1 =92,
AN, 7474 (m THY, 331 G -
<5 A7% (s, THYL 41435 G, THY, 414411
- (i, THY. 08-4.02 (o, 1)L 397 (s L)
380 (5, LAH), 3704y, L3R, 117 (s L3R,
247240 (e TR, 2382004 O, 1HD, 183
16% (i 2000 LOMS: 4322
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CN 108137607 A Ww BR B O

14/61 L

PENMR (400 Mz, CD30OD) & ppm 338
{d, THL T = 5.2 Ho), 7.2007.08 (m, 3H), 9 87
{5 THYL 30703 ) (o, T, $.00-1.97 (e,
AHY, 364344 (o, 3HY, 213206 (e, 18D,
176170 Oon, DY, 1.39-108 ¢m, 38
LOMS: 433

33

VHONMR (580 M DMSO-08 1839 45,
IS P = 03 He 248G, 757 438
{u, AHY 701 - 6840 G, THE 4008, I
G e 265404 (= FLT S Ha, THY
397 J= LY AV Hz TH), 38 dd, T
= ULA S He THY 360w =66, 54
M, T3 348 - 340 O TG, 310 I=
1L 77 He, I 312 (gd, J= 73,42 Ha,
FHL LSO F= 030 H THY LS g I =
B4 40 He THy LOME 43

i
R

LOMSR: 433

THENMR (400 MB2 CDA0DS S ppmr .37
(o0 THL 723720 (o TR, 703782 (.
Ty, 248703 0 THY R 37-880m, THD,
SN g i SH4ADT G 1HD, 4.00-3.92 (e, S8, 190

> 390 G TR 3.61-3.44 (o 2D 2 02
e im, THY. 172168 (m, 1H).: LOMS: 435 1
~ F *\4/‘\\ OH
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15/61 7L

Ny h Y
CN 108137607 A Ww BR B O
v :\\_/N
TH-NMR (400 MMz CDI0D) S ppa 836
(h THL E = 198 Hey, 7.30.7.45 Om, 1D,
,/ o TORT04 (m, 2H). 546 (s, THY, 498 G5,
47 L), 340435 (o, THY $16-387 (. 260,
\ 37 (5, LSHY, 3,22 6, LSHY, 247-2.95 (w0
\ JHY, 2.20-2 86 ¢m. THY, 187177 tm, 2H)
VY LOMS 435,
THANME i,'40{} Mz, CIBODY S ppma .36
L THL = 53 HEL 728 (L T T = 120
Hih ’m:a«m;‘zm 343 (e, 1), 485
38 (3, 13, 3.40-4.30 (o, THY 415413 (i,
TH, 206002 (e, THG, 364 (s, 15E, 318
(s, LAH 247244 Gy, D, 2.1 fm,
THY, LR4-1.72 Gn, 2H1: LOMS: 4358
F
N H
e
| N
N 0 \{ m~wx<4m> MHz, CD3OIN § ppm &,
\1/ v . s, TH), 6.04.6 89 (m, 2H}. 4.64¢ '}.
" P - : s S48 O, T, 418902 On, THY, 395
W . '\\F/NH D’f\ N \; {5, FHD 303402 om, D, 243240 an
( | = {3, 20208 Gn, 1), L78-L78 {my 1),
Nt \ y LB1-LS7 (o, 1Y LOMS: 4352
$ “OH
HO
F.’
M ""Q\
N THANMR (400 Mz, CDI0D) & ppm 836
N / ““\’/ R XYY T G Sy 2 AE
X 0m D, TR TS O, TEDL S A 4,
_ \f }\ Ao TR, 489 (5, 1R, 451447 (i, 1HD, 415
0 NPLU e }\ | 409 (i, TH), L5386 (o, 1HO, 168 65,
¢ " PR 322 G LB, 246280 (i, TH),
<; ,/ “"*i-\ : 211209 t, TH), 180149 (m, 281
ST N LOMS: 4382
HO " \
?’Z
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CN 108137607 A iﬁ, EH :FS Bﬁ 16/61 11

THANMR 400 M3z, CD30DY S ppm 830
(s THDL 7259738 O 280, 708707 Om,
IHL SRS IHL AN U Y =
336 ey, 4004550 T 421408 Gy
PHY, 303388 o 200, 282231 (e, 28
200- 189 O A LOMSB 938 %

63

THANMR (400 MHz, CI3050 8 ppm €30
(5, THD, 7255718 (m, 280, 087,07 G,
VL S.55-5.57 (m, U, 50648 T I =
A - One PR, 418404 Oy
LY, 394380 dm, 2H), 2.60-2.51 {m, 2H),
159190 {tn, 2H) LOMS: 4364

62

1 MMRI00 M3z DMED-2 D 3400 (e
5 DL 008 f Al THY, B3, 1 :
THY, 767 - 047 ams JHDL T o THD,
46 (m, 1), 396 Om, THD, 439 {dd, I =
D6, 40 Ha THY 447 fg T2 ¥ 8 Ha L
SO0, IR~ 37 L, DL 3 "
VHY, 3401 0 BED, 2492 - 226 On, THD, 208
L2 (. T, 157 G, THD, 137
fo T H LOMS: 937

THONME (400 MEz DMSG-E) 3 1412 s
143, 9.88 933 (my, 2HY, B2 (5, 1M 837
S TAT G, S TIEL S 02 He THD,
F.807 439 (o 23D 4296 T 376 O
TH)L 2004 oy JHD, 199 < 175 (m, THD,
LE s Y 347 Omy S BCMS: 439

64
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CN 108137607 A iﬁ, EH :FS Bﬁ 17/61 1%

LAMS: 439

THANMR (@00 §iHz, CDI0DY & ppm 8.7
fs, IR0 238734 6, 3R RIQCR00 4,
1H, 6.01-5.95 iy, 1D, 37402 0, I8
$.07:4.058 (o, TED 208207 G, THD, 196
194 Om, TR L7607 (m, 2B, L0187

o, L LOMS 4302

66

THANMR (400 MHz CDA0ODY dppa 815
(s, TH 7385735 n 3HE 710785 0w
P 802596 O, 1HD 4233934 O 1HD,
AO33.0%0m THL 2242 1 dm, THYL L
LO3 (o, BHY, 1772174 (. 2H), L&0-3.55

O, 3Rk LOMS 4303

Y MOMB (400 MBz, DMSQ-d 8 14.09 (s,
THY, 908 G 3 =71 Hz, BHD, 8 1945 TR,
T3 o P P36 7 0 G, 2H) 10y
TR 43030 O 3B AR, I = 3.6 Ha,
THY, 460 6m, 11, 448 <433 (n, 28D,
A3 422 Can TR R78 (s 1M 3.564m
I 277 - 289 On T8, 2080 g, 3H),
190 176 fm, 280, 146 (. T3 127 -
LiSdm, IR LOMS 448
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CN 108137607 A iﬁ, EH :FS Bﬁ 18/61 1T

JHANME (300 MUz, CDOCIRYS ppin 1LAT-

T1AS (m, THY, B.50-8.46 (m, TH), 7.06-6.63

(e, 3EL 6.90-6.39 On O.5H). 5.62-5.59 (m

D.5H), 346395 (i, 61 (e,

DR 242231 Con, 1Y 204176 (o, SHY
LUMS: 448,

69

FHENGIR (400 M2, CIA0Y S ppm 835
28 (s 1HY, T9-0.80 (m, 3H), 643 (4,
QEH = 7O H) S0 G, Q8- T = 7.8,
$0 ) 435431 (o, 2HL 2083 80 4w,
A, 248241 (0, ZH 2122008 4m, 4HY,
L9361 on 20 LOMS 945 1

70

TH-NME G0 M CDI0D) S ppe 8.33,
BT s THE R I602 O 3B L
O3H, T = RO H2) 358 (dd, 03 I =
44 Hzy, 439431 O, 3HD, 215948
AR IR0 O TR 248243 H
2122206 (e 3HY, B7R-L30om, 3H)
LOMSB: 4433

~3
oo

TH-NMBE(400 MHz, TD30D) S ppu 842
thros 1HD 83 (hrs, IR 20 O TH:

N\f:{j /? TOITO e T 836526 {in, 3HL 4500
} $37 G, THY, 430420 {my THD 397 (hres,
o

J 283 380377 m 18, 2. 802,76 £, 1)

-3
20

230 g THDL 229227 Gy TH 208

< p- 200 {av, 1H5, 1.60-1.67 G, TH), 1.52-1.51
N, “e S 1S LS 4463
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CN 108137607 A iﬁ, EH :FS Bﬁ 19/61 11

FH-NNE (400 MBz, CL3DIN D ppn 852
{8 THDL 84108, THY 835829 (m. TH)
F7648 M, P 8 2 Ha 3. 87-83.36 {my BH),
486494 (my Y 60051 0y 1) 388
J80 (o, SHY, A3 AT (ay, HY 324532
oo THY 2 88-2.86 O T, 21%-2.098m
2RO, LTS LT Oy B LEMS 44808

73

THENMR (400 MBz, OD3OD) 8 ppm .80
(s, JHD S35 6 T 273400, I P =92
Bz, SRS Om, Ty, 3L,
A0-405 G, THL 385390 {m, M) 3:65-
TS oy PHY 353350 (, THE, 388535
o, JHY 28R-286 (e, JHL 2 ¥at
LML L9793 (o TH, L6160
LOMS 4462

74

TEENMR (00 MH2, UD30D 8 pp 8:8%-
SR7 O D B SR8 (m THL BO8
L BRI O 7770 (L 3=
92 Hz), 5.55-5.40 (m, 2H), 3.16-3.01 (m,
24604537 00, 24 T3 Gn, 1,

289286 {0, THG: 2.06-2586 4, 1HD 234+
242 (e, FH 230220 (o, THD, 108188

o 2H LOMS 481

=3
Xt

THESMIR (400 MER CD30DY S posy .87
£.80 (m, O.H), R.67-8.50 On, THL 8. 46,
TR, 812810 om .S HY B8 7 fa,
PHYS.5445 24 (o, 2K 265503 ¢, 2HD,
458437 (on 2D A TEA0T G, 1D, 287
83 Omy THY, 2055247 {my, 28D, 226201
(e TEGL LOS183 dm 280 LOMB 4481
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<3
~ad

TH-NMR ($00 MEz COIO0) & ppm R.43
{d, TH, = 3.2 Hoy, 706099 (m, THY,
B.96:6.87 (i, THY, 5.57-5.98 (o, 18, 5.00
(o EH0, 495041 O, THD, 420938 Om,
TH), 4.12-4.07 {m, TH). 398 (v 1 5H)L 389
{o LSHL 37106 LSH)L 320 (6 LSHY,
252,49 (. FHY, 225220 O THS, 1.90-
L7 dm, 2H) LOMS: 449,

=3
o )

FHARMER 400 Mz, SIB0IN 8
(a0 HHD 1700 G, 3L S

368 {m, 2HY, 288275 4, THDL 2E
G THy BAONES: 4491

4

TH-NME (400 MHz, CD30D) S pp § 41
(s, THY 835 s, THY, 7.20-7.16 (m, 1HD,
TOTT01 (o, 2HG, STE573 O T, 434
475 G, TH), 425408 (n, 3H), 384361
{en, THY, 281278 (on, THG, 241238 (.,
2HY, 2.00-168 (m, SHIL LOMS: 3535

TH NME (500 MH, DMSO-do) § 1435 {5,
VHY .60 (g, /= 7.8, 7.0 e THL 833 (s,
T, 784 (dd. T = 8.7, 5.4 He, 1), 7.39 -

746 (i, 2 AT S =000 He, THY, .04

fad = 7.9, 40 He, THY 396 (ad, F = 111,

A0z, U, 378 (i g = 115, 45 Ha, 1),
AH5 (td, S 0.3 4.3 He, THY, 248 - 338

G, THD), 323 - 315 {o THE, 189 (dy, f =
E27, 4.0 Bz, T80, 199 (g, £ = 13.2, 8.9,

440 He, THY, 135 (de 7= 133, 7.9 Hr, 1Hy;

LOMS: 435
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CN 108137607 A iﬁ, EH :FS Bﬁ 21/61 7T

FH-KMR (400 Mz, CD3OIN 8 ppm 837
{5, THD PA0-07T o HEES, T20-7.37 Ow
PHY, 728707 0m, D 4 74067 G, 2HDL
$49-430 (m, THY, 411 s THD, 402408
O 1D, 2.50-2.40 Oxg 1HD, 20152012 O
), LT TF Gy TR, LTOSLG7 {m, 13D
LOMS 45358

TH-NMR (480 Mz, CD30D: Sppm &30
{8 LD, B3 G, THG 722680 0w, 3H,
S.74 ey, TH), 483473 (g, 14, 4580

A.42 g, QH 26417 (m, 2H), 3.98285

o 3HY, 3 82ATY (o, SHY, 287278 (.

IR 283250 0m, THY BOMS: 4834

YHONMR (500 MHz DMSOd 618126,
IR =82 He T, 933 d =
T Hz IHL 328 & T 764 (dd, E= 82,
30 He, IHL T 184ad, = 22 3.1 He, 1H),
SO S0 Hy THE 480 @ = 8 He

I A {ad, F= TF, 40 Hy, 1), 396

fd, J= 312,40 M, 1) 382 3754

THE 33 W f= 40 Bl 18

Q4 B, TR BT I= 1

LRO (A, = 120 He, 1M, 1.52
Hy LOMS: 436

)
et

<o Omy

HNMR (100 MEZ, DMSCG-diy § 34,31 (s
TH), 960~ 9.39 (m, 2H), 828 (s, 1H), 732
=2 oy, THD 77 O AHD, 321 (L I
33 Ry JHD 480 F=0.d He, 2HL 329
{ro, FHE 3096 0, Jae 607 B THL 320~
33RO, 1HR 297 45, 3HY, T8 3,
2300 R 244 Gu TED L8 161 {m,

ZHY LOMS: 466
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CN 108137607 A iﬁ, EH :FS Bﬁ 22/61 T

TH-N MR (00 MHz, CD30D) S ppm R.51
{0 THDY. RLE {5, THD, 832 (5, 1H)L 70644,
TH AP =R Hyy, 556540 0, 2D 48%:

S? fra THY 458480t T 4114397
fi, ZHY 3ARESS {o FHYE 2 882,80 (m,
1m, 2 ETLE0 (o, 2L TRALOT (oL 2HD.

1.59- 146 4m, ¥ LOMS: 4601

THENMR (400 MB2 D300 S ppm 8.35-
S0 THD T8 O 310, 563588
G THDL 542 66, 1L = 524 Mz 483
fhris D 448031 o, D03 23.98 (o,
PH), 288280 n, 1HN 242239 Om, 1H),
2235220 {my IHY, T U2 L 8% Oy, THD) LS
Lo o TR LEMS 4624

RG

THENMR {400 MH2, D300 6 ppm 8.28-
B9 Or EHLTIS6.86 O 30, 863559
(eI 382 L = 320 He) 4. 85

80 {m, THY 34743 (m SH & HW’H

o I 283278 ., FHY 2493

TR 223230 (0 2H), I.S‘?J-.X
FR0-L08 i, 1D LOMS: 46”»1

BNV (400 MBZ, CLEER S ppra 828
(6 IR A VR0 o SHY S &2 {1 d=
88 Hay, X3 (d, 1HL = 32,0 Ha), 4.80-
AR Oxg, THD 4.80-440 On, 30, 432408
(e L 3933 8 Omy . REE R
M) 2400238 {um, THYL 2 08 (s, 2HY
L7618 oo THELLA0-1.35 O, THE
LOMS: 463
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CN 108137607 A

B B M

89

THONMR (400 MHz, DMSO-4) 8 1402 ¢,
THY 9234 I = 7.0 He THY, 824(5, 1H),
T4Y Gl S0 A0 B IO T I g I
VA, T, 20087, 1), S48 G, 18,490
oy PR A G TR, 436 Ong 2R, AR
fom, JHYC3 89 3083 (o, THYC3S Omy 18
A0 ZA8 G, TG 230 240 (o, 21,
1,97 1789 (o 3HD, 154 (u, 2H 3 137 -
L34 (o 2ED LOMS 43

46

LOMBR 463

&

LOMS: 463

THENMR (G008 MM, CD30D M S ppeusy 834
o TH 7086 60 3 2063:8.55 ¢,
TR 081838 om AHL A0 & im 1BY,
F 3406 (o THD B9800 (1 2HG, 17
30 (m, THY 382341 O T, 332330

284280 feo, THYL 2282200 (o,
THY 200106 (o 1D, 187164 (m, TH),
38128ty HEDL LOMB: 36300

23/61 51




CN 108137607 A iﬁ, EH :FS Bﬁ 24/61 T

TH-NMR A0 M, CDYAD S ppre B34
{04 (ox, THY 70340074 (an, SH)L 873-8.48
(v 1D, 8378204 (o T 4364010 (o
A AETRTO O, Iy 33338 O T,
RIS A0 G THD, 270202 (o, THDL 2080
188 (ma 2HD, .82 hesy THE L3317 Gy
THD NS 96N

93

THANMR 00 MBe, GO 6 pprr¥sd
{5 THOL 46843 Oy THEG, 829838 O
T 783760 O, T SR T8 On 1D,
4894 834, 1D 45748 (o, SHDL 4360

38 (o T340 G THEL 388
o PHY A0 G, JHD, 2638,
THY 244-2.42 tm TH) 208205 iy IHY
LR2:1.77 v 18D, 185153 Oy 18
LOMS 464

THENMIR (400 M2, UD30DY S pom §:15-
SR O, EH, FO36.74 Om, 38,
o THYL 531 (L T = 320 H 5 08
£.92 (o, 2HL 4 44438 (w, 2H), 395386
o Y 202200 G, 1D 248232 {w,
2R, ERAETS (s 3L LOMS 4l

TH-NMR (300 Mz CD3GR) S ppre 8.22-
S0 IHL 705078 tm 3HL A 81847
e TR S3T (A0 TG S = 20 B, 400,
1H, 3= 540 Hry, 44420 ( ZHDY, 4.02-
309 0m, TH, 280272 0m, TH), 247235
Cra, 2R 2-1.69 O 38D LOMB: 46301

96
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25/61 5T

97

PHONMR (400 Mz, CDIOD) & ppm 822
G TEOL ST G 28D, 704702 O,
FHEY, .66 (5, T, A3 1445 (m, 1L 408
425 (., THY, 384-3.80 (m, 18D, 2.96 (s,
$32.50 (m, THG,

a4

TH-NMR {400 MHz, CDAODI & ppay 828
5 THE 7089030 O, 280, 7,007 03
THG, 406 (s 2L 250948 (m, 13
.25 (e, BHD ARSI B0 (o, TH £
AL 275070 (m, 1ML 254282 (s, THD,
TAR206 Oy FH G LOMS: 3671

94

TH-NME (400 MHz, CD30D) Sppm 840,
8§36 (d, THL = 116 Hzy, 7.85-7.80 (m,
PRGOS T 0 3 S60 0 1057
(8, TH), 4405435 (m, 1H), 4.16-3.98 (m,
2HL 36000 18H), 333 4. 1580, 2948
243 O THD, 221220 On, TH, 185164
(s A LOMS: 46901

JRE4

RTSRTH O TR L59:

PH-NNMR (400 MHz, CO30D) A ppm 838
22 (o, THY TAR0.00 (an SH, 3.78-8.78
(o, 1D 4 83480 (e, THY 4.7 14069 (my,
THY, £39-4.07 (o ZHD, 409408 {m, ZHY,
A8 O, 28 286
236 0n, EHY, 231233 0n, 1D, 233188
g, TEDL 17160 Ga, EED G LOMB: 4694
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B $ K 26/61 7

101

THERMR (408 M2 COR0D) S ppm 8.4
Go BHDL 38 (heis, THY 73048, 1B 3= Q.8
ey RIS L T = 80 Ha .78 28,
441435 (o U202 by, T 401+
39% dm, THDL 245240 m TR 200821
O TG, 380168 Ony 2R LOMS 87

12

Hi ‘\W{}\ {4‘}0 MHAL I}( e 0 ppay i } i}

{ ‘33(3!! ’H) 09
307 i, TiH} 2 FERT7 O 18R Lﬂ\I‘S
722

{3

HINMR {A00 Mz, DM & 32 &
ey IR f= 90 He L §88 3=
7.6 HA IR A3 GO D S I - 803
FHL B4 SHL 040G T, S (s
THG 403 (o SHYL 280y IR 367 0ne
1H‘ 384 242 (on THYL 3.2 O 18,
Flchy, =33 7 43 He 1L LS0 g d
=337, 50 Ha, JHY: I(MS 473

iga

LOEMS: 475
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s

TH-NMR (400 Mz, CDIOD) S pon .33
8§25 (o, THY T IS-6RY (. 3D, 5.62-5.58
(. THY, S.51-538 (m THY, 4.94-4.90 ¢m.
THY, 451447 tn, 10, 4.13-9.07 G, 1D,
F02 (hes, THD, 352349 G, LHD, 283
279 (o, PHE 227-2.24 (e, 1HD, 234208
{on, THL LES-180 (o, 280, L.60-1.48 (un,
SHY LOMS 4771

106

TH-NMR (400 MHz, CR30D & ppm 8.32-
£33 O, 1H), 705087 (m, 31D, 5.62-3.58
Ory, PR TS8R O TH 483480 O
TEDL 40447 G, THD 484007 (s, 1R
402 (hes, TR 383349 (o, THY 263
279 (ay VHY 227-3.24 G, THY, 2342058
ey, TR, LSR-1RG(py 28D, 1.60- 1488 ¢my,
ISR R R ]

197

TH-NMR 00 MH CRIOD) S o 838«
S% g, THY LIRS0 o 3HDL 565850
o BHE S8 6, TH, P 520 By, 451
H32 O, T O RTR G, 3H 360-3 87
fra, THYE 33038 (e, THL 2.86-2.80 (.
PEE 23718 (o THY, LOMS 470

108

TEENMR GO0 M2, OR300 Sppm 822
B o B, TSR Gy T TS
£ T B 9860.9 (o FH S 7N TR

T 482475 {m, TH 446440 G, 1R},
A0 00, L 38270 4, 13D 2.98-
294 fm. THY, 252236 (m, 2HD, 201192
ey A 107 E-1 60 0m, THG, 132128 0wy

EE0 323100 (g, TG LEOMES 2 ¢
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CN 108137607 A W BB #B M 98/61 T

TH-NMR (40 MHz, CDOIR 5"{‘:}}1}1 3
Gd, B b QO H, 867 (5, 1 H), 794788
o LE T 006706 (o 3HGL 488 2L S =
6.0 Hary, 4,39 (brs, THY, 438 ths, 1H),
38T, AW, 1303038 Oy 2D, 25332
s, D, 30308 Ore THL 279278 O,
THY LOMS: 484.2

109

TNV (40 ML, CD30DS S
B3A (s 1H 790 es IHL T
AR NS G, TH O, THL
A4 30 (m, THL 433387 (w2 N
(3 LSHD 085 LAHDL 248242 O 1HD,
2.19-2.04 (. 1D, -1.63 om Al
LOMS 485

10

PH-NMR (400 Mz, COCI) 6 ppm 3,77
(hrs, THD, 7.80 (d, THLT = 8.4 Ha), 7,10
.97 (e, 3HY, 345531 (o TH), £44(brs,
Dy A3S s, THYL 2515343 (200,
336333 (e, 2Hy, 321 {0, TH, §= Q0 Ha,
LAEG, L =20, 167 (10 T = 63
Mk LOMS: 486.2

FHENME (300 MBx COMID S ppre 838~
B2 O T 70667 O 38D, S7F (dd.
H, =92 6.0 B, A834.77 Om, 11,
40337 Gy I R426 My T 398
76 (o, THY, 3053209 (. TH), 2.57-2.50
fon JHEDL FFR1,05 G THDL 148186 oy
FHY L28-123 (m, THD, 3064061 (e THD
LOMB 0L
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CN 108137607 A iﬁ, EH :FS Bﬁ 29/61 T

TH-MMR {400 MB2 CDCEHY S ppuy 1110
(o, PHL S = B0 H) B.68 o T, FR0 (s,
FHG. T 287,26 G, 1R, 6,920,874 H).
433 (e B 320 (s 19, 34034
Ot EHL 332028 Gy THD, 3082 \
PR 273272 iy TR 32124 (o, 4H)
LOMS: 4882

T

1id LOMS: 313

THANMER 4400 M, CEBOIN S ppm §.26
(3, FH)L 7 E597.00 (m, 3HY S.6253.57 Om,
4;

JHY 548838 (. HD

F 374120y FH)L 305 R

{5, 3H) 2 E02.70:40 DL 268264 G

1H)L 240230 0m, T HD)L 2030-2.00 {m, A1)
LOMS: 8251

JHANMR (400 Mz, CD30D) 8 ppm §.26
(s, VR, 7052708 O, 38, 5.615.57 Om,
1H), 5.405.36 (my 1Hp A 44441 Gy 2H),
$A7412 (o, PO, 375368 (e, T4, 2.96
{5, 340, TRO270 O, THD, 268264 On,
THY, 241230 {m, TH), 2.10-2.00 (v, 4H).
LOMS: 535,

116
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1z

FE-NMR 00 Mz CD3GR S ppm &30
(& THD, 7.01-6.96 On, 31 4062 65, 2HG,

37451 (e TEDL A3 by, S L), 4.04-

401ty 1ML D88 06 30, 22623 {my
PHEY, 246239 (e THD 21022008 O 18,
LSR-L72 (o 2HY LOMS:ND

118

THNMR (SO0 Mz, DMSO-) & 13D,
F=3417 He (HYL 931 I 7;& }.{z, 1)

SO8h T T Hz T B30 S i HL
T8, E A6 LT Om 3HL S ﬂ‘(\ 1H), 4.8
(dd, & = 2050 By 3HL 448 - 4239

SHY BT~ 355 G THE, 3494 3B 38

{s; 1M, § SHEE. =296, 0.3 B, I8 JQ
120 (m, T L8 ddg. =8, SA 31 H,

P

1y

FHNMR {400 M2 T30 S pamn 837
IR TR 04 (o SHL A8 HHL U=
SAHD JATG I =510 JNL
$38 {a T 44408 (am, 2H) 2 !
(o JED 2053169 e, BED LOMS: M'

120

29 (s LZHY 280-238 {m, THD, 208207

TH-NMR (400 MHz, CD30D) S ppre &2R
G 200, 838 65 088, 7241 0w, JH)L
TR0 G, Y 877867 (o, THYL 04
498 dm, 1D 433427 4w, THL 4054004
Ot FEDY, OR300 O 1B, 383 G5 18D,

{en, MG L7337 O TEE LO2-1.59
IHY LOME433
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CN 108137607 A W BB #B M 31/61 7T

THKNMR (500 MHz DMBO-d S 4184,
TS0, d =72 e, THL 88808
Ot LR TIPS 0 = 1S B 18, 7704

7.62 (ro, 2HD, 5,44~ 837 G, 3H0, 4,92 44,

S d 0 ez, (B, 477 6d, F =219, 143 Bz

(8 48600 =008 B0 By D, 418

WS =48 He THDL A0 G F=47 Ha 1,

NIV F = 168, 8.4 Ha THYL220 - 190
St T 1O7R - L0 Ony 3E), 156 - 12

(g, 2H)

-NME (400 MG, CBI0OD Sppm £33
A8 G IHN 736730 (G, FHY 738704
{m, AHD, 7068 (4 LT = D0 Hen 69608
Oy, 18D, 547 (oes, T 3R7 48, - =
304 By, 4:60-9.33 x4, 481378 Omy
T, 285298 {ra, TR, 2205215 G, 1HD,
EI5 063 I 18, L46- 140 Om, 18D, 3,38
LT (o, 2HY Q540081 G, THY LOMS:

457

132

. s

PHENME (08 Mz, CRDXXEN I pppa 8.26
{x, DRG0 (s 1BD, 748743 Gy 21
5488458 {nr, ML S43033 G, 1M 806
S foa THD, 4RO-3.75 (O 18D, 455348
e 260 4.06-300 O (8L 28328 (.
FHL 285 2 G SHL T8 3K
LOMS: 4723

FHANMR (400 Mz, U300 S ppin 834
8.17 (. 1H). 715701 (m, 3H). S.61.5.57
O, PO N33 (d TG = 316 B 4 .88
480 (o Y 4343 (o ZHY 3889400
(v FHD, 387385 G THD, 328 (G, 3H),
2RTE O T, 2045324 Oy 3HDL 108
1.6%:0ay, 2HY LOMS: 477

124
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TH-NMR (400 MHz CU30D) & ppm 824
817 (mm, THY 7.346.84 (m, 5H), $.01.5.57
O TH, S 6 THL T = S18 H2), .89
125 436 (m THY, 440436 {my, 2H), 4.00-3.96
Rt (e THD, 2RR-3.86 (m, THD, 3.39 (5, 3H)
S N 282273 Gy, 1Y, 238223 (o, AW, L.86
G ] Nwsnced. LS80 (o THG, LG741.64 Ou THR
e : ks LOMS:477
o
HF\ ‘}';VF
Al U]
I\/T SN Ry TH-NME (400 MBz, CD30D) Sppm .19
S 5, 1D, 6.96-6.94 (m, 3H)L 6.80-6.77 (0,
§ I THY, 5.44-530 (i, 2H), 4.79-4.76 {m, THD,
126 s i 448438 {em, 2H). 387 dbrs. THD, 165
r L 0/ N\.,,. ] 383 Omy THD, 2.84-2.74 (my U, 2.05-2.00
4 {ra, MY, LI8-1.72 On, 280, 133135 (m,
>, AL LOMS 473
M > H): LOMS: 47
ol
N ci
AT
r \N N THENMR (490 MH2, CD30DY & ppin 833
N Py N BA6 o, THG T2 6, A ML 208705 ¢,
\f’ < THY, 544531 (my, THY, 430478 (. 1H),
127 450491 (. 26D, 404D (. THD, 188
. Sk ‘ 382 o IH 283277 Gn 1, ’“a8u. 35
(\/ 0 \ {r, THY 207200 (o, 21 174171 G,
- £ PO, 152149 G 160 LOMB: 479
s ‘OH
HO
Fon,
R . ;
r RN i 1H-NME (300 MHez, CDIOD) 5 ppi 8.23-
| N R R.20 e, 2HY, 759 6da, T, T = 8.8, 3.2 Ho,
Ny o 67-5.62 (m, THY, 340 0, TH. 1= 528
% \}’ Hey, 4.63-4.40 (m, 3D, 4.403-4,01 {m, 1H),
= Ny 5 380 (ddd, TH, 3= 7.2, 44 My, 295287 Gm,
<\}/ & \ _/ PHY, 237235 (m, TH) 2.06-1.99 (g, 2H),
o’y LT3 168 tm, THD, 1.99-1.46 G, 11, ¢
et % LOMS: 480
$ oM
Ho
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NI

130

VH-NME (300 MEz, CDAMDN S ppae 819~

A56-3083 G LH, 381

RV o, AHY 200 B, T OS5I =
§8H 5230 (xa, IHL 47476 Ox,
T, $49439 Gy TR, TRT (i, THDL
275 e AH, 205
A3 (s PHD LR LT O 2HD, 15R138
ey A LOMS 48301

PHANMER (300 MHe, CDCIS) 6 ppm 8.38

o, THY, 732720 (i, SHL 543828 G,

THDL 844000 Qupy THDL 4088 (s 1),

422 {bris, )L 409 hes TR, ;

FAH L 37 (5 18 242 thos, 1

(hes, TR, 387 fbrs, L7y,
LOMS: 3832

TRENMR (300 MHz, CRCIRY 3 ppm B.80
{5, Q8HY, 064 (5, Q3 838 (L THL I =32
), 75357 27 (TR, 703702 (oal 38,
540 THY, 482 (L TR, i= 4\ Hz), 438

thras, THR 422 01D 395 (s

fo, PSHY 2094, LAHD, 252 {bwvs, 1B
10248 (1) 156 (e THDL L ‘Z*}J 8“’
1) ,L(,,MS 4.
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TH-NME (400 MBz CDI0DY A ppur 835+
B3¢, THY 836812 (ay THY, T97-7.88
(o, P T307. 30 G, B, 847 {6 -,
SEY {xy DL A8 (hrs TR 01240
TH) 403398 (m, 13, 370 6k 1L.SHY,
FASA 2R Om, T332 (s LA 248340
G T 2 4 b, B L8U dm, THD
LOMS: 4031

{HNMIR (400 M, CD30DI & ppm 836
{1, =S & Bz, 1762767 On, 33D,
F38T 860, THY 34T L
497 G5, P 34037 (o, 1L 33540
{ PR 40300 (0 IR 380 s LEHD,
116 (5, 15HY, 248245 om, 1H) L8181
G THDL 1734166 G, 280 LOMES: 9081

FH NMR QU0 MEz DMSOA6) S 1388 65,
1), 926 0n 1D, 826 (. 3= 118 B,
FHYL 799 (o AR 148 = 728 G 28,

SAT (o THE S0 Cony PR E253 m, 3 HD)
304 fay, THY, 3,56 5, [HD, 3.30 (s, SHY,
3090 1N 22200t AL L 8
i 384 8o S 64 - 18 iy
ZHNLOME 4102

T NME (400 MUz, DMSG-d6) 8 13,89 (s,
1R, £.10 (ARG, 18 831643 = 308 Mz,
PHL 787408 = BA L7 33 Ha IR
733 (A, § = 9.4, 7.9, 3.2 Ho, TH), 497
oy, QHY 446 (5 D, 42T - 4012 om, 18,
A0 LB (e JHYL 3384 I 63 Mz,
3HDC S 29 (6 31D, 2018 - 201 a1, 186
< 1A% {m, SHYL LOMS: dtad

136
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{H-NMR (400 MHz, CD30D Sppm 836
0 BTS20 b, AL 348 (G B,
91 {50 4630080 On 1D, 427 {bes,
THO, 404 (s, THY, 367 (5, 17H), 331 G,
VAHD, 256355 Oy THE 2233 (hois, THY
190 (e, Y LA G, 18 LOMS:
4171

TH-NMER (300 Mz, CDS(}D} Sppe 836+
QB0 (o, SHY TR Gy RO T A2 B

it
(o THO, .44 (s LY, 496 (5, 1RO, 4041 -
33 0m, 1B, 4. 153,97 (o, T, 3.97 ¢
T, 328 (. 2H), DAT2AD (e, HED)
205 {m, T L8217 (o, 2H)L LO)
418D

138
Lhe

TH-NME (00 MHz, CD30D) S ppm 838
G AL P S22 He, 723708 O 3HD, 551
(o THDL 404 (0 TR 451447 (o TH),
F 15413 (e L), 384-3 80 Om, TH)L 389
o B33 G LS 24524 e B
2220400, B, LRI Gy DL 160
L858 {m, 1) L3R-1.20 (e, 1H) LOMS:
4191

138

TH-NME (400 MHz, CD30D) S ppnt §.40
CTHL T = 8.8 Ha 785 (08, WL I = 76,
5612, TAL7.23 (m, 2H), 622617 (m,
FH). 6.09-6.04 (rm, THY 5.61 (s, 1), 5,03
(8, T S.02-5.00 (o, THY S8 i, 18,3 =
148, 28 M), 212 (d, TH = 184, 56
Hi, 369 (8, LSED, 321 (s, 1.5HL; LOMS:
424.1

g ¢
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THANMR (400 MHz, CDCID) Sppa 838
thexe THE 768765 (i THE 710783 O,
JEY SE5-340 G LY 394485 ¢y, FH),

4,56 thes, THL 421 (brs, 1), 4.00:4.03
O, THOL 88 (s LAED, 31 (80 158, 242

e THY 20 dhes, 1R LES (bos. THY,

Lo s, 1R LOMS 426

R3S

CHENMR (400 Mz, CD30D) & ppm 8358
(o 1L T S Hzk RIS7.63 G 28D,
FET 34 (o FHYL A5 Rs L4RS O

Y 33833 (o 1D 34 L, D,

SO0 G, THDL 3% s, LAED, 320G,
LD 245388 (o I 27213 e
T LRO-169 (o, 28D LOMS: 426:1

(HANMR (400 Mz, CO30D) & ppan 832
(10, J =84 Bry 7877 82 (o, 1R,
FANGTIN O, T, S66:8 5% i LS I
502 (o IHL 06095 (s SHYL A 68 (6
LA 3.67-3.38 (m, 1HL 332349, L
HY. 325000 o TR 32006 LSH i
1 On I LR 1D LOBS:
A

LHNMR (400 Mz, CD3003 § ppm 834
(o TR TAD7.25 ¢y, 3R, 728719 (m,
28, 5.47-5.35 (m, 2HD, 484-9.83 (my 1R,
353429 (o, 280, $OS397 (m, 1HG, 196
387 (o, THY 289278 (o, THY, 238233
(i, THDL 20182106 (m, 2H). LFT16T (m,
IR LOMS 4273

44
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145

TH-NME (400 MBz, CD30DY 3 ppaa £33
{s, THY 703470090 (i, SHY, S 48836 (my,
FHEY A3 oy TG G343 4w HI)
3.98-3.91 G, 3HD350:34
'.‘ [ oy THY, 2802 Teimy ,iH)‘ A3
G, 2y BT Gy B LOMS 42702

146

TH-NME (400 MBz, CD3O) S ppm &.17
(d, THLT =84 Ha), 778772 {m, 1H).
F21T0E (2, 552 (s, 14D, 5.48-4.98
(m. THY, 495 (8, TH) 4504444 (m, 18D,
41040 {m, JH). 356 s, LIHL 300 65,
LAHY, 252241 (w26, 188 L8 Om,
26 LOMS: 428

47

el

1 NME (400 MBz, PMSG-dd 5 1392 {twr
d, YL 90 ARad, B, 98 g d =72
Hz, 0H)L %20 (4. I = 99 Bz 1HYL 7.87 i,
D733 0, THL AR I =38 Hx, 18,
12»1{\313\ Yo 146, 5.5 He, THD, 451 442
v 2R 438 (e, FHL 388 (i DL 365
(=268, 15 80 He T A, T =
&3 Hz, 3H), 34 ,,) (s, A 220w, TH)
P87 o THD 192 (v THD, 136 - 115 O
THD TOMS 432,

145

THNMR (40 MHz, CD30D) S ppaa 838
G B S = Mzl TAZ G, T =24 By
AT O HHD, FAS T O, 18, S48
G5 M40 -4 89 D THD, 430436 Om
P4, 4 S4303 Oxe TR 485398 (o, 13D,
366 {8 LSHY 217 (s, L3R, 347284 ¢,
Y, 2083 1 fon, THD, L823.80 (. 1D,

FIA105 (e THG LOMS 38
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{48

TH-NMR (400 MHz CDI0DS 6 ppm 833
(I Y= 124 B 8354 1L =838
Hay, 763159 (o R S3R (1D 4092
(o, PHD, B2 88 (e 4 -, 372 {8 HH),
FAG3. 39 0 THY 336 {8, 280, 213200
G BN BT8L68 foy THYG LOMS: 436,

{54

T 402-3.040m, B 372 (s
FAS (e T L 33 0 2HL 233322 0w,
TR 210280 tn, 18D, LSR175 (e MY
LEMS 4308

121

PH-NMR0 MHz, CO30D S ppw 83
823 0m SH RGeS fn 1IN 3 R (s
THD 324840 (o, TR 404 45, 1D, 458
4,49 G, THOL 38408 (o, TH 367 (s
O, 3205, 280, 205248 (o, 2H) 1199~
182 o, 2HD LOM& 4380

THANMB (400 MB2, CD30OD) S ppra 840
e TR = 6. 001), 78R 7,84 (o, 31,
I G THD, B2 00, TS = 20 H,
SUT 00 I H Y =5 6 Hay, 46T (T X =
3243, 5.6 Hep, 4304 T T = 134,
304 dd, THL T = 2008, G Hay, B2 4y,
LAY, 32343, LSHD, 184178 imy 1B,
PARES 4o I EOR- 128 (. THL OV

(60 (v T8 LOMS 438
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PH-NMR {400 MHz, CDR0D) dppm 833
.32 fe BHY P37 08 (e, 6D, 388835
{0y, 2HDY L0400 (o, THY, 448445 (.
T, 439436 oy 1HD, 424320 (e, TH),
RN O TR ZRR275 O 1R, 224
20 D TR L0167 O TED, 18- AR
o, M E8-1.20 G, THE0.65-0:59 G,
THY LOMS 4301

TH-NME (400 MBz, CIBODT S ppm &3
(e, TH), 7.81 thes, TH), 7.20 (br.s, 1H),
T30 thes, TEG, $61 (hrs, T S02-4.99
{, THE, 442 theis, L), 402397 (. 1HD,
36346 THY, 214 (s, 1HY 206 (8, 18D,

1

LAZA40 (w58, LOMS: 3403

FH-KMR (400 MBz, CIBOIN Sppm 831
{8 IH; ? 7 ‘?5 {m, B,H}, ‘?,24 204

153
0}* "{h{ﬁ_ 1. ’39~ 3; 49 {m T{I} } (’ '\«‘{S‘ .«Miﬂ
HENMER (400 Mz, CBI0B; S ppm 833
(d, 1, 1 = 8.0 B2, T80 Gy 1),
T.38-7.50 (i, JHE. 361560 (u, THY 308
156 (P Y = 4R B, 242437 O THD,

E - ; .
G e L1511 (i, THD, 404397 (, 1H), 2,69
~ e > (s LSH), 3,22 s, LSH). 247241 (o, 1H),

A 6203 Om, 1D, 181 LER (n, T
LOMS: 442.1
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824 (m THY, 138731 ol THGL 21460

JE AR3-S87 Oy IH 482,

HOT-394 (o T4, T83:2067 {re,

20 {m, HH)G LOMS: 4438

8

IH-NME {400 M8z, CO3OD) S ppu 8,32

3
£ny, SHY 0.10-8.06 (o, 2H), 347503 (ny

M)
{247

B8

THENBR (400 Mz, CD30DY S ppim 839
S33 O T, FA9G87 G D, S EER3S

{rm, 2H, 496458 O 1, 4%‘?»& 46 Om,
Y 064392 ¢, SHE S

33624 0m, IR 2858 o 1k

I A

23 dm 2HD, 178 "’”fm IR LOMS:
4452

359

TH-NME (400 MEz CD30OD) Sppm 840
(e ALSHY, 807 (s, AT 823 &dd, JHL b =
S8, 18 Ha) 764789 (. TH) R38 (5,
HY, 4.89 G TH, 4537 d 1L 12902, 42
ey, 439 (5, 0880, 4236 O B0 "«n;( 3 90(&{&
TH, 3= 264 60 ), 37005, LA 32S
(o1 SHY, 18208 dny THD), 156188
THY, L0127 G 1HD, LO8-1.62 (. m;

LOUMS 4481

166

TH-NMR (400 MHz, CDROD) & ppm 837
(oA H =G B 7328 G THY,
FA3T06 oy, 2H) 246,18 (my THD)L 437
438 (G, BHLA 12400 G THD 398 (s
EE, 300387 (e, 3. 3673658 (1B,
FRT-FAE o THDLO3R3 G AL 2864
LSHY L7 18H, T =68 He, L6l
LAHLY = 0.4 Hda LOMS: 3493
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i

1H-
B Gy THDL 7608 TH 83

404488 (e, TG 5434640
308 {m, JHY 36h 05 LEHY 368-3.58 (s,
PR 32T (3 1.8, 220360 Oy, 1,

NMR (400 MHz, CDIOD) § ppm 8.35-
33 (s, 1),

{63,4.03-

LS L&Y G JH OO 133 (o 3H:
LOMS: 4530.1

162

i

A
FA0 (o, THYL 32246

TNMR (460 MHz, €D30D & ppay 8.40-
BT O T8y, T4 744 G TR, TH0-7.03

(‘"ﬁlg }H}\ 3

X

(o 2H Y 5460 20, 4364
L1100 (o THEG, 397585 G, 3H

308 g, EH) 34045,
AR LEMS 45T

163

TH-AMR (400 MBz, CRBOIN S ppm 838
G T4 0 HO 783930 G 210,
TATR A2 im, IR, 545 66, THL 4884 88
fan THY, 345437 (m IHL 2364 B G
THY 397305 (on THY 3.89-3.86 {m, 21D
TRONES Fo THY, a4 (s, 158, 38734
S DL 36 0 LD LOMS 431

164

FHANME (400 MBz, CD30D) S ppaa 830

€, TH, B 6 By, 7.0 006 2HD S 4R

Gn THLLO s, I S48 GL IR I = 76 He
Joh 2400 (m, {H T0S-3.R0 Om, 3H),
266384 (e 2. 5H 3443 4 Uy TH),

G LOMS 43301
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THANME {400 MHz, CD30) S ppe B33
ad, TH, e 64 By, 779276 Um, TH),
TP, ZHY ASR {3, I H. Y= 52 Hey,
503 (d, THL = 302 W, 084457 (o THD,
£.36:4.33 O, THY, L0337 (dd Il I =
PR, 6.8 ), 309 (5, LAHDL 302 {5, LA,
LAY Lo (my TR 135 E8 Gy 1R, 128
2% {m, TH) 067063 {m, 1H). ) LOMS:
4331

165

THNMR (400 MHz, CD30DYS pom 847
o, TR, B3B-R.250n, 2D 70, I 3 =
Q. Hay 5822538 (o 2, 483488 i,
), 4.36+4.43 fa, THL 3344328, THY
A7 Om, THD, 38334 Om, THY, 2,86+
282 o THY 2504252 (s THDL 55238
Ee TEE, 2U19-2.06 O, 28D 194181 O
PEE LOMB: 985

166

PENMR (300 MHz, D0 ppm 832
{3, 05H B30 {5, O3, TRO-777 4 1H,
FAR-TSE Oy, 3H), 8.66:5.53 dmy, IH 5.10-

A0000m, THL $.20:4.07 (m, 2H) 370 (g,

£33 HY, 266-3.59 ¢ TH), 22245, 1SHY,
243207 (g B 100 L8R Om, 3HD, 1.63-

1A5 ¢, SHY | LOMS 456,

167

THANMR (400 Mz, CD30D) 8 ppm §.31-
R.2% (i, VR, TATTNR fm, 1, TS G
1M, T 80 Hay, 706 (W T], ¥ 100132,

0696 (o, TH, 3.48-5.35 (o, 2H) 454

49 O, THE, 4 13-4.01 O, M, 151348
(e, FEE, 284-2.80 (. 150, 232-2.08 (e,

THD, 184079 O 2HD, 1.59-1.50 tmy 380

LOMS: 4392

168
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TEL-NMR (400 Mz, CD30DYS ppm 837
K29 (e, FHY, 7A4-6.96 o, AH), 3480 (hrs,
THY, 580 (4, IR Y = 32.0 H2) 4874 .82
(e, JHDLAT (8, 18, 3 =383, 198 Hay,
4.3 (b, IRLAO8383 G, 2HD 378
358 oy 2HD, 335336 Om ZHD)L 209281
(ro TG 223208 O, B LOMS: 3613

170

TH-NMR (400 MHz, CDROD)Y & ppay 829
{5, THD, 7.16-7.02 (m, 3H), 6.08-5.00 (i,
3, S8 80 LS4 & W3 =

A2.4 Hzh B1600es, 1), 366-4.58 (m,
MY, 440438 fm, THL 407394 (s, 1R
288278 €y, THY 225209 (s, 1M

LOMS 4614 '

TH-NME (300 Mz, CD3OD & ppra B33

28 o, THYL G86-004 Gy THL G:8

v TG, 623608 0m 2, §48-533 O

2HY, 04 (s, THE 4360480 0, 21

4397 4m, IHL 288276 (e, TH)L 208
2403 {my 1H); LOMS 4811

9.

TH-NMR (400 MHz, CD30DI6 ppm 8.32-
823 O B 7365700 i, 3
{ra, I} 266504 O, THE 430G I, I =
S2.0 Ha) 5.06-5.08 {n, HHL 455438 8y
3HD 386393 Owe, 1H 2872770 0m, 1,
226242 0w, FHEDL LOMB: 461
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TH-NME (400 MHz, CD30D) § ppia 8.34
(i TR, 698 (L 2R T 6.8 H2) 0 .87-667
(g P, 56533 G 3G AR K8 Dy
EHD 483430 O 1D 4.244.30 On, THD.
S05-404 {m, TH), 301388 {m, 1), 2.84-
278 e THY 2383 (. HL 2206
oy SH L7161 G 23 LOMS: 4631

PHENMIR (400 MHEz CD30DY S ppin 833
826 (o THDGE.08 (4, THL T = 6.4 Hz) 888
&7 Iy, 2H3, 588538 {my, 3, 4535452
O FH, 401380 Ox 3, 48 0w,
2HY 328319 (TR 2842 78 (e, T MY,
FAR-Z09 (o, 2H) 176166 (ay 2HY
LOMS 463

PHANMR (400 MHz, CD0DY S ppm 833
§.24 (my, THY 2.17-6.98 (m, 5HD, 5.68-3.65
O B 546 (T T = 520 998
489 {m, THY, 457437 0m, 1H), 4.03-3.88
v, 3D, 352948 O 2 L4332 O,
FHE 2RAISL 0w 1L 20623005, 28,
L74-1L71 {m, FHL L LOMS: 4631

173

PHENMR (300 M CDY0 & pp 8,24
846 (i, DHY 2.36-6.92.6m, SH), 5.68-5.64
i, PHE 542 (o THL 3= 320 He), 491
3.8 Omy THE, 448340 Oy, T, 406304
{r, TED, 384381 O THD, 2RE-280 U
PHY 2,40-2.35 (m, THDL 2.002.01 (m, 2H),
LRLELTR O DR, 1534081 O THD
LN 363

154
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Y NMR (100 MHz, DMSG-d6» 3 14,17 (5,
THL 8O0 3= T2 Hz 1L 838 U =
26 Bz, IHL 82045, 1), 787 {did, I =89,
30 He THE 507 - 338 (e, 3402 6L S
= 3.9 Hz, TH)L 480 (dd, =214, 140 Hz,
LD S50 34 m, BN 388, TR, 3088
~ A0S G, IR, 28T ~ 2.7 6 TR, 226~
200020, 160 Wy, $ = 3L S8 Ry,
280, L8 - 134 (u 2800 LOME: 964

PHDOMEL 00 M3z, COSON S ppm 8.37
{8, FHYL Q7695 {n, ), £.83-6.70 (w,
THY S.47-5.31 (a, TH) i

S36 Hey, 482 s, IHLAS

4. 34-4. 11 G, THD, 283260 {m. |

247 {my T 207-L88 {m, 3 LO

4631

TH-NMR 7300 MEz, CDOON S ppm 842

fhrs THL 703700 o 2HD, 697674 (o

THL %@, W 3 1A 491 & 1,

A47-983 (o, U, 430030 0m, THYL 309

303 G THE 3694 LAR 320 &y, 13K,

253249 40, TR, 2232200, 18, 187
L0 (e 2H LOMR: 467,

179

THANMR €400 MBz, CDAIOD) 8 ppm §.34
(s, TH), 7.23-7.04 {m, 3, 5.83 0, 1L, T =
NE2 44 Hay, 304550 (o {HL 425306
£, 2H) 300383 (my 3H)L 335333 (m
THY 23531940, 2HY, 1O-LES (i, 1HY
£9-1.66 (m, THY LOMS 4091
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THENMR (GO0 MMy, DMSG-A61 S M I8¢,
CH S0 (L T = 7.3 Ha, 1L R.25 ¢
TSR T TS0 e 2R AT -
3 ”ﬁ {o, 2H) 806 (3, 3= S He zm 4”’6

R o VHDY S0 G, F e 3RS 14 He

SHA00 (s, 2HL 369 (dd, F= 11345 Ha

FRE XA 33T o THD, 300 (dd, B 1,
87 B IR, 273 ¢ = 337, 2002 e,
TH 200 @ F= 138,119 B, 280, 150 ~

FA3 O T LOMS 470

HEENMR GO0 Mz DMSO-Q8r S 1817 45,
PH SR (L 3= 18 Ha T .26, TH,
TES - T A (e, 3HDLB.32 (IR 348 -
AN, THYL 50240, 3 = 87 Wy, 18, 4.’73

{dd; F =219, 139 Hz, 1H), .48 G,
397, 13,0 Ha, FHL A3 W4, =725 ‘~?
Ho THE 393l d= 1L LA T He ;m
FIIAR, b= 110, 807 iH\ A58 34
{1, $HY 343 - 3344, ;m 3
.3, 05 Hy, THY 283 (o, TH, 219
=188 (. T, L8 - I (ﬁ {i I € £ B 02
{3, 3= 404 He DD LOMS 470

181

182

IH-NMEB 408 M CDIGD 8 ppru 833
836 (s 1HG, 784 T8 O 18, 136 (dds
TH T = 9.0, 20 M, 7.24-7. 19 (e, TH,
366 (dd, TG =104 83 e, S48 (d TR
F=820Hzy, 4.95-0.89 Om, 1), 4.65-4.56
o PED, 3973 89 o 3HDL 383 8 i
FE R2S5-322 O 1HDL 2R0-2.86 Om, 1D,
228200 Om B LT G I -
LOMS470:1

183

TH-NMR (400 MHz, CD3QD} S ppis 8.33-
L.26 Oy THYL TAS-7.07 Omy, 3HD)L 3.60-53.85
fon JHY 3434, THL = 520 Hey 487
$33 0ny HD 413409 (g IHL 320314
{24, 2 830078 (e, THDL 208353588 (e
THY 249338 (s, B2 8208 G, 2H),
2.1 8% fmy TH) LOMS: 47200
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THNME G0 M B CDX S ppm 834
237 G T Q07 {6 2HL T = 0.0 HX)L 685+
680 (o, TH, SA%3 34 (i, 2HL 492488
Lo, B R0 (o T AR 30 (e,
ZHY, 333412 (o P 303 Gl T HD,
285280 (v THY, 284257 G THE, 2448
24 O THGE, 223120000 1), 199180
L FHDG LOMB 472,

JHNMR (400 MHz, CIBOD) 5 ppm 8,24
{5, THDL 782770 G, THE, 73473 O
L), 720703 (m, THY 565561 (u, TH:
SAS A THL T = STOHD, S104, TH, 1=
536 M2, A8 (s, THY, 461347 (. 240,
06407 G, TH, 287285 (o, THY, 253
246 (e, 2, 249241 Oy, 1M, 1.92-1.8¢
(. 2D LOMS: 472.1

186

PH=NME (406 MBz CLBON S ppme 823
{5 T HD T ASST R0 (G FHGL 73473 O,

PG 207 0 G, THD 565861 G TH:
A5 IH P ST Hal 888 1L =

S0 T8 & 1D, 4614047 (O, IHD,

15407 (o, THY, 3.06-2.85 (o, THD, 155
243 on DHD, 22526y Ty, 184182

a2 LOMS: 4724

187

TH-NMR (900 Mz CR3QD) S ppma R 34+
8270w LD, 008 {d, THL § =64 Ba), 6.85-
G069 (o, 2HE 548838 (o 28, 404442
o Y S 20425 o, DI AR LI =
3.0 Hz 282 thrs T, 2U192.08 oy 13,
L70:168 O TR, 185147 Oy 11, 333
oy ERL 0L06-0.63 Ong, TR LOMS 475

188
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189

3H NMR (400 MEz CD30DY S ppm 83 1
823 o, THY 738695 (i, AHL 5.86:3.62
(e, THD, 395 ¢ 1L J = S30 Hr), 3.97.

498 (m, lH‘s $.46:4 28 (. 3H), 389372

éte FHE, 288279 oy 1D, 2.30-2.16 0w

T D167 Or THD, 149146 om, T,
127120 (. THD B.050.38 G 18y

EONS 475

190

TH NME (400 Mz, DMSQd6) 8 1416 (s,

TR, 180 T = 74 Ha THD) 825 as THD,
BSOS {8 F = 20 e TH T84, T =88,

) S22 (mAHLE0T S

IH <62 {m, H)L 453
427 G B0 (o 1L 381 38,

370 4m AH 38 332 fmy 2HY. 30 i,
THO, 284 2.0 G TR, 223 - 1.97 G,
I LA 152 4 TN LOMS 4763

191

HO\‘\\‘» < "K’O 5

HE NMR 00 MHz, DMSGdayd Tl (s,
HLBO0 0L = 7.4 He 1HD, 823 5, 1)
TG T O S, 580 548 (i 2R
476 -4 38 G, 3D, 4530 <4 2% G, THD,
F97 - 76 (o, THDO 358 - 339 G, TG,
2R3 283 0m IR 233 ‘,ﬂ (my 3H),
PF 08 e P Mz I L3 - 108

FAEOMBETT

93

HO f ‘ Q Y

PECNMR (400 MH2, CD30D) 8 ppm §.35-

828 (., FH) ”{)«\a Y, 7076934

ZHy 622508 gy 2H)L 340450 \3 <'m

S04-3.03 Gy JH)L 4 A3 im,

397 (o, THY 285276 (m, THY ”’.Wﬂ 03
(o HHD LOMS AT
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TH-NMR (300 Mz, CO3QD) & ppm 8.30-
BAZ.00 AL 1008 Ony 38, 367563
f 13 B G THL ) = 538 M) 1.93%-
ART fra THY 0437 Oy THL 411408
i, L) 308 (e THY, 349340 Ga THY,
B2 (e THY 224205 (G 2HY, LS
L8 Gy 2H), 189-187 (m, 3HY; LOMS:

4773

FHANME (400 Mz, CD30DY S ppma 832

825 frm, THY, S 21-8.09 (m, TH). 761748

(i 1D, 8.10-6,08 (m, 1H), SBR-E.98 (m,

THY Sa0-5.61 (o, THY, 548338 (o 1H),

04308 (o TR 85405 (o 2HD 408

3O g PH L6287 O 18, 21924
o DG LOMS: 4788

1

BHENME S0z, CDXEN S beiain 328
(e, TR, 8309831 Ong THD, 781 (bes,
13, 7.18-7.00 {r, 2H), 5.58-3.39 tm, 2H).
465-4. 31 U, 3D 384380 (o, ) 265
thrs AR 20028 (o 2 LCNMS
479.1

195

TH-NMR (400 Mz, CDIOD) 8 pp 836~
%28 TR, T A6 A G, THY 708408
(o AR STS QU TR = B8 Hz 530833
g VDY, 4004053 Con THY, 303389 (o,
SR 34T (2R 3243019 <o TRy
BH3E0T fon THYL 247210 2HL LTS
L7 o B LOMS: 4793

186
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TH-NMR (300 Mz C30M 8 P R.3%-
S8y W7 G L =04 He, 687
6,80 (i 2HY, S AR 34 G 2HG, 454433
a1, 332407 (T HY 034034,
ZHO ARS8 (i JHL T3S Gy LR
RSHFAT G DL 331336 G &{;‘ 288~
200y, T 220508 e, T HD G LOMES:
3701

t97

PHANME (00 MBz, CD30IM Sppm & 14
e FHE 7324 THYL 08 G 2H, Fea R

3.47-3.34 (o, 2H), 486482

Y 1R 388 0, 3

'Mﬁfm ‘H; 3

O T, 24 ”{Y U, ’H; 3G
FH EOMS 478

198

TH-NME (400 MBz COR0DN S pom §.30-
Q2% {ay, BHYL TUR7.05 (e, 15D, 6.92-8.91
o, 1Y, 613008 Gy, THY, 604-5.97 (o,
THYL S E2558 Um BDSAT6E  3
AR SO85.070m, BH 435435 im,
IHY 405393 G, TH), 286276 (o 1H,
T242.08 (e D LOMS 478

199

SH '\f\’I}\ (400 MHZL ZD30DYS ppm 83
3 PHGOLASST20 (o BHDL SRt ’?
{m, THG S04 1L F = 334 H)L 4082
436 (my, THY 03387 (ay, 4HD, 35S 3.4‘,7
(v 2HD, 3243200 oy TR, 2.80-2 80 (my,
FHY 224210 (oo, 2HD, LAS-1 67 G TG
LUMS: 4794

300
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2

THENME (400 ME, CROB) ¢ ppm 337+
S m, T8 735700 0n, 3D, 560 (ads
T b= 100 S Hz, S35 ¢ 8L I = 820
Hadho 4 87488 Gy 181 485432 O M.
£07-380 Oy 280 TRE-282 oy TH 2.8
ZOHL (e, B, 1UTO-163 O 28 LOMS:
4781

AR

FEL INMER {400 Mz, DMSO-365 & 133 {4,
PHYL 90740, 3 = TAHZ THYL 83968, =
38 Hz THG, 823540 T 6 #lw TH,
(dd 38R, SO0 He T+, 3.60 -5,
2HL .03 83 He, I 478 8d 3=
L3, 14 He 1451 (dd 3= 305, 150
Hoo 18, 40945, ZHY, 371 - 362 {m. 2H),
343302 (m, THYL 208 {5 30D, 149 (dd,
I= 27092 8 2 L33 I = 138 Ha,
T LOMS 480

A3

TH-NMEB 00 M, CBI0DS ppoe 848
o, THY 838 (heos, THDLCKAS (hus, 1EY
TE9 (@ U 3 = 9.2 Huy, S97577 G T8,
F64-3.39 0xe ZHDL AS7- 344 O, THD, 424
421 (o, 2R ST GO HL T 64 Hz, 28
285 ¢m 1), 24624 im, TH)L 2 oS
O B 24523 2 Oy DL 392188 Uy
T, 166 L2 Oy 1M LOMS 4801

204

1 NMR (400 Mz DMEd6) D 1419 (s,
PR, 934, 1= 78 B, 1), .26 (s, 1D,
747734 (e 1 P14 D= 8.1
T, $.59 - 5,45 G 2, 480 - 360 O
1 AT (S 5 =305, 140 Hz, 110,409 -
308 G, L 3020 T YL 3T Hy
PEDCR TS (dd = 120, 8.6 He, 1D AT
(td, J =301, 8.2, 78 4.8 Hz, 3H)L 348
(i, b 112, 60 Hp THDG, 3858 - 2,60 (i,
PHY, 233 - 2.04 (o, THDL L7968, T = 113,
4.9 W 13 183~ 133 O IR0 LOMS:
481

161
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35

BHENME SO0 Mz CR3ER S ppxe§

2 {m, 2HY 18170 ¢

{t, I HY LOMS:
4831

D30 (o THY, 708698 Gy, 2H), 5.68-303
{m, tH} ’ii"s ‘S ¥€um im 45334 40 (m,

e
3

PSR 63 ¢ 1),
am‘ fH} '8fsv R {ra, 1820

08

THANMR (400 Mz, CDIODY & ;}ps‘ 836
(5 THE 710045 (my, B0, 3.F §
D S82830 (. THY, 493 ECL
$.52-4.08 {3, 2H)L 407506 (e, 1H 3
390 (o, TH, LAR2.82 (o THD, s ki3]
on 333, S L634m, 2 LCNMS i‘i,i i

7

PH-DNMR (306 Mz, CI3GEN Sppm 825
[20.0m 3 HD), 7619738 4w, 1D 86
(e, THEL 5,28 (T § = 320 Hay
SO I, A0 ELST (L 1R 8 A
{rn, 2H), 4.06-403 (o, 1H, 294281
THG, 254243 One 28D, 191183 G 38D, 1
LOMS: 4823

fati

PH-NMR (400 MUz, CB30D) & ppmy 8.26-
8.2 (o, B TO8T02: O T, 694042
£y IHL S GES60(m, HHL 842G L s
S2.0Hz, S0 13 0, 6.0 Hey.
4804, THYL 4 ’ N 4 0‘& 4 f}d,
(o PR 29325 3 S
2HE 193189y m ¥ QM 83<m "H);
HEWLY R R
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209

TH-NMEB (308 M, CDIQD S pyvn 838+
838 4m, THY 784780 (. THD, 7.24-7.45
(g, QML S8 (8. TH), 307 s, TH 440+
S 39 0w, THD AT T30 0y THDL 398388
{my, 3H), 683,61 {m. 281, 348341 Oy

Y322 oo AHD LOMS: 4833

218

NH

TH-NMR 400 MBz, CDAOD) S ppin 8.26
O THL 76T 3 on, THE, 215 (U 1L =
T Hn, THT 1B = 9.6 8 7-6.93
{rm, TH) 54884 {m, 2H), 3.A4038 G,
T 333409 (. TH), S00-3.97 G, 1D,
3, H 309 (m, THDL 2842738 (my THD, 2.36-
206 Gm, 30, 1681580 (m, 3, 1.30-137
Coo, HEGL L20-1.08 G OEDC LOMS: 387 .3

TH-NMR (400 MEz, CDI0DY Sppm 8§34
827 (., 3HYL T 23(% IH, 707 3T =
a8 Hed, 347533 (., 28D, 488487 (i,
1R 47047 0my THY, 3424 3% 8m, ZH),

$ 53402 (o, TR 37000 G THER 283
280 0w, THL 288281 n 1TH), 249240
fr, TE, 220217 (i, THD, 19941 91 fm,

1Y BOMS: 4883

2
Py
b33

TH-NMEB (30 M e, CDIGD S ppiw 8.56-
{300, THY, 700005 (), JH), 3.63-5.62
Ente 1EE, S61.838 Oomy THY, 4925408 {my,
THEy, 4.80:336 Ony 3HL 43401 imy 111)
A2L3 46 0m, TH), 282278 (my, THY
T84 (o, PHY 253242 (oo THD, 2232, 18
O, ZHY 200094 0, 13 LOMS 43048

163
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TH-NMR GO0 MEz CR3OEN 3 ppm 749+
Tody fm, TR 7029706 Gy 20, S804
FH b= RE Ha, 38748, B 3 =334 MHay

486438 (Yo, 365 400 TR 379 (3, 1,
F=hdH 2 B, IH)L I FLibrs

Y L8 THD, L3135 On 28,
L67-0:064 Ou, FHG LOMS 491t

233

TH-NMR (400 M, CD30DYS ppm 4.33-
SE7 O BH 7226, I HY 78707 (e

FHY SATE 34 (o, 2HDL L ST 38 H,
S 27423 0w TH 3B BT (o 18,33
333 b, Hi} 2832 780m; IHL2
(o, THD L 72168 e 18D, 148 i 4’\ S
1By F24-1 ”{ imc A H) 067060 {m, IH)L:

LOMS 481

TH-NMR (300 MHz, CR30D S ppia &, »ila
S8 ny THYL 730633 dm 3H)

U, FEDL S8 1-5038 O THY 4984
iH} 435370 (o, $HL 2972 74 (v, I{ﬂ
2382350 I L3048 (a3 136
L2223 4m, 1) 0860061 (m, THY LOMS:

491 1

3%
23

T NMR (400 Mz, DMSCH6) 3 1419 (s,
THY. Q2 48, 2 7.6 Hr, UH), $39 ¢ T =
2.8 Hz, 1H), .29 (s, TH), 7.80 (. 4= 9.,
3.0 Hz, TH), 5.64 - 537 m, 3D, 482 -

471 (o, D ARG, 1= Q1 By 1), 330
{dd, 3= 132, 74 Ha, 2H), 414 (g, I = 80
iz, 1H), 348 i1, § = 5.3 He, 18, 279 (. |

= 166, 161, 7.2 Ha, 190, 143 g, 3= §9,
47 Ho TR, 12444, F = 168 He, (), 1.02
Gy, T A2 B, (HL 035 - 033 Gu, 1)

LOMB: 492

21
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PN
NS }Qx \[ l
ﬁ T N . TH-NMR (400 Mz, COI0D) § ppm 8,39
N gl G B30 G, LD TS E7AR (o, LMY, T 1698
\I‘ o ZHY 879G TG = B2 M, 5.8553R
7 NH gy (e, FHD RS (b T, 362448 4w, 1H),
. & \ U407 oy, 2HY, 357355 (o1, 1), 304
i 7 9L Gy VED, 207200 {m, W), 193188
o “ O 2D, LT 188 Omg 3D LUMS 403

FELNMB GO0 M Bz, CROD) S ppune 834~
R28 iy THY, 6.495-4 86{m, IHY ’s{mtr,
THL F= R4 HR) 53 :

218 $4%0m, D 40339 tm THY. 3.
(o, THL 326321 (g THD, 286-2.75 Oy,
VY 234430 (o SH), L7617 (e, T
LOMS: 3931
FH-NME (100 MBz, CR30D) S ppm 838
830 0m. T 683085 (ay. IHY, *usm{
L P2 RS H2), SS:8.37 (o
G $:300m 2D 407404 o 2
= IHLAR390 0, THL 2792 73 {m, IH}
ZAR200 Ong T, 220247 Oy, 379
L7 G, Y L6412 On, 18 LOMS:
4431
THNMR (400 Mz, CO3O0 6 ppm 837
{8, BT O06.98 (m, 2HY, 863 I =
R ey 54530 On THD 4R8-3.85 Oy
530 THY, 4.30-4.37 {r 2HDL 4294258 G 1M

TR (g, TR, 2RO279 Om, 1H), 2.3+
LA o I LR TS Aoy 13D L6150
(o TR L0125 (o THE 0.680062 iy,
TG LOMA 4031
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TH-NMR (300 Mz, CR30D) S ppa R.30-
Q230 THY, 733635 (m, 3H), 585356
freec TH G 549536 Ong THE 451488 dn,
IH}, F50-4.40 (o THD 405408 Gy TR,
299 (hwigy IR, 3823049 (o, FHYL 28
TBO (o THY 2.24:2.03 (0, 28D, L88-1.78
Lt 2R B8R AT Ov 3D CLOMS& 493

22

2
52

bk

1145, 2,992,090t DSHY, 2162 m (,
05K LOMS: 3941

TEE-NMR (400 MH2, CD30DY S ppoy 8.36:
28 Omt, T, 72048 DL 7005706 (o
FEH, G405 00 RHDY, 481 80 Om, TR,
55451 G TG 428437 G 11O, 408
402 O, FHY 386383 (v 2HD, 376373
o, THY 3SR 56 (1RO A0 38 (o,
HL 28T On I 200208 G Il
LOMS495:¢

TEENMR {00 M2, TD300) S ppm. %:33-

AL o L 709703 an DL 695693

{r, T, 865861 (m, THD, S.8198.38 (o,

T 482842 (o LI 38002 Geul 31,

3AT3A8 (o, 1), 284-2.82 (m, THY, 234

T04:0m. 2HY L8717 dm 2HD, 1.62-1.48
Con 3 LOMS 4853
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S
Kadan-

NAA LOMS: 4971

FHENMER (400 M8z CEBODY S pone 854
827 f, THY 7387 02 4, 34D, 3.96-542
iy, THY, S60-3.88 {m, HD, 2.81-5.58 dmn
E, AG-4:.00: Gm, 1 4404404 IH\
""\—«Ub(u PEOE T 2400 G §§ RRE 2
FO G, TH 288250 for, THG, 28 :
{m 2HY, 28200 G HHY L8R } T (w,
P LAT-L64Cm, T D BOMS 467

237 NAAG LOMS 483

TH-NMR (400 MHz, CD3OQD) 6 ppmr 8.36
{d, TH, P 84 Hiry, 7.90 (s, THYL 720
TS Ov 28, S50 (s, THL L0 TH I
7 2 Hn F.40:4 38 O T A0 0m

§ S (o 3 68361 G
340 G EHE 337 (s, LA D
LOMS: 5413
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339

NAA; LOMS: 50401

THENME (3 M COIOD S ppre 8319
{8 THL 99 G, 1R, 74878 On, 2D,
SATR300m, 2H L 378478 oy, I 455
A43 Gn VL 434430 0u. 1S . )
fr, MDD, 2842 700w 16,2 {;

I T840 O 8D LOMS: S04 1

TH-NMR {308 Mz, C‘I“O{)m;\pﬂ‘ .43
{6, THOL 803 {6, IR T = 28 Ha) '
PHL 28440, I T =08 18
2H), 482478 (e, THD 433440 (n, !H‘
433 b, HHL 3743 66 0my; iH) 2.84=
28 G 1D 221308 G 3F ¥

Oxg 280, 163146 O, 38 LOMS: 304

§u
i

TH-NMR (400 MHz, CD3OD; d ppm 822
B15 (e 18, 703083 G 38D, N61-5.56
{on I S G 1L T = S2.0 M), .98
489 (e, THD, 438-336 (g, TH), 421420
gy LD, 4 10-3.97 G D)2 85270 (my
Hi,w ,ﬁ 00 {4, 1.63- 158, 3H)

2-1A8 O, G LOMS: 3082

a2
5
F 2%
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\ I THCNMR (400 MHz, CD30D)Y 8 ppm 8.30-
i 824 (. LH), 6.99-6.83 e, 2HD. 56448
N ./ THL 3= 88 Ho, 841 {38 = 320 Ha,
H \J/ me 30 (a4, 00 03, 38D, 3 T4 (L T
= 60 H2), 27T I, m‘ 20-2.06
{,m,, 2 165160 (o, THYE 147148 (m
FHE L2391.20 G 1B, Q01058 (v IR
LEMS 5083

2
s
byt

LH-NME (400 Mz, CDIOD)Y S ppi S

R.27 (m, 1), 6.55-6.84 {m, 2HL A&
TH, T = 88 Hay, 550531 {m, 1M
30w, T A 11908 6my DL
Hl? IHS G IHL AT G
274 On, TH, 220200 O 2HD, L ‘36~£ bi
o 3L Bt 147 (o 3D LS ST

TH=NMR (300 Mz, CO30D) S pa 8.37-
S0 0my, THY, 7.04-6.03 (o 21D, 6858067
O 283, &15-6.13 Ony 1. 399587 (m,
‘> {1, ’H? 4 ‘3\ (L\ }H =44

fXed
S
8

3 97 {mA i}{)_ 3 S*“u" 7§ fm JH_;_
fo THY LOMS; 508

PEENMR (400 MB2 C'DR0DY S ppin 8.36-
SA3¢ L, D G046 884, - 36748
I8, Y= 84 B 80831 (e THDL 40525
HZ {nn i}{} ‘% >1~~1 3(%’::;. 1H\» 1()»3 BQ

(B, 340 inv

....‘?5 (.m‘ i E{}, °m o TH

LOMS: 3098
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o~
(X3
3

TH-NMRGGO0 M-y CHR0OD S pom B34
§27 (. THYL T05-6.96 (. 24D, 6.86-6.68
fon 2HD 347534 G, 2HD, 481 4 18
&.54-3: 4% {m, T4 384.20 {m, TH), 46-
4,04 (ry THY 3913 88 (o, THD 386283
oy THY, 240-236 (m IR 2 172,06
JHY L7610 G, 2H) L LOCMS: ST

THNMR (400 Mz, CD30DY 6 ppmy 832
{5, TED, 7.06-0.897 (n 2H), 6.87-0.69 (m.
Y, 47534 Om, 3 4S8 S Gy I
$01-3.88 G 3 3-3.46 (v 3t :
FE8 (o, T 283281 G TH 217208
m, BH)L R4 LAS dm, )G LOCMS ST

TH-NMR (400 Mz, CD3001 § ppim £.34-
837 On, TH), 7.05-6.97 (m, ), 6.87-6.68
G, DM, S47-5.34 Gy 2D, AR (5. TH)L
482447 (e TBD, 490437 (e, TBD, 427-
$.2% 4w, JHY, 377 68, 1, 0 = 6.9 ey, LRS-
28O (m, THY, 222208 gm, 140, L71-1.68
i, (M, 148-146 (m, T, 1.27-1.20 0m,
T, 065059 (i, TH).; LOMS: $23

244

JH-NMR 400 MUz, CROEN Sppn 8.23
{8, THD, 736 (brs, THYL 7/ 16-7.08 {m, 20
N65-5.61 {m ) SAL 6L BT =820
ey, 80 (s, THY 874038 (m 2HL
4.05 (o PHY 823700, 110, 2.80-3.76
O PHD, 2038203 O T, 2.5 2.8  dnx
2H), L7 G HD, 182049 G THD
LOMS 3284
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{H-NMR (00 MHz, OR300 S ppm 822
5, THD, 7036 (hes 1B, TXRTAS Oy TED
TS Qs iH} S67-502 Gu, {HGL 583
fd, IR 3= 52,0 Hay, 4.91 46, TR 431438
Oy TR, 4020 (e, D, 386383 (i, 2H)
A5349 Gy, 2H) 220322 G, HDL RS
DUTE ey THY 219203 (g, 2H), 1634186
iy IU} S LOMS: 320,18

FHNMR (400 M, CD30DY S poim 8,34
{5, VO, 738 ghrg, 1D, TR0 o 2D,
5.65-3481 (o, 1HL 5460 TR, J =320
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