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COMPOUNDS AND COMPOSITIONS USEFUL FOR TREATING DISORDERS 

RELATED TO NTRK 

CLAIM OF PRIORITY 

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

incorporated herein by reference in its entirety.  

BACKGROUND 

Neurotrophic Tyrosine Receptor Kinase (NTRK) 1, 2 and 3 are receptor tyrosine kinases 

(RTKs) that activate multiple downstream pathways involved in cell proliferation and survival.  

Various genetic fusions, arising from aberrant chromosomal translocations of the genes coding for 

these RTKs. are implicated in the etiology of multiple cancers including high and low grade glioma, 

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 frequent 

mechanism of resistance. When resistance occurs, the patient's treatment 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 (I) or pharmaceutically acceptable salts thereof, wherein:
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A(RA)O 

(RB)q B 'L 2  L' 

N 3 
N N 
H 

Formula (I) 

Rings A and B are each independently selected from aryl, heteroaryl, cycloalkyl and 

heterocyclyl; 

each Ll and L2 is independently selected frorn a bond, -C(O)-, -N(R)-, -N(R )-C(O)-, 

C(O)-N(R1 )--, -(C-C6 alkylene)-N(R )-, -N(R 1)-(C-C6 alkylene)-, -N(RI)-C(O)-(C--C( alkylene)--.  

and -C(O)-N(R 1 )-(C-C. alkylene)-; wherein each alkylene, is independently substituted with 0-5 

occurrences of R' 

each R and R is independently selected from hydroxyl, C-C6 alkyl, C2 -C. alkenyl, C2 -C6 

alkynyl, C-C6 alkoxyl, halo, C1-C6 heteroalkyl, C-C6 haloalkyl, C1 -Cc haloalkoxyl, C-C 

hydroxyalkyl, cycloalkyl, aryl, heteroaryl, aryloxy, aralkyl heterocyclyl heterocyclylalkyl, nitro, 

cyano, -C(O)Rt, -OC(O)R', -C(O)OR', -(C-C6 alkylene)-C(O)R , -SR, -S(O)2R , -S(O) 2

N(R!)(R1 ), -(C-C 6 alkylene)-S(O)2R'. -(C-C6 alkylene)-S(O) 2-N(RI)(R'), -N(R1 )(R'), -C(O)

N(R 1)(R), -N(R1 )-C(O)R'. -N(R )-C(O)ORl, -(C-C6 alkylene)-N(R)-C(O)R,-N(R)S(O) 2R',and 

-P(O)(R)(R);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 Ra; or 2 RA or 2 RB together with the carbon 

atom(s) to which they are attached form a cycloalkyl or heterocyclyl ring independently substituted 

with 0-5 occurrences of Ra 

each R' is independently selected from hydrogen. hydroxyl, halo, thiol C-Cf alky CI-C6 

thioalkyl, -C 6 alkoxyl, CI-C6 haloalkyl, -C6 hIydroxyalkyl, C-C 6 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 0-5 occurrences of Ror 2 R 

together with the atom(s) to which they are attached forn a cycloalkyl or heterocyclyl ring 

independently substituted with 0-5 occurrences of R ; 

each R2 and R is independently selected from C-C6 alkyl, halo, hydroxyl, C-C haloalkyl, 
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C1-C 6 heteroalkyl, C1-C 6 hydroxyalkyl, C 1-C 6 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 CI-C6 alkyl, CI-C6 heteroalkyl, halo, hydroxyl, C1 -C6 

haloalkyl, C 1-C 6 hydroxyalkyl, cycloalkyl and cyano; or 2 R' together with the atom(s) to which 

they are attached form a cycloalkyl or heterocyclyl ring; 

p is 0, 1, 2, 3, 4, or 5; and 

q is 0, 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.  

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

A R(RA) 
(RB)q L2 L' 

N 3 
H (I), or a pharmaceutically acceptable salt thereof, wherein: 

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

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

L' is selected from -C(O)-, -N(R)-, -N(R)-C(O)-T, -C(O)-N(R)-t, -(C-C6 

alkylene)-N(R)-t, -N(R)-(Ci-C 6 alkylene)-t, -N(R)-C(O)-(Ci-C 6 alkylene)-T, and -C(O)

N(R)-(C-C 6 alkylene)-t; wherein "T" represents a portion of L' bound to ring A and each alkylene 

portion of L is independently substituted with 0-5 occurrences of R'; 

L2 is selected from -C(O)-, -C(O)-N(R)-*, -N(R)-C(O)-(Ci-C 6 alkylene)-*, and -C(O)

N(R)-(C-C 6 alkylene)-*, wherein "*" represents a portion of L2 bound to ring B and each alkylene 

portion of L2 is independently substituted with 0-5 occurrences of R'; 

each RA is independently selected from hydroxyl, C-C6 alkyl, C2-C alkenyl, C2-C6 alkynyl, 

CI-C6 alkoxyl, halo, CI-C6 heteroalkyl, CI-C6 haloalkyl, C-C6 haloalkoxyl, C-C6 hydroxyalkyl, 

cycloalkyl, aryl, heteroaryl, aryloxy, aralkyl, heterocyclyl, heterocyclylalkyl, nitro, cyano, -C(O)Rl, 

-OC(O)R', -C(O)OR, -(C-C 6 alkylene)-C(O)R, -SR', -S(O) 2R', -S(O) 2-N(R)(R), -(C-C6 

alkylene)-S(O)2R, -(Ci-C6 alkylene)-S(O) 2-N(Ri)(Ri), -N(Ri)(Ri), -C(O)-N(R)(Ri), -N(R)
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C(O)R', -N(R1 )-C(O)OR, -(C-C 6 alkylene)-N(R)-C(O)R', -N(R)S(O) 2R', and -P(O)(R)(R); 

wherein each alkyl, alkenyl, alkynyl, alkoxyl, heteroalkyl, haloalkyl, haloalkoxyl, hydroxyalkyl, 

cycloalkyl, aryl, heteroaryl, aryloxy, aralkyl, heterocyclyl, and heterocyclylalkyl portion of each of 

RA is independently substituted with 0-5 occurrences of Ra; or 2 RA together with the carbon 

atom(s) to which they are attached form a cycloalkyl or heterocyclyl ring independently substituted 

with 0-5 occurrences of Ra; 

each RB is independently selected from oxo, hydroxyl, C-C6 alkyl, C2-C alkenyl, C2-C 

alkynyl, Ci-C 6 alkoxyl, halo, C1 -C6 heteroalkyl, C1 -C6 haloalkyl, C1 -C6 haloalkoxyl, C1 -C6 

hydroxyalkyl, cycloalkyl, aryl, heteroaryl, aryloxy, aralkyl, heterocyclyl, heterocyclylalkyl, nitro, 

cyano, -C(O)R1 , -OC(O)R', -C(O)OR, -(C-C 6 alkylene)-C(O)R', -SR', -S(O) 2R, -S(O) 2

N(R1)(R), -(CI-C 6 alkylene)-S(O)2R, -(Ci-C 6 alkylene)-S(O)2-N(R)(R), -N(R)(R), -C(O)

N(R1)(R), -N(R)-C(O)R', -N(R)-C(O)OR1 , -(CI-C 6 alkylene)-N(R)-C(O)R', -N(R)S(O) 2R1 , and 

-P(O)(R)(R), wherein each alkyl, alkenyl, alkynyl, alkoxyl, heteroalkyl, haloalkyl, haloalkoxyl, 

hydroxyalkyl, cycloalkyl, aryl, heteroaryl, aryloxy, aralkyl, heterocyclyl, and heterocyclylalkyl 

portion of each RB is independently substituted with 0-5 occurrences of R', or 2 RB together with the 

carbon atom(s) to which they are attached form a cycloalkyl or heterocyclyl ring independently 

substituted with 0-5 occurrences of Ra; 

each R' is independently selected from hydrogen, hydroxyl, halo, thiol, CI-C6 alkyl, C-C6 

thioalkyl, CI-C6 alkoxyl, CI-C6 haloalkyl, C-C6 hydroxyalkyl, C-C6 heteroalkyl, cycloalkyl, 

cycloalkylalkyl, heteroarylalkyl, heterocyclyl, and heterocyclylalkyl, wherein each alkyl, thioalkyl, 

alkoxyl, haloalkyl, hydroxyalkyl, heteroalkyl, cycloalkyl, cycloalkylalkyl, heteroarylalkyl, 

heterocyclyl, and heterocyclylalkyl portion of R' is independently substituted with 0-5 occurrences 

of R, or 2 R' together with the atom(s) to which they are attached form a cycloalkyl or heterocyclyl 

ring independently substituted with 0-5 occurrences of R.  

each Ra and Rb is independently selected from Ci-C6 alkyl, halo, hydroxyl, C-C6 haloalkyl, 

CI-C6 heteroalkyl, C1-C 6 hydroxyalkyl, C 1-C 6 alkoxyl, cycloalkyl, heterocyclyl, and cyano, wherein 

each alkyl, haloalkyl, heteroalkyl, hydroxyalkyl, alkoxyl, cycloalkyl and heterocyclyl portion of Ra 

and Rb is independently substituted with 0-5 occurrences of R'; 

each R' is independently selected from CI-C6 alkyl, CI-C6 heteroalkyl, halo, hydroxyl, C-C6 

haloalkyl, C 1-C 6 hydroxyalkyl, cycloalkyl and cyano; or 2 R' together with the atom(s) to which 
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they are attached form a cycloalkyl or heterocyclyl ring; and 

p is 0, 1, 2, 3, 4, or 5; and 

q is 0, 1, 2, 3, or 4.  

In a second aspect of the disclosure, there is provided a compound selected from 
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In a third aspect of the disclosure, there is provided a pharmaceutical composition 

comprising a pharmaceutically acceptable carrier and a compound of the first or second aspects of 

the disclosure or a pharmaceutically acceptable salt thereof.  

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

F 
N HF 

rN 
N\ NNF 

NH N N F 

"OH 

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

F 
N HF 

rN N\ 
NF 

NH N 

or a pharmaceutically acceptable salt thereof.  

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

F C1 

rN 

N 

N 

H 

NH N 

F 
H0H 

or a pharmaceutically acceptable salt thereof.  

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

F F 
N H 

N 

N 
N F 

NH N 

O F 
OH 

Hd 

or a pharmaceutically acceptable salt thereof.  

In an eight aspect of the disclosure, there is provided compound which is 
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HF F 
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Il/\ N.  

NH N cc 0 
OH 

or a pharmaceutically acceptable salt thereof.  

In a ninth aspect of the disclosure, there is provided a method for treating a subject suffering 

from a condition mediated by aberrant neurotrophic tyrosine receptor kinase (NTRK) activity, the 

method comprising administering to the subject a compound of the first, second, fourth, fifth, sixth, 

seventh, or eight aspects of the disclosure, or a pharmaceutically acceptable salt thereof, or a 

pharmaceutical composition of the third aspect of the disclosure.  

In a tenth aspect of the disclosure, there is provided a use of a compound of any one of the 

first, second, fourth, fifth, sixth, seventh, or eight aspects of the disclosure, or a pharmaceutically 

acceptable salt thereof for the manufacture of a medicament for treating a condition mediated by 

aberrant neurotrophic tyrosine receptor kinase (NTRK) activity.  

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 depicts the structure of various exemplary compounds of the invention, as well as 

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

DETAILED DESCRIPTION OF THE INVENTION 

Definitions 

As used herein, the terms a "patient," "subject," "individual," and "host" refer to either a 

human or a non-human animal suffering from or suspected of suffering from a disease or disorder 

associated with aberrant NTRK expression (i.e., increased NTRK activity caused by signaling 

through NTRK) or biological activity.  

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

of the disease or disorder. These terms, when used in connection with a condition such as a cancer, 

3zzz



refer to one or more of: impeding growth of the cancer, causing the cancer to shrink by weight or 

volume, extending the expected survival time of the patient, inhibiting tumor growth, reducing 

tumor mass, reducing size or number of metastatic lesions, inhibiting the development of new 

metastatic lesions, prolonging survival, prolonging progression- free survival, prolonging time to 

progression, and/or enhancing quality of life.  

The term "preventing" when used in relation to a condition or disease such as cancer, refers 

to a reduction in the frequency of, or delay in the onset of, symptoms of the condition or disease.  

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

[Followed by page 4].  
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growths in a population of patients receiving a prophylactic treatment 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 clinically 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 effective 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 first 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 uses to judge disease 

progression; however, those symptoms stop improving, or even worsen at some 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 

group.  

"Alkylene" refers to a divalent radical of an alkyl group, e.g., -C- 2-, -C-12C1-1 2-, and 

CH2CH2CH2,-.  

"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 include methoxy, ethoxy, propyloxy, ter-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 moicties in which all hydrogens have been replaced by halo (e.g., 

perfluoroalkoxy).  

"Alkv" 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-Cialkyl, 

C-CIO alkyl, and C-C 6 alkyl, respectively. Exemplary alkylgroups include, but are not limited to, 

methyl, ethyl, propyl, isopropyl, 2-methyl-I-propyl, 2-methyl-2-propyl, 2-methyl-I-butyl, 

3-methyl-1-butyl, 2-methyl-3-butyl, 2,2-dimethyl-1-propyl, 2-methyl-1-pentyl, 3-methyl-I-pentyl, 

4-methyl-I-pentyl, 2-methyl-2-pentyl, 3-methyl-2-pentyl, 4-methyl-2-pentyl, 2,2-dimethyl--butyl, 

3,3-dimethyl-I-butyl, 2-ethyl-I-butyl, butyl, isobutyl, t-butyl, pentyl, isopentyl, neopentyl, hexyl, 

heptyl, octyl, etc.  

"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 limited 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 more substituents.  

"Hydroxyalkylene" or "hydroxyalkyl" refers to an alkylene or alkyl moiety in which an 

alkylene or alkyl hydrogen atom is replaced by a hydroxyl 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 polycvclic 

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 aromatic carbon ring is fused to one or more non-aromatic carbon rings, such as 

indanyl, phthalimidyl, naphthimidyl, or tetrahydronaphthyl, and the like.  

"Arylalkyl" or "aralkyl" refers to an alkyl moiety in which an alkyl hydrogen atom is 

replaced by an aryl group. Aralkyl includes groups in which more than one hydrogen atom has 

been replaced by an aryl group. Examples of "arylalkyl" or "aralkyl" include benzyl, 2-phenylethyl,
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3-phenylpropyl, 9-fluorenyl, benzhydryl, and trityl 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, -CI, -Br, or -1.  

"Haloalkyl" and "haloalkoxy" refers to alkyl and alkoxyl structures that are substituted with 

one or more halo groups or with combinations thereof. For example, the terms "fluoroalkyl" and 

"fluoroalkoxy" include haloalkyl and haloalkoxyl groups, respectively, in which the halo is fluorine.  

"Haloalkylene" refers to a divalent alkyl, e.g., -CH2-, -CH2CH2-, and -CH2 CH2CH2-, in 

which one or more hydrogen atoms are replaced by halo, and includes alkyl moieties in 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-C6 heteroalkyl which refers to the 

number of carbons in the chain, which in this example includes I to 6 carbon atoms. For example, a 

---CH20C H2CH3 radical is referred to as a "C 3" 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 cycloalkyl groups (e.g., cyclopentyl, cyclobutyl, cyclopentyl, cyclohexyl 

and the like), and cycloalkenyl groups (e.g., cyclopentenyl, cyclohexenyl. cyclopentadienyl, and the 

like).  

"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 limited to, 

cyclopropyl, cyclohexyl, methylcyclohexyl, adamantyl, and norbornyl. In some embodiments, the 

cycloalkyl is bicyclo[3.1.0]hexanyl.  
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"Cycloalkylalkyl" refers to a -(cycloalkyl)-alkyl radical where cycloalkyl and alkyl are as 

disclosed 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, O 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 heteroaromatic 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; (ii) each 

ring is aromatic or carbocyclyl, at least one aromatic ring comprises a heteroatom 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, quinazolinyl. quinoxalinyl, carbazolyl. acridinylphenazinyl,phenothiazinyl, 

phenoxazinyl, pyrido[2,3-b]-1,4-oxazin-3-(4H1)-one, 5,6,7,8-tetrahvdroquinolinyi and 

5,6,7,8-tetrahydroisoquinoinyl; and (iii) each ring is aromatic or carbocyclyl, and at least one 

aromatic ring shares a bridgehead heteroatom 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 heterocyclic ring system can be attached to its pendant group at any heteroatom or 

carbon atom that results in a stable structure and any of the ring atoms can be optionally substituted.  

"Heterocyclyl" refers to a monovalent radical of a heterocyclic ring system. Representative 

heterocyclyis include ring systems in which (i) every ring is non--aromatic and at least one ring 

comprises a heteroatom, e.g., tetrahydrofuranyl, tetrahydropyranyl, tetrahydrothienyl, pyrrolidinyl, 

pyrrolidonyl, piperidinyl,pyrrolinyl, decahydroquinolinyl, oxazolidinyl, piperazinyl, dioxanyl, 

dioxolanyl, diazepinyl, oxazepinyl, thiazepinyl, morpholinyl, and quinuclidinyl; (ii) 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 (iii) at least one ring is 
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non-aromatic and comprises a heteroatom and at least one other ring is aromatic and comprises a 

heteroatom, e.g., 3,4-dihydro-IH-pyrano[4,3--cjpyridine, 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 --- NO2 .  

"Hydroxy" or "hydroxyl" refers to -OH.  

"Hydroxyalkylene" refers to a divalent alkyl, e.g., -CH2 - -CH2CH2- and -CHCH2 CH2-. 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.  

"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 may have a suitable 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 substituent may be either the 

same or different at each position. Combinations of substituents envisioned 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 

stereoisomeric forms. The present invention contemplates all such compounds, including cis- and 

trans-isomers, R- and S-enantiomers, diastereomers, (D)--isomers, (L)-isomers, the racenic mixtures 

thereof, and other mixtures thereof, as falling within the scope of the invention. Additional 

asymmetric 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 invention.  

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 diastereorneric 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, diastereorneric 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 more chiral centers, it is understood to 

represent all possible stercoisomers of the compound, as well as enantiomeric mixtures thereof.  

The "enantiomeric 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 

enantiorner, e.g., the S enantiomer, and 10% of the other enantiomer, i.e., the R enantiomer.  

ee= (90-10)/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 enantiomeric excess of at 

least 50%, 75%, 90%, 95%, or 99% of one form of the compound, e.g., the S-enantiomer. 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 atomic isotopes 

at one or more of the atoms that constitute such compounds. For example, the compounds may be 

radiolabeled with radioactive isotopes, such as for example deuterium (2H), tritium (HI), carbon-3 

(3C), 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 salt. Representative salts include the 

hydrobrornide, 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 example, Berge et al. (1977) "Pharmaceutical Salts", J. Pharni. Sci. 66:1-19.) 

Compounds 

The invention features compounds of Formula (I), or a stereoisomer, enantiorner, tautomer, 

or isotopically labeled form thereof, or a pharmaceutically acceptable salt of any of the foregoing, 

wherein: 

A (RA)g 
(RB)q G L2  LG 

NN 
N N 
H 

Formula (1) 

Rings A and B are each independently selected from aryl, heteroaryl, cycloalkyl and 

heterocyclyl; 

each L and L2 is independently selected from a bond, -C(O)-, -N(R )-, -N(R )-C(O)-,

C(O)-N(R)-, -(C 1 -C alkylene)-N(R )-,-N(R)-(CC alkylene-N( -N(R)-C(O)-(C-C6 alkylene)-, 

and-C(O)-N(RI)-(C-C6 alkylene)-; wherein each alkylene. is independently substituted with 0-5 

occurrences of R' 

each RA and R Bis independently selected from hydroxyl, C-C alkyl, C2-C alkenvi, C2-C6 

alkynyl, C1 -C alkoxyl, halo, C1 -C heteroalkyl, C1 -C haloalkyl,C-C haloalkoxyl,C-C 

hydroxyalkyl, cycloalkyl, aryl, heteroaryl, aryloxy, aralkyl, heterocyclyl, heterocyclylalkyl, nitro, 

cyano, -C(O)R , -OC(O)R1, -C(O)OR%, -C salye)-C(O)R', -SR', -S(O)2R ,-(O2 

N(R )(R )-C,6 alkylene)-S(O)2R -(C1-C6 alkylene)-S(O)2-N(R )(RI) -N('R )(RI) -(O)

N(Ri)(R'), -N(R')-C(O)R'. -N(R)-C(O)OR'. -(C-C6 alkylene)-N(R )-C(O)R, -N(R)S(0) 2R, and 

-P(O)(R)RI); 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 Ra; or'2 R or2 RB 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, C-C akyl, C1 -C 

thioalkyl, CI-C alkoxyl. C-C6 haloalkyl, CI-C hydroxyalkyl. C-C6 heteroalkyl, cycloalkyl, 

cycloalkylalkyl, heteroarylalkyl, heterocycly], 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 0-5 occurrences of R or2R 

together with the atom(s) to which they are attached form a cycloalkyl or heterocyclyl ring 

independently substituted with 0-5 occurrences of R ; 

each R' and Rb is independently selected from C1 -C6 alkyl, halo, hydroxyl, C1 -C -haloalkyl, 

Ci-Cheteroalkyl, C1-C 6 hydroxyalkyl, C 1-C 6 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-C alkyl, C-C6 heteroalkyl, halo, hydroxyl, C 1-C6 

haloalkyl, C-C 6 hydroxyalkyl, cycloalkyl and cyano; or 2 R together with the atom(s) to which 

they are attached form a cycloalkyl or heterocyclyl ring; and 

p is 0, 1, 2, 3,4, or 5; and 

q is 0, 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 heterocyclyl. In some embodiments, Ring A is tetrahydropyranyl, 

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 is heteroaryl. In some embodiments, Ring B is pyridyl. In some 

embodiments, Ring B is heterocyclyl. In some embodiments, Ring B is pyrrolidinyl.  

In some embodiments. L' is a bond, -C(O)-, or -N(R)-; and L! is -N(R)-C(O)-(C-C 6 

alkylene)- or -C(O)-N(R )-C1 -C alkylene)-. In some embodiments, L' is -NH- and L2 is -C(o)

NH-CH(CH2OH)-* .-C(O)-N(CH3)-CH 2-, -C(O)-N(CH 3)-CH(CH 3)-*, -C(O)N(CH2CH 3)CH2-*, 

n H 

C(O)NHCH(CH 3)-*, -C(O)N(C3)C H-, -C(O)NHwC(CF 3)-*, andHCNI ,wherein"*" 

represents a portion of L bound to ring B. In some embodiments, L' is -NH-, L2 is-C(O)- and ring 

B is pyrrolidinyl. In some embodiments, LI is -NH-, L2 is -C(O)- and ring B is pyrrolidin-I-yL.  

In some embodiments, each R is independently selected from hydrogen and C1 -C 6 alkyl 

II



WO 2017/035354 PCT/US2016/048698 

b substituted with 0-5 occurrences of R In some embodiments, each R is independently selected 

from hydrogen and -CH 3.  

In some embodiments, each R Aand RB is independently selected from hydroxyl, C1-C6 

alkyl, C 1-C6 alkoxyl, halo, C1 -C heteroalkyl, C1 -C6 haloalkyl, C1 -C6 haloalkoxyl, C 1 -C6 

hydroxyalkyl, cycloalkyl, aryl, heteroaryl, nitro. cyano -C(O)R', -OC(O)R', -C(O)OR , -SR', 

S(O)2R 1 , -S(O) 2-N(R I)(R )-N(R I)(R'), -C(O)-N(R')(R ),-N(R I)-C(O)R ,-N(R I)-C(O)OR1 , and 

N(RI)S(O) 2R ;wherein each of alkyl, alkoxyl, heteroalkyl, haloalkyl, haloalkoxyl, hydroxyalkyl, 

cycloalkyl, aryl, and heteroaryl, is independently substituted with 0-5 occurrences of Ra; or 2 R A or 

2 R Btogether with the carbon atom(s) to which they are attached form a cycloalkyl or heterocyclyl 

ring independently substituted with 0-5 occurrences of Ra.  

In some embodiments, each R Ais independently selected from hydroxyl, C-Ce, alkyl, C1--C 

alkoxyl, halo, -C(O)-N(R-')(R1 ). -C(O)OR', -S(O) 2R 1, and C1 -C6 haloalkyl. In some embodiments, 

each Risadditionally and independently selected from -CN, oxetanyl, and C 1-C hydroxyalkyl, or 

two RA bound to adjacent ring carbon atoms on ring A are taken together to form a C 3-C6 cycloalkyl 

fused to ring A. In some embodiments each R is independently selected from hydroxyl, fluoro, 

oxetan-3-yl, -CHF2, -CH2CH3, -C(CH3) 20H, -OCH3, -C(O)N(CH2, -C(O)OCH3 , -S(O) 2CH3; or 

two R bound to adjacent ring carbon atoms on ring A are taken together to form a cyclopropyl 

fused to ring A.  

In some embodiments, each RB is independently selected from halo, C-C6 alkyl, cyano, C1

C6 alkoxyl, aryl, heteroaryl, and C1--Cc haloalkoxy. In some embodiments, each RB is 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 RP is optionally 

substituted phenyl or pyridyl.  

In some embodiments, Ring B is pyrrolidinyl, and at least one RB is selected from 

2,3,5-trifluorphenyl, 2,3-difluorophenyl, 2,5-difluorophenyl, 2-chloro-5-fluorophenyl, 2-chloro-5

fluoropyridin--3--yl, 2-cyano-5-fluorophenyl, 2-fluoro-5-chlorophenyl, 2-methoxy--3,5

difluorophenyl, 2-methoxy-5-fluoropyridin-3-yl, 2-trifluoromethoxy-5-fluorophenyl, 3,5

difluorophenyl, 3-chloro-5-fluorophenyl, 3-cyano-5-fluorophenyl, 3-difluoromethoxy-5

fluorophenyl, 3-fluorophenyl, 5-fluoropyridin-3-yl, and phenyl.  
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In some embodiments, Ring B is pyrrolidinyl and one additional RB, ifpresentisfluoro.  

In some embodiments, Ring B is other than pyrrolidinyl, and each R Bis independently 

selected from chloro, fluoro, oxo, -CH3, -CF3. -CN, -OCI-1 3 , -OCF3 , and -OCHF2.  

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

A (RA)P 
(R )'Nq 

NN N H (Ia), or a stereoisomer, enantiomer, 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; 

11 is selected frorn a bond, -C(O)-, -N(R)-, -N(R )-C(O)-, -C(O)-N(R )-,-(C-C6 

alkylene)-N(R )-,-N(R 1)-(C,-C alkylene)-, -N(R )-C(O)-(C-C 6 alkylene)-, and -C(O)-N(Ri)-(C,

CO alkylene)-; wherein each alkylene, is independently substituted with 0-5 occurrences of R'; 

each RA and R Bis independently selected from hydroxyl, C-C6 alkyl, C2 --C alkenyl, C-2-C 

alkynyl. C-C6 alkoxyl. halo, C-C6 heteroalkyl. CI-C haloalkyl, C-C6 haloalkoxyl, C-C6 

hydroxyalkyl, cycloalkyl, aryl, heteroaryl, aryloxy, aralkyl, heterocyclyl, heterocyclylalkyl, nitro, 

cyano, -C(O)R', -OC(O)R'. -C(O)OR, -(C-C6 alkylene)-C(O)R', -SR', -S(O)2R,-S(O) 2

N(R )(R) -(C C alkylene)-S(O)2R , -(C-C6 alkylene)-S(O)2-N(R )(R )-N(R )(R), -C(O)

N(R)(R), -N(R')-C(O)R'. -N(R)-C(O)OR ,.-(C-C6 aikylene)-N(R')--C(O)R', -RN(R)S(O) 2R ,and 

-P(O)(R )(R"); 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 Ra; or 2 R or2 RB 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,C-Cs alkyl, C-C6 

thioalkyl, C-C6 alkoxyl, C-C6 haloalkyl, C-C6 hydroxyalkyl, C-C6 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 0-5 occurrences of R or 2 R 

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 Ra and R" is independently selected from C1 -C6 alkyl, halo, hydroxyl, C1-C6 haloalkyl, 

C'-C6 heteroalkyl, C1 -C 6 hydroxyalkyl, C1-C 6 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 -C alkyl, C1 -C heteroalkyl, halo, hydroxi, C1 -C 

haloalkyl, C 1-C 6 hydroxyalkyl, cycloalkyl and cyano or 2 R together with the atom(s) to which 

they are attached form a cycloalkyl or heterocyclyl ring; and 

pisO, 1, 2, 3,4,or5; and 

q is 0, 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 heterocyclyl. In some embodiments, Ring A is tetrahydropyran, 

tetrahydrofuran, or pyrrolidinyl. In some embodiments, Ring A is a cycloalkenyl ring. In some 

embodiments, Ring A is cyclopentenyl.  

In some embodiments, L' is a bond, -C(O)-, or -N(R )-. In some embodiments, L is -NH-I-.  

In some embodiments, each R' is independently selected from hydrogen and C1 -C6 alkyl 
b I substituted with 0-5 occurrences of R . In some embodiments, each R is independently selected 

from hydrogen and -CH 3.  

In some embodiments, each RA and RB is independently selected from hydroxyl, C1 -C6 

alkyl,Ci-Cealkoxyl, halo,Ci-Cheteroalkyl,C 1-C6 haloalkyl, C1 -C 6 haloalkoxyl, C1 -C 

hydroxyalkyl, cycloalkyl, aryl, heteroaryl. nitro, cyano, -C(O)R', -OC(O)R', -C(O)OR', -SR'. 

S(O)2R, -S() 2-N(R' I)(R -N(R I)(R"), -C(O)-N(R')(R ),-N(R I)-C(O)R ,-N(R I)-C(O)OR1 , and 

N(R')S(O) 2R; wherein each of alkyl, alkoxyl, heteroalkyl, haloalkyl, haloalkoxyl, hydroxyalkyl, 

cycloalkyl, aryl, and heteroaryl, is independently substituted with 0-5 occurrences of R; or 2 R or 

2 R Btogether with the carbon atom(s) to which they are attached form a cycloalkyl or heterocyclyl 

ring independently substituted with 0-5 occurrences of Ra.  

In some embodiments, each RAis independently selected from hydroxyl, C1 -C6 alkyl, C1 -C6 

alkoxyl, halo, -C(O)-N(R I)(R ),-C(O)OR, -S(O) 2R', and C1 -C6 haloalkyl. In some embodiments, 
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each RA is additionally and independently selected from -CN, oxetanyl, and C1 -C6 hydroxyalkyl, or 

two RA bound to adjacent ring carbon atoms on ring A are taken together to form a C 3-C6 cycloalkyl 

fused to ring A. In some embodiments each R Ais independently selected from hydroxyl, fluoro, 

oxetan-3-yi, -CHF2, -CH2CH3, -C(CH3 )20H, -OCH3, -C(O)N(CH 3 )2, -C(O)OCH3 , -S(O) 2CH-; or 

two RA bound to adjacent ring carbon atoms on ring A are taken together to form a cyclopropyl 

fused to ring A.  

In some embodiments, each R Bis independently selected from halo. C1 -C alkyl .cyano C1

C6 alkoxyl, aryl, heteroaryl, and C'-C 6 haloalkoxy. In some embodiments, each R is additionally 

selected from oxo.  

In some embodiments, when ring B is pyrrolidinyl, at least one RB is selected from 2,3,5

trifluorphenyl, 23-difluorophenyl, 2.5--difluorophenyl, 2-chloro-5-fluorophenyl, 2-chloro-5

fluoropyridin-3-yl, 2-cyano-5-fluorophenyl, 2-fluoro-5-chlorophenyl, 2-methoxy-3,5

difluorophenyl, 2-methoxy-5-fluoropyridin-3-yi, 2-trifluoromethoxy-5-fluorophenyl, 3,5

difluorophenyl, 3-chloro-5-fluorophenyl, 3-cyano-5-fluorophenyl. 3-difluoromethoxy-5

fluorophenyl, 3-fluorophenyl, 5-fluoropyridin-3-yl, and phenyl.  

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

In some embodiments, p is 0, 1 or 2.  

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

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

(R8 )q O Ri b 
N ' N A (R A) 

R' R 
N N 
N 

N N 
H (II), or a stereoisomer. enantiomer, tautomer, or 

isotopically labeled form thereof, or a pharmaceutically acceptable salt of any of the foregoing, 

wherein: 

Rings A and B are each independently selected from aryl, heteroaryl, cycloalkyl and 

heterocyclyl; 

each RA and RB is independently selected from hydroxyl, C 1 -C6 alkyl, C 2 -C6 alkenyl, C 2-C6 

alkynyl, C1-C 6 alkoxyl, halo, C 1-C6 heteroalkyl, C1 -Ce haloalkyl, C 1-C6 haloalkoxyl, C1-C6 

hydroxyalkyl, cycloalkyl, aryl, heteroaryl, aryloxy, aralkyl, heterocyclyl, heterocyclylalkyl, nitro, 
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cyano. -C(O)R', -OC(O)R , -C(O)OR', -(C 1-C 6 alkylene)-C(O)R'. -SR'. -S(O)2 R ,-S(O)2

N(R )(R ),-(C1 Ce alkylene)-S(O)2R 1 , (C 1 -C6 alkylene)-S(O)2-N(R )(R1 , -N(R)(R1 ), -C(O)

N(R')(R).-N(R")-C(O)R',-N(R')-C(O)OR',-(CC I aklene)-N(R )-C(O)R,-N(R 1)S(O)2R 1, and 

-P(O)(R )(R); 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 R'; or 2 R Aor 2 Rl 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, C-C6 alkyl, C-C6 

thioalkyl, I-C6 alkoxyl, C-C6 haloalkyl, C1 -C 6 hydroxyalkyl, C1 -C6 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 0-5 occurrences of Rb, or2R 

together with the atoms) to which they are attached form a cycloalkyl or heterocyclyl ring 

independently substituted with 0-5 occurrences of Rb; 

R is selected from hydrogen, C-C6 alkyl, and deuterated C-C6 alkyl; 

R l is selected from hydrogen and C-C 6 alkyl; 

each RU and R is independently selected from C-C6 alkyl, halo, hydroxyl, C-C6 haloalkyl, 

C 1 -C 6 heteroalkyl, C-C 6 hydroxyalkyl. C-C 6 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 -C 6 alkyl, C1-C 6 heteroalkyl, halo, hydroxyl, C-C6 

haloalkyl, C-C 6 hydroxyalkyl cycloalkyl and cyano; or 2 R together with the atoms) to which 

they are attached form a cycloalkyl or heterocyclyl ring; and 

p is 0, 1, 2, 3, 4, or 5; and 

q is 0, 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 heterocyclyl. In some embodiments, Ring A is tetrahydropyran, 
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tetrahydrofuran, 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 is heteroaryl. In some embodiments, Ring B is pyridyl.  

In some embodiments. each R' is independently selected from hydrogen and C-C6 alkyl 

substituted with 0-5 occurrences of R 

In some embodiments, R is hydrogen, CH-C CD3 or -CH 2CH3.  

In some embodiments, R bis hydrogen.  

In some embodiments, each RA and R" is independently selected from hydroxyl, C-C6 

alkyl, C1 -C 6 alkoxyl, halo, C1 -C heteroalkyl C1-C 6 haloalkyl, C1 -C haloalkoxyl,C 1 -C6 

hydroxyalkyl, cycloalkyl, aryl, heteroaryl, nitro, cyano, -C(O)R',.-OC(O)R', -C(O)OR', -SR',

S(O) 2R', -S(O) 2 -N(R)(Ri) -N(R')(R'), -C(O)-N(R )(R1 ),-N(R')-C(O)R',-N(R)-C(O)OR , and

N(R ')S(O) 2 R; wherein each of alkyl, alkoxyl, heteroalkyl, haloalkyl, haloalkoxyl, hydroxyakyl, 

cycloalkyl, aryl. and heteroaryl, is independently substituted with 0-5 occurrences of Ra; or 2 RA or 

R, together with the carbon atoms) to which they are attached forma cycloalkyl orheterocyclyl 

ring independently substituted with 0-5 occurrences of Ra.  

In some embodiments, each R Ais independently selected from hydroxyl, C-C6 alkyl, C-C6 

alkoxyl, halo, -C(O)-N(R )(R'), -C(O)OR, -S(O) 2R, and C-C 6 haloalkyl. In some embodiments, 

each RA is additionally and independently selected from -CN, oxetanyl, and C1 -C 6 hydroxyalkyl, or 

two Rk bound to adjacent ring carbon atoms on ring A are taken together to form a C 3-C cycloalkyl 

fused to ring A. In some embodiments each RA is independently selected from hydroxyl, fluoro, 

oxetan-3-yl, -CHF2 , -CH2CH 3 , -C(CH 3 ) 2OH,-OC[3,-C(O)N(CH 3)2 ,-C(O)OCH 3 , -S(O) 2CH;or 

two RA bound to adjacent ring carbon atoms on ring A are taken together to form a cyclopropyl 

fused to ring A.  

In some embodiments, each R Bis independently selected from halo, C--C alkyl, cyano, CI 

C6 alkoxyl, aryl, heteroaryl, and C-C6 haloalkoxy. In some embodiments, each RBisaddtionaly 

selected from oxo. In some embodiments, each RB is independently selected from chloro, fluoro, 

oxo, -CH 3, -CF3, -CN, -OCH3., -OCF3, and -OCHF2 .  

In some embodiments, each R' is independently selected from CC 6 alkyl, C1-Chaloalkyl 

and C1 -C 6 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' is hydrogen, and the other R' is 

selected from hydrogen, C-C6 alkyl, C1 -C 6 haloalkyl and C1 -C 6hydroxyalkyl; or2 R togetherwith 

the atom(s) to which they are attached form a cycloalkyl ring. In some embodiments one R' is 

hydrogen, and the other R' is selected from hydrogen, -CH2 0H, -CH 3, or -CF 3 , or 2 R together with 

the atom(s) to which they are attached form a cycloprop-1,1-diyl ring.  

In some embodiments, p is 0, 1 or2.  

In some embodiments, q is 0, 1, 2 or 3.  

Although, as indicated above, various embodiments and aspects thereof for a variable in 

Formula (I), (Ia), or (II), may be selected from a group of chemical moieties, the invention also 

encompasses as further embodiments and aspects thereof situations where such variable is: 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 implied, as discussed in 

the preceding paragraph) individually for each variable in Formula (I). (Ia) and (II), the invention 

encompasses all possible combinations of the different embodiments and aspects for each of the 

variables in Formula (I), (Ia), and (11).  

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 pharmaceutically 

acceptable carrier and any compound of Formulas (I), (la) and (I).  

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 is 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 include. Such salts include: (1 acid addition salts formed 

with organic or inorganic acids such as hydrochloric, hydrobromic, sulfuric, nitric, phosphoric, 

sulfamic, acetic, trifluoroacetic, trichloroacetic, propionic, hexanoic, cyclopentylpropionic, glycolic, 
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glutaric, pyruvic, lactic, malonic, succinic, sorbic, ascorbic, malic, maleic, fumaric, tartaric, citric, 

benzoic, 3-(4--hydroxybenzoyl)benzoic, picric, cinnamic, mandelic, phthalic, lauric, 

methanesulfonic, ethanesulfonic, 1 2-ethane-disulfonic, 2-hydroxyethanesulfonic, benzenesuilfonic, 

4-chlorobenzenesulfonic. 2-naphthalenesulfonic, 4-toluenesulfonic, camphoric, camphorsulfonic, 4

methylbicyclo[2.2.2]-oct-2-ene-1-carboxylic, glucoheptonic, 3-phenylpropionic, trimethylacetic, 

tert-butylacetic, lauryl 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) is 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 

sodium, potassium, calcium, magnesium, aluminum, lithium, zinc, and barium hydroxide, ammonia 

or (b) coordinates with an organic base, such as aliphatic, alicyclic, or aromatic organic amines, 

such as ammonia, methylamine, dimethylamine, diethylamine, picoline, ethanolamine, 

diethanolamine, triethanolamine, ethylenediamine, lysine, arginine, ornithine, choline, N,N'

dibenzylethylene-diamine, chloroprocaine, diethanolamine, procaine. N-benzylphenethylamine, N

methylglucamine piperazine, tris(hvdroxymethyli)-aminomethane, tetramethylammonium 

hydroxide, and the like. Pharmaceutically acceptable salts further include, by way of example only.  

sodium, potassium, calcium, magnesium, ammonium, 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 pharmaceutically acceptable carrier. The term 

"pharmaceutically acceptable carrier" refers to a pharmaceutically-acceptable material, composition 

or vehicle, such as a liquid or solid filler, diluent, excipient, solvent or encapsulating material, 

involved in carrying or transporting any subject composition or component thereof. Each carrier 

must be "acceptable" 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 sucrose; (2) 

starches, such as corn starch and potato starch; (3) cellulose, and its derivatives, such as sodium 

carboxymethyl cellulose, ethyl cellulose and cellulose acetate; (4) powdered tragacanth; (5) malt; 

19



WO 2017/035354 PCT/US2016/048698 

(6) gelatin; (7) talc; (8) excipients, such as cocoa butter 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; (I) polyols, such as glycerin, sorbitol, nannitol and polyethylene glycol; 

(12) esters, such as ethyl oleate and ethyl laurate; (13) agar; (14) buffering agents, such as 

magnesium hydroxide and aluminum hydroxide; (15) alginic acid; (16) pyrogen-free water; (17) 

isotonic saline; (18) Ringer's solution; (19) ethyl alcohol; (20) phosphate buffer solutions; and (21) 

other non-toxic compatible substances employed in pharmaceutical 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 subcutaneous, intravenous, intramuscular, intra-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. Sterile injectable forms of the compositions of this invention 

may be aqueous or oleaginous suspension. These suspensions may be fomulated according to 

techniques known in the art using suitable dispersing or wetting agents and suspending agents. The 

sterile injectable preparation may also be a sterile injectable solution or suspension in a non-toxic 

parenterally acceptable diluent or solvent, for example as a solution in 1,3-butanediol. Among the 

acceptable vehicles and solvents that may be employed are water, Ringer's solution and isotonic 

sodium chloride solution. In addition, sterile, fixed 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 oi Isolutions or suspensions may also contain a 

long-chain alcohol diluent or dispersant. such as carboxymethyl cellulose or similar dispersing 

agents that are commonly used 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, liquid, or other dosage forms may also be used for the 

purposes of formulation.  
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The phannaceutically 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 

aqueous suspensions 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 

administered in the form of suppositories 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 in the rectum to release the drug. Such materials 

include 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 eye, the skin, or the lower intestinal tract. Suitable 

topical formulations are readily prepared for each of these areas or organs. Topical application for 

the lower intestinal tract can be effected in a rectal suppository formulation (see above) or in a 

suitable enema formulation. Topically-transdermal patches may also be used.  

For topical applications, the pharmaceutically acceptable compositions may be formulated in 

a suitable ointment containing the active component suspended or dissolved in one or more carriers.  

Carriers for topical administration of the compounds of this invention include, but are not limited to, 

mineral oil, liquid petrolatum, white petrolatum, propylene glycol, 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 pharmaceutically acceptable carriers. Suitable 

carriers include, but are not limited to, mineral oil, sorbitan monostearatepolysorbate 60, cetyl 

esters wax, cetearyl alcohol, 2-octyldodecanol, benzyl alcohol and water.  

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

nasal aerosol 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 LD 5 0 is the dose lethal to 50% of the population. The 

ED 5 0 is the dose therapeutically effective in 50% of the population. The dose ratio between toxic 

and therapeutic effects (LD5o/ EDso) 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 concentrations that include the EDo 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 includes the IC5o (i.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 determine useful doses in humans. Levels in plasma may be measured, for 

example, by high performance liquid chromatography.  

It should also be understood that a specific dosage and treatment regimen for any particular 

patient will depend upon a variety of factors, 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 upon the particular compound in the composition.  

Treatment 

NTRK fusions have been implicated in several types of cancers. These fusions harbor an 

intact NTRK kinase domain that is identical to the native or wild-type form of the receptor; 

therefore, as used herein, any NTRK protein (NTRK, 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 computatonal analyses, as well as by examining 

codon sequences in which a sequence change gives rise to a codon for a different amino acid.  

Alternatively, resistance mutations for a given inhibitor can be identified 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 (2-10OX proliferation IC 50) 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 595 

within the NTRK fusion (NTRKI 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 confer 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 are markedly less active against the G595R mutant form of the 

NTRK fusion.  

NTRK wt NTRK wt NTRK G595R 
Compound Enzyme Assay Cellular Cellular 

IC (nM) GIs (nM) GIso (nM) 
Entrectinib 0.6 2 2700 
TSR-011 2.3 32 12000 
Crizotinib 9.3 87 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 G595R mutants 

of NTRK.  

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 NTRK, the compounds described herein can be used to treat a patient 

with a condition associated with aberrant NTRK 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, glioblastomna, 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.  

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 form of NTRK, such as the G595R mutant. The 

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

against the NTRK resistant mutant. By "active" is meant that a compound has an IC5o of less than I 

pM, 500 nM, 250 nM, 100 nM, 75 nM, 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 selected from Cabozantinib 

(COMETRIQ), Vandetanib (CALPRESA), Sorafenib (NEXAVAR), Sunitinib (SUTENT), 

Regorafenib (STAVARGA), Ponatinib (ICLUSIG), Bevacizumab (AVASTIN), Crizotinib 

(XALKORI), or Gefitinib (IRESSA). The compound or composition of the invention may be 

administered simultaneously or sequentially with the other therapeutic agent by the same or 
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different routes of administration. 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 from the solvent's freezing temperature 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 solvents for a particular 

reaction step can be selected by the skilled artisan.  

Preparation of compounds of the invention can involve the protection and deprotection of 

various chemical groups. The need for 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 example, 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., - or 3 C infrared (IR) spectroscopy, spectrophotometry 

(e.g., UV-visible), mass spectrometry (MS), or by chromatographic methods such as high 

performance liquid chromatography (HPLC) or thin layer chromatography (TLC).Analytical 

instruments and methods for compound characterization: 

LC-MS: Unless otherwise indicated, all liquid chromatography-mass spectrometry (LC

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 (EC-C18, 2.7um particle size, 3.0 x 50mm dimensions) reverse-phase column 

at 22.4 degrees Celsius. The mobile phase consisted of a mixture of solvent 0.1% formic acid in
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water and 0.1% formic acid in acetonitrile. A consant gradient from 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 5u C18(2) 100A, AXIA packed, 250 x 21.2 mm reverse-phase column 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/95% organic mobile phase over the course of 25 minutes was utilized. The flow rate was 

constant at 20 mL/min. Reactions carried out in a microwave were done so in a Biotage Initiator 

microwave unit.  

Chiral HPLC: Preparative HPLC to resolve chiral mixtures was performed on a Thar SFC 

Pre-80 instrument fitted with a Chiralpak AS-H column (5 mm, 3.0 cm id x 25 cm L). The mobile 

phasesconsistedofSFC CO 2 (A)andMeOH/0.1% NH4O1-(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@ Rf unit or a Biotage® Isolera Four unit.  

Proton NMR: Unless otherwise indicated, all H NMR spectra were obtained with a Varian 

400M1z 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-d 6 solvent as 

paits-per million (ppm) with respect to 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 Synthesis 1: 
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Nitrogen- X (R 
N protecting group   N L 

N, N 
N N N N amine base 
HP 

X halide P = protecting group 

AD (RA A IA PHO 

X N1) Pd-mediated R 
NN   C(O) insertion N /_L2 N N 

N N 2) hydrolysis N amide coupling 
P 

A (RA)B A (RA) 
(RB) 0  B L2 (R L2 LI 

protecting group 
N removal NN 

NN N 

N' H 

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 

substituted at the halide on the pyrimidine ring with an appropriately substituted Ring A under 

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 

Palladium-mediated carbonvl 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 13. The removal of the protecting group can 

afford compounds of Formula .  

SYnthticProtocol_1: 
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MeOH/H20 NH O -OH DMF R Ar R A Ar 

07 

5 6 

A slightly more specific version of General Synthesis scheme I is shown above in Synthetic 

Protocol 1. The synthetic protocol begins with SEM-group protection of 3-bromo-4-chioro-H--

pyrazolo[3,4--dpyrimidine 1. The SEM-protected heterocycle 2 can be 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-substituted 

heterocycle 3. The 3-bromo pyrazolo pyrimidine 3 is subjected to a palladium-mediated carbonyl 

insertion reaction in a DMF-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.  

General Svnthesis 2 

Ho. Ho--' 0 (R8 ' (RB> N CI Nitrogen HR I ,NH 
N protecting group N- - N 

N, - NH SOCI 2/DMF 
N 'N N mediated N 

P amide coupling 
P= protecting group 
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A A-B- -(R A)P A BC) -(RA 
'(R)-( (R),_CN- (P2 ' 1 R) (R) N Ll protecting group ,R;q N L'.  

removal 
/ N - -------- N 

amine base N IN 
N N H N I ~H N 

For certain compounds, the general synthesis begins with appropriate nitrogen-protection (P) 

of 4-oxo--4,5--dihydro-1H-pyrazolo[3-4-d]pyrimidine-3-carboxylic acid. The nitrogen-protected 

bicycle can be chlorinated and coupled with an amine in the presence of a chlorinating 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 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 removal of the 

protecting group can afford compounds of Formula L Compounds described below can be prepared 

using this general synthesis. Further, chiral HPLC can be employed to resolve chiral mixtures of 

compounds of Formula I, (Ia), (Ia-1), (Ia-2), (Ib), (lb-1, (Ib-2), II, (Ia), (Ib), (ic).  

Synthetic Protocol 2 

SEM 

R 1  N N HO 
SEM HN /N NH 2 

N IR2 N (A 

I N Ar ,R R3 

HN ;N Cl N 
*N SOCl2/DMF 0 -R 2  DIPEAldioxane 

O OH 50°C Ar 
0 2 

H 
SEM N 

N I N N N 
/N TFA/DCM HO R 

HON R _NH /0'N 2 

O NKOAc/MeOH A O R 
NH 'N 

(A.r0 Ar 

3 Ar 4 

A slightly more specific version of General Synthesis scheme 2 is shown above in Synthetic 

Protocol2. The synthetic protocol begins with SEM-protected 4-oxo-4,5-dihydro-IH-pyrazolo[3,4

d]pyrimidine-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 to afford the SEM-protected 
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compound 2. The SEM-protected heterocycle 2 can be 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-substituted heterocycle 3. The 

SEM-protecting group can be removed using TBAF or under acidic conditions to afford the final 

compound 4.  

General Synthesis 3 

HO Ntrogen HO O 0 (RE) 0  NH (R) O 
_________ NHH 

NH protectinggroup, NH - - N NH 
NNN amide coupling N N 1 N N N' N pg N N 

P P 
P =protecting group 

1) SOC12/DMF 

2) A) 0 )P -(R)C 1kA --(R 
2N(R ) (R*)1 L( protecting group (R  k ,,N L1  

P 
removal 

amine base N N NN,N 
'N N N N H 

For certain compounds, the general synthesis begins with appropriate nitrogen-protection (P) 

of 4-oxo-4,5-dihydro-IH-pyrazolo[3,4-d]pyrimidine-3-carboxylic acid. The carboxylic acid can be 

coupled to an amine using amide coupling conditions. The resulting compound can be chlorinated 

using thionyl chloride followed by substitution at the chloride on the pyrimidine ring with an 

appropriately substituted Ring A under 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 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 I, (Ia), (la-1), (Ia-2), ([b), (lb-1, (Ib-2), II, (Ila), (Ilb), (Ic).  

Synthetic Protocol 3 
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SEM 

SEM HN' N 
NR 2 N 1) SOCl2/DMF 

N ArN ______ 50°C 
HN R 

EDC, HOBt 0 0 N 2) HO 

0 OH DIEA/DMF O R NH 

1 Ar R3 

DIPEA/dioxane 

SEM N N, 
N N N r, N 

N TFA/DCM HO R' 
H N R N O -R HO NH N 

N H N" KOAc/MeOH ~ A 0 -R 
A R2  Ar 

Ar' R3 

R3  3 4 

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-pyrazolo[3,4

dlpyrimidine-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-substituted heterocycle 3. The SEM-protecting group can be removed 

using TBAF or under acidic conditions to afford the final compound 4.  

All of the compounds set forth in Figure 1, as well as other compounds 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 compounds of Formula I, (Ia), (Ia-1), (Ia-2), 

(b),(Ib-1,(Ib-2), II,(a), (Ib), (Ilc). Certain specific examples of synthesis are set forth in the 

Examples.  
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Example 1. Synthesis of Compound 45 
SEM SEM 

HSEM N N N 

N SEMCI/NaH N DIPEA N Pd(dppf)Cl 2/CO/Et3 N N 

N E DMF dioxaneDMF/MeOH 

(E)Br cl Br dRNH Br N H OMe 
II I 

SENNA 
N SEMS 

SEM N N N 

NaOH / 1 HATU/Et:3N -R- H N/ TBAF/dioxane Inl,)NH N 

MeOH/H2O DMF O \--- F 
IeN HI'OH 'R) \...-F F 

dK F 
O s--F 

F 
F 

Step 1: Synthesis of 3--bromo-4-chloro-1-((2-(trimethylsilyl)ethoxy)methvl)-1H-pvrazolo[3,4

dlgylrimidine 

H SEM 

N N NSEMCI/NaH N N N r, / "" N 
(E) DMF N 

CI Br CI Br 

To a solution of 3-bromo-4-chloro-1H-pyrazolo[3,4-d]pyiimidine (10.00 g. 42.84 mmol) in 

DMF (50.00 mL) was added Nal (2.57 g, 64.25 miol) in portions at 0 °C. After stirring for 0.5 hr.  

SEM-Cl (8.57 g, 51.40 mmol) was added dropwise to the reaction at 0 °C over 0.5 hr. The reaction 

was slowly warmed to 25 °C and stirred for 16 hrs. After TLC (PE:EtOAc =1:1, R= 0.88) showed 

the reaction was complete, the reaction was slowly quenched by 50 mL of H2O. The mixture was 

extracted with EtOAc (50 mL*3), and the organic layer was washed with brine (20 mL*3), dried 

over Na2SO4, and concentrated. The residue was purified by column chromatography on silica gel 

(PE:EtOAc=20:1) to give 3-bromo-4-chloro-1-((2-(trimethylsilyl)ethoxy)metlhyl)-IH-pyrazolo[3,4

d]pyrimidine (6.20 g, yield: 39.80%) as a colorless oil. 1H-NMR (400 MH z, CDCl3 ) 6 ppm 8.83 (s, 

1H), 5.82 (s, 2H), 3.70 (t, 2H, J= 8.4 Hz), 0.97 (t, 2H, J = 8.4 Hz), 0.00 (s, 9H).  

Step_2: Synthesis om aR1:M -bromo-12-ylsimithsoiylmethoxetv h1i1-py -g 3-A 

d]lpyrimidin-4-vl)amino)cyclopentan-1I-ol
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SEM 
SEM N 

N II NN 
DIPEA N 

Nr N -- HO( 
(E) dioxane HO Ev, RXN H Br 

C1 Br 

To a mixture of 3-bromo-4-chloro-1-((2-(trimethylsilyl)ethoxy)methyl)-I1H-pyrazolo[3,4

d]pyrimidine (2.50 g. 6.87 mmol) and (IR.2R)-2-aminocyclopentanol hydrochloride (945.38 mg, 

6.87 mmol) in dioxane (15 mL) was added DIPEA (178g, 13.74 mmol), the reaction mixture was 

allowed to stir at 70 C for 16 hrs. Once TLC (PE:EtOAc = 5:1) showed the starting material was 

consumed completely, the mixture was concentrated in vacuum and purified by column 

chromatography on silica gel (PE:EtOAc = 30:1-10:1) to provide (R,2R)-2-((3-bromo-1-((2

(trimethylsilyl)ethoxy)methyl)-IH-pyrazolo[3,4-d]pyrimidin-4-vl)amino)cyclopentan-1-ol (2.10 g, 

4.41 mmol, yield: 64.22%) as a yellow oil. 1H-NMR (400 MHI z, CD 30D) ppm 8.41 (s, 1H), 6.26 

(s, 1H). 5.70 (s ,2H). 4.13-4.12 (m, 2H), 3.69-3.65 (m, H)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= 4.0 Hz), 0.00 (s, 91-).  

Step 3: Synthesis of methyl 4-(((IR,2R)-2-hydroxycyclopentyi)amino)-1-((2

rimethyisilylethoxnthy)-1H-py o[3i, i-d yrndme-3-carbollyhae 

SEM SEM 
N N N 

Nr N Pd(dppf)C 2/CO/Et 3 N N N 

HO 'HO (/H 

NH Br DMF/MeOH .IhNH OMe 
0 

Toamixtureof(R,2R)-2-((3-bromo-1-((2-(trimethylsilyl)ethoxy)methyl)-IH-pyrazolo[3,4

dlpyrimidin-4-yl)amino)cyclopentan-1-oI (2.10 g 4.90 mmol) in DMF(10 nL) and MeOH (15 

mL) was added Pd(dppf)CI2 (717.07 mg. 980.00 umol) and Et 3N (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 filtered and the filtrate was concentrated in vacuum to get methyl 4

(((IR,2R)-2-hydroxycyclopentyl)amino)-1-((2-(trinethylsilyl)ethoxy)methy)-1 H-pyrazolo3,4

d]pyrimidine-3-carboxylate (2.70 g, crude) as a yellow oil, which was used directly without further 

purification. 1--NMR (400 MIz, CDCl 3) ppm 8.85 (s, 11), 8.45 (s, 11), 5.83 (s, 211), 4.14 (br.s, 
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H), 4.10 (s. 311), 3.70 (t, 21-1, J= 8.4 Hz), 2.40-2.38 (m 11), 2.20-2.17 (in, 11), 1.93-1.79 (i,4H), 

0.98 (t, 2H, J= 8.4 Hz), 0.00 (s, 9H).  

Step 4: Synthesis of 4-(((1R 2R)-2-hydroxycyclopentyl)amino)-1-((2

(trimethvlsilyil)ethoxy)methyl)--IH-pyrazolo[3,4-d]lpyrimidine-3-carboxylic acid 

SEM SEM 
N N N N 

I N NaOH i | N 
N ,- / __ __N i, / 

HO N HO N 
MeOH-/H-20 

-NH OMe O),NH OH 
0 O 

To a mixture of methyl 4-(((R,2R)-2-hydroxycclopentyl)amino)-1-((2

(trimethylsilyil)ethoxy)methyl)-IH-pyrazolo[3,4-d]pyrimidine-3-carboxylate (2.70 g, 6.63 mmol) in 

MeOH (10 mL), H20 (10 mL) was added, followed by NaOH (530.01 mg, 13.25 mmol) in one 

portion. The reaction mixture was then allowed to stir at 26 Cfor 16 hrs. Once LCMS andTLC 

(PE:EtOAc =1:1) showed the starting material was consumed completely. MeOH was removed by 

concentration in vacuum and the residue was washed with EtOAc (8 mL*2). Aqueous HCl (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-(((IR,2R)-2-hydroxycyclopentyl)amino)-1

((2-(trimethylsilyl)ethoxy)methyl)-IH-pyrazolo[3,4-d]pyrimidine-3-carboxylic acid (1.20 g, yield: 

37.89%)asawhite1solid.1-1-NMR (400 MHz, CD30D) 6 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= 8.0 Hz), 2.39-2.36 (m, IH), 2.11-2.06 (m 1H), 1.96

1.91 (m, 2H), 1.78-1.73 (m, 2H), 0.95 (t, 2H. J= 8.0 Hz), 0.00 (s, 9H).  

Step 5: Synthesis of ((R)-2-(2,5-difluorophenvl)pyrrolidin-I -yl)(4-(((1 R,2R)-2

hydroxvcyclopentyl)amino)-1-((2-(trimethylsilyl)ethoxy)methyl)-IH-pvrazolo 3,4-d]pyrimidin-3

yl)methanone 

SEM 

SEM N N 
N N N / 

ON N HATU/Et3 N HO NH HO \-NH 0 No 
)NH /FOH F 

F 
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To a mixture of 4-(((1R,2R)-2-hydroxycyclopentyl)amino)-1-((2

(trimethylsilyl)ethoxy)methyl)-1H-pyrazolo[3,4-d]pyrimidine-3--carboxylic acid (100.00 mg, 254.12 

umol) and (2R)-2-(2, 5-difluorophenvl) pyrrolidine (55.87 mg, 304.95 umol) in DMF (2 mL) was 

added HATU (144.94 mg, 381.18 umol) and Et3N (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, H20 (5 

mL) was added to the mixture, and the reaction was extracted with Et()Ac (10 mL*3) and washed 

with brine (5 mL*3). The organic layer was then dried over Na2SO4 and concentrated. The residue 

was purified by preparativeTLC (PE:EtOAc=1:1, R=0.5) to give ((R)-2-(2,5

difluorophenyl)pyrrolidin-1-yl)(4-(((1R,2R)-2-hydroxycyclopentyl)amino)-1-((2

(trimethylsilyl)ethoxy)rnethyl)-11-pyrazolo[3,4-d]pyrimidin-3-yl)methanone (20.00 mg. yield: 

14.09%) as a colorless oil.  

Step 6: Synthesis of ((R)-2-(2.5-difluorophenyl)pyrrolidin-1-yl)(4-(((1R 2R)-2

hydroxycyclopentyl)amino)-il-I-pyrazolo3,4-dipyrimidin-3-yl)methanone 

SEM H 
N /N N 

N, N N N 

HO HO 
(L~R)NH N ~ TBAF 

F dioxaneF 

F F 

To a solution of ((R)-2-(25-difluorophenyl)pyrrolidin-I--v)(4-(((1R,2R)-2

hydroxycyclopentyl)amino)-1-((2-(trimethylsilyl)etlhoxy)methyi)-IH-pyrazolo[3,4-d]pyrimidin-3

yl)methanone (20.00 mg, 35.80 umol) in dioxane (20 mL) was addedTBAF (80.61 mg, 358.00 

urnol) at 20 °C, and the reaction was heated at 80 °C for 16 hrs. After TLC (EtOAc, R.= 

0.1) showed the reaction was complete, the solution was concentrated And I tmL of H 20 was 

added to the residue. The solution was extracted with EtOAc (10 mL*3), and the organic layer was 

dried over Na 2SO4 and concentrated. The residue was purified by acidic preparative HPLC 

(MeOH/H 20/TFA solvent system) to give ((R)-2-(2.5--difluorophenyl)pyrrolidin-1-yl)(4-((1R,2R)

2-hydroxycyclopentyl)amino)-1H-pyrazolo[3.4-d]pyrimidin-3-yl)methanone (11.10 mg, yield: 

72.37%) as a brown solid.  
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Example 2. Synthesis of Compound 97 and Compound 98 
HO0 SEEM S[IM 

SEEM NN2 

'N -1o0 Et3N/Pd(dppf.C!2/C HO N1 NO 
N-,,N Br -------------------- P NH C Oe

Br DIPEA/dioxarle MeWM Mr HJ 

,N, N , 

N ~<N x N 
HOT3P/DIFEEA HO TFND--CM chiral HPLC 

,,NH DOH. ,NH -NH 

)MF \/ 

KN H NN N 
N - /N 

HO HO 
NH NH .(S)S' NH ~NH 

0_-. P F-- F- " 

/, F \j -F 
0 0 

Ltg-Y- Syiesis f LiEA 'i:2 3-bromo--((2-(triethysill) tjoxyrnet!y)-~ 

LpvrazoioL3,4-dipvrirnidin.-4-yil)arnino)--4-(methyisuifonyil)cyciopentan--I--ol 

HO 

NH, SEM 

NN~ 

N N ~'HO B 

N N 0- / 

DIPEEA/d6oxane 

0 

To amtixtureof3-bomyo-4-choro--(( -(trimtiysiy)ethoxy)myethyD)-IH-pyrazoo[3,4

dlpyritnidine("300.00 mg, 824.83umol) indioxane100l) 'as added DIPLA (319.80tng,2.47 

rnnoi) and (1R2RA4R)-2-arnino-4-(methyilsulfonyi,)cyclopentan-1-ol (195.71 mg, 907.31 uni), 
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and the mixture was stirred at 90 °C for 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 layer was washed with water (10 mL*4), dried over Na2SO 4, and concentrated to 

give (1R,2R,4R)-2-((3-bromo--((2-(trimethylisilyl)ethoxy)methyl)-IH-pyrazolo[3,4-d]pyrimidin-4

yl)amino)-4-(methylsulfonyl)cyclopentan-1-ol (350.00 mg. yield: 83.78%) as a white solid. I H

NMR (400 MI-z, CDCL3) 3 ppm 8.43 (s, 1H), 6.23 (br.s, 11-), 5.71 (s, 211), 4.50 (br.s, 1H), 4.26-4.24 

(m, 1H), 3.70-3.66 (m, 3H).2.97 (br.s, 4H), 2.65 (in. 1H), 2.37-2.20 (in, 2H). 0.97 (t, 2H, J= 8.4 

Hz), 0.00 (s, 9H).  

Step 2: Synthesis of methyl 4--(((1R,2R,4R)-2-hdroxy-4-(methyilsulfonyl)cyclopentyl)amino)-1

I2:-trimnehy-siiylethxy` nethyD-1-I-pr3olAdprimidine -3-crboxylate 

SEM SEM 
N NN N 

&'~ N 
HOrN EtN/Pd(dppf)CI 2 /CO HO 

NH Br NH COOMe 
NH MeOH/DMF ,INH 

0 0 

To a mixture of (1R,R4R)-2-((3.-bromo-1-((2-(trimethyilsilyl)ethoxy)methyl)-1H

pyrazolo[3,4-dIpyrimidin-4-yl)amino)-4-( methylsulfonyl)cyclopentan-I-ol (350.00 mg, 691.03 

umol) in MeOH (10.00 mL)/DMF (2.00 mL) was added Et;N (139.85 mg, 1.38 mmol) and 

Pd(dppf)C2 (25.28 mg. 34.55 uiol). After addition, the mixture was stirred at 75 °C for 16 hrs 

under CO (50 Psi). Once LCMS 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-(methyilsilfonyl)cyclopentyi)arnino)-1-((2

(trimethylsilyl)ethoxy)methyl)-1H-pyrazolo[3,4-d]pyrimidine-3--carboxylate (250.00 mg, yield: 

74.50%) as a red solid.  

Step 3: Synthesis of 4-(((1R,2R,4R)-2-hydroxy-4-(methylsulfonyl)cvclopentyl)amino)-I-((2

(trimethylsilyl)ethoxy)methiyl)-IH-pvrazolo[3,4-dlpyrimidine-3-carboxylic acid 
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SEM SEM 
N N N N 

I N N 
N N 

HO NaOH HO 
NH COOMe ------------ "NH COOH 

MeOH/H 20 

O' 0 
To a mixture of methyl 4-(((1R,2R,4R)-2-hydroxy-4-(methylsuilfonyl)cyclopentyl)amino)

1-((2-(trimethylsilyi)ethoxy)methyl)-1Hpyrazolo[3,4-d]pyrimidine-3-carboxylate (250.00 mg, 

514.80 umol) in MeOH (10.00 mL)/1 20 (5.00 mL) was added NaOH (41.18 mg, 1.03 mmol), 

which was stirred at20 °C for 16 hrs. Once LCMS showed the reaction was complete, the mixture 

was concentrated to remove MeOH. The water layer was washed with EtOAc (3 mL*2) and 

acidified by HCl (1 M) until the pH = 4, after which the mixture was filtered and the filter cake was 

dried under vacuum to afford 4-((IR,2R,4R)-2-hydroxy-4-(methylsulfonyl)cyclopentyl)amino)-1

((2-(trimethylsilvl)ethoxy)methyl)-1H-pyrazolo[3,4-d]pyrimidine-3-carboxylic acid (180.00 mg, 

yield: 74.14%) as a black/brown solid. 1 H-NMR (400 M4Hz, CDCl3) 6 ppm 8.47 (s, 1H), 5.77 (s.  

2H), 4.43-4.40 (m, 111), 4.17-4.12 (m, 1H), 3.85-8.82 (in, 1H), 3.69 (t, 21-,J= 8.4 Hz), 3.03 (s, 311), 

2.45-2.41 (m, 2H). 1.99-1.91 (m, 2H), 0.92 (t, 2H, J= 8.4 Hz), 0.00 (s. 9H).  

Step 4: Synthesis of N-(2,5-difluorobenzvl)-4-((( R,2R,4R)-2-hvdroxy-4

(methylsulfoniyl)cvclopentyl)amino)-1-((2-(trimethylsilyl)ethoxy)methiyl)-1H-pyrazolof3,4

dlpvrimidine-3-carboxamide 

SEM SEM 
N N N -N N N 

N . IN r. N 
.H0 T3P/DIPEA HO 

"'NH NOOH DMF O NH 
DMF 0 

To a mixture of 4-(((1R,2R,4R)-2-ydroxy-4-(iethysuilfonyl)cyclopentyl)amino)-1-((2

(trimethylsilyl)ethoxy)methyl)-1H-pyrazolo[3,4-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), (25

difluorophenyl)ethanamine (36.42 ing, 254.46 umol) and TP (40.48 mg, 127.23 umol). After 

addition, the mixture was stirred at 20 °C for I hr, wherein LCMS showed the reaction was 

complete. The mixture was added to water (4 mL) and extracted with EtOAc (5 mL*3), and the 
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organic layer was dried over Na2SO4 and concentrated to give N-(2,5-difluorobenzy)-4

(((iR,2R,4R)-2-hydroxy-4-(methyilsulfonyl)cyclopentyl)amino)-1-((2

(trimethylsilyl)ethoxy)methyl)-IH-pyrazolo[3.4-d]pyrimidine-3-carboxamide (50.00 mg, crude) as 

aredoil.  

Step 5: Synthesis of N-(2,5-difluorobenzyI)-4-((( IR.2R,4R)-2-hydroxy-4

(methylsulfonyl)cyclopentvllamino)-1 H-pyrazolo[3,4-dlpyrimidine-3-carboxamide 

SEM H H 

IN N N N' N 

N N: N 

HO TFA/DCM HO HO 

-NH NH NH S;. NH -NH 

0/' 
F, a F-- '(Jj 

F F F O 
/-F K/F/-F 

N--(2,5-difluorobenzyl)-4-(((iR,2R,4R)-2-hydroxy-4-(methyilsulfonyl)cyclopentyl)amino)-1-

((2-(trirnethylsilyl)ethoxy)methyl)-IH-pyrazolo[3,4-d]pyrimidine-3-carboxarnide (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 -PLC (TFA) and chiral HPLC (retention times of the 

resolved isomers were 7.46 min and 9.20 min, respectively). N-(2,5-difluorobenzyl)-4

(((R,2R,4R)-2-hydroxv-4-(methvlsulfonyl)cyclopentyl)amino)-I1H-pyrazolo[3,4-dipyrimidine-3

carboxamide (2.80 mg, yield: 7.16%) and N-(2,5-difluorobenzyl)-4-(((1IS2S,4S)-2-hydroxy-4

(methylsulfonyil)cyclopentyl)amino)-11-1-pyrazolo[3,4-d]pyrimidine-3-carboxamide(4.00mg,yield: 

10.23%) were obtained as white solids. LC-MS conditions for these compounds were as follows: 

flow rate = 0.8 mLmin-i, mobile phase: from 99% [water + 0.375%c v/v TFA] and 1% C-1 3CN + 

0.188% v/vTFA], under this condition for 0.4 min, then changed to 10% [water+ 0.375%cv/v 

TFA] and 90% [CH 3CN + 0.188% v/v TFA] in 3.0 min, then changed to 100% [CH3CN + 0.188%C 

v/v TFA] in 0.45 min, finally changed to 99% [water + 0.375%c v/v TFA] and 1% CH 3CN+

0.188% v/v 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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SEM SEM 
SEM 2N N N 

FN Pd(dppf)C 2/CO/Et3N N NaOH 
________N 0 

N r DIPEA/dioxane FH \MH MeOH/H 2 
ci r . * HBr DMFI-MeOH NH 20~ 

SEM H H 
SEM N, j ,N N N N 

N I N N N 
1 N N, NN / 

Ns N TP/E' N HO TFA Chiral HO (, HO 
OH DMF NH /NH DCM S NH .f NH NH 

NH OH F- F F F 

F FF -F 

Step1:---j- 112(2 an urnd n: Se_I_: S 1. R, S):-2-((£3 -roio 1 I-(2 (tri methyl sil YIe (I oxyjnethyl) J1- 3,.d slp id'lia 

4-vl)amino)-5-fluorocyclopentan-I -ol 

1-10 SNH2 
SEM F, N N 

NN "~ N 
N DIPEA N N 

N dioxane HO 

cl Br F NH Br 

To a mixture of 3-brorno-4-chloro--((2-(trimethylsilyl)ethoxy)methyl)-1H1-pyrazolo[3,4

d]pyrimidine (600.00 mg, 1.65 mmol) and 2-amino-5-fluoro--cyclopentanol (196.58mg, 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 nL), and the organic phase was washed with HIC (20 mL*3), dried over Na2SO4 , filtered and 

concentrated in vacuum to afford (S,2R,5S)-2-((3-bromo-1-((2-(trimethylsilyl)ethoxy)methyl)-1H

pyrazolo[3,4-d]pyrinmidin-4-yl)amino)-5-fluorocyclopentan-1-ol (600.00 mg, crude). Theresidue 

was used directly in next step without further purification.  

Step 2: Methyl 4-(((1 R;2S,3S)-3-fluoro-2-hydroxvcyclpentyl)amino)-1-((2

(trimethylsilyI)ethoxy)methyI)-1H-pyrazolof3.4-d pyrimidine-3--carboxylate 

SEM SEM 
N N 

_ \ N Pd(dpf)C1 2/CO/Et3 N N 
N ,,/A 

HO\ HO / 
,NH Br DMF/MeOH "NH OMe 
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To a solution of (IS.2R,5S)-2-((3-bromo-1-((2-(trimethylsilyl)ethoxy)methyl)-IH

pyrazolo[3.4-d]pyrimidin-4-yl)amino)-5-fluorocycopentan-1-ol (600.00 mg, 1.34 mmol) in 

MeOH/DMF (20 mL, v:v = 2/) was added Pd(dppf)Cl 2 (49.17 mg, 67.21 umol) and Et3 N (408.03 

mg, 4.03 mmol) under N 2. 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 filtrate was concentrated to afford methyl 4-(((R,2S,3S)-3-luoro-2

hydroxycyclopentyl)amino)-1-((2-(trimethylsilyl)ethoxy)methyl)-1H-pyrazolo[3,4-d]pyrimidine-3

carboxylate (700.00 mg, crude). The crude product was used directly without purification.  

Step3:;4(((1R2,3S3:fluo-2hyroxycycopentyllaminol-1-((2

(trimethylsilyl)ethoxv)methyl)-1H-pyrazolo[3.4-djpyrimidine-3-carboxylic acid 

SEM SEM 
N N' N ~ 

[F T- N N 
N N / NaOH N N HO HO 

NI-i OMe MeOH/H 20 F NH OH 

To a solution of methyl 4-(((1R,2S,3S)-3-fluoro-2-hydroxycyclopentyl)amino)-1-((2

(trimethylsilyl)ethoxy)methyl)-1H-pyrazolo[3,4-d]pyrimidine-3--carboxylate (700.00mg, 1.65 

mmoi) in MeOH/-120 (15 mL, v/v = 2/1) was added NaOH (132.00 mg, 3.30 mmol) in one portion, 

which was stirred at25 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-(((I1R,S,3S)-3-fluoro-2-hydroxycyclopenty)amino)-1-((2

(trimethylsilyl)ethoxy)methyl)-IH-pyrazolo[3.4-d]pyrimidine-3-carboxylic acid (700.00 mg, crude) 

as a white solid.  

Step 4: N-(2,5-difluorobenzyl)-4-(((1R,2S,3S)-3-fluoro-2-hydroxycvclopentyl)amino)-1-((2

trimethyisilyehoxylthyl-1H-praoL[3.-dpyrimidine-3-caroxamide 

SEM 
SEM N N 

N N %N 
N'.  

N' ;N T3P/Et 3N/DMF HO 
HO \ NH NH 

,NH ~OH F' ' 0 

F

41



WO 2017/035354 PCT/US2016/048698 

To a mixture of 4-((IR,2S,3S)-3-fiiuoro-2-hydroxycyclopentyl)amino)-1-((2

(trimethylsilyl)ethoxy)methyl)-1H--pyrazolo[3,4--d]pyrimidine-3-carboxylic acid (100.00 mg, 243.01 

umol) and T3 P (231.97 mg, 729.04 umol) was added Et3 N (49.18 mg, 486.03 umnol) 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 tinder reduced pressure at 60 C to 

afford N-(2,5-difluorobenzyl)-4-(((IR,2S.3S)-3-fluoro-2-hydroxycyclopentyl)amino)-i-((2

(trimethylsilvl)ethoxy)methyl)-IH-pyrazolo[3,4-dipyrimidine-3-carboxamide(200 mg, crude). The 

residue was not purified and used directly.  

Stp5:RN-(25-difluorobenzyl4)- 4((1RaSjS3-fuo2:hdroxcc entylamino)-1H: 

pyrazolo[3,4--djpyrimidine-3--carboxamide and N--(2,5-difluorobenzvl)--4-(((IS,2R,3R)--3-fluoro-2

hydroxvcyclopentyl)amino)- 1HL-pvrazolo [3,4-djpvrimidine-3-carboxamide 

SEM H H 

N N N N 
HO )TFA/DCM Chiral SFC HO HO 

H NH ~ ~ RNH NH IS) '~NH NH 
F- NH 0 2) KOAcMeOH Fi NH / F NH N1 

F- F F- F

A mixture of N-(2.5-difluorobenzyl)-4-(((R,22S 3S)-3-fluoro-2-hydroxycyclopentyl)amino)

1-((2-(trimethylsilyl)ethoxy)methyl)-1-1-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-(25--difluorobenzyl)-4

(((1R,2S,3S)-3-fluoro-2-hydroxycyclopentyl)amino)-IH-pyrazolo[3,4-d]pyrimidine-3-carboxamide 

(25.00 mg, yield:16.51%) as a white solid and N-(2,5-difluorobenzl)-4-(((1S,2R,3R)-3-fluoro-2

hydroxycyclopentyl)amino)-IH-pyrazolo[3,4-d]pyrimidine-3-carboxamide (30.00 mg, 

yield:19.81%) as a grey solid. LC-MS conditions for these compounds were as follows: flow rate= 

0.8mL-min, mobile phase: from 95% [water+ 10mM NH4HCO3] and5% CH3CN,underthis 

condition for0.4 miin,thenchangedto 10% [water+ 10mMNH 4IC03 ] and90%CH 3CNin 2.6 
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min, then changed to 100% C1 3CN in 0.85 min, finally changed to 95% [water + 10mM 

NH 4HCO3] and 5% CH3CN in 0.01 min, then under this condition for 0.64 min. 97.125% purity and 

97.690% purity, respectively.  

Synthesis of Amine Intermediates 

Example 4: Synthesis of (1R,2S,3R)-3-aminocyclopentane-1,2-diol 

HO 
\NH 2 

HO-

Step 1: (3aS,4S,6aR)-2,2-Dimethyltetrahydro-4H-cyclopenta[dl[1.3]dioxol-4-ol 

To a solution of (3aR,6aR)-2,2-dimethli-3a,6a-dihydro-41-1-cyclopenta[d][1,3]dioxol-4-one 

(92.00 g, 596.78 mmoli 1.00 eq) in MeOH (2.00 L) was added Pd-C (10%, 12 g). The suspension 

was degassed inder vacuum and purged with H 2 several times. The mixture was stirred under -2 

(30psi) 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 NaBH 4 

(34.09 g, 901.14 mmol, 1.51 eq) in portions at 0 °C, and the resulting mixture was stirred at 20 °C 

for 0.5 hr. The mixture was then concentrated. and to the residue was added H20 (500 mL). The 

mixture was extracted with EtOAc (500 ml.*3), dried over Na2SO4, and concentrated to give 

(3aS,4S.6aR)--2,2-dimethyltetrahydro-4H-cyclopenta[d][1.3]dioxo--4-ol (84.00 g, yield: 88.98%) as 

a yellow oil. 'H-NMR (400 MHz, CDCi3) 5 ppm 4.60 (t, 11-, J= 5.2 Hz),4.39 (t, iH, J= 5.6 z), 

3.83 (br.s, 1H), 2.37-2.35 (m, 1H), 1.88-1.76 (Im, 2H), 1.65-1.56 (m, 1H), 1.48 (s, 3H), 1.45-1.36 

(m, 111), 1.33 (s, 3H).  

Step 2: 2-((3aS,4R,6aR)-2,2-Dimethyltetrahydro-4-1-cyclopentafd1[1,31dioxol-4-yl)isoindoline-1,3

dione 

To a stirred mixture of (3aS,4S,6aR)-2,2-dimethyltetrahydro-4H--velopentad][1,3]dioxol-4

ol (70.00 g. 442.51 mmol, 1.00 eq) isoindoline-1.3-dione (80.00 g, 543.74 mmol, 1.23 eq) and PPh 3 

(175.00 g, 667.20 mmol, 1.51 eq) in dry toluene (1.00 L) under N 2 was added DIAD (135.00 g, 

667.62 mmol, 1.51 eq) dropwise. The resulting mixture was stirred at 80 °C for 20 hrs under N2.  

After TLC (PE:EtOAc=3:1) showed the starting material was consumed completely, theimixture 

was concentrated, and the residue was purified by column chromatography on silica gel (PE:EtOAc 

80:1/50:1/20:1/10:1) to give 2-((3aS,4R,6aR)-,2-dimethylitetrahydro-4H

cyclopenta[d][1,3]dioxol-4-yl)isoindoine-1,3-dione (90.00 g yield: 70.79%) as a white solid. 1 H
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NMR (400 MHz, CDC 3 ) 6 ppm 7.82-7.80 (m, 2H), 7.72-7.70 (in, 211), 5.03-4.96 (m, 2H), 4.61-4.60 

(m, i1H), 2.28-2.20 (m, 2H), 1.94-1.85 (m, 2H), 1.50 (s, 3H), 1.31 (s, 3H) 

Step 3: 3aS,4R-6aR)-2.2-Dimethyltetrahvdro-4H-cyclopentajdl[I ,31 dioxol-4-amine 

A mixture of 2-((3aS,4R,6aR)-2,2-dimethlvtetrahydro-4H-cyclopenta[d][1,3]dioxo1-4

yi)isoindoline-1.3-dione (90.00 g. 313.25 mmol, 1.00 eq) and NHNH 2.H20 (32.00 g, 626.50 mmol.  

2.00eq) inEtOH (600.00mL) was stirred at 80 °C for 16hrs. 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 

mL) was added and the mixture filtered and concentrated to give (3aS,4R,6aR)-2,2

dirnethlvtetrahydro-4H-cyclopentai[d][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) 6 ppm 4.72 (t. 1H, J 

5.2 Hz), 4.18 (d, H, J = 5.6 Hz), 3.39 (d, 1H, J= 4.0 Hz), 2.01-1.93 (m, 211), 1.78-1.77 (m, 1H).  

1.40 (s, 31), 1.38-1.35 (m, I H), 1.26 (s, 3H), 1.10 (br.s, 2H).  

Step 4: (1R,2S.3R)-3-Aminocyclopentane-1,2-diol hydrochloride 

A mixture of (3aS,4R,6aR)-2,2-dimethytetrahydro-4H-cycopenta[d1[1,3]dioxol-4-amine 

(10.00 g, 63.61 mmol. 1.00 eq) in H20 (55.00 mL) and HCl (5.00 mL. 12 M) was stirred at 20 °C 

for 2 hrs. TLC (EtOAc:MeOH = 10:1) showed the starting material was consumed completely.  

The mixture was concentrated to give (R,2S,3R)-3-aminocyclopentane-1,2-diol hydrochloride 

(9.20 g, yield: 94.15%) as a yellow solid. 1H-NMR (400 MHz, CD 30D) ppm 4.03 (br.s, 11), 3.90 

(dd,1H, J= 8.4, 4.4 Hz), 3.48-3.41 (m, IH), 2.25-2.19 (m 1H). 2.05-2.02 (m, I H), 1.75-1.65 (m.  

1H), 1.58-1.56 (m IH).  

Example 5: Synthesis of (1R,2R,3S,4R,5S)-4-Aminobicyclo[3.L]hOexane-2,3-dio 
HO 

\NH2 

HO_ 

Step 1: (3a&4S,6aR)-2,2-Dimethyl-3a,6a-dihydro-4H-cyclopenta[d [1,31dioxol-4-ol 

To a 0 °C stirred mixture of (3aR,6aR)-2,2-dimethyl-a,6a-dihvdro-4H

cyclopenta[d][l,3]dioxol-4-one (90.00 g, 583.81 mmol, 1.00 eq) and CeCl3.7H 20 (240.00 g 644.16 

mmol, 1.10 eq) in MeOH (2.00 L) was added NaBHa, (44.00 g, 1.16 mol, 1.99 eq) 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 EtOAc (2000 mL) and the solution stirred at 18 °C for 0.5 hr.The mixture was then 

filtered, the filtrate was dried over Na 2SO4 and concentrated to give the crude product (3aS,4S,6aR)

2,2-dimethyil-3a,6a-dihydro-4H-cyclopenta[d][1,3]dioxol-4-ol (79.00 g, crude) as a light yellow oil 

which was used directly to the next step without further purification. I H-NMR (400 MHz. CDCl3)o 

ppm 5.88 (s, 2 H), 5.01 (d, 1 H, J= 5.6 Hz), 4.74 (t, 1H, J= 5.6 H z), 4.55 (dd, 1H, J= 9.6, 5.6 H z), 

2.76 (d, 1H. J= 9.6 Hz), 1.43 (s, 3H), 1.40 (s, 3H).  

Step 2: 3aR,3bR,4aS,5S,5aS)-2,2-IDimethylhexahydrocyclopropa[3,4Icyclopenta[1,2-d1[1,31dioxol

5-ol 

To a 0°C stirred mixture of (3aS,4S,6aR)-2,2-dimethyl-3a,6a-dihydro-4H

cyclopenta[d][1,3]dioxol-4-ol (40.00 g, 256.11 mmol, 1.00 eq) in DCM (50.00 mL) was added 

dropwise ZnEt2 (1 M, 1.00 L 3.90 eq). After 15 min, CH 2 12 (550.00g,2.05mol, 8.02eq) 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 NH 4C1 solution (200 mL), 

followed by addition of 120 (500 mL). The mixture was extracted with DCM (500 mL5),and the 

combined organic layers were dried over Na2SO4 and concentrated to give the crude product. The 

crude product was purified by column chromatography on silica gel (PE:EtOAc = 0:1/100:1/80:1/ 

50:1/20:1/10:1/5:1) to give (3aR,3bR,4aS,5S,5aS)-2,2-dimethylhexahydrocyclopropa[3,4]

cyclopenta[1,2-d][1,3]dioxol-5-ol (18.00 g, yield: 41.29%) as a light yellow oil. I H-NMR (400 

MHz, CDCIk) ( ppm 4.87 (t, 1H, J= 6.0 Hz), 4.53-4.45 (m, 2H), .2.34 (br.s. 1H), 1.85-1.82 (m, IH), 

1.64-1.62 (m. 1H). 1.54 (s. 3H). 1.28 (s. 3H), 0.98-0.94 (m, IH), 0.63-0.60 (m. 1H).  

Step 3: 2-((3aR,3bR,4aS,5R,5aS)-2,2-dimethlhexahydrocyclopropa[3,41cyclopental 1,2

d][1,3]dioxol-5-yl)isoindoline-1,3-dione 

To a stirred mixture of (3aR,3bR,4aS,5S,5aS)-2,2-dimethylhexahydrocyclopropa[3,4

cyclopenta[1,2-d][l1,3]dioxol-5-ol (10.00 g, 58.75 mmol, 1.00 eq), isoindoline-1,3-dione (12.00 g, 

81.56 mmol, 1.39 eq) and PPh3 (24.00 g, 91 .50 mmol, 1.56 eq) in dry toluene (500.00 mL) under N2 

was added DIAD (20.00 g, 98.91 mmol, 1.68 eq) dropwise. The resulting mixture was stirred at 80 

°C for 20 hrs under N 2. TLC (PE:EtOAc = 3:1) showed the starting material was consumed 

completely. The mixture 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
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((3aR,3bR,4aS,5R,5aS)-2,2-dirnethlvhexahydrocvclopropa[3,4]-cvclopenta[1.2-d][1,3]dioxol-5

yl)isoindoline-1,3-dione (14.00g, yield: 79.61%) as alight yellow oil. 'H-NMR(400MHz,CDC 3) 

o ppm 7.86-7.83(mn,21H),.7.74-7.72 (m,2H), 5.37-5.34 (im,1)4.78-4.76 (m,I1H), 4.73 (, 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).  

Step 4: (3aR,3bR,4aS,5R,5aS)-2,2-Dimethylhexahydrocyclopropa[3.4]cyclopenta[1,2

d1[1,31dioxol-5-amine 

A mixture of 2-((3aR,3bR,4aS,5R,5aS)-2,2-dimethylhexahydrocyclopropa[3.4]

cyclopenta[1,2-d][1,3]dioxol-5-y)isoindoline-1,3-dione (14.00 g, 46.77 mmol, 1.00 eq) and 

NH 2NH.H 20 (4.78 g, 93.54 mmol,2.00 eq) 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 filtered, and concentrated to give (3aR,3bR,4aS,5R,5aS)-2,2

dimethylhexahydrocyclopropa(3,4]cyclopenta(1,2-d][1,3]dioxol-5-amine (7.00 g, yield: 88.45%) as 

a yellow oil. 'H-NMR (400 MHz, CDCi) 6 ppm 5.06-5.03 (m, IH), 4.30 (d, 1H, J= 6.8 Hz), 3.45 

(s, 1[), 1.73-1.71 (m, 1H), 1.48 (s, 3H), 1.43-1.39 (m, 11), 1.25 (s, 311), 0.74-0.67 (m, 211).  

Step 5: (IR,2R,3S.4R,5S)-4-aminobicvclo[3.1.0hexane-2,3-diol*HCl 

A mixture of (3aR,3bR,4aS,5R,5aS)-2,2-dinethlvhexahlidrocyclopropa[3,4]cyclopenta[1,2

d][l,3]dioxoI-5-aamine (1.00 g, 63.61 mmol, 1.00 eq) in H20 (5.500 mL) and HCl (0.5 mL, 12 

M) was stirred at 15 °C for 2 hrs. TLC (EtOAc:MeO1- = 10:1) showed the starting material was 

consumed completely. The mixture was concentrated to give (1R,2R,3S,4R,5S)-4

aminobicyclo[3.1.0]hexane-2,3-diol*HC (780 mg g, yield: 79.9%) as a yellow solid.  

Example 6: Synthesis of (1S,2S,4S)-2-amino-4-fluorocyclopentan-1-ol (relative 
stereochemistry) 

\ NaH/BnOH m-CPBA 

HO THF BnO DCM BOnO 
trans: cis = 2:3 
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O OH OAc OAc 
NaN 3/NH4ICI AcCI/Et3N H2/Pd(OH) 2  Z 

80A Yiio N N3 H77~BO EtOHHN, N_3 Boc?0OH H , 
BnOnO BnO HO 

OAc OH OH 
DAST NaOH/MeOH HCI/EtOAc 

DCM NHBoc NHBoc 7FC NH2 
F' F F' 

(relativestereochemistry) 

Step 1: ((Cyclopent-3-en-1-vloxy)methyl)benzene 

\ NaH/BnOH 

HO THF BnO 

To a mixture of cyclopent-3-en-1-ol (60.00 g. 713.27 mmol) in THF (600.00 mL) was added 

NaI (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 1-20 (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 2 SO4, filtered and concentrated in vacuum. The residue 

was purified by silica gel chromatography (PE/EtOAc = 1/0) to afford ((cyclopent-3-en-1

yloxy)methyl)benzene (120.00 g, yield: 96.56%) as yellow oil. I H-NMR (400 MHz, CDCIl) 6 ppm 

7.38-7.28 (m, 5H), 5.72 (s, 2H), 4.52 (s, 2H), 4.35-4.30 (m, 11), 2.64-2.59 (m, 2H), 2.50-2.46(m, 

2H).  

Step 2: (1R,3S,5S)-3-(benzylioxy)-6-oxabicvclo[3.1.0Jhexane and (1R,3r,5S)-3-(benzyloxy)-6

oxabicyclo[3. 1.01hexane 

m-CPBA 

BnO DCM 
BnO BnO 

trans: cis:= 2:3 

To a mixture of ((cyclopent-3-en-1-yloxy)methyl)benzene (120.00 g, 688.71 mmol) in DCM 

(600.00 mL), was added n-CPBA (297.68 g, 1.38 mol) in one portion at 0 (C. The mixture was 

47



WO 2017/035354 PCT/US2016/048698 

stirred at 25 C for 16 hrs. TLC (PE:EtOAc=20:1) showed the reaction was complete. The mixture 

was filtered and excess ni-CPBA was reduced by the addition of saturated aq. Na2SO3 until a 

negative starch iodide test was observed. The mixture was filtered and concentrated in vacuum.  

The residue was purified by silica gel chromatography (PE:EtOAc=1:0. 20:1) to afford (1R,3R,5S)

3-(benzyloxy)-6-oxabicyclo[3.1.0]hexane (56.00 g. yield: 42.74%) and (1R,3S,5S)-3-(benzyloxy)

6-oxabicyclo[3.L.0]hexane (37.00 g, yield: 28.24%) as yellow oil. Spectra analysis of ( R,3S,5S)-3

(benzyloxy)-6-oxabicyclo[3.1.0]hexane. I H-NMR (400 MHz, CDCIs) ( ppm 7.31-7.20 (n, 5H), 

4.36 (s, 21), 3.84-3.74 (in, IH), 3.43 (s,2H), 2.51-2.35 (m, 211), 1.66-1.57 (n, 2H). Spectra 

analysis of (1R,3R,5S)-3-(benzyloxy)-6-oxabicyclo[3.1.0]hexane H-NMR (400 MHz, CDC 3 ) 6 

ppm7.311 (in, 51), 4.36 (s, 211), 3.85-3.74 (n, 1H), 3.43 (s, 2H), 2.51-2.35 (in, 2H). 1.66-1.60 

(m, 2H).  

Step 3:_(1S2S,4R)-2-Azido-4-(benzyoxv)cvcIlopentan-1-ol 

OH 
NaN3/NH 4CI 

-- EtOH/H 20 BnO Nj 
BnO n 

To a mixture of (IR.3SS)-3-(benzyloxy)-6-oxabicyclo[3.1.0]hexane (20.00 g, 105.13 

innol) in EtO1 (760.00 niL) and H 20 (230.00 mL) was added NH 4C (20.98 g, 392.13 mmol), 

NaN 3 (24.00 g 369.17 nmol) 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 N2, and the aqueous phase was extracted with DCM (100 mL*3).  

The combined organic phase was washed with H2O (30 mL*3), dried over Na2SO4, filtered and 

concentrated in vacuum to afford (1S,2S,4R)-2-azido-4-(benzyloxy)cyclopentan-1-ol (23.00 g 

yield: 93.79%) as a yellow oil. 'H-NMR (400 MHz, CDCIs) o ppm 7.43-7.28 (m, 5H). 4.58-4.47 (m, 

2H), 4.27-4.25 (m, I1H), 4.11-4.08 (in, 111), 3.66-3.61 (m, 11-), 2.49-2.44 (ml), 2.16-2.13 (m, 

1H), 1.89 (br.s, 1H), 1.87-1.80 (m, 2H).  

Step 4: (1S,2S,4R)-2-Azido-4-(benzyloxv)cyclopentvl acetate 
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OH OAc 
AcCI/Et3 N 

N3  DCM N 3 

BnO BnO 

To a solution of (IS,2S,4R)-2-azido-4-(benzyloxy)cyclopentan-1--ol (22.90 g, 98.17 mmol), 

Et3N (59.60 g, 589.02 mmol) in DCM (550 mL.) was added a solution of acetylchloride (38.53 g, 

490.85 mmol) in DCM (50 mL) dropwise at 0°Cover a period of 30 mins under N, during which 

the temperature was maintained below 5 C. The reaction mixture was then warmed to 25 C and 

stirred for 16 hrs. TLC (PE:tOAc=10:) showed the starting material was consumed completely.  

The reaction was quenched by the slow addition of H20(100 mL). The organic phase was washed 

with saturated brine (50 mL), dried over Na 2SO4 , filtered and concentrated in vacuo. The residue 

was purified by column chromatography on silica gel (PE: EtOAc=100:1, 50:1) to afford 

(IS,2S,4R)-2-azido-4-(benzyloxy)cyclopentyi acetate (17.00 g, yield: 62.90%) as yellow oil. 1

NMR (400 MHz, CDCL) 6 ppm 7.37.-7.28 (in, 5H), 5.24-5.12 (m IH), 4.51 (s. 2H), 4.14-4.11(, 

111), 3.88-3.85 (n, 111), 2.45-2.40 (in, 11-1), 2.36-2.32 (m, 1H), 2.07 (s, 31), 1.95-1.88 (in, 21).  

Step 5: (IS,2S,4R)-2-((tet-butoxycarbonyl)amino)-4-1-Hydroxycyclopentyl acetate 

OAc OAc 
H2/Pd(OH) 2 

N3 Boc 20/EtOH NHBoc 

BnO HO 

To a solution of (IS,2S,4R)-2-azido-4-(benzyloxy)cyclopentyi acetate (8.80 g, 31.97 mmol) 

in EtOH (100.00 mL) was added Pd(OH)2 (4.42 g, 31.97 mmol) under N 2. The suspension was 

degassed under vacuum and purged with H2 several times. The mixture was stirred under H2'(50 

psi) at 70 C for 32 hrs. TLC (PE: EtOAc =2:1) showed the starting material was consumed 

completely. The reaction mixture was filtered and the filtrate was concentrated. The crude product 

was purified by silica gel chromatography (PE:EtOAc=10:1,2:1) to give (IS,2S,4R)-2-((tert

butoxycarbonyl)amino)-4-hydroxycyclopentyl acetate (3.80 g,yield: 45.84%) as a yellow solid.  

Step 6: (IS,2S,4S)-2-((tert-butoxycarbonyl)aimino)-4-Fluorocyclopentvl acetate 
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OAc OAc 

DAST 
NHBoc DCM NHBoc 

HO DCM F 

To a mixture of (S,2S,4R)-2-((tert-butoxycarbonyl)amino)-4-hydroxycyclopentyl acetate 

(2.57 g, 9.91 mmol) in DCM (150.00 mL) was added DAST (2.40 g,14.87 mmol) dropwise at -70 

°C under N2. The mixture was stirred at -70 °C for 30 min. TLC (PE:EtOAc=2:1) showed the 

reaction was complete. The mixture was cooled to 0 °C and aq. NaHCO3 (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 Na2 S0 4, filtered, and 

concentrated in vacuum. The crude product was purified by silica gel chromatography 

(PE:AtOAc=20:1, 10:1) to give (1S,2S,4S)-2-((tert-butoxycarbonyl)amino)-4-fluorocyclopentyl 

acetate (700.00 mg, yield: 27.03%) as a yellow oil. 111-NMR (400 M-z, CDC13) o ppm 5.14 (s, 

0.51), 5.00 (br.s, IH), 4.71 (s, 0.5H), 4.14-4.13 (m, IH), 2.49-2.47 (m, 2H), 2.07-1.94 (m, 3H), 

1.81-1.74 (m, 211), 1.43-1.41 (m, 9H).  

Step 7: tert-butyl ((1S,2S,4S)-4-Fluoro-2-hydroxycyclopentyl)carbamate 

OAc OH 
NaOH/MeOH 

NHBocF NHBoc 

To a mixture of (S,2.S4S)-2-((tert-butoxycarbonyl)amino)-4-fluorocyclopentyI acetate 

(700.00mg, 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 1 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 

((1S,2S,4S)-4-fluor-2-hydroxcyclopentyl)carbamate (650.00 mg, crude) as a white solid.  

Step 8: (IS,2S,4S)-2-Amino-4-fluoro cyclopentan-1-ol (relative stereochemistry) 

OH OH 
HCI/EtOAc 

NHBoc NH 2 

F' F^" 

The mixture of tert-butyl ((1S,2S,4S)-4-fluoro-2-hydroxycyclopentyl)carbamate (650.00 ig, 

2.96 mmol) in MeOH/HCl (20.00 mL, 4 M) was stirred for 1 hr at 25 °C. TLC (PE:EtOAc = 2:1) 
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showed the reaction was complete. The mixture was concentrated under reduced pressure at 30 °C 

to afford (1S,2S,4S)-2-amino-4-fluorocyclopentan-I-ol (relative stereochemistry) (400.00 mgyield: 

86.85%) as a white solid. 1H-NMR (400 MHz. DMSO-d) 6 ppm 8.38 (br.s, 311), 5.09 (d, 1H, J 

53.6 Hz), 4.094.03 (i, 1H), 3.34-3.30 (in. IH), 2.44-2.39 (in, 1H), 2.21-2.16 (i, 1H), 1.95-1.87 

(m, 1H). 1.75-1.66(, 1H).  

Example7:Synthesis(1R,2R,4R)-2-aminto-4-(nethylsulfonyl)cyclopentan-1-ol(relative 

stereochemistry) 

NHBoc NHBoc NHBoc HO NHBoc 

AcO sClEt3N/DCM AcO NaSMe K2C03/MeOH 

SMe 
OH OMS SMe 

NHBoc NH 2 
HO HO 

m-CPBA/DCM HCI/EtOAc 

0 0 
(relativestereochemistry) 

Step 1: Preparation of (IR,2R,4S)-2-((tert-butoxvcarbonyl)Amino)-4

(fmethyniifonyl)oxy')cyclopentliacetate 

NHBoc NHBoc 
AcO C Ac -- MsCI/Et 3N/DCM A 

6H UMs 

To a mixture of (1R,2R,4S)-2-((tert-butoxycarbonyl)aminio)-4-hydroxvcyclopentyl acetate 

(3.00g, 11.57immol)andEt 3N(4.68g,46.28 mmol) in DCM (50.00 mL) was added dropwise 

MsC1 (3.98 g, 34.71 iniol) at 0 °C, then the mixture was stirred at 20 °C for 3 hrs. TLC 

(PE:EtOAc=1:1) showed the reaction was complete. The mixture was washed with water(100 

mL*3), then the organic layer was dried over Na2SO4 and concentrated to give (1R,2R,4S)-2-((tert

butoxycarbonyl)amino)-4-((methylsulfony)oxy)cyclopentyl acetate (3.5 g, crude: 100%) as a 

yellow solid.  

Step 2: (1 R,2R,4R)-2-((tert-butoxycarbonyl)ainio)-4-(Methylthio)cyclopentI acetate 

51



WO 2017/035354 PCT/US2016/048698 

NHBoc NHBoc 

AcONaSMe AcO S 

-7 DMF 

OMs SMe 

To a mixture of (1R,2R,4S)-2-((tert-butoxycarbonyl)aminio)-4

((methylsulfonyl)oxy)cyclopentyi acetate (3.50 g, 10.37 mmol) in DMF (30.00 mL) was 

added NaSMe (4.36 g,12.45 mmol). The mixture was then stirred at 90 °C for 2 hrs, and TLC 

(PE:EtOAc = 2:1) showed the reaction was complete. The mixture was concentrated to give the 

crude (1R,2R,4R)-2-((tert-butoxycarbonyl)amino)-4-(methylithio)cyclopentyi acetate (3.00 g, crude 

100%) as a yellow solid.  

Stepd:_ter!buf.ty.. {12REARR)-1Hy:droy-4-(methylthiojcyclopentyicarbamate 

NHBoc 
NHBoc HO 

AcO K2CO3/MeOH 

SMe 
SMe 

To a mixture of (1 R,2R,4R)-2-((tert-butoxycarbonyl)amino)-4-(metiylthio)cyclopenty 

acetate (3.00 g, 10.37 mnol) in MeOH (100.00 mL) was added K2 CO3 (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-butvl ((IR,2R,4R)--hydroxy-4-(methylthio)-cyclopentyl)carbamate (1.60 g 

yield: 62.38%) as a white solid. H-NMR (400 MHz, CDCl3) 6 ppm 4.10-3.99 (m, 2H), 3.85 (br.s, 

1H), 3.14-3.11 (i, IH), 2.50-2.46 (,in. 1H), 2.17-2.10 (in, 4H), 1.86-1.82 (m, IH), 1.81-1.67 (i, 

11), 1.45 (s, 9H).  

Step 4: tert-butyl (ilR.2R.4R)-2-Hydroxy-4-(methylsulfonyl)cvclopentyl)carbamate 

NHBOC 
NHBoc H N 

HO rm-CPBA/DCM 

SMe 
0 

To a mixture of tert-butyl ((1R,2R ,4R)-2-hydroxy-4-(rnethylthio)cyclopentyl)carbam ate 

(1.60 g, 6.47 innol) in DCM (100.00 mL) was added m-CPBA (3.49 g 16.18 inmol). The 

mixture was stirred at25 °C for 16hrs. After TLC (PE:EtOAc 2:1) showed the starting 

material was consumed completely, the mixture was washed with saturated Na 2SO 3 (aq. 20 mL) 
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and saturated NaHC03 (aq. 20 mL*3).The organic layer was then dried over Na 2SO4 , 

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-(methylsuilfonyi)cyclopentyl)carbamate (1.70 g, yield: 

94.06%) as a white solid. H--NMR (400 MHz, CDCi) 6 ppm 4.62 (br.s, 1H), 4.07-4.04 (m, 1H), 

3.81-3.79 (m, IH), 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), L.38 (s, 9H).  

Step 5: (1R,2R.4R)-2-Amino-4-(methvlsulfonyl)cyclopentan-1-ol (relative streochemistry) 

NHBoc NH 2 
HO HO 

HCI/EtOAc 

0 0 

The mixture of tert-butyl ((1R,2R,4R)-2-hydroxv-4

(methylsulfonyl)cyclpentyl)carbamate (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, CD 30D) 6 ppm 4.11-4.07 (in, 2H), 3.76 (br.s, IH), 

2.94 (s, 3H), 2.53 (br.s. 2H), 1.99 (br.s, 2H).  

Example 8: Synthesis of (1S,2R,5R)-2-Amino-5-fluorocyclopentaii-1-ol hydrochloride (relative 

stereochemistry) 

0 N
CeCl3.7H2O NaH/BnBr m-CPBA!DCM NaN3/NH 4CI HO 

NaBH 4/MeOH THF MeOHI 120 0 HO BnO BnOBn 

N3 NHBoc NHBoc NW HCI 

TBDMSCI TBDMSO-,. H2/Pd(OH) 2 TBDMSO DAST TBDMSO - HCI HO 

imidazole/CHCl / M-eOHBoc2j DCM _- MeOH 
BnO3 HC F F 

Step 1: Cyclopent-2-en-l-ol 

CeC1 3.7H20 

0p NaBH 4/MeOH HO 

To a mixture of CeCl3.7H2O (24.00 g, 64.42 mmol) in MeOH (120.00 mL) was added 

cyclopent-2-en-1-one (5.00 g, 60.90 minol) at 15C. After 5 min, NaBH4 (4.61 g, 121.80 
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mmol) was added into the mixture in portions at 0 °C. The resulting mixture was stirred at 25 °C 

for I hr, after which TLC (PE:EtOAc=5:1) showed several spots were generated and a part of the 

starting material was remained. The reaction was quenched by 1-20 (100 mL)and the organic 

solvent was concentrated in vacuum. To the residue was added H2O (300 mL). followed by 

extraction with MTBE (200 mL*3). The combined organic layers were dried over Na2SO4 and 

concentrated under vacuum to give the crude product cyclopent-2-en-I-ol (3.00 g, crude) as a brown 

oil. It was used directly to the next step without further purification. 'H-NMR (400 MHz, CDC 3 ) 6 

ppm 5.91 (d, 1H, J= 4.8 Hz), 5.77-5.76 (i, I1H), 4.79 (d, 1, J= 3.6 z), 2.47-2.42 (m, I1), 2.21

2.15 (n, 2H), 1.64-l.59 (m, 1H).  

-ep2:Cycopent-en:1yoxymeth]beazrn 

NaH/BnBr 

HO P THF BC) 

To a mixture of cyclopent-2-en-1-ol (9.00 g. 106.99 mmol) in THF (200.00 mL) was 

added Nat (6.80 g, 170.11 mmol) in portions at 0 °C. After addition, the mixture was stirred at 

20 °C for 0.5 hr, then BnBr (20.00 g, 116.94 nmol) was added into the mixture dropwise at 0 °C.  

The resulting mixture was stirred at 20 °C for 2 hrs. TLC (PE:EtOAc = 20:1) showed formation 

of a new species ( Rf= 0.6, 254 nm). At this point, H 2 0 (20 mL) was added, followed by 

extraction with EtOAc (20 mL*3). The combined organics were dried over Na2SO4 and 

concentrated to give the crude product, which was purified by column chromatography on silica 

gel (PE:EtOAc = 1:0/100:1/80:1) to give ((cyclopent-2-en-1-yloxy)methyl)benzene (8.00 g.yield: 

42.91%) as a yellow oil. 1H-NMR (400 MHz, CDC 3) 3 ppm 7.34-7.25 (m, 5H), 6.02 (br.s, 1H), 

5.88 (br.s, 1H), 4.66 (br.s, IH), 4.55-4.47 (n, 2H), 2.52-4.48 (m, H), .2.27-2.24 (m, 1H), 2.16

2.13 (m, IH), 1.87-1.84 (m, II).  

Step 3: (IS.2S,5S)-2-(Benzyloxy)-6-oxabicyclo[3.1.Oihexane 

-rnCPBA/DOM 

BnO BnO 

To a mixture of ((cclopent-2-en-1-vloxy)methyl)benzene (8.50 g, 29.27 mmol) in DCM 

(50.00 mL) was added m-CPBA (13.50 g, 58.67 mmol) in portions at 0 °C. The mixture was stirred 

at 25 °C for 4 hrs. OnceTLC (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 1120 (20 mL) and Na2C03 (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 mL*3). dried over NaSO4, and concentrated to give (1S,2S,5S)-2

(benzyloxy)-6-oxabicyclo[3.1.0]hexane (2.40 g, yield: 43.10%) as a colorless oil, which 

was confirmed by NOE. IH-NMR (400 MHz, CDCl3) 6 ppm 7.37-7.26 (in, 5H), 4.61-4.51 (m, 2H), 

4.09 (d, 111, J= 5.2 iz), 3.55 (br.s, 111), 3.49 (br.s, 1H), 1.99-1.95 (m, 11), 1.87-1.75 (in, 2H), 

1.54-1.52 (m, 1H).  

Step 4:(S.25 2:Azido:5-(ber lox -ccloentan:1:ol 

O N3 

NaN3/NH4CL HO 

MeOH_/H_20f 
Bnd BnO 

To a mixture of (1S,2S,5S)-2-(benzyloxy)-6-oxabicyclo[3.1.0]hexane (2.40 g, 12.62 mmol) 

and NH 4 Ci (1.55 g, 29.03 mmol) in H20 (3.00 mL) and MeOH (24.00 mL) was added NaN3 (4.10 

g, 63.10mmol), which was stirred at 80 °C for 16hrs. After TLC (PE:EtOAc=10:1) showed the 

starting material was consumed, the organic solvent was dried by N2 and the residue was diluted 

with H20 (20 mL), extracted with DCM (20 mL*3). The combined organic phases were washed 

with H120 (10 mL*3), dried over Na2SO4, and concentrated to give (1S,2R,5S)-2-azido-5

(benzyloxy)cyclopentan-1-ol (2.60 g. yield: 88.32%) as a brown oil. 'H-NMR (400 MHz, CDCLs) ( 

ppm 7.42-7.31 (Im, 51), 4.64-4.55 (in, 21), 4.02-3.99 (in, 1), 3.82-3.80 (i, 11H) 3.66-3.63 (in, 

1H), 2.25 (br.s, IH), 2.07-2.01 (m,2H), 1.80-.77 (in, 2H).  

Step 5: (((IS,2R,5S)-2-Azido-5-(benzvloxy)cvclopentvi)oxv)(tert-butyl)dimethyisilane 

N 3  N 3 

HO TBDMSCI TBDMSO 

imidazole/CHCl 3 
Bnd BnO 

A mixture of (1S.2R,5S)-2-azido-5-(benzyloxy)cyclopentan-1-ol (2.50 g. 10.72 

minol), imidazole (1.61 g,23.69 mmol) and TBDMSC (2.42 g, 16.08 Imol) in CHC13 (5.00 

mL) was stirred at 80 °C for 16 hrs. OnceTLC (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 (((IS,2R,5S)-2-azido-5

(benzyloxy)cyclopentyi)oxy)(tert-buty)dimethysilane (3.00 g, yield: 80.52%) as a colorless oil. 'H

NMR (400 MHz, CDC]) 6 ppm 7.24-7.15 (in, 51), 4.40 (d, 2H,J 2. I-z), 3.88-3.86 (m, 1H), 

3.63-3.61 (m, iH), 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).  

Step 6: tert-butyl ((1 R,2S,3S)-2-((tert-butyldimetiylsilyl)oxy)-3-flydroxycyclopentyl)carbanate 

Na NHBoc 

TBDMSO H 2/Pd(OH) 2 TBDMSO 

MeOH/Boc 2O 
BnO' HO' 

To a mixture of (((IS,2R,5S)-2-azido-5-(benzlox)cvclopentyl)oxy)(tert

butyl)dimethylsilane (2.90 g 8.34 mmol) and Boc2O (2.20 g,10.10 mmol) in MeOH (50.00 

mL) was added Pd(OH)2 (1.50 g. 5.42 mmol), which was stirred at 50 °C under H2 (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,2S,S)-2-((ter-butyldimethylsilyl)oxy)

3-hydroxycyclopentyl)carbamate (2.10 g yield: 75.95%) as a white solid. 'H-NMR (400 MHz, 

CDCis) 6 ppm 4.81 (br.s. 111), 3.89-3.88 (in, 111), 3.70-3.67 (m, 2H), 2.06-1.89 (in, 211) 1.58-1.56 

(m,2H). 1.35 (s, 9H), 0.79 (s, 9H), 0.02 (s, 3H), 0.00 (s, 3H).  

Step 7: tert-butyl ((1R,2S,3R)-2-((tert-butyldimethylsilvl)oxy)-3-Fluorocyclopentyl)carbamate 

NHBoc NHBoc 

TBDMSO x DAST TBDMSO 4, j 

HO F 

To a mixture of tert-butyl ((1R2S,3S)-2-((tert-butyildimethylsilyil)oxy)-3-

hydroxycyclopentyl)carbamate ( 10 g, 3.32 mmol) in DCM (50.00 mL) was added DAST (1.61 

g 9.96 mmol) at -70 C.The reaction mixture was stirred at -70 °C for 1 hr and25 °Cfor 1 hr.  

After TLC (PE:EtOAc=5:1. Rf= 0.6) showed the reaction was complete, ice water (5 mL) was 

added to the reaction. The solution was extracted with DCM (20 ml*3) and washed with brine 

(30 mL). The organic layer was dried over Na2SO4 and concentrated. The residue was purified 

by column chromatography on silica gel (PE:EtOAc = 100:1) to give tert-butyl ((1R,2S,3R)-2
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((tert-butvldimethylsilyl)oxy)-3-fliuorocclopentyl)carbamate(100.00mg, yield: 9.03%) as a 

white solid. 'H-NMR (400 MHz, CDC 3) 6 ppm 4.64 (d, H J= 54.4 Hz), 4.26 (br.s, 1H). 3.90

3.86 (m, 1H), 3.76-3.68 (i, 1H', 2.11-1.79 (n 4H), 1.34 (s. 9H), 0.81 (s. 9H), 0.00 (s. 611).  

Step 8: (IS.2R,5R)-2-Amino-5-fluorocyclopentan-1-oI hydrochloride(relative stereochemistry) 

NHBc NH HCI 

TBDMSO_ HC HO 

MeOH 
FF 

A solution of tert-butyl ((1R,2S,3R)-2-((tert-butyldimethylsilyl)oxy)-3

fluorocyclopentyl)carbamate (100.00 mg, 299.84 umol) in HC/MeOH (20.00 mL, 4 M) was 

stirred at 25 °C for 16 hrs. TLC (PE:EtOAc=5:1, R= 0) showed the reaction was complete. The 

solution was dried by N2 and (1S,2R,5R)-2-anino-5-fluorocyclopentan-1-ol hydrochloride 

(relative stereochemistry)(45.00 mg. yield: 96.45%) was obtained as a yellow solid. IH-NMR (400 

MHz, CDAOD) 5 ppm 4.93-4.89 (m, IH), 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 (1S,2R,5S)-2-amino-5-fluorocyclopentan-1-ol (relative 

stereochemistry) 

NBn2,   
NBn2  

NBn 
NBn2 1) CisCCOOH (5 eg.)/DCM N AcOH/50°C/6 hrs H MsC/EtaN/DMA OMs 

S 2)m-CPBA (.05 eq) (-uR) DCM 

OAc OAc 

NBn2 NH 2 
K2CO3 HBF 4.EtO OH H2/Pd(OH) 2  OH 

MeOH/THF (7:3) DCM s) MOs DCM ~MeOH -(S 

(R) F F 

(relative stereochemistry) 

Step 1: (1R,2R,5S)-N,N-Dibenzyl-6-oxabicyclof3.1.01hexan-2-amine 

NBn1 2 1) Cl 3CCOOH (5 eq)/DCM Nn2 

2) ni-CPBA (1.05 eg) 

Cl 3CCOOI-I (154.72 g, 949.20 nmmol) was added to a stiring solution of NN

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

mixture was stirred at20 °C for 0.1 hr.n -CPBA (43.00 g, 199.33 mmol) was added in one portion 
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and the reaction mixture was allowed to continue to stir 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. aq. Na2SO3 was added until starch-iodide paper indicated no remaining m-CPBA. Sat. aq.  

NaHCO3 (500 rnL) was added and the layers were separated. The organic layer was washed with 

aq. NaHCO3 (200 mL*2) then dried, concentrated, and purified by column chromatography on 

silica gel (PE:Et(Ac=100:1-50:1) to give (1R,2R,5S)-N,N-dibenzl-6-xabicyclo3.1.0]hexan-2

amine (30.00 g, yield: 56.56%) as a white solid. IH-NMR (400 MHz, CDC13) 6 ppm 7.41 (d, 4H, J 

= 7.2 iz), 7.31 (t, 4H, J 7.6 iz), 7.25-7.22 (m, 2H), 3.86-3.70 (i, 4H), 3.44 (s, 1H), 3.32 (s, 1H), 

3.28-3.24 (i, 1H), 2.04-2.01 (in, 1H), 1.54-1.45 (m, 3H).  

Step 2:(R 3R)-3-Dilenzvlamino)-2-hydroxcvcopentvlicetate 

NBn2 ,n 
N~n AcOH/50°C/6 hrs N2OH 

bAc 
The solution of (1R,2R,5S)-NN-dibenzyl-6-oxabivclo[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 

10:1) showed the reaction was complete, the mixture was concentrated to remove AcH, the 

residue was dissolved in DCM (100 mL), and the organic layer was washed with aq. NaHCO 3 (100 

mL*3), and dried over Na2SO4 and concentrated. The residue was purified by silica gel column 

chromatography (PE:EtOAc = 100:1-50:1) to give (1R,2R,3R)-3-(dibenzylanino)-2

hydroxycyclopentyl acetate (20.00 g,yield: 54.87%) as a white solid. I H-NMR (400 MHz, CDCl) 

cippm 7.36-7.28 (in, 10H), 5.05-5.02 (m. IH), 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, IH), 2.07 (s, 3H), 1.97-1.94 (,in. IH), 1.78-1.73 (in, IH), 1.60-1.54 (m, 

11-).  

Step 3: (1R,2R,3R)-3-(Dibenzylamino)-2-((methvlsulfonyl)oxy)cyclopentvI acetate 

NBn2  NBn 2 

~OHi MsC!/Et3N/DMAP OMs 

(R) DCM (R) 

bAc bAc 

MsCi (8.10 g, 70.71 inmol) was added dropwise to a mixture of (1R,2R,3R)-3

(dibenzylamino)--2-hydroxycyclopentyl acetate (20.00 g, 58.92 mmol), Et3 N (18.48 g, 182.66 

mmol) and DMAP (719.83 ig, 5.89 mmol) in DCM (200 mL).After addition, the mixture was 
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stirred at 20 °C for 16 hrs. After TLC (PE:EtOAc=10:1 ) showed the reaction was complete, the 

mixture was washed with water (100 mL*2), the organic layer was dried over Na2SO4, and purified 

by column chromatography on silica gel (PE:EtOAc = 80:1-60:1) to give (IR,2R,3R)-3

(dibenzylamino)-2-((methylsulfonyl)oxy)cyclopenty acetate (15.00 g, yield: 60.97%) as a white 

solid. I H-NMR (400 MHz, CDCl3) 6 ppm 7.41 (d. 4H J = 7.6 Hz) 7.33 (t, 4H, J= 6.8 Hz), 7.31

7.25 (in, 211) 5.16-5.13 (m, 1H), 5.01-5.00 (m, IH), 3.92-3.81 (m, 411), 3.37-3.32 (m, 11) 3.15(s 

3H), 2.33-2.30 (m. 111),2.01 (s. 31H), 1.98-1.91 (m, 2H), 1.56-1.53 (m, 11).  

Step 4: (IS,2R,5R)-N,N-Dibenzyl-6-oxabicyclo[3.1.0ihexan-2-amine 
NBn2 

N~n2 K2CO3  NBn2 

OMs R)____ 

(R) MeOH/THF (73) 

OAc (R) 

KCT3 (5.96 g, 43.11 mnol) was added to a mixture of (IR,2R,3R)-3-(dibenzylaImino)-2

((methylsulfonyl)oxy)cyclopentyI acetate (15.00 g, 35.93 mmol) in MeOH (70 mL)/THF (30 mL).  

The mixture was stirred at 20 °C for 16 hrs. AfterTLC (PE:EtOAc = 10:1) showed the reaction was 

complete, the mixture was concentrated to remove MeOH and THF. The mixture was then 

dissolved in DCM (20 nL), the organic layer was washed with water (10 mL*2),dried over 

Na2SO4, and concentrated to give (S,2R,5R)N,N-dibenzyl-6-oxabicyclo[3.1.0]hexan-2-amine 

(10.00 g,yield: 99.62%) as a white solid. I H-NMR (400 MHz, CDC3 ) 6 ppm 7.37 (d, 411, J= 7.6 

Hz), 7.32 (d, 4H, J= 7.2 Hz), 7.29-7.23 (m 21). 3.73-3.69 (m, 2H), 3.53-3.41 (m. 5H),2.06-2.00 

(m. 1H). 1.91-1.90 (m, 11), 1.87-1.76 (m 1H), 1.51-1.48 (m, 1H).  

Step 5: (1 S,2R,5S)-2-(Dibenzvlamino)-5-fluorocyclopentan-1-ol 

N~n",NBn2 
HBF4.Et 2O 
____ ....___ 

, OH 
DOOH 

F 

To a mixture of (1S,2R,5R)-N,N-dibenyl-6-oxabicyclo(3.1.0]hexan-2-anine (6.50g, 

23.27 mmol) in DCM (200 mL) was added HBF 4/Et2O(7.54 g,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 Na 2CO1 (100 mL) and extracted with DCM (200 mL*2). The organic layer 

was dried over Na2SO4, concentrated. and purified by column chromatography on silica gel 

(PE:EtOAc = 60:1 to'20:1) to give(1S,2R,S)-2-(dienzyamino)-5-fluorocyclopentan-1-ol(1.80 
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g,vield: 25.84%) as a white solid. 'H-NMR (400 MHz, CDC 3) 6 ppm 7.38-7.22 (in, 10H), 4.81

4.67 (m, 1H), 4.23-4.15 (m, I1H), 3.83-3.55 (m, 4H), 3.04-2.98 (in, 1H), 1.93-1.79 (m, 4H).  

Step 6:_(IS 2R,5S)-2-Amino-5-fluorocvclopentan-1-oi(reIlative stereochernistry) 

NBn2  NH 2 
H 2/Pd(OH).  

MeOH 
F F 

(relativestereochemistry) 

To a mixture of (IS,2R,5S)-2-(dibenzylanino)-5-fluorocyclopentan-1-ol (1.60 g, 5.34 

mmol) in MeOH (10 mL) was added Pd(OH)2 (500.00 mg. 3.61 mmol), and the mixture was 

allowed to stirat 30 °C for 16 hrs under 12 (30 psi). After TLC showed the reaction was complete, 

the mixture was filtered by celite and the filtrate was concentrated to give (1S,2R,5S)-2-amino-5

fluorocyclopentan-1-ol (600.00 ig, yield: 94.31%) as a white solid. 'H-NMR (400 MHz, CDC 3 ) 

6 ppm 4.93-4.77 (m, 1H), 3.92-3.84 (m, 1H), 3.10-3.04 (m, i1H), 2.07-1.98 (m, 3H), 1.64-1.61 (m, 

1H).  

Example 10: Synthesis of 3-Fluoro-5-((2R,4S)-4-fluoropyrrolidin-2-yl)pyridine 
Br 

OH OTBDMS OTBDMS 0 OTBDMS 

R) TBDMSC| (R) BC, 2  (R) N (R) 

imidazole N EN i-PrMgC-LiC/THF 
SH /DMF H Boc N F BOC 

HO OTBMS OTBDMS OH 
HO OBDMS)(R)(R) 

NaBH4 MsCI (13 eq.)/Et 3N (15 eq.) TBAF 

MeOH NH D 0F NTHF F, N DCMI-60-25 0C TF F.  
N BOc Boc Boc 

F FN N 

DAST HCI/EtOAc 

DCM F ,,N F 

N oc Boc 2HC1 

Nz N N 

Step 1: (R)-4-((tert-butyldimethylsilvl)oxy6pyrroidin-2-one 
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OH OTBDMS 
) TBDMSCI (R) 

imidazole 
O H /DMF O H 

To the mixture of (R)-4-hydroxypyrrolidin-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, R = 0.8) showed the 

reaction was complete, then water (200 mL) was added the resulting precipitate was collected by 

filtration and dried in vacuo to give (R)-4-((tert-butyldirnethylsill)oxy)pyrrolidin-2-one (15.5 g, 

yield: 80.7%) as a white solid. I H-NMR (400 MHz, CDC3) 6 ppm5.90 (br.s. 1H), 4.55-4.53 (in, 

11), 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, 

911), 0.06-0.00 (m, 6H).  

Step 2: Preparation of tert-butyl(R)-4-((tert-butvldimetihylsilvloxv)-2-oxopvrrolidine-1-carboxvlate 

OTBDMS OTBDMS 
(R) BOC20/DMAP 

Et 3N/CH 3CN N 
.0; H Boc 

To the mixture of (R)-4-((tert-butyldimethylsilyi)oxy)pyrrolidin-2-one (15.5 g, 72.0 mmol) 

in CH3CN (150 iL.) was added EtN (8.72 g, 86.4 mmol), DMAP (4.39 g, 36 mmol), and Boc2O 

(20.4 g, 93.7 mmol) in one portion at 0 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

butyildimethylsilyl)oxy)-2-oxopyiTolidine-1-carboxylate (19.2 g, yield: 84.6%) as a pink solid. 'H

NMR (400 MI-Iz, CDCI3) ppm 4.33-4.30 (m, 11-), 3.81-3.77 (Im, 111), .3.56-3.54 (in, 1), 2.67-2.61 

(m, 11), 2.41-2.37 (m, 1H), 1.46 (s. 9H), 0.80 (s. 9H), 0.00 (s. 6H).  

Step 3: tert-butyl ((2R)-2-((tert-butyldiimethylisilyl)oxy)-4-(5-fluoropyridin-3-yl)-4

hydroxybutyl)carbamate 

Br 

OTBDMS O OTBDMS HO OTBDMS 
(R) (R) NaBH   (R) 

- KNH NH 
N i-PrMgCI-LiCI/THF I MeOH 

N Boc N ' o Boc F F 

To the mixture of 3-bromo-5-fluoro-pyridine (3.35 g, 19.02 mmol, 1.20 eq) in TiF (40.00 
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mL) was added i-PrMgCI-LiCl (1.3 M, 17.56 mL, 1.44 eq) dropwise at 0 °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/EtOAc =10/1) showed a new spot was generated indicating that the Mg reagent 

was prepared successfully. Tert-butyl (R)-4-((tert-butyldimethylisilyl)oxy)-2-oxopyrrolidine-1

carboxylate (5.00 g, 15.85 mmoli 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 I hr, then stirred at 25 °C 

for 16 hrs. TLC (PE/EtOAc = 3/) showed the starting material was consumed completely and the 

desired product tert-butyl (R)-(2-((tert-butydimethylsilyl)oxy)-4-(5-fluoropyridin-3-yl)-4

oxobutyl)carbamate was detected. The reaction was quenched by addition of MeOH (50 mL) at 0 

°C. NaBH4 (1.20 g, 31.70 mmol, 2.00 eq) 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 NH 4CI (400 mL) and extracted 

with EtOAc (600 mL*3). The combined organics were dried over Na2S)4 and concentrated in 

vacuo, and the residue was purified by HPLC to give tert-butyl ((2R)-2-((tert

butyldimethylsilyl)oxy)-4-(5-fluoropyridin-3-yl)-4-hydroxybutyl)carbamate (1.24 g, yield: 18.91%) 

as a yellow oil. 'H-NMR (400 MHz, CDCl3) 6 ppm 8.26-8.22 (in, 2H), 7.37 (d. 1H. J= 8.8 Hz), 

4.95-4.88 (m, 2H), 4.69 (br.s, 1H), 4.00-3.98 (in, 2H)3.23-3.10 (m, 2H), 1.73 (br.s, 211), 1.32 (s, 

9H), 0.80-0.79 (m, 9H), 0.00 (s, 6H).  

Step 4: tert-butyl (4R)-4-((tert-butyldimethylsilvlloxy)-2-( 5 -fluoropyridin-3-yl~pyrrolidine-1

carboxylate 

OTBDMS 
HO OTBDMS (R) 

(R) MsCI (13 eq.)/Et3 N (15 eq.) 

NH F N 
DCM/-60-25°C 

N Boc Boc 
F N 

To the mixture of tert-butyl ((2R)-2-((tert-butyldimethylsilyl)oxy)-4-(5-fluoropyridin-3-yl)

4-hydroxybutyl)carbamate (8.70 g, 20.98 mmol, 1.00 eq) and Et3N (31.84 g,314.70 mmol, 15.00 

eq) in DCM (500.00 mL) was added dropwise MsCI (31.24 g272.74 mmol, 13.00 eq) at -60°C 

over 0.5 hr. The mixture was then stirred at -60 °C for I hr, and the reaction mixture was allowed to 

warn to 25 °C and stirred for 18 hrs. LCMS showed the starting material was consumed 

completely. The mixture was then washed with H 20 (200 mL*3), and the aqueous phase was 
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extracted with DCM (200 mL*4). The combined organic layers were dried over Na2SO4 and 

concentrated in vacuo to give crude product tert-butyl (4R)-4-((tert-butyldimethylsill)oxy)-2--(5

fluoropyridin-3-y)pyrrolidine--carboxylate (8.30 g, crude) as a black/brown oil, which was used 

directly without purification.  

Step 5: tert-butyl (4R)-2-(5-fluoropvridin-3-yl)-4-hydroxypyrrolidine-1-carboxylate 

OTBDMS OH 

TBAF 

F N THF F-1 N 
Boc Boc 

N N 

To the mixture of tert-butyl (4R)-4-((tert-butydimethylsiyl)oxy)-2-(5-fluoropyridin-3

yl)pyrrolidine-1-carboxylate (8.30 g, 20.93 mmol, 1.00 eq) in THF (250.00 mL) was added TBAF 

(9.43 g, 41.86 mmol, 2.00 eq) at 25°C. The mixture was stirred at25 °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 EtOAc (600 mL),washed with water (200 mL*5), dried over Na2SO 4, and 

concentrated. The crude product was purified by PLC to give tert-butyl(4R)-2-(5-fluoropyridin-3

yl)-4-hydroxypyrrolidine--carboxylate (4.70 g, 16.65 mmol, yield: 79.54%) as a brown black oil.  

IH-NMR (400 MHz, CDCl3) 6 ppm 8.37-8.33 (m, 2H), 7.48 (br.s, 1H), 5.09-4.89 (m, IH), 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).  

Step 6: tert-butyl (2R,4S)-4-fluoro-2-(5-fluoropyridin-3-yl)pyrrolidine-I-carboxylate 

OH F F 
(R) (S) 3 ) 

DASTN)0 

F N DM F N 
Boc \Boc Boc 

N) N N 

To the mixture of tert-butyl (4R)-2-(5-fluoropyridin-3-yl)-4-hydroxypyrrolidine-I

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 eq) at -78 °C over 0.5 hr. The reaction mixture was stirred at -78 °C for 2 

hrs, then allowed to warm to 25 °C and stirred for 20 hrs. After TLC (PE/EtOAc = 0/1) showed the 

starting material was consumed completely, the mixture was cooled to 0 °C and quenched by 

saturated NaHCO3 solution (100 mL) dropwise. The organic phase was separated and dried over 

Na2SO 4, 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 (2R4S)-4-fluoro-2-(5-floropyridin-3

yI)pyrrolidine-1-carboxylate (1.38 g, 4.85 mmol, yield: 29.15%, R= 0.53) as a white solid and tert

butyl (2S,4S)-4-fluoro-2-(5-fluoropyridin-3-yl)pyrroidine-I-carboxylate (1.36 g, 4.78 nmol, yield: 

28.73%, R =0.43) as a yellow oil. H-NMR (400 MHz, CDCl3) ippm 8.31-8.27 (m, 2H) 7.2

7.18 (m, IH), 5.18 (d, IH, J= 51.6 Hz), 4.97-4.88 (m, 1H), 4.04-4.00 (m, IH), 3.64 (dd, IH. J 

38.8, 12.8 Hz), 2.67 (dd, i1H, J= 15.6, 6.8 Hz), 1.97-1.67 (m, 1-), 1.56-1.12 (in, 9H).  

Step 7: 3-Fluoro-5-((2R.4S)-4-fluoropyrrolidin-2-yl)pyridine 

F F 

(S) HOI/EtOAc 2HCI () 

H 
Boc 

N N 

To the mixture of tert-butyl (2R,4S)-4-fluoro-2-(5-floropyridin-3-yl)pyrrolidine-1

carboxylate (1.38 g, 4.85 mmol, 1.00 eq) in EtOAc (10 mL) was added dropwise HCl/EtOAc (40.00 

mL. 4 M) at 0 °C. The mixture was allowed to warm to 25 °C and stirred 3 hrs. After TLC 

(PE:Et()Ac =1:1) showed the reaction was complete, the solvent was evaporated to give 3-fluoro-5

((2R.4S)-4-fluoropyrrolidin-2-yl)pyridine (1.25 g, 4.86 mmol, yield: 100.00%) as a brown solid. I H

NMR (400 MHz, CD 30D) 6 ppm 8.84-8.81 (m, 211), 8.31 (d, I H, J= 9.2 Hz'), 5.62 (dt, 11-,,/ 

52.0, 2.4 Hz). 5.23-5.18 (m, 1H), 4.00-3.95 (m 1H), 3.88-3.71 (m, IH), 2.67 (td iH, J= 16.0,6.0 

Hz), 1.69-1.59 (m, 1H).  

Example 11: Synthesis of (3R,4S,5R)-5-aminotetrahydro-2H-pyran-3,4-diol 

AcO OAc Et3SiH AcO Et3N HO mCPBA HO O 

AcO ~ BF3-OEtjE3 CB 

10 DCM O MeOH/H 20 0 DCM 

HqN OHH OH 
HO H H2 , Pd-C HO, NH 

2-BuOH, 100'C ° 1-110 

Sta ce:teS3-dihydr:2Hvn n -11 ae tat 

(3R,4S)-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 nl), and stirred under N2 at room temperature. Triethylsilane (2.55 nl, 15.93 mmol) was added 

and stirred for 5 minutes. BF3.OEt2 (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).  

(S)-3,6-dihydro-2H-pyran-3-yl acetate (1.9g, 92% yield) was recovered as clear oil. 1 NMR (400 

MHz, DMSO-d6) 6 6.10 (dddt, J = 10.2, 3.2, 2.1, 1.0 Hz, 1H), 5.84 (ddt, J = 10.1 4.3, 2.1 Hz, 1H), 

4.96 (dtd, J =4.3, 2.7, 1.5 Hz, 11), 4.16 - 3.89 (n, 2H), 3.73 (t, J = 2.9 Hz, 211), 2.01 (d, J = 0.9 Hz, 

3H).  

Step 2: (S)i-3,6-dihydro-2H--pyran-3-ol 

(S)-3,6-diliydro-21-1-pyran-3-y acetate (1.9 g, 13.37 mmol) was taken up in MeOH (30 nil) 

and Water (20 ml). Triethylamine (7 ml. 50.2 mmol) was added and stirred at room temperature for 

30 min. The solvent was removed tinder reduced pressure. The residual water was then extracted 

with EtOAc three times. The organic layers were combined, dried over sodium sulfate and the 

solvent was removed. (S)-3,6-dihydro-2H-pyran-3-oI (1I1 g, 10.99 nrnol, 82 % yield) was 

recovered as a clear oil. The crude product was carried on without further purification.  

Step3: (1S,5R,6R)-3,7-dioxabic3yclo[4.1 .0heptan-5-ol 

(S)-3,6-dihydro--2H-.pyran--3-ol (1.1 g, 10.99 mmol) was taken up in CH2Cl2 (20 ml) and 

cooled to 0 °C. mCPBA (4.55 g, 13.18 mmol) was added portion wise. The reaction 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, (IS,5R,6R)-3,7-dioxabicyclo[4..0]heptan-5-ol (1.2g, 100% 

yield) was carried on without further purification.  

SteR4:3R 1,1R -1hen et hy amino)tetahdroH-pran34diol 

(iS,5R,6R)-3,7--dioxabicyclo[4.1.0]heptan-5-ol (1.26 g, 10.85 mmol), (R)-1

phenylethanamine (1.658 nl, 13.02 mmol) were taken up in 2-BuO-I (15ml). The reaction mixture 

was heated to 100 °C for 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,4S,5R)-5
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(((R)-1-phenylethyl)amino)tetrahydro-2H-pyran-3,4-diol (0.350g. 14% yield). 1I NMR (400 MHz, 

DMSO-d) 6 7.38 -7.24 (m 4H), 7.22 - 7.12 (in, 1H), 4.61 (d,J = 5.6 Hz, 1H), 4.46 (d,/ = 4.8 Hz, 

1HI), 3.88 (q, J= 6.5 Hz, 1H), 3.64 (tt, J= 5.0, 2.8 Hz, 1), 3.47 (dd, J= 11.4, 4.7 Hz, 11), 3.39 

(ddd, J= 8.45.6, 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, IH), 2.57 (td, J= 7.8, 3.9 Hz, 1H), 1.86 (s, 1H), 1.21 (d. J= 6.6 Hz, 3H).  

Step 5: (3R,4S,5R)-5-ainiotetrahydro-2-pyran-3,4-diol 

(3R,4S.5R)-5-(((R)-1-phenyletlhyl)amino)tetrahydro-2H-pyran-3.4-diol (0.350 g. 1.475 

mmol) was taken up in EtOI (3 ml) and Pd-C (0.031 g, 0.295 mmol) was added. The reaction 

mixture was stirred under H2 balloon overnight. The reaction mixture was filtered through Celite 

and the solvent was removed to live (3R,4S,5R)-5-aminotetrahydro-21--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-difliioropyrrolidiii-2-yI)-5-fluoropyridine 

Step 1: tert-butyl (2R,4R)-4-((tert-butyldimethlvsilyl)oxv)-2-(5-fluoropyridin-3-yl)pyrrolidine-1

carboxylate 

OTBDMS OTBDMS 
HO OTBDMS 

(R) MsCI (13 eq.)/Et3 N (15eq.) 

N ~ DCM/-60-25 0C Boc Boc 
N *NC 

To a mixture of tert-butyl(2R)-2((t-butyldimethylsilyl)oxy)-4-(5-fluoropyridin-3-yl)-4

hydroxybutyl)carbamate (6.80 g, 16.40 mmol) and Et 3N (24.89 g 246.00 mmol) in DCM (500.00 

mL) was added MsCI (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 18 hrs. The mixture was washed with H2 0 (200 mL*3). The aqueous phase was 

extracted with DCM (200 mL*4). The combined organic layers were dried over Na2SO4 and 

concentrated in vacio. The residue was purified by silica gel chromatography (PE:EOAc = 50/1, 

20/1, 10/1) to afford tert-butyl (2S,4R)-4-((tert-butyildimethylsilyl)oxy)-2-(5-fluoropyridin-3

yl)pyrrolidine-I-carboxylate (2.70 g, yield: 41.52%) and tert-butyl (2R,4R)-4-((tert

butyldimethylsilyl)oxy)-2-(5-fluoropyridin-3-yl)pyrrolidine-1-carboxylate (2.40 g, yield: 36.89%) 

as brown oil. 1H-NMR (400 MIz, CDCl3)6 ppm 8.40 (br.s, 2H), 7.56-7.45 (m, 1H), 5.11-4.94 (m, 

2H), 4.53 (br.s, IH), 3.85-3.79 (m, 1H), 3.66-3.53 (m, IH) 2.62-2.58 (m, 1H), 2.04-2.01 (m, 1H), 
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1.56 (s, 31H) 1.32 (s, 611). 0.99-0.88 (i, 911), 0.18-0.00 (m, 611).  

Step 2: tert-butyl (2R,4R)-2-(5-fluoropvridin-3--yi)-4-hydroxypyrrolidine-1-carboxylate 

OTBDMS OH 
(R)R) 

TBAF 

Boc THF N Boc 

To a mixture of tert-butyl (2R,4R)-4-((tert-butyldimethylsilyl)oxy)-2-(5-fluoropyridin-3

yI)pyrrolidine-1-carboxylate (2.40 g, 6.05 mmol) in THF(60.00 mL) was added TBAF (3.16 g, 

12.10mmol)inoneportion at 25°C. The mixture was concentrated under reduced pressure at 50°C.  

The residue was added to water (20 mL). The aqueous phase was extracted with ethyl acetate (30 

mL*3). The combined organic phase was washed with saturated brine (20 mL*2), dried over 

Na2SO4, filtered and concentrated in vacuo. The residue was purified by silica, gel chromatography 

(PE:EtOAc = 20/1. 10/1,1/3) to afford tert-butyl (2R,4R)-2-(-fluoropyridin-3-yl)-4

hydroxypyrrolidine-1-carboxylate (1.30 g, yield: 76.11%) as a yellow solid. 1H-NMR (400 MHz, 

CDCl3) 6 ppm 8.26 (d, 2H, J = 12.8 [z), 7.39 (br.s, 1H), 4.95-4.81 (m, 1H), 4.48-4.47 (m, 1H), 

3.73 (br.s.11H), 3.56-3.53 (m, 1H), 2.55 (br.s. 1H). 1.97-1.98 (m, 1H), 1.65-1.16 (m. 9H).  

Step 3: tert-butyl (R)-2-(5-fluoropyridin-3-yi)-4-oxopyrrolidine-1 -carboxylate 

C1 
0 N 0 

) ci- N YNC1 OH Y 0 

F 7 Bo TEMPO/DCM F BoN 

N N 

To a mixture of tert-butyl (2-R,4R)-2 L-(5-fluoropyridin-3-yl)-4-hydroxypyrrolidine-1

carboxylate (1.30 g, 4.60 mimol) and trichloroisocyanuric acid (1.10 g, 4.60 mm11ol) was added 

TEMPO (72.41 mg, 460.49 umol) at -10°C. The mixture was stirred at -10°C for 15 min, then 

warned to 25 °C and stirred for I hr. TLC (EtOAc') showed the reaction was complete. The 

organic phase was washed with NaHCO3 (0mL*2)), dried over Na2SO4, filtered and concentrated 

in vacuum. The residue was purified by silica gel chromatography (petroleum ether/ethyl acetate = 

50/1, 10/1) to afford tert-butyl (R)-2-(5-fluoropyridin-3-yl)-4-ox rodypyrrolidine-1- 1.10 g, 

yield: 85.32%) as a brown oil.  

67



WO 2017/035354 PCT/US2016/048698 

Step4:tert-butyl R-,.:4-di5uoro?--u pr din-3-ylT)vrolidine-l-boxylate 

O FF 

DAST FrF 

DCMI 
Boc Boc 

To a mixture of tert-butyl (R)-2-(5-fluoropyridin-3-yl)-4-oxopyrrolidine-1-carboxylate (1.00 

g 3.57 mmol) in DCM (100.00 mL) was added DAST (14.39 g, 89.25 mmol) dropwise at -70°C 

under N 2. 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 aq. NaHCO 3 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 Na2SO4 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-fluoropyridin-3-yl)pyrrolidine-1-carboxylate (1.00 g.yield:92.66%)as 

a brown oil. 1H-NMR (400 MIz, CDCI3) 6 ppm 8.40 (s, 11H), 8.34 (s, 11-), 7.30-7.21 (Im, 11), 5.06 

(br.s, IH), 4.14-3.85 (m,2H), 2.91-2.84 (m, IH), .39-.32(m, IH), 1.43-1.14 (m, 9H).  

Step 5: (R)-3-(4,4-difluoropyrrolidin-2-yv)-5-fluoropyridine 

;F 2HICI F 

HCI/EtOAc 
F F ,N 

H 
Boc 

N N 

Amixtureoftert-butyl(R)-4,4-difluoro-2-(5-fluoropyridin-3-yl)pyrrolidine-1-carboxylate 

(1.00 g, 3.31 mmol) in 1-CI/EtOAc (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-difluoropyrrolidin-2-yl)-5

fluoropyridine (840.00 mg, yield: 92.25%) as a white solid as bis HC salt. 1H-NMR (400 MHz, 

MeOD) 6 ppm 8.68-8.63 (m, IH), 7.97 (d. 1H, J = 9.2 Hz), 5.26-5.21 (m, IH), 4.03-3.90 (m, 2H), 

3.13-2.92 (m, 2H).  

Example 13. (3S,5R)-5-(2,5-difluoropheiiyl)pyrrolidine-3-carbonitrile 

Ste'p 1: tert-butyl ((2R)-2-((tert-butyldimethylsilyloxy)-4-(2,5-difluorophenyl)-4

hydroxvbutyl)carbamate 
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Br 

OTBDMS HO .OTBDMS 
F (R) 

SF 
N 1. i-PrMgC/THF 

boo 
Boc 2. NaBH 4/MeOH F 

To a solution of 2-bromo-1,4-difluoro-benzene (3.01 g, 15.60 mmol, 1.20 Eq) in THF(15 

mL) was added isopropylmagnesium chloride complex (2.27 g, 15.60 mmol, 1.20 Eq) at 0C 

dropwise under N 2 . 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-butydimethylsilyl)oxy)-2

oxopyrrolidine-1-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 0Cover 30 mins. Thereaction mixture 

was stirred at 0C for I hr. Methanol (20 mL) was added to the mixture followed by NaBH 4 (738 

mg, 19.50 mmol, 1.50 Eq) at 0°C. The mixture was stirred at 0C 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 Na 2SO4 . filtered and concentrated. The crude product was 

purified by medium pressure liquid chromatography (MPLC) to give tert-butyl ((2R)-2-((tert

butyildimethylsilyl)oxy)-4-(2.5-difluorophenyl)-4-hydroxybutyl)carbamate (2.22 g. 5.14 mmol, 

39.6% yield). H-NMR (400 MHz, CDC 3 ) 6 ppm 7.17-7.15 (m, 1-1), 6.86-6.79 (m, 2H), 5.11-5.06 

(m, IH), 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,H), 

1.80-1.69 (m, 2H), 1.35 (s, 9H). 0.84-0.82 (91-1, in), 0.04-0.03 (611, n).  

Step 2: tert--butvl (4R)-4-((tert-butyldimethvlsilyl)oxv)-2-(2.5-difluorophenyl)pyrrolidine-1-

carboxylate 

OTBDMS 

HO OTBDMS R) 
(R) ~ MsCI 

F NH Et3N/DCM F N 

NH Bo 
F Boc F 

To a solution of tert-butyl((2R)-2-((tert-buyldiehysiyl)oxy)-4-(2,5-difluorophenyl)-4

hydroxybutyl)carbamiate (13.40 g, 31.05 minol, .00 Eq) and Et 3N (9.43 g, 93.14 imol, 3.00 Eq) 

in DCM (50 mL) was added dropwise methanesulfonyl chloride (5.33 g, 46.57 mmol, 1.50 Eq) at 

600C by under N2 The mixture was stirred at -60°C for 2 hrs and 15°C for 16 hrs. LCMS showed 

the starting material was consumed completely. The reaction mixture was extracted with DCM (30 
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mfL*2) and the combined organic were washed with brine (50 mL), dried over Na2 SO4 and filtered, 

concentrated to give tert-butyl (4R)-4-((tert-butyldimethylsill)oxy)-2-(25

difluorophenyl)pyrrolidine-1-carboxylate (12.00 g, 26.11 mrnol, yield: 84.10%, 90% purity) which 

was used directly without further purification.  

Step 3: tert-butyl (2R.4R)-2-(2,5-difluorophenvl)-4-hydroxvpyrrolidine-1-carboxylate 

OTBDMS OH OH 
R) (R) 

TBAF 

FFN HF_ ,R) N F()N 

Boc F oc Boc 
FF F 

To a solution of tert-butyl (4R)--4-((tert-butyldimethylsilyl)oxy)-2-(2,5

difluorophenvl)pvrrolidine-1-carboxylate (4.50 g, 10.88 mmol, ILM Eq) in THF (30 mL) was 

added TBAF/T HF (1M, 14.15 mL, .30 Eq) at 15°C. The mixture was stirred at 15C for 16 hrs.  

TLC (PE:EtOAc = 3:1) showed the staiting material was consumed completely. The reaction 

mixture was quenched by H20 (50 mL), extracted with EtOAc (30 mL2)and the combined 

organics were washed with brine (10 mL), dried over Na2SO 4, filtered and concentrated in vacuo.  

The residue was purified by neutral prep-HPLC to afford ert-butyl (2R,4R)-2-(2,5-difluorophenvl)

4-hydroxypyrrolidine-1-carboxylate (1.00 g, 3.34 mmol, yield: 30.70%) as a white solid. 'H-NMR 

(400 MHz, CDCi3 ) 6 ppm 7.04-6.80 (i, 31-), 5.10-5.00 (n 1H), 4.43 (s. 1H), 3.75 (br.s, 11), 3.53

3.49 (m, 1H), 2.53 (br.s, 11), 1.93-1.90 (m, 1), L.40-L.16 (m,9H).  

Step 4: tert-butyl (2R.4R)-2-(2,5-difiorophenvl)-4-((methvlsulfonyl)oxypvrrolidine-1-carboxvlate 

OH OMs 

MsCI/Et3N 

F ~ RN DOMF (N 
FFBoc F BoC 

To a mixture of tert-butyl (2R,4R)-2-(2,5-difluorophenyl)-4-hydroxypyrrolidine-1

carboxylate (3.00 g, 10.02 mmol, 1.00 eq) and Et3 N (2.03 g 20.04 mmol, 2.00 eq) in DCM (80.00 

mL) was added MsC1 (1.61 g. 14.03 mmol, 1.40 eq) dropwise at 0°C. The mixture was stirred at 

18°C for 2 hrs. The mixture was quenched by 1-120 (30 mL). The aqueous phase was extracted by 

DCM (50 mL*3). The combined organic layer was dried over Na2SO4 and concentrated under 

reducedpressure. tert-Butyl(2R,4R)-2-(2,5-difiuorophenyil)-4-((methylsuilfonyl)oxy)pyrrolidine-1
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carboxylate (3.60 g, 9.54 rrnol, yield: 95.20%) was obtained as a brown solid.  

Step 5: tert-butyl (2R,4S)-4-cyano-2-(2,5-difluorophenyi)pyrrolidine- 1-carboxylate 

OMs N 

KCN/DMSO 

F -.. RN F N 
BOG 

F BocF c 

To a mixture of tert-Butyl (2R,4R)-2-(2,5-difluorophenyl)-4

((methylsulfonyl)ox)pyrrolidine-1-carboxylate (3.60 g, 9.54 mmol, 1.00 eq) in DMSO (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 Et)Ac (80 

mL*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,4S)-4-cyano

2-(2.5-difluorophenyl)pyrrolidine-1-carboxylate (1.60 g, 5.19 mmol, yield: 54.40%) was obtained as 

light green liquid.  

Step 6: (3S,5R)--5-(2.5-difluorophenyl)pyrrolidine-3-carbonitrile 

N N 

s) TFA/DCM 

F ~ RN F (N 
k "H TFA 

F Boc F 

A mixture of tert-Butyl(2R,4S)-4-cyano-2-(2,5-difluorophenyil)pyrrolidine-1-carboxylate 

(800.00 mg 2.59 mmol, 1.00 eq) in TFA (4.00 mL)/DCM (20.00 mL) was stirred at 18°C for 3 hrs.  

The mixture was dried under N2. (3S,5R)-5-(2,5-difluorophenyl)pvrrolidine-3-carbonitrile (780.00 

mg, 2.42 mmol, yield: 93.44%) was obtained as a light yellow solid.  

Example 14. 3-flioro-5-((2R,4S)-4-floropyrrolidi-2-yl)benzamide 
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(S) (S) 

F (Ri N F R TFA 
Bc 

H 2N O 
N 

3-FIuoro-5-((2R,4S)-4-fluoropyrrolidin-2-y)benznitrile (0.050 g, 0.240 mmol) (Prepared 

as in WO 2012/034095) was taken up in TFA (0.800 ml, 10.38 mmol) and H2 SO4 (0.200 ml, 3.75 

mrnol) and stirred overnight atroom temperature. The reaction mixture was diluted with ice water 

(3ml) and the solid was isolated by filtration, and used directly.  

Example 15. 2-chloro-5-fluoro-3-((2R,4S)-4-fluoropyrrolidin-2-yl)pyridine 

Step 1: (S,Z)-N --((2-chloro-5-fluoropyridin--3-yl)methylene)-2-methy Ipropane-2-sulfinamide 

00 
0 s 

H H2N (R) j'R} 
H 

F CI Ti(OEt)4/THF 

N F C l/ CI 
N 

2--chloro--5-fluoronicotinaldehyde (20 g 125 mmol) was taken up in THF (150 ml) at 0 °C.  

(R)-2-Methylpropane-2-sulfinamide (16.71 g, 138 mmol) was added followed by dropwise addition 

of titaniumtetraethanolate (22.88 ml, 150 mrnmol). 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 for 20 minutes. The mixture was filtered through Celite. The aqueous layer was separated 

and discarded. The organic layer with dried over Na2 SO4 and the solvent was removed to give 

(S,Z)-N-((2-chIoro-5-ffluoropyridin-3-yl)methyiene)2-methylpropane-2-suIfinamide (32 g, 122 

mmol, 97 % yield), which was carried on without further purification. LCMS: 263 M+H.  

Ste2:(R)-N-((RI-i-(2chioro-5-loolrpridi-3-y)but-3-en-ll-2-methppa-2-sulfinarnide 

o 
0\ 

(R)B HN 

H 
Zn/H 2O/HMPA 

F N CI F N CI 
N N 
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(R,E)-N-((2-chlioro-5-fluoropyridin-3-y)methylene)-2-methylipropane-2-sulfinamide (32.9 

g, 125 mmol) was dissolved in HMPA (100 ml) and cooled 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 0 °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 filtered through Celite and washed with MTBE. The organic layer was washed with 

10% citric acid, water and brine. The solvent was removed under vacuum to give (R)-N-((R)-1-(2

chloro-5-fluoropyridin-3-yil)but-3-en-1-vl)-2-methylpropane-2-sulfinamide (14.5 g, 47.6 mmol, 38.0 

% yield) as an orange oil. LCMS: 305 M+H.  

Step 3: (R)-1-(2-chloro-5-fluoropyridin-3-yl)but-3-en-1-amine, HCI 

0 

HNS HCI/MeOH 

F - / CI 
F CI N 

N 

(R)-.N.-((R)-1--(2-chloro.-5-fluoropyridin--3-yl)but-3-en.-1yil)-2-methylpropane-2-sufinamide 

(7.5 g, 24.61 mmol) was taken up in 10 ml MeOH. ICI (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 Na2SO4 and the solvent was removed under vacuum. Recovered (R)-1-(2

chloro-5-fluoropyridin-3-yl)but-3-en-1-amine, HC (5.83 g, 24.59 mmol, 100 % yield) as a solid.  

LCMS: 201 M+IH.  

Step 4: (R)-N-(1-(2-chloro-5-fluoropvridin-3-yl)but-3-en-1-yl)acetamide 

H 2N AcHN 
Ac20/pyridine 

F z CI DCM F 1 / CI 
N N 

To (R)-1-(2-chlioro-5-fluoropyridin-3-yl)but-3-en--amineH[iCi (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 into saturated 
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aqueous NaIC03 and extracted with DCM. The organic layer was washed with brine, dried over 

MgSO4, and evaporated under reduced pressure. Recovered (R)-N-(1-(2-chloro-5-fluoropyridin-3

yl)but-3-en-l-yl)acetamide (5.97 g, 24.60 mmoL 100 % yield) and was carried on without further 

purification. LCMS: 243 M+H.  

Step 5: (5R)-5-(2-chloro-5-fluoropvridin-3-yl)pyrrolidin-3-yi acetate 

AcHN - HN OAc (RI 12HN 
12 

F CI THF/H 20 
F-\ ---C1 

N \ 

(R)-N-(1-(2-chloro-5-fluoropyridin-3-y)but-3-en-I-y)acetamide (5.97 g, 24.60 mmol) was 

taken up in TIF(56.2 ml) and water (14.06 ml), followed by addition of 12 (18.73 g, 73.8 mmol) 

and stirred overnight at RT. The crude reaction was diluted with saturated NaHCO and Na2S 2O 3 

solutions and extracted twice with EtOAc. Aqueous layer was basified with saturated aqueous 

NaHCO3 and extracted with EtOAc to obtain (5R)-5-(2-chloro-5-fluoropyridin-3-yl)pyrrlidin-3-yl 

acetate (5.9 g 22.81 mmol, 93 % yield) as a light yellow oil. LCMS: 259 M+H.  

Step6: (2R)-tert-butyl4-acetoxy-2-(2-chloro-5-fluoropyridin-3-vl)pvrrolidine-1-carboxvlate 

HN'11 -OAc Boc'N OAc 

- Boc2O 
(R) (r) 

H 20/dioxane 
F - / CI F CI 

N N 

To a solution of (5R)-5-(2-chloro-5-flioropyridin-3-yl)pyrrolidin-3-yl acetate (5.9 g, 22.81 

mmol) in dioxane (76 ml) and water (76 nil) was added BOC-anhydride (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 Na2SOI and the solvent was removed under vacuum to 

give (R)-tert-butyl 4-acetoxy-2-(2-chloro-5-fluoropyridin-3-yl)pyrrolidine-1-carboxylate (3.5 g, 

9.75 mmol, 42.8 % yield), which was carried on without further purification. LCMS: 359 M+-I.  

SteI 7: (2R)-tert-butyl 2-(2-chloro-5-fluoropyridin-3-vl)-4-hydroxvpyrrolidine-1-carboxylate 
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Boc-N QOAc B --N OH 

NaOH/MeOH\ 

F / CI F CI 
N N 

(2R)-tert-butyl4-aceloxyv-2(2-chloro-5-fluoropyridin-3-yl)pyrrolidine-1-carboxylate(3.5g, 

9.75 mmol) was taken up in MeOH (48.8 ml) followed by addition of 2M NaOH (5.37 ml 10.73 

mmol) and the reaction mixture was stirred at RT for 2 hours. The solvent was removed under 

vacuum and the aqueous layer was neutralized with IN HCI, and extracted with EtOAc three times.  

The combined organic layers were dried over Na2SO 4 . The solvent was removed under vacuum and 

the residue was purified via silica gel chromatography (0-70% Hex/EtOAc) to give (2R)-tert-butyl 

1-(2-chloro-5-fluorpyridin-3-l)-4-hiydroxvpyrrolidine-1-carboxylate (2.1 g, 6.63 mmol, 68.0 % 

yield). LCMS: 317 M+H.  

Step 8: (R)-tert-butyl 2-(2-chlioro-5-fluoropyridin-3-vi)-4-oxopyrrolidine-I -carboxylate 

BocN O Dess-Martin BoC'N 
periodinane 

(R R) 

F CI DCM F CI 
N --- N 

(2R)-tert-butyi12-(2-chlioro-5-fluoropyridin-3-yl)-4-hydroxypyrrolidine-I-carboxylate (2.1g, 

6.63 mmol) was taken up in DCM (66.3 ml) and NaHCO 3 (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 mmol) followed by Dess-Martin periodinane (8.44 g, 19.89 mmol) 

and stirred for 18 hours. The pH wsa adjusted to ~7 with saturated aqueous NaHCO 3 and extracted 

with DCM x3. The organic layers were combined, dried over Na2SO4 and the solvent was removed 

under vacuum. The residue was purified via flash chromatography (0-70% Hex/EtOAc) to give 

(R)-tert-butyI 2-(2-chloro-5-fluoropyridin-3-y)-4-oxopyrrolidine-I-carboxylate (1.6 g, 5.08 mmol, 

77 % yield). LCMS: 315 M+H.  

Step 9: (2R,4R)-tert-butyi 2-(2-cliloro-5-fluoropyridin-3-vl)-4-h ydroxvpvrrolidine-1-carboxvlate 

75



WO 2017/035354 PCT/US2016/048698 

Boc-N 0 Boc'N 

NaBH 4/MeOH (R) 

F CI F CI 
N N 

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

mmol) was suspended in ethanol (33.9 ml) and cooled to 0°C. NaBH4 was added portionwise 

(0.096 g, 2.54 mmol) and stirred for 45 minutes at0°C. The reaction was quenched slowly with 

saturated NH 4 C and allowed to warm to RT, and the solution was extracted with DCM x3. The 

organic layers were combined and dried over Na2SO 4 . The residue was purified via flash 

chromatography (0-70% Hex/EtOAc) to give (2R,4R)-tert-buty2-(2-chloro-5-fluoropyridin-3-yl)

4-hydroxypyrolidine-1-carboxylate (1.446 g, 4.57 mmol, 90 % yield). LCMS: 317 M+H.  

Step 10: (2R,4S)-tert-butyl 2-(2-chloro-5-flioropyridin-3-yl)-4-fluoropvrrolidine-1-carboxylate 

Boc'N OH Boc',N H F 

XtaIFILIor-E 
$(R)(R 

- DCM 
F CI F CI 

N NQ 

(2R,4R)-tert-butyl 2-(.2--chloro-5-fluoropyridin-3-yl)-4-hydroxypyrrolidine-I--carboxylate 

(1.0 g, 3.16 mmol) 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. XtalFluor-E (1.446 g, 6.31 mmol) was added and after 

10 minutes the reaction mixture was transferred to an ice bath and allowed to warm to 0°C. After 2 

hours the reaction mixture was diluted with DCM and quenched with saturated aqueous NaH-1O 3 .  

The organic layers were separated, and the solvent was removed under vacuum. The residue was 

purified via ISCO (0-50% Hex/EtOAc; I2g column) to give (2R,4S)-tert-butyl 2-(2-chloro-5

fluoropyridin-3-yl)-4-fluoropyrrolidine-1-carboxylate (0.805 g, 2.53 mmol, 80 % yield) as a white 

solid. LCMS: 319 M+H.  

Step I: 2-chloro-5-fluoro-3-((2RAS)-4-fluoropyrroIidin-2-yI)pyridine, HCi 

(F 7$JF 
Boc-N FHN 

HCI/MeOH 
"(R)( 

F CI F CI 
N 

76



WO 2017/035354 PCT/US2016/048698 

(2R,4S)-tert-butyl 2-(2-chloro-5-fluoropyridin-3-yl)-4-fluoropyrrolidine-1-carboxiate 

(0.805 g, 2.53 mmol, 80 % yield) was taken up in EtOAc (5ml) and 4N HC/dioxane (3ml) was 

added. The reaction mixture was stirred at RT for 1 hour. The precipitate was filtered off, washed 

with ether, and dried under high vacuum overnight to give 2-chloro-5-fluoro-3-((2R,4S)-4

fluoropyrrolidin-2-yl)pyridine, HCI (0.612 g, 2.399 mmol. 76 % yield) as an off white solid. LCMS: 

219 M+I.  

Example 16. 5-fluoro-3-((2R,4S)-4-fluoropyrrolidin-2-yl)-2-methoxypyridine 

HN 

F OMe 
N 

5-Fluoro-3-((2R,4S)-4-fluoropyrrolidin-2-y)-2-metoxypyridine was prepared in the same 

way as 3-fluoro-5-((2R4S)-4-fluoropyrrolidin-2-yl)benzamide, substituting for 5-fluoro-2

methoxynicotinaldehyde for 2-chloro-5-fluoronicotinaldehyde.  

Example 17. Methyl (R,3R,4R)-3-amino-4-hydroxycyclopentane-1-carboxylate 

Ste!-:_ 2- S.5R--oxa-6-azatriei[clo3.2.3.,2K-octan-7-o-n 

0 0 

oxone 

sodium phosphate :K2 
buffer pH =6 63 

To a solution of (1R4S)-2-azabicyclo[2.2.1Ihept-5-en-3-one (30.00 g, 274.90 mmol, 1.00 

eq) in Na-PO4 (395.00 mL, 0.2M) and Na2HPO4 (55.00 mL, 0.2 M) was added H 2 0 (450.00 mL) 

and oxone (669.31 g, 4.40 mol. 16.00 eq) at 0°C portion-wise over 5 hrs, and maintaining the pH = 

6 by addition of aq. NaOI- (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 

consumed completely, the mixture was filtered and aqueous phase was extracted with DCM (400 

mL*5) , the combined organic layers were dried over Na2SO4, concentrated in vacuum to get 

(IS,2R,4S,5R)-3-oxa-6-azatricyclo[3.2.1.02,4]octan-7-one (9.00 g, 71.93 mmol, yield: 26.16%) as a 

yellow solid. I H-NMR (400 MHz, CDCI3) 6 ppm 5.96 (br.s, IH), 3.86 (s, IH), 3.62 (1H, dJ 3.2 

Hz), 3.53 (1H, d, J= 2.8 Hz). 2.86 (s. 1H), 1.82 (d, 1H, J= 9.6 Hz), 1.64 (d, IH, J= 10.0 Hz).  

Step 2: tert-butyl (iS,2R,4S,5R)-7-oxo-3-oxa-6-azatricyclof3.2.1.02,41octane-6-carboxylate 
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0 0 

Boc20/EtN/DMAP Boo 
NH N..  

DCM 

To a solution of (IS,2R,4S,5R)-3-oxa-6-azatricyclo[3.2.1.02,4]octan-7-one (9.00 g, 71.93 

mmol, 1.00 eq) in DCM (100.00 mL) was added Boc 2 0 (17.27 g 79.12 nnol, 1.10 eq), EtIN (8.73 

g, 86.32 mmol, 1.20 eq) and DMAP (878.71 mg. 7.19 mmol, 0.10 eq) the mixture was stirred at 

25°C for 16 hrs, LCMS showed the starting material was consumed completely, the mixture was 

washed with NH4CI aq. (100 mL*3). the combined organic layers were dried over Na2 SO4, 

concentrated in vacuum, the crude product was purified with column chromatography on silica gel 

(PE:EtOAc = 5:1~1:1) to get tert-butyl (1S,2R,45.R)-7-oxo-3-.oxa-6-azatricyclo[.2.1.02.4]octane

6-carboxylate (12.00 g,53.28 rurnol, yield: 74.07%) as a yellow solid. 'H-NMR (400 MHz, CDC3 ) 

6 ppm 4.56 (s, IH), 3.71 (d. 1H, J= 2.8 Hz), 3.54 (d,1H, J= 2.8 Hz), 3.00 (s, 1H), 1.75 (d, IH, J 

10.0 Hz), 1.57 (d, 111, J= 10.8 Hz), 1.46 (s, 911).  

Step 3: methyl (3R,4R)-4-((tert-butoxycarbonyl)amiino)-3-hdroxycyclopent-i-ene-1-carboxylate 

HO N NHBoc 

Boc MeONa/MeOH / 

O0 OMe 

Na (3.37 mg, 146.50 umol 0.01 eq) was added to MeOH (10.00 rnL) at 0°C, then the 

solution was stirred at 0°C for 0.5 hr, the solution was added to tert-butyl (S,2R,4S,5R)-7-oxo-3

oxa-6-azatricyclo[3.2.1.02,4]octane-6-carboxylate (3.30 g, 14.65 rrnol, 1.00 eq) in MeOH (30.00 

mL), and then mixture was stirred at 6C for 13.5 hrs, LCMS showed the starting material was 

consumed completely, the reaction was quenched with acetic acid (5 mL), and then washed with 

Na-C 3(20 mL*3), the organic layer was dried over Na2SO4, and concentrated in vacuum, the 

crude product was washed with PE (20 mL) to get methyl (3R4R)-4-((tert-butoxycarbonyl)amino)

3-hydroxycclopent--ene--carboxylate (2.10 g, 8.16 mmol, yield: 55.72%) as a white solid. IH

NMR (400 MIHz, CDC 3) 6 ppm 6.65 (s, IH), 4.98 (s, IH), 4.81 (d, 1H, J= 2.8 Hz), 4.46 (s, IH), 

3.98-3.92 (m, 11-), 3.75 (s, 31-), 3.07-3.01 (m, IH), 2.36-2.29 (i, 1H1), 1.45 (s, 91H).  

Step 4: methyl (1R,3R,4R)-3-((tert-butoxycarbony )amino)-4-hydroxycyclopentane-1-carboxylate 
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HO ,NHBoc HO ,NHBoc 

Chiral catalyst 

MeOH 

0 OMe 0 OMe 

A mixture of methyl (3R,4R)-4-((tert-butoxcarbonyl)arnino)-3-hydroxycyclopent-1-ene-I

carboxylate (2.00 g, 7.77 mmol, 1.00 eq), (Z,Z)-ycloota-1,5-diene;(2S,5S)-1-2-[(2S,5S)-2,5.

dirnethyliphospholan-I-yl]ethyl]-2,5-dimethyl-phospholanerhodium(I+);trifluorornethanesulfonate 

(48.08 mg, 77.74 umol, 0.01 eq) in MeOH (50.00 mL) was degassed and purged with 12 for 3 

times, and then the mixture was stirred at 55°C for 16 hrs under H2 (40 psi) atmosphere, TLC 

(PE:EtOAc = 1:1) showed the starting material was consumed, the mixture was concentrated in 

vacuum, and then dissolved in EtOAc (5 mL). then to the mixture was added PE (20 mL), white 

solid was formed, the precipitate was collected, dried in vacuum, the solid was dissolved in MeOHl 

(7 mL), and purified with acidic prep-HPLC (HCI) to get methyl (R,3R,4R)-3-((tert

butoxycarbonyl)amino)-4-hydroxycyclopentane-1-carboxylate (750.00 mg, 2.89 mrnol, yield: 

37.23%) as yellow oil, the structure was confirmed by chiral HPLC and IH-NMR. H-NMR (400 

MHz. CDCI3) o ppm 4.04-3.99 (m, 1H). 3.80-3.77 (m, IH), 3.70 (s, 3H), 2.93-2.91 (m, 1H), 2.48

2.44 (m, 11-1) 2.43-2.35 (m, 1H), 1.92-1.89 (m, II), 1.87-1.69 (m, I1H), 1.45 (s, 91).  

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

HO NHBoc HO ,NH2 

HCi/dioxane 

0 OMe 0 OMe 

Methyl (IR,3R,4R)-3-((tert-butoxycarbonvl)arnino)-4-hvdroxycyclopentane-1-carboxylate 

(700.00 mg, 2.70 minol, 1.00 eq) in HCI/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-hydroxycyclopentane-1-carboxylate (500.00 mg,2.56 mmol, 

yield: 94.66%) as yellow oil. IH-NMR (400 MHz, CD 30D) 6 ppm 4.09-4.05 (m, 1H), 3.75-3.66 

(m, 311),3.37-3.33 (m, I H), 3.06-3.04 (m, I1H), 2.45-2.37 (m, 21), 1.87-1.81 (Im, 211).  

LC-MS (mobile phase: from 95% [water + 0.375%c v/v TFA] and 5% [CH3 CN + 0.188%c v/v TFA], 

under this condition for 0.25 min, then changed to 15% [C13CN + 0.188%c v/v TFA] in 10.0 min, 

under this condition for 5 min, finally changed to 95% [water + 0.375%, v/v TFA] and 5% [CH 3CN 
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+0.188%cv/vTFA] in0.01 min, then under this condition for5 min. The flow is LOmL-min- all 

along) purity is 98.803%, Rt =0.893 min, MS Caled.: 159.2, MS Found: 160.1 ([M+i]*).  

Example19. (3aS,4R,6aR)-2,2-dimethyl-3a,6a-dihydro-4H-cyclopenta[d][1,3]dioxol-4-aminie 

Step 1: (3aS,4S,6aR)-2,2-dimethyl-3a,6a-dihydro-4H-cyclopenta[dl[1.31dioxol-4-ol 

NaBH 4/MeOH -O 
O*b 0--------------- OH 

(3aR,6aR)-2,2-dirnethyl-3a,6a-dihydro-4H-cyclopentald][1,3]dioxol-4-one (50.00 g, 324.34 

mmol 1.00 eq) was taken up to MeOH (1.00 L), then CeCl3 .7H20 (120.84 g, 324.34 mmol, 30.83 

mL, 1.00 eq) was added. The mixture was cooled to 0C. Then NaBH 4 (24.54 g, 648.68 mmol, 

2.00 eq) was added portion-wise at 0°C among 1.5 hrs. After addition, the reaction was complete 

checked by TLC (PE/EtOAc = 5/1). The reaction was quenched by saturated NH4Ci (1000 mL), 

extracted with DCM (500 mL*5). The combined organic layers were dried over Na2SO4 and 

concentrated in vacuo at 45°C. (3aS,4S.6aR)--22-dimethyil-3a6a-dihvdro-4H 

cyclopenta[d][1,3]dioxol-4-ol (50.66 g 324.37 mmol, yield: 100.00%) was obtained as a yellow 

liquid, which was used directly without purification.  

Step 2: 2-((3aS,4R.6aR)-2,2-dimejtLhyl-3a,6a-dihydro-4H-cvclopentad 11,3 1dioxol-4-yl)isoindoline

1,3-dione 

NOH -\ 
PhaPIDIAD O 

'0luene \ O 

T othemixtureof(3aS4S,6aR)-2-dimethyl-3a,6a-dihydro-4H-cyclopenta[d][1,3]dioxol-4-

ol (8.00 g, 51.22 mmol, 1.00 eq) and isoindoline-1,3-dione (9.04 g, 61.46 mmol, 1.20 eq) in toluene 

(250.00 mL) was added PPIh3 (20.15 g 76.83 mmol, 1.50 eq) at 20°C. Then DIMAD (15.54 g, 76.83 

mmol, 1.50 eq) 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/EtOAc = 25/1 to 15/1). The obtained product was crude as yellow oil with some polar spots on 

TLC. So 80 mL of MeOH was added and the white precipitate was generated and collected by 

filtration. '-((3aS,4R,6aR)-2,'-dimethyl-3a,6a-dihydro-41-H-cyclopenta[d][1,3dioxol-4
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yl)isoindoline-1,3-dione (9.60 g, 33.65 mmol, yield: 65.70%) was obtained as a white solid.  

Step3: (3aS.4R,6aR)-2,2-dimethyi-3a,6a-dihydro-4H-cyclopenta[dl[1.31dioxol-4-amine 

0 
NH 2CH 2CH 2NH"2  O 

N O -- 6- --- NH2 
0' Et0H L 

To the mixture of 2-((3aS,4R,6aR)-2,2-dimethyl-3a,6a-dihdro-4H

cyclopenta[d][1.3]dioxol-4-yl)isoindoline-1,3-dione (9.52 g, 33.37 mmol, 1.00 eq) in EtOH (300.00 

mL) was added ethane-1,2-diamine (4.01 g, 66.74 mmol, 2.00 eq). The resulting mixture 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 filtered. To the filtrate was 

added 300 mL of NaOH (0.5 M). The mixture was extracted with DCM (200 mL*5), dried over 

Na2SO4 and concentrated. (3aS4R,6aR)-2,2-dimethyl-3a,6a-dihydro-4H-cyclopenta[d][1.3]dioxol

4-amine (4.90 g, 31.57 mmol, yield: 94.62%) was obtained as a yellow oil.  

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

Step 1: (1R,3,4R)-3-((tert-butoxycarbonyllamino)-4-ldroxycyclopentane-1-carboxylic acid 

H O HO 
\NHBc \NHBoc 

LiOH 

MeOH/H 20 
0- 0 

OMe OH 

A mixture of methyl (1R.3R4R)-3-((tert-btoxycarbonyl)amino)-4-hydroxycyclopentane-1

carboxylate (5.00 g, 19.28 mmol, 1.00 eq), LiOHH 20 (2.43 g, 57.85 mmol, 3.00 eq) in MeOH 

(10.00 mL) and120(10.00nmL)was stirred at 15°C for 16 hrs, TLC (PE:EtOAc = 1:1) showed the 

reaction was complete, to the mixture was added diluted HC (1I M) until p-I = 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 in vacuum to get the product (1R,3R,4R)-3-((tert

butoxycarbonyl)amino)-4-hydroxycyclopentane-1-carboxylic acid (6.50 g, crude) as a white solid.  

1H-NMR (400 MI-z, CD30D) o ppm 3.95-3.90 (in, 1H) 3.74-3.69 (, 11), 2.91-2.87 (in, 1), 

2.32-2.22 (m, 2H), 1.82-1.72 (in, 2H), 1.45 (s, 9H).  

Step 2: tert-butyl ((1R-2R,4R)-4-carbamoyl-2-hydroxycvclopentyl)carbanate 
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HO HO 
\NHBOc NH4 CI/EDCI/ \NHBoc 

DIPEA/DMAP/DMF 

0 0 
OH NH 2 

To a mixture of (1R,3R,4R)-3-((tert-butoxycarbonyl)amino)-4-hydroxycvclopentane-1

carboxylic acid (3.00 g, 12.23 mmol, 1.00 eq) in DMF (40.00 mL) was added HATU (6.05 g, 15.90 

mmol, 1.30 eq), DFPEA (4.74 g, 36.69 mmol,3.00 eq) and NH 4C (1.96 g 36.69 mmol, 3.00 eq), 

and then the mixture was stirred at 15°C for 32 hrs, LCMS showed the reaction was complete, the 

mixture was concentrated in vacuum to get tert-buty ((iR,2R,4R)-4-carbamoyI-2

hydroxycyclopentyl)carbamate (11 g, crude) (2 batches were set up and purified together). I H

NMR (400 MHz, CD 30D) e ppm 4.58 (br.s, 1H), 3.96-3.94 (in, 11), 3.77-3.75 (m, 11), 2.25-2.20 

(in, 2H), 1.79-1.75 (m, 2H), 1.44 (s, 911).  

Step 3: tert-butyl ((1R,2R,4R)-4-cvano-2-hydroxvcvclopentyl)carbamate 

HO HO 
\NH Boc »NHBoc 

TFAA/Py.  

NH 2  N 

To a mixture of tert-butyl ((1R2R,4R)-4-carbamoyl-2-hydroxycyclopentyl)carbamate (2.00 

g, 8.19 mmol, 1.00 eq), pyridine (1.94 g,24.56 rnmol, 3.00 eq) in THF (3.00 mL) was added TFAA 

(2.58 g, 12.28 mmol, 1.50 eq) dropwise at 0°C, then the mixture was stirred at 0°C for 0.5 hr, then 

to the mixture was added Et3N (2.49 g,24.56 mmol, 3.00 eq) 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 eq), 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-hydroxycyclopentyl)carbamate (380.00 mg. 1.68 mmol, yield: 20.51%) as a colorless oil. I H

NMR (400 MHz, CD 30D) 6 ppm 4.07-3.97 (in, 11), 3.79-3.78 (n, 0.511), 3.51-3.49 (n, 0.5H), 

3.19-3.05 (m, iH), 2.44-2.35 (in, 0.5H), 2.33-2.28 (in, 1.5H), 1.97-1.94 (in, 1I), 1.92-1.82 (m, I1), 

1.41 (s, 91H).  

Step 4: (1R,3R,4R)-3-amino-4-hydroxvcvclopentane-1-carbonitrile 
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HO HO 
NHBoc \NH2 

TFA/DCM 

N N 

A mixture of tert-butyl ((1R.2R,4R)-4-cyano-2-hydroxycyclopentyl)carbamate (800.00 mg.  

3.54 mmol, 1.00 eq) in TFA (5.00 mL) and DCM (5.00 mL) was stirred at 20°C for2 hrs, LCMS 

showed the reaction was complete, the mixture was concentrated in vacuum to get (1R,3R,4R)-3

amino-4-hydroxycyclopentane-1-carbonitrile (545.00 mg, 227 mmol, yield: 64.10%) as a colorless 

oit 1. -NMR (400 MHz, CD 30D) 6 ppm 4.12-4.06 (m, I H), 3.51-3.47 (m, I1H), 3.23-3.20 (m, 111), 

2.48-2.42 (mI2H), 2.11-2.10 (m, IH), 1.94-1.90 (m IH).  

Example 21. (3aS,4R,6aS)-6,6-difloro-2,2-dimethyltetrahydro-4H-cyclopenta[d][1,3]dioxol-4

amine 

Step 1: 2-((3aS,4R6S,6aRi)-6-hvdroxy-2,2-dimethlvtetrahvdro-4H-cvclopentaldlI1,31dioxol-4

yl)isoindoline-1,3-dione 

0 

-NH2 ,N 
0 N   Phthalic anhydride 0 

DIEA 

Hd Hd 

A mixture of (3aR,4S,6R,6aS)-6-amino-2,2-dimethyltetrahydro-4H

cyclopenta[d][1,3]dioxol-4-ol (0.43 g, 2.46 mmol, 1.00 eq), Phthalic anhydride (0.36 g 2.46 mmol, 

I eq) and DIEA (0.65 mL, 3.7 mmol, 1.5 eq) 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 Na2 SO4 and concentrated in vacuo. The 

residue was purified by column chromatography on silica gel (Hexanes/EtOAc) to get the product 

2-((3aS,4R,6S,6aR)-6-hvdroxy-2,2-dirnethyltetrahydro-4H-cyclopentat[d]1,3]dioxol-4

yl)isoindoline.-1,3-dione (0.62 g, 83%) as a white solid.  

Step 2: 2-((3aS,4R,6aS)-2,2-dimetivl-6-oxotetrahydro-4H-cyclopentadi[,31dioxol-4

yl)isoindoline-1,3-dione 
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0OO 

,0 0  N \ 
0 ., 0 P0. "1 0 

DCM 

Hd 0 

To a solution of 2-((aS,4R,6S,6aR)-6-hydroxy-2,2-dimethyltetrahydro-4

cyclopenta[d][1,3]dioxol-4-yl)isoindoline-1,3-dione (0.20 g, 0.68 mmol, 1.00 eq) in DCM (4.5 mL) 

was added PCC (0.29 g, 1.35 mmol, 2 eq) and the solution was stirred at 23 °C for 16 lirs. Another 

aliquot of PCC (0.15g. 0.67 mrnol) was added and the reaction continued for another 16 hours.  

LCMS 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 

chromatography on silica gel (lexanes/EtOAc) to get the product 2-((3aS4R,6aS)-2,2-dimethyl-6

oxotetraldro-4H-cyclopenta[d][1,3]dioxol.-4-il)isoindoline.-1,3-dione (0.19 g, 94%) as an off

white solid.  

Step 3: 2-((31aSR,6aS)-6,6-difluoro-2,2-dimethyItetrahydro-4H-cycIopentad1[1,3 1dioxo-4

yl)isoindoline-1.3-dione 

0O ,N DAST N 

DCM. 40 °C 00 0 

0 
FF 

To a solution of-((3aS,4R,6aS)-2,2-dimethyl-6-oxotetrahydro-4H 

cyclopentald] [1,3]dioxol-4-y)isoindoline-1,3-dione (0.16 g, 0.53 mmol, 1.00 eq) 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 mmol, 5 eq) was added and the reaction continued for 

another 16 hours at23 C. The reaction mixture was diluted with DCM and then washed with 

aqueous saturated sodium bicarbonate solution. The combined organic layers were washed with 

saturated brine solution, dried over Na2 SO4 and concentrated in vacuo. The residue was purified by 

column chromatography on silica gel (Hexanes/EtOAc) to get the product((3aSR6aS)-6,6

difluoro-2,2-dimethyltetrahydro-41-cyclopenta[dl[1,3idioxol-4-yl)isoindoline-1,3-dione (0.065 g, 
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38%).  

Step 4: (3aS,4R,6aS)-6,6-difluoro-2,2-dimethyltetrahydro-4H-cyclopenta[dl[1.31dioxol-4-amine 

1 0 J/ 0 
'I\N N H2 

0\ Hydrazine 0 
0 

EtOH, 50'°C 
F F F F 

To a solution of 2-((3aS,4R,6aS)-6,6-difluoro-2,2-dimethyltetrahydro-4H

cvclopenta[d][1,3]dioxol-4-yl)isoindoline-1,3-dione (0065 g, 0.2 mmol 1.00 eq) in Ethanol (1.8 

mL) was added Hydrazine monohydrate (0.015 mL, 0.3 mmol, 1.5 eq) 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 crude 

product (3aS,4R,6aS)-6,6-difluoro-22-dimethyiltetrahydro-4H-cyclopenta[d][1.3]dioxoi-4-amine 

was used without further purification in the next step.  

Example 22. Synthesis of (1R,3R,4R)-4-aminocyclohexane-1,3-diol 

Step:_(ir4r)ri(bengioveohxanoi ands 4-(enioykyclohexano 

0.,,OH OH 

00 
NaBH,. MeOH 

0 -20 OC 

To an ice-bath cooled solution of 4-(benzyloxy)cyclohexanone (31.0 g. 152 mmol) in 500 

mL 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 (50 mL), concentrated and the residue was 

dissolved in 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 (Ir,4r)-4

(benzyloxy)cyclohexanol and (Is,4s)--4-(benzyloxy)cyclohexano as a pale yellow oil (31.0 g, crude) 

which was used to next step directly without further purification, . MS (ES+) C31-11802requires: 

206, found: 207[M+-]*.  

Step 2: ((Cyclohex-3-enyloxy)methyl)benzene 
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,OH "OH 

Tf2O, DIEA 

To an ice-bath cooled solution of (1r,4r)-4-(benzyloxy)cyclohexanol and (s.4s)-4

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

in 1200 mL dichloromethane, trifiuoromethanesulfonic 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 concentrated 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, yield 100%) as a yellow oil. MS (ES+) C3 H16 0 requires: 188, found: 189 [M+H]f.  

Step 3: (IR-,3R-6S)-3-(benzvloxv)-7-oxa-bicyclof4. I.0heptane 

(R0) 

mCPBA, DCM 0 silica gel column R) 

furtherpurification 

cismixture tranSmixture cis mixture 
more polar peak lesspolarpeak 

moreolar peak 

A solution of ((cyclohex-3-enyloxy)methyl)benzene (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 h 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:isopropyl ether:ethyl acetate = 65:28:7 to give the title 

compound (4.18 g, yield 32%) as a yellow oil. The trans-(1S,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,6S)-3

(benzyloxy)-7--oxa-bicyco[4.1.O]heptaneeluted secondly. MS (ES+) C 3 Hi 602 requires: 204, found: 

205 [M+H]*.  

Step 4: (1R,2R,5R)-5-(benzyloxy)-2-((S)-1-phenvlethylamino)cvclohexanoI 

86



WO 2017/035354 PCT/US2016/048698 

OH 

O) s) 
(s) H2 N~ (s 

LiCIO4, CH3CN 

OH 
& is mixture H 

more polar peak s 

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.O]heptane (7.0 g, 34.2 mnol) 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 sulfate, then concentrated and the residue was purified with 

silica gel column chromatography, eluting with petroleum ether:ethyl acetate:triethylamine = 98:0:2 

~ 49:49:2 to give the title compound (3.5 g, yield 31%) as a yellow oil. The (1S2S,5S)-5

(benzyloxy)-2-((S)-I-phenylethylamino)cyclohexano showed a little less polarity on TLC, and 

eluted firstly. The (R,2R,R)-5-(benzyloxy)-2-((S)-I-phenylethylamino)cyclohexanoleluted 

secondly.MS(ES)C21H27NO2requires: 325, found: 326[M + H]1.  

Step 5: (1R2,4R)--4-(benzyioxy)-2-(tert-butyldimethylsilyloxy)-N-((S)- 1-

phenylethyl)cyclohexanamine 

OH H OTBSH 

is)s 

O -'~ TBSOTi, TEA () 

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

bath cooled, stirred solution of (1RR,5R)-5-(benzyloxy)-2-((S)-1-phenylethylamino)cyclohexano 

(5.4 g, 16.5 mmol) and triethylamine (5.0 g, 49.5 mrnol) in 100 mL dried dichloromethane. After 30 
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min, this was washed with a saturated aqueous solution of sodium bicarbonate, 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 (5.4 g, yield 71%) as a yellow oil. MS (ES+) C2 7H4 1 NO 2 Si requires: 439, found: 440 

[M+H]+ 

Step 7: (1 R,2R,5R)-5-(benzyloxy)-2-((S)-1-phenlethiylamino)cyclohexanoI 

OTB   OH H 

i TBAF 
0 N THF, 65C 0 

Tetrabutylammonium fluoride (2.66 g,10.2 mmol) was added to a stirred solution of 

(1R2R,4R)-4-(benzyloxy)-2-(tert-butydimethylsilyoxy)-N--((S)-1-phenylethyl)cyclohexanamine 

(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 extracted with ethyl acetate (200 mL x 3), the combined organic phase was washed with 

water and saturated aqueous solution of sodium chloride, 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+) C21H27NO2requires: 325. found: 326[M + H]'.  

SteR -R3RAM-aminocyclohexane-1,-diol 

OHI H 
N OH 

O Pd(OH) 2/C 

EtOH 50 C HO 

12 

H 

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

(1R,2R.5R)-5-(benzyloxy)-2-((S)--phenylethylamino)cyclohexanol (650 mg, 1.99 mmol) in 15 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 though celite, the filter-cake was washed with 
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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, then cooled at -20 C to give the title compound (240 mg, yield 92%) as a white crystal. MS 

(ES+) C6H13NO2requires: 131, found: 132[M+H]. +H-NMR (400 MHz, 6d-DMSO) 6 ppm 4.62

4.49 (m, 2H), 3.42-3.33 (im. H J= 3.2 Hz), 2.93-2.86 (m, 1H), 2.25-2.18 (m, 1H). 1.98-1.92 (m, 

11H), 1.72-1.59 (in, 311), 1.13-1.03 (m, 211), 0.97-0.90 (Im, 1-).  

Example 23. Synthesis of tert-btityl (R,2R)-2-(tert-butydimethylsilyloxy)-4

oxocyclohexylcarbamate 

Step 1: tert-butvl (1R.2R.4R)-2-(tert--butyldimethylsilyloxy)-4-hvdroxycyclohexylcarbamate 

OTB$ 
N OTBS 
(R S) 

O R (S) Pd(OH)2, H2 ,NHBoc 

Boc ,0, EtOH H 

10% Palladium hydroxide in activated carbon (1.9 g. catalyst) was added to a solution of 

(1R,2R.4R)-4-(benzyloxy)-2-(tert-butyldimethylsilyloxy)-N-((S)-1-phenylethyli)cyclohexanamine 

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 methano: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+) C1 7HasNO4 Si 

requires: 345, found: 346 [M+H] .  

Step 2: tert-butyl (1R,2R)-2-(tert-butvldimethvlsilyloxv)-4-oxocyclohexylcarbamate 

OTBS OTBS 

,NHBoc DMP, DCM NHBoc 

HOA40 0j:" 

1.1,1-Triacetoxy-1,1-dihydro-1,2-benziodoxol-3(1H)-one(Dess-Martinperiodinane.4.11g, 

9.71 iniol) was added to a solution of tert-btyl (1R,2R,4R)-2-(tert-butyldiiethylsilyloxy)-4

hydroxycyclohexylcarbam ate (1.4 g, 4.05 mmol) in 50 mL dichloromethane at room temperature.  
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Then this solution was stirred at 40 C for 3 h under nitrogen. Then the mixure concentrated under 

vacuo and the residue was purified with silica gel column chromatography, eluting with petroleum 

ether:ethyl acetate = 100:0 - 95:5 to give the title compound (1.2 g, yield 86%) as a yellow oil. MS 

(ES+) C17H33NO4Si requires: 343, found: 344[M+H]. H-NMR (400 MHz, CDCl3) 5 ppm 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, 4.0 Hz), 2.42-2.28 

(m, 4H), 1.46 (s, 9H), 0.87 (s, 9H), 0.08 (d, 6H, J= 6.8 H z).  

Example 23. Synthesis of tert-btityl (R,2R)-2-(tert-butydimethylsilyloxy)-4

oxocyclohexylarbamate and (1R,3R,4R)-4-aminocvclohexane-1,3-dio 

Step 1: (1R,4R)-4-(benzyloxy)cyclohexanol and (1S,4S)-4-(benzyloxy)cyclohexanol: 

O 
O ,OH OH 

NaBH4, MeOH + O 

O - 20 ° 

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

mL 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 (50 mL), concentrated and the residue was 

dissolved in 200 mL water and extracted with ethyl acetate (200 mLx3), the combined organic 

phase was dried over sodium sulfate, then concentrated under vacuo to give title product (1R,4R)-4

(benzyoxy)cyclohexanol and (IS,4S)-4-(benzyloxy)cyclohexanoI as a pale yellow oil (3 1.0 g, 

crude) which was used to next step directly without further purification. MS (ES+) CIH1 302 

requires: 206, found: 207[M+H4]J 

Step 2: ((Cyclohex-3-envloxy)methyl)benzene: 

, OH OH 

0O 0 0jOj 
Tf2O, DIEA 

To an ice-bath cooled solution of (R,4R)-4-(benzyloxy)cyclohexanoi and (1S,4S)-4

(benzyloxy)cyclohexanol (30.0 g,145 mmol) and N,N-Diisopropylethvlarnine (28.1 g, 218 mmol) 
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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 concentrated 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,yield 100%) as a yellow oil. MS (ES+) C 13Hi6 0 requires: 188, found: 189 [M+H]*.  

Step 3: (1R,3R,6S)-3-(benzyoxy)-7-oxa-bicyclo(4.1.0heptane: 

(R) 0 

m PBA, DCM 0 silica gel column 

further purification 

cisrmixture tran mixture cismixture 
more polar peak less polar peak 

more polar peak 
A solution of ((cycohex-3-enyloxv)methyl)benzene (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 h 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:isopropyl ether:ethyl acetate = 65:28:7 to give the title 

compound (4.18 g,yield 32%) as a yellow oil. The trns-(S,3R,6R)-3-(benzyloxy)-7-oxa

bicyclo[4.I.Oheptane showed a little less polarity onTLC and eluted firstly. The cis-(IR,3R,6S)-3

(benzyloxy)-7-oxa-bicyclo[4.1.0]heptane eluted secondly. MS (ES+) C13H1602 requires: 204, found: 

205 [M+H].  

cis-(1R,3R,6S)-3-(benzyloxy)-7-oxa-bicyclo[4.1.0]heptaie: 'H-NMR (400 MHz. CDClI) 6 ppm 

7.35-7.27(m,5H),4.56-4.45(in, 2H),3.35-3.29(, 1H), 3.12-3.091(, 2), .37-.32 (m,1), 

2.25-2.20 (m, i1H), 1.89--.68 (in, 3H), 1.49-1.44 (i, 1H).  

Trans-(1S,3R,6R)-3-(benizyloxy)-7-oxa-bicyclo[4.1.0]heptane: 'I-NMR(400 MHz, CDCIl) 6 

ppm 7.35-7.27 (in. 5H), 4.48 (dd, 2H, J =28.0 12.4 Hz), 3.56-3.52 (i, 1H), 3.19-3.17 (in. 2H), 

2.24-2.18 (n, iH). 2.15-2.07 (m, 111), 2.00-1.91 (m 211), 1.64-1.53 (in, 2).  

Step 3: (1R,2R,5R)-5-(benziyloxy)-2-((S)-1-phenlethiylanino)cyclohexanol: 
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OH 

0 ()H2N O 

LiCI04, CHCN 

OH 
& cis mixture; H 

more polar peak O N 

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-bicyclo4.1.O]heptane (7.0 g, 34.2 mnol) 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 sulfate, then concentrated and the residue was purified with 

silica gel column chromatography, eluting with petroleum ether:ethyl acetate:triethylamine = 98:0:2 

~ 49:49:2 to give the title compound (3.5 g, yield 31%) as a yellow oil. The (1S.2S,5S)-5

(benzyloxy)-2-((S)-1-phenylethylamino)cyclohexano showed a little less polarity onTLC, and 

eluted firstly. The (R,2R,R)-5-(benzyloxy)-2-((S)-I-phenylethylamino)cyclohexanoleluted 

secondly.MS(ES)C21H27NO2requires: 325, found: 326[M + H].  

(IR,2R,5R)-5-(benzyloxy)-2-((S)-1-phenylethylamiino)cyclohexanol: IH-NMR (400 MHz.  

CDCIs) ppm7.35-7.24 (m, 10H),4.52 (d, 2H, J= 2.0 Hz), 3.97 (q, 1H, J= 6.8 Hz), 3.42-3.34 (m, 

1H),3.19-3.12(m,1H),.2.39 (dd, iH,J=12.0.2.4Hz),.2.16(dd,1WH,J=12.0,3.6Hz).2.09-2.00 

(m,2H),1.65-1.49(m.1H),1.35(d,3H,J= 6.4Hz),1.28-1.15n(m,2H),0.90(qd,IH.J=13.2,3.6 

Hiz).  

(IS,2S,5S)-5-(benzyloxy)-2-((S)-1-phenylethylamino)cyclohexanol: 'H-NMR (400 MHz. CDCl3) 

o ppm 7.36-7.22 (m, 10H), 4.54 (d, 2H,, = 3.2 H z), 3.90 (q, 11, J= 6.4 Hz), 3.44-3.35 (m, 1H), 

3.15-3.09 (im, 1H), 2.51-2.45 (m, 1H), 2.43-2.36 (m, 1H), 2.04-1.99 (in, IH), 1.95-1.90 (m. 1H), 

1.47-1.29 (m, 3H), 1.34 (d, 3H, J= 6.4 Hz), 0.82 (qd, 1H, J=13.2, 3.2 Hz).  

Step 4: Synthesis of (1R,2R,4R)-4-(benzvloxy)-2-(tert-butyldimethylsilyloxy)-N-((S)-1
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phenyiethylkc anamine: 

OHH OTBq, 

N RN 

O(R TBSOTf, TEA 

tert-Butyidimethylsilyl trifluoromethanesulfonate (13.0 g,49.5 mmol) was added to an ice

bath cooled, stirred solution of (R,2R,R)-5-(benzyloxy)-2-((S)--I--phenylethyliamino)cyclohexano 

(5.4 g, 16.5 mmol) and triethylamine (5.0 g, 49.5 mmol) in 100 tmL dried dichloromethane. After 30 

min, this was washed with a saturated aqueous solution of sodium bicarbonate, 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 (5.4 g, yield 71%) as a yellow oil. MS (ES+) C27H41NO2 Sirequires: 439, found: 440 

[M+HI-]*.  

Step 5: (1R,2R,5R)--5-(benzyloxy)-2-((S)-1-phenvlethylamino)cvclohexanol: 

OTBS OH H 
N 

) s TBAF*O 

O THF,67 65° C 

Tetrabutylammonium fluoride (2.66 g, 10.2 mmol) was added to a stirred solution of 

(1R,2R 4R)-4-(benzyloxy)-2-(tert-butyldimethylsilyloxy)-N-((S)-I-phenylethyI)cyclohexanamine 

(1.5g 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 aqueous solution of sodium chloride, 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+) C 11-12 7NO2requires: 325, found: 326[M + H].  

Step 6: (1R,3R,4R)-4-aminocyclohexane-1,3-diol: 
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OH H 
N O10 H 

?)(S) OH 

O Pd(OH) 2/CN 

EtOH, 50 °C HO 

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

(1 R,2R,5R)-5-(benzyloxy)-2-((S)-1-phenylethylamino)cyclohexanol (650 mg, 1.99 inmol) in 15 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 though celite, the filter-cake was washed with 

methano: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, then cooled at -20 C to give the title compound (240 mg, yield 92%) as a white crystal. MS 

(ES+) C6H13NO2 requires: 131. found: 132[M+H]*.  

(IR,3R,4R)-4-aninocyclohexane-1,3-diol: 1-NMR (400 MH z, 6d-DMSO) 6 ppm 4.62-4.49 (m, 

H) 3.42-333 (m, 2H, J= 3.2 Hz), 2.93-2.86 (m, 1H). 2.25-2.18 (m, 1H), 1.98-1.92 (in. IH) 1.72

1.59 (i, 311), 1.13-1.03 (m 2H), 0.97-0.90 (m, IH).  

Example 24: Synthesis of Compound 232: 

SEM HO SEM 
HIN F N NH2 N 

SEVe 
HO N 

HN /N N F ----------- NH N 
SOCl 2/DMF 0 _ DIPEA/dioxane \j 

0 OH 50°C 
0 

F O F F 
OMe 

H H 

rN \N N N N 
N N NI NN 

OH 2N FOH ~N TFA/DCM OHF MeBrMg OH,,o F 
-- H------ NH N -- - NH N 
KOAc/MeOH O \ THF 0 

O F F - F F 
OMe OH 

Step 1: (4-chloro-1-((2-(trimethlvsilyl)ethoxyi)methyl)-1H-pyrazolo[3,4-dlpyrimidin-3-vl)((2R.4S)
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2-(2, -dif ioroplheyl)-4-ithoropyrrli:din-ylm-v ethanone 

SEM 
HN F N N 

SEM r, N 
NI N~

N F F 

/\ N 1'_ FI HN C N F
SOC 2 /DMF 

O OH 500C 
F F 

To a solution of 4-oxo-I-((2--(trimethylsilyl)ethoxy)methil)-4,5-dihydro-I1H-pyrazolo[3,4

d]pyrimidine-3-carboxylic acid (1.00 g, 3.22 mmol, 1.00 eq) in SOC12 (164.00 g, 1.38 mol, 428.11 

eq) was added DMF (235.49 mg, 3.22 minol, 1.00 eq) at 15°C. The reaction was heated at 50°C 

for 16 hrs. TLC (PE:EtOAc = 3:1, Rf= 0.8 and 0.7) showed the reaction was complete. The 

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

mL). EtN (1.63 g, 16.10 rnmol, 5.00 eq) and (2R,4S)-2-(2,5-difluorophenyl)-4-fluoro-pyrrolidine 

(497.40 mg, 2.09 rnmol, 0.65 eq, HC) was added to the reaction. The reaction was stirred at 0°C 

for 0.2 hr. TLCPE:EtOAc 3:1, Rf = 0.38) showed the reaction was complete. The solution was 

washed with brine (5 mL)dried over Na2 SO 4 and concentrated. The residue was purified by prep

TLC (PE:EtOAc = 10:1) to give (4-chloro-1-((2-(trimethylsill)ethoxy)methyl)- IH-pyrazolo[3,4

d]pyrimidin-3-yl)((2R,4S)-2-(2.5-difluorophenyl)-4-fluoropyrrolidin-1-yl)methanone (400.00 mg, 

yield: 24.26%) as a yellow solid.  

Step 2: methyl (1R.3R.4R)-3-((3-((2R.4S)-2-(2,5-difluorophenyl)-4-fluoropvrolidine-1-carbonvl)

1:((2:Igrimethvlsiiyijethox)metiiyl-1H-pyrazolol34:dpyrimii4:llimipjo):4 

hydroxvcyclopentane-I -carboxylate 

SEM HO SEM 

N N NN N 

\OMe HOF 

N ON IPEA/dioxane 0 N 

FOMe F 

To a solution of (4-chloro-1-( (2-(triiethylsilyl)ethoxy)methiyl)-I1-1-pyrazolof3,4

dlpvrimidin-3-yl)((2R,4S)-2-(2,5-difluorophenvl)-4-fluoropyrrolidin-1-yl)methanone (200.00 mg.  

390.63 unol, 1.00 eq) and methyl (R,3R,4R)-3-amino-4-hydrox-cclopentanecarboxyiate (80.24 
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mg,410.16 unol, 1.05 eq, HCi)in dioxane (10.00rnL) was added DIPEA(151.46mig, 117 minol, 

3.00 eq). The reaction was heated at 90°C for 5 hrs. LCMS showed the reaction was 

complete. The solution was concentrated. The residue was purified by prep-TLC (PE:EtOAc= 

2:1) to give methyl (IR,3R,4R)-3-(-((.((2R,4S)-2-(2,5-difluoropheny)-4-fluoropyrrolidine-I

carbonyl)-I-((2-(trimethylsilyl)ethoxy)methyl)-1H-pyrazolo[3.4-d]pyrimidin-4-yl)amino)-4

hydroxvcyclopentane-1-carboxylate (120.00 mg, yield: 48.40%) as a yellow solid.  

Step 3: methyl (1R,3R,4R)-3-((3-((2R,4S)-2-(2,5-difluorophenvl)-4-fluoropyrrolidine-1-carbonyl)

11-prazolo[3,4-d1pyrimidin-4-yl)amino)-4-hydroxycyclopentane-I -carboxylate 

SEM F 

N N N N IN N, 
HO F TFADCM HO F 

,NH N FN N 
0 KOAc/MeOH 0 \ 

0 F F \F 

OMe OMe 

To a solution of methyl (R,3R,4R)-3-((3-((2R,4S)-2-(2,5-difluorophenyl)-4

fluoropyrrolidine-1-carbonyl)-I-((2<-(trimethylsilyl)ethoxy)methyl)-I1H-pyrazolo[3,4-dpyriiidin-4

yl)amino)-4-hydroxycyclopentane-1-carboxylate (120.00 mg, 189.06 umol, 1.00 eq) 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)-methyl3-((3-((2R,4S)-2-(25

difluorophenyl)-4-fluoropyrrolidine-I-carbonyl)-1-(hydroxymethyl)-1H-pyrazolo[3.4-d]pyrimidin

4-yl)amino)-4-hydroxycyclopentanecarboxylate was detected. The reaction was concentrated. The 

residue was dissolved in MeOH (20.00 mL). KOAc (185.54 mg, 1.89 mmol, 10.00 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 dissolved in EtOAc (20 mL) and 

washed with brine (10 mL), dried over Na2SO4 and concentrated to give methyl (1R,3R,4R)-3-((3

((2R,4S)-2-(2,5-difluorophenyl)-4-fluoropyrrolidine-1-carbonyil)-IH-pyrazolo[3,4-dlpyrimidin-4

yl)amino)-4-hydroxycyclopentane-1-carboxylate (80.00 mg, crude) as a red solid which was used in 

the next step without purification.  

Step 4: ((2R.4S)-2-(2,5-difluoropheniyl)-4-fluoropyrrolidin-1-vl)(4-((IR.,2R,4R)-2-hvdroxy-4-(2

hydroxypropan-2-yl)cyclopentyl)amino)-I H-pyrazolo[3,4-d pyriiidin-3-yl)methanone 
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H N H 
'N N N N 

!N N 
N N 

HN F MeBrMg HO F 
*NH N7 ~NH 

O \0THF 

OF -F F 
OMe OH 

To a solution of methyl (1R3R4R)-3-((3-((2R4S)-2-(2,5-difluorophenyl)-4

fliuoropyrrolidine-1-carbonyl)-1-I-pyrazolo[3,4-d]pyrimidin-4-y)amino)-4-hydroxycyclopentane-1

carboxylate (80.00 mg. 158.59 umol, 1.00 eq) in THF (20.00 mL) was added MeMgBr (3 M, 1.59 

nL, 30.00 eq) at -70°C. The reaction was slowly warmed to 15°C and stirred for 2 hrs. TLC 

(EtOAc, Rf= 0.24) and LCMS showed the reaction was complete. The solution was neutralized 

with IN aq. HCl to pH = 7. The reaction mixture was concentrated. The residue was purified by 

neutral prep-HPLC. to give ((2R,4S)--2-(2,5-difluorophenyl)-4-fluoropyrrolidin-l-yl)(4

(((1R,2R.4R)-2-hydroxy-4-(2-hydroxvpropan-2- yl)cyclopentyl)amino)-IH-pyrazolo[3.4

dipyrimidin-3-yl)methanone (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%c v/v TFA] and 1% [CH 3CN + 0.188%c v/v TFA], under this 

condition for 0.4 min, then changed to 10% [water + 0.375%, v/vTFA] and 90% [CH3CN + 

0.188%c v/v TFA] in 3.0 min, then changed to 100% [CH 3CN + 0.188%c v/v TFA] in 0.45 min, 

finally changed to 99% [water + 0.375%c v/vTFA] and 1% [CH 3CN + 0.188% v/v TFA] in 0.01 

min, then under this condition for 0.64 min. The flow is 0.8 mL-min-1 all along.) Purity is 99.870% 

Example 25. Synthesis of Compound 229: 

SEM SEM SEM 
N N N 

IN . N I N 
HN / N N 

1) SOCi 2 DMF, 60°C HO \ F HC; OH \ F 
O.N .. .--------- NH NH N 

_.- 1 2) HO 0 EtOAc 0/ 

F- F BocNH BocN F-- F H FF 
DIPEA/dioxane, 50°c 
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SEM 

N[ N N N 
N 1) TFA, DCM OH N 

0 NH N F NH N F 
NaBH(kOAc):' 3 --- J:r 2) CH3CO 2Na .  I~~ j 0Na <.  

AcOH, DCE. 60 °C N- DCM/MeOH N 
F -- F F F 

0 0 

Step 1: tert-butyl (3R,4R)-3-((3-((2R,4S)-2-(2,5-difluorophenvl)-4-fluoropyrrolidine-1-carbonyl)-1 

((2-(trimethylsilyl)ethoxy)methvl)-IH-pvrazolo[3,4-d]pvrimidin-4-yl)amino)-4-hydroxypyrrolidine

1-carboxylate 

SEM SEM 
N N N 
IIN N 

HN N 
1) SOC|2/DMF, 60°C HO 

H
2

) OO 

F /F BocN' F -F 
DIPEA/dioxane, 50°C 

A solution of 3-((2R,4S)-2-(2,5-difluorophenl)-4-fluoropyrrolidine-1-carbonyl)-I-((2

(trimethylsilyl)ethoxy)methyl)-1,5-dihydro-4H-pyrazolo[3,4-d]pyrimidin-4-one (0.085 g, 0.17 

mrnol, I eq) was stirred with thionyl chloride (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 on ice and added Dioxane (0.7 mL) 

followed by DIEA (0.21 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 stirred 

at 70 °C for 3 hours. LCMS indicated reaction was complete.The reaction mixture was then diluted 

with DCM and washed with aqueous saturated sodium bicarbonate solution. The combined organic 

layers were washed with saturated brine solution, dried over Na 2SO 4 and concentrated in vacuo. The 

residue was purified by column chromatography on silica gel (Hexanes/EtOAc) to get the product 

tert-butyl (3R,4R)-3-((3-((2R,4S)-2-(2,5-difluorophenyl)-4-fluoropyrrolidine-1-carbonyil)--((2

(trimethylsilyl)ethoxy)methyl) -1H-pyrazolo[3,4-d]pyrimidin-4-yl)amino)-4-hydroxypyrrolidine-1

carboxylate (0.084g, 72%).  

Step 2: ((2R,4S)-2-(2,5 -difluorophenyl)-4-fluoropyrrolidin- 1 -yl)(4-(((3 R4R)-4-hvdroxypyrrolidin

3-yllamino)-1-((2-(trimethylsilvl)ethoxv)methyl)-IH-pyrazolo[3.4-dIpyrimidin-3-yl)methanone 
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SEM SEM 

N N 
N ri N 

HO OH 
F HC1 O 

N / NH N 
0 ~H EtOAc 0 \-j 

BocN HN 
F- F F /\ F 

A solution of (3R,4R)-3-((3-((2R,4S)-2-(25-difluorophenyl)-4-fluoropyrrolidine-1

carbonyl)-I-((2-(trimethylsilyl)ethoxy)methyl)-1H-pyrazolo[3,4-d]pyrimidin-4-yl)amino)-4

hydroxypyrrolidine--carboxylate (0.084g, 0.12 mmol, I eq) in EtOAc (1.25 mL) was treated with 

HCl 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 layers were washed with 

saturated brine solution, dried over Na2SO 4 and concentrated in vacuo. The crude product ((2R,4S)

2-(2,5-difluorophenyl)-4-fluoropyrrolidin-1-yl)(4-(((3R,4R)-4-hydroxypyrrolidin-3-yl)amino)-1

((2-(trimethylsilyl)ethoxy)methyli)-IH-pyrazolo[3,4-d]pyrimidin-3-yl)metihanone was used without 

further purification in the next step.  

Step 3: ((2R,4S)-2-(2.5-difluorophenyl)-4-fluoropyrrolidin-1-yl)(4-(((3R,4R)-4-hydroxy-1-(oxetan

3-yl)pyrrolidin-3-vl)amino)-1-((2-(trimethylsilyl)ethoxy)methyl)-iH -pyrazolof3,4-dpyrimidin-3

yi)methanone 

SEM SEM 
N N N 

r ~ 0 \ NN H N ~~--6 
OH N / F OH F 

NH NNH -N 
\. .. ) j NaBH(OAc) 3 

HN-- - AcOH DCE, 60 °C N 

F -F F-- F 

To a solution of ((2R,4S)-2-(2 5-difuorophenyl)-4-fluoropyrrolidin-1-yl)(4-(((3R,4R)-4-

hydroxypyrrolidin-3-yl)amino)-I-((2-(trimethylsilyl)ethoxy)methy)-IH-pyrazolo[3,4-d]pyrimidin

3-yl)methanone (0.036g, 0.062 mmol, 1 eq) in DCE (0.5 mL) was added few drops of Acetic acid(2 

pL, 0.031 mmol, 0.5 eq) followed by oxetan-3-one (0.015 mL, 0.21 mmol, 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, dried 

over Na2SO4 and concentrated in vacuo. The residue was then purified by column chromatography 

on silica gel (DCM/MeOH) to isolate the product ((2R,4S)-2-(2,5-difluorophenyl)-4

fluoropyrroli din----yl)(4.-(((3 R,4R)-4--hydroxyv----(oxetan--yl,)pyrrolidin.-3 -yl) ami no)--1-((2-

(trimethylsilyl)ethoxy)methyl)-IH-pyrazolo[3,4-d]pyrimidin-3-yl)methanone (0.030 g, 75%).  

Step 4: ((2R,4S)-2-(2,5-difluorophenyl)-4-fluoropyrrlidiI-1-yl)(4-(((3R,4R)-4-hydroxy-1-(oxeta

3-yl)pyrrolidin-3-yl)amino)-IH-pyrazolo[3,4-dlpyrimidin-3-VI)methanone 

SEM 

N N 
(N NI ' 

NH N 1) TFA, DOM H N 
NH--------N-------------+ NH / N 
O J 2) CIIc&2Na 0 J 

DCM/MeOH 
F- F F-' F 

0

Asolutionof((2R,4S)-2-(2,-difluorophenyl)-4-fluoropyrrolidin-1-yl)(4-(((3R,4R)-4

hydroxy-1-(oxetan-3-yl)pyrrolidin-3-yl)amino)-I-((2-(trimethylisilyl)ethoxy)methyli)-IH

pyrazolo[3,4-dpyrimidin-3-yl)methanone (0.060 g 0.095 mmoil, I eq) in DCM (1 mL) was treated 

with TFA (0.73 mL, 9.5 mmol, 100 eq) for 16 hours. The reaction mixture was diluted with DCM 

and washed with aqueous saturated sodium bicarbonate solution. The combined organic layers were 

washed with saturated brine solution, dried over Na2SO4 and concentrated in vacuo. To the 

intermediate in DCM/MeOI (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 sodium bicarbonate solution. The combined organic layers were 

washed with saturated brine solution, dried over Na2SO 4 and concentrated in vacuo. The residue 

was then purified first by column chromatography on silica gel (DCM/MeOH containing 10% 

NI4OH) and then by preparative-TLC to isolate the product ((2R,4S)-2-(2,5-difluoropheny)-4

fluoropyrrolidin-1-yl)(4-(((3R,4R)-4-hydroxy-I-(oxetan-3-yl)pyrrolidin-3-yl)amino)-111

pyrazolo[3,4-dlpyrimidin-3-yl)methanone (0.034g, 70%).  

Example 26. Synthesis of Compound 156 
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SEM 

N SEM 
HO N 

Br HN H OH N 

NBS MeNH 2/H 20 HO  

CIBr AIBN C C-/ HATUDIPEA HO 0 
Br 

B r /DMF 
CIB 

Br 

SEM H 
N NN N 

rl N N N 

Zn(CN) 2  HO N 1) TFADCM HON 

Pd(PPh 3)4  HONNH O 2) KOAc/MeO HO 0 

DMF/M.W. \ 

140OC/5 hrs CI. C1 

N -N 

Stegp:_-bromo-2-brmomethyD--chlorobenzene 

Br 

/1 NBS 1 
IN CI 

CI Br AIBN CI Br 

A solution of I-bromo-4-chloro-2-methylbenzene (3.00 g, 14.60 mmol, 1.00 eq), NBS (2.34 

g, 13.14 mmol, 0.90 eq) and AIBN (239.75 mg, 1.46 mmol, 0.10 eq) inCCl 4 (20.00 mL) was stirred 

at 90°C for 12 hrs. The solution was concentrated under vacuum 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.  

Step2: 1-2-bromo-5-chlorophenyl)-N-methiylmethanamine 

Br HN 
MeNH 2/H 20 

CI CI 

d Br .Br 

The solution of 1-bromo-2-(bromomethyli)-4-chliorobenzene (5.40 g, 18.99 mmol, 1.00 eq) in 

MeNH 2/H20 (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-chliorophenyl)-N-methylmethanarnine 

(1.00 g, yield: 22.45%) as a off-white solid. 'H-NMR (400 MHz, CDC 3) 6 ppm 7.45 (d, 1H, J 
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8.8 Hz). 7.40-7.39 (m, 1H), 7.10 (dd, 111, J= 8.4, 2.4 Hz), 3.79 (s, 2),2.46 (s, 3H).  

Step 3: N-(2-bromo-5 -chiorobenzyl)-4-(((1R,2S,3R)-2,3-dihydroxycycopentyl)amino)-N-methyl

1-((2-(trimethsiIethyl)-1-pyrazolof3,4-d pyrimidine-3-carboxamide 

SEM 
N N 

N SE M 
HO N  

/ HC. NH\N OH N 

CI \ HATU/DIPEA HONHO 
Br /DMF 

S Br 

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

mmol, 1.00 eq) and 4-(((1R,2S,3R)-2,3-dihydroxycyclopentyl)amino)-1-((2

(trimethylsilyl)ethoxy)methyl)-1H-pyrazolo[34-d]pyrimidine-3-carboxylic acid (314.98 rg, 1.34 

mmol, 1.10 eq) in DMF (5.00 mL) was added DIPEA (315.35 mg.,2.44 mmol, 2.00 e) and HATU 

(556.66 ng, 1.46 mmol, 1.20 eq), the resulting mixture was stirred at 25°C for 15 hrs. When the 

reaction was complete, H20 (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-chlorobenzyl)-4--(((IR,2S,3R)

2,3-dihydroxycyclopentyil)amino)-N-methyil-I-((2-(trimethylsilyl)ethoxy)methyl)-1H-pyrazolo[3,4

d]pyrimidine-3-carboxamide (520.00 mg, yield: 81.20%) as a red oil. IH-NMR (400 MHz, CDC 3) 

5 ppm 9.77 (br.s, 0.5Ff), 9.49 (br.s, 0.5f), 8.45 (d, I1H J= 11.4 Hz), 7.63 (dd, IH J= 8.4, 4.4 Hz), 

7.33-7.31 (m, 1H), 7.26-7.25 (m, 1H), 5.87 (s, 1 H), 5.67 (s, 1 H), 5.46 (s, 1 H), 4.98 (s, 1 H), 4.45

4.44 (m. 1H). 4.31-4.29 (m, 1H), 4.03-4.02 (m, IH), 3.79 (t, 1H, J= 8.0 Hz), 3.71 (s, 1.5H).3.55(t, 

1H, J 8.0 Hz), 3.29 (s, 1.511), 3.16 (d, 11H, J 6.0 Hz), 2.65-2.61 (in, 1), 2.05-1.83 (m, 2H), 1.05 

(t1.H, J= 8.4 Hz). 0.90 (t, IH, J= 8.0 Hz), 0.07 (s, 4.5H), 0.00 (s, 4.5H).  

STe4: N-(5chioo-2-aobenzil)-4-(iR SR )-23-diydoxycyclopentyDlamino)-N-methyl-I

((2-(trimethylsilyl)ethoxy)methyl)--IH-pvrazolo[3,4-dIpvrimidine-3-carboxamide 
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SEM SEM 
N N N 

N || 

HO N Zn(CN) 2  HO N 

HO s,.NH Pd(PPh3)4  HO NH N Hf..0 4H 0 - 0 
_- DMF/M.W./ 

C - 140°C/5 hrs CI 
~ Br \ 

The mixture of N-(2-bromo-5-chlorobenzyl)-4-(((1R,2S,3R)-2,3

dihydroxycyclopentyi)amino)-N-methyl-1-((2-(trimethysilyl)ethoxy)methyl)-[1H-pyrazolo[3,4

d]pyrimidine-3-carboxamide (420.00 mg, 670.91 umoL 1.00 eq), Zn(CN)2 (630.22 mg, 5.37 mmoil, 

340.66 uL, 8.00 eq) and Pd(PPh3)4 (77.53 mg, 67.09 umol, 0.10 eq) 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(CN)2 (2 eq) and Pd(PPh 3)4 (0.1 eq) 

was added, it was radiated with microwave at 150°C for another 2 hrs. When the reaction was 

complete, 1-120 (15 mL) was added, the product was extracted by EtOAC (20 mL * 3). The 

combined organic layers were dried over anhydrous Na2SO4 , concentrated to give a crude product.  

The crude product was purified byprep-TLC (EtOAc) to obtain N-(5-chloro-2-cyanobenzyl)-4

(((IR,2S,3R)-2,3-dihydroxycycopentyl)amino)-N-methyl-1-((2-(trimethylsilyi)ethoxy)methyl)-1H

pyrazolo[3,4-d]pyrimidine-3-carboxamide (520.00 mg. crude, including PPh30) was obtained as a 

yellow oil. 1-1-NMR (400 MH z, CDCl3) ( ppm 9.72 (br.s, 0.51-1), 9.44 (br.s, 0.51), 8.45 (d, 11-, J= 

6.4 Hz). 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 (in, 11-1) 4.03-4.02 (m, 1H), 3.81-3.76 (m, 2.5H), 3.59 (t 11-1, J= 8.0 Hz), 3.32 (s, 1.51-1), 

3.18-3.16(m,1H), 2.19-1.86 (m, 3H), 1.04 (t, 1H, J= 8.0 Hz), 0.92 (t, 1[H, J= 8.0 Hz), 0.06 (s, 

4.511), 0.00 (s, 4.5H).  

Step 5: N-(5-chIoro-2-cyanobenzyl)-4-(((1R,2S,3R)-2,3-dihydroxvcyclopentyl)amino)-N-methvl

1 H-ipyrazolo[3.4-dlipyrimidine-3-carboxamide 

SEM H I N N 

NI N 

HO 1) TFA/DCM HO N 
HO N 

HO w \NH O N 2) KOAc/MeOH HO ,NNH O 

CI CN/N 
103 
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To the mixed solvents TFA (10.00 mL) and DCM (10.00mL) was added N-(5-chloro-2

cyanobenzyl)--4-(((iR,2S,3R)-2,3-dihydroxycyclopentyl)amino) -N-methyl-1((2

(trimethylsilyl)ethoxy)methyl)-1H-pyrazolo[3.4-d]pyrimidine-3-carboxamide (520.00 mg, 908.88 

umol, 1.00 eq), the resulting mixture was stirred at 25°C for 1 hr. The solvent was evaporated by N 2 

to give a crude product. The crude product was dissolved in MeOH (15.00 mL). adjusted to pH = 7

8 by NaHC03, and KOAc (178.39 mg, 1.82 mmol, 2.00 eq) 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 1-120 (15 mL * 3). The organic layer 

was concentrated under vacuum to give a crude product which was purified by acidic prep-HPLC 

(TFA) to obtain N-(5-chioro-2-cyanobenzyl)-4-(((1R,2S,3R)-2,3-dihydroxycyclopentyi)amino)-N

methyl-1H-pyrazolo[3.4--d]pyrimidine-3-carboxamide (17 1.00 mg, yield: 33.85%, TFA) as a white 

solid.  

Example 27. Synthesis of Compound 226 

Step 1: Methyl (1R.3R,4R)-3-((teit-butoxycarbonyl)amino)-4-((tert-butvldiphenylsilyl)oxy) 

cyclopentane-1-carboxylate: 

H O TBDPSO 
.\NHBoc .\NHBoc 

TBDPSCI 

imidazole/DMF 
OO

OMe OMe 

To a solution of methyl (R,3R,4R)-3-((tert-butoxycarbonyl)amino)-4

hydroxycyclopentane-1-carboxylate (1.50 g, 5.78 mmol, 1.00 eq) and imidazole (590.74 img, 8.67 

mmol, 1.50 eq) in DMF (10.00 mL) was added TBDPSCl (1.67 g, 6.07 mmol, 1.05 eq) at 0°C. The 

reaction was stirred at 15°C for 16 hrs. TLC (PE:EtOAc = 5:1, Rf = 0.43) showed the reaction was 

complete. The solution was poured into water (20 mL) and extracted with EtOAc (10 ml * 3). The 

organic layer was dried over Na2SO4 and concentrated. The residue was recrystallized from PE (1 

mL) to give methyl (1 R,R,4R)-3-((tert-butoxcarbonvl)amino)-4-((tert

butyldiphenylsilyl)oxy)cyclopentane-1-carboxylate (2.80 g, yield: 97.40%) as a white solid. I H

NMR (400 MHz, CDC 3) 6 ppm 7.69-7.64 (in, 411), 7.43-7.37 (in, 6H),4.10 (br.s, 1H), 3.92-3.97 

(Im, 2H). 3.66 (s, 3H), 2.75-2.71 (m, 1H), 2.46--2.43 (m,1H),2.01-1.95 (in, 2H), 1.65-1.61 (in. iH), 

1.40 (s, 91), 1.05 (s, 9H).  
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Step 2: Tert-butyl ((1R2R4R)-2-((tert-butyildiphenylsilyl)oxy)-4-(hydroxymethyi)cyclopentyl) 

carbamate: 

TBDPSO TBDPSO 
,\NHBoc \NHBoc 

LiAIH4/T HF 

0
OMe OH 

To a solution of methyl (1R,3R,4R)-3-((tert-butoxycarbonyl)amino)-4-((Iert

butyldiphenylsilIyl)ox)cyclopentane-I-carboxylate (2.80 g, 5.63 mmol, 1.00 eq) in THF(30.00 mL) 

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

15°C and stirred for 2 hrs. TLC (PE:EtOAc 3:1, R 024) showed the reaction was 

complete. The reaction was quenched with 0.43 mL of H 20 and 0.43 mL of 10% aq. NaOH at 

0°C. The mixture was filtered and the filtrate was concentrated. The residue was washed with PE 

(5 mL). The solid was collected. tert-butyl (( R,2R,4R)-2-((tert-butyldiphenysilyl)oxy)-4

(hydroxymethyli)cyclopentyl)carbamate (2.30 g, yield: 86.98%) as a white solid was obtained. I H

NMR (400 MI-Iz, CDCl3) 3 ppm 7.69-7.65 (n, 4H), 7.43-7.38 (m, 61-), 4.11-4.10 (m, 11), 3.89 

(br.s, 2H), 3.54 (br.s. 2H),2.14-2.10 (m, IH), 1.97-1.89 (m.2H), 1.62-1.58 (m, IH), 1.39 (s, 9H), 

1.06 (s, 9H).  

Step 3: tert-butvl ((1R,2R.4R)-2-((tert-butyldiphenyisilvl)oxy)-4-formvlcyclopentvI)carbamate: 

TBDPSO TBDPSO 

,,,NHBo Dess-Martin's reagent ,HBoo 

DCM 

OH 0 

To a solution of tert-butyl (( R,2R,4R)-2-((tert-butyldiphenylsilvl)oxy)-4

(hydroxymethyl)cyclopentyl)carbamate (2.30 g, 4.90 mmol, 1.00 eq) in DCM (50.00 mL) was 

added Dess- Martin periodinane reagent (3.12 g, 7.35 mmol, 1.50 eq) at 0°C. The reaction was 

stirred at 15°C for 16 hrs. TLC (PE:EtOAc = 3:1, Rf= 0.7) showed the reaction was complete. The 

reaction was quenched with sat'd aq. NaHCO 3 (30 mL) at 0°C and extracted with DCM (30 

mL). The organic layer was dried over Na2SO4 and concentrated. The residue was purified by 

column chromatography on silica gel (PE:EOAc = 30:1). tert-butyl ((1R,2R,4R)-2-((tert

butyldiphenyIsilyl)oxy)-4-formylcycopentyl)carbamate (900.00 mg, yield: 39.27%) as a yellow oil 
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was obtained. 111-NMR (400 MI-z, CDC13) o ppm 9.55 (s, 11), 7.61-7.56 (m, 4H), 7.37-7.31 (i, 

6H), 4.08 (d, IH,1 = 7.2 Hz), 3.93-3.89 (i, IH), 3.79 (br.s, IH), 2.62-2.55 (m, IH), 2.44-2.40 (in, 

1H1), 1.86-1.83 (n, 211), 1.57-1.52 (in, 1), 1.34 (s, 911), 0.97 (s, 911).  

Step 4: tert-butvl ((1R,2R.4R)-2-((tert-butyldipheniysilvl)oxy)-4-(difluoromethyl)cyclopentyil) 

carbamate: 

TBDPSO TBDPSO 
'NHBoc .\NHBoc 

DAST/DCM 

F 
0 F 

To a solution of tert-butyl ((1R,2R,4R)-2-((tert-butyldiphenylsilyl)oxy)-4

formylcycopenty)carbamate (900.00 mg, 1.92 nmol, 1.00 eq) in DCM (50.00 mL) was added 

DAST (928.45 ig, 5.76 mmol, 3.00 eq) at 0°C. The reaction was stirred at 15°C for 5 hrs. TLC 

(PE:EtOAc = 3:1, R-= 0.6) showed the reaction was complete. The solution was quenched with 

sat'd aq. NaHCO3 (20 mL) and extracted with DCM (20 mL). The organic layer was dried over 

Na2SO4 and concentrated. The residue was purified by column chromatography on silica gel 

(PE:EtOAc =30:1-20:1). tert-butyl((1R,2R,4R)-2-((tert-butyldiphenyilsilyl)oxy)-4

(difluoromethyl)cyclopentyl)carbamate (250.00 mg.yield: 26.59%) as a yellow oil was obtained.  

H-NMR (400 MHz, CDCI) 6 ppm 7.62-7.56 (m, 411), 7.34-7.31 (in, 6H), 5.76-5.43 (m, 1H), 3.88

3.82 (m IH). 2.30-2.24 (m, 1H), 2.07-2.04 (,in. 11), 1.80-1.75 (i, 11), 1.65-1.57 (m, 1H), 1.33 (s, 

91-1), 0.99 (s, 911).  

Step 5: (1R,2R,4R)-2-((tert-butyldiphenyisiiyl)oxy)-4-(difluoromethyl)cyclopentan-1-amine: 

TBDPSO TBDPSO 
NHBoc HCI/EtOAc \NH2 

F- F
F F 

To a solution of tert-butyl ((1R,2R4R)-2-((tert-butyldiphenylsilyl)oxy)-4

(difluoromethyl)cyclopentyl)carbamate (50.00 mg 102.11 umol, 1.00 eq) in EtOAc (2.00 mL) was 

added HCl/EtOAc (10.00 Ml, 4 M) at 15°C. The reaction was stirred at 15°C for I hr. TLC 

(PE:EtOAc = 3:1, Rf= 0.05) showed the reaction was complete. The solvent was blown to dryness 

by N 2 . The residue wasn't further purified. (1R,2R,4R)-2-((tert-butyldiphenylsilyil)oxy)-4
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(difluoroiethyl)cyclopentan-1-amine (40.00 mg, yield: 91.95%. HCI) as a yellow oil was obtained.  

IH-NMR (400 MHz, CDCI) 6 ppm 7.70--7.68 (m, 4H), 7.49-7.43 (m, 6H), 5.81 (td,1H, J= 57.2, 

4.8 Hz), 4.25 (dd, 1H, J= 12.0,5.6 Hz), 3.50 (dd, 1H,J = 13.2,6.4 Hz), 2.22-2.19 (in, 111), 1.80

1.74 (m, 2H), 1.66--.63 (m, 1H), 1.08 (s. 9H).  

Step 6: (4-(((1R,2R,4R)-2-((tert-butyldiphenylsilyl)oxy)-4-(difluoromethyl)cyclopentyl)aamino)-1

((2-(trimnethylsilyllethoxyiimethy1)-1I H-pyrazolo[3,4-d~pyrimidin-3-yl)((2R,4S)-2-(2,5

difluorophenyl)-4-fluoropyrrolidin-1-yl)methanone: 

SEM 

N -,- / .N y 
F SEM 

C 0  N" ~ N 

TBDPSO F N 
\ /1 N ~ 

F TBDPSO F 
F H N 

DIPEA/dioxane O 

F 
9F 

FF 
F 

Toasolutionof(1R,2R4R)-2-((tert-butyldiphenyisilvl)oxy)-4-(difluoromethyl)cyclopentan

i-amine (40.00 mg, 93.89 umol, 1.00 eq, HCl) and (4-choro-1-((2-(trinethvlsilyl)ethox)methyl)

IH-pyrazolo[3,4-d]pyrimidin-3-yl)((2R,4S)-2-(2,5-difluorophenyl)-4-fluoropyrrolidin-1

yl)methanone (48.07 mg, 93.89 umol, 1.00 eq) in dioxane (10.00 mL) was added IPEA (60.67 mg, 

469.45 umol, 5.00 eq). The reaction was heated at 90°C for 0.5 hr. LCMS showed the reaction was 

complete. The solution was concentrated. The residue was purified by prep-TLC (PE:EtOAc 

3:1).(4-(((1R,2R,4R)-2-((tert-butyldiphenylsilyl)oxy)-4-(difluoromethyl)cyclopentyl)amino)-1-((2

(trimethylsilyl)ethoxy)iethyl)-1H-pyrazolo[3.4-d]pyrinmidin-3-yl)((2R,4S)-2-(2,5-difluorophenyl)

4-fluoropyrrolidin--yl)inethanone (38.00 mg, yield: 46.78%) as a yellow oil was obtained.  

Step 7: (4-(((1R,2R,4R)-4-(difluoromethyl)-2-hydroxycyclopentyl)amino)-IH-pyrazolo[3,4

d]pyrimidin-3-yl)((2R,4S)-2-(2,5-difluorophenv)-4-fluoropyrrolidin-1-yl)methanone (Compound 

226): 
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SEM H 
N NsyN, 

, N N F 

TBDPSO HF TBAF/THF HO F 

.,NH N30 _______ NH ~ 
KOAc/MeOH 

F F 

F F F FF 

Asolutionof(4-(((1R,2R,4R)2-((tert-butyildiphenylsilyl)oxy)-4

(difluoromethyl)cyclopentyl)amino)-I-(2-(trimethylsilyl)ethoxy)methyl)-IH-pyrazolo3,4

dipyrimidin-3-yl)((2R,4S)-2-(2,5-difluorophenyl)-4-fluoropyrrolidin-1-yl)methanone(38.00mg.  

43.93 umol, 1.00 eq) in TBAF/THF (5.00 mL) was heated at 50°C for 2 hrs. LCMS showed (4

(((IR,2R,4R)-4-(difluoromethyl)-2-hydroxycycopentyl)amino)-1-(hydroxymethyl)-1H-

pyrazoio[3,4-d]pyrimidin-3-yl)((2R.4S)-2-(2,5-difluorophenyl)-4-fluoropyrrolidin-I-yl)methanone 

was remained. The reaction mixture was concentrated. The residue was dissolved in EtOAc (20 

mL) 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-HPLC (MeOH/TFA system). (13.50 mg, yield: 

50.34%, TFA) of (4-(((1R,2R4R)-4-(difluoromethyl)-2-hydroxycyclopentyl)amino)-1H-

pyrazolo[3,4-dIpyrimidin-3-yl) ((2R,4S)-2-(2,5-difluorophenyl)-4-fluoropyrrolidin-I-yl)methanone 

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 compounds disclosed herein are shown in Figure 1.  

Example 29. Assays 

NTRK1 Wild Type Assay at 1 mM ATP 

In each well of a 384-well plate, 1 nM - 1.5 nM of wild type NTRK Ienzyme (BPS 

Bioscience; 40280) was incubated in a total of 12.5 L of buffer (100 mM HEPES pH 7.5, 0.015% 

Brij 35, 10 mM MgCl2, 1mM DTT) with 1-2 M CSKtide (Tuft's University or Anaspec; FITC

AHA-KKKKD )IYFFFG-N112) 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 pL of Stop buffer (100 mM HEPES pH 7.5, 0.015% Brij 35, 35 mM 

EDTA and 0.2% of Coating Reagent 3 (Caliper Lifesciences)). The plate was then read on a 

Caliper EZReader 2 (protocol settings: -1.7 psi, upstream voltage -500, downstream voltage -3000, 

post sample sip 35s). Data was normalized to 0% and 100% inhibition controls and the Ilo 

calculated using a 4-parameter fit in the CORE LIMS.  

NTRK Wild Type and G595R Mutant Cellular Assays Protocol 

KM12 wild type colon carcinoma cell line harboring the TPM3-NTRKI fusion protein was 

obtained from the National Cancer Institute (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 Cliff (G595R) cell line was generated by mutagenizing the wild type KM12 line with a 

DNA methylating agent and subsequently selecting for clones that were resistant to chronic 

exposure to high concentration of a known NTRK inhibitor (Crizotinib). 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 370 C. Cells were then dosed with test articles atvarying concentrations using the 

Bravo liquid handling system. Concentrations ranged from 25uM down to 9.5pM (4-fold dilutions, 

10 concentrations total). 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. IC50 determinations were calculated using a 4-parameter 

curve fitting algorithm 

The table below summarizes the results from the biological assays described above. The 

following designations are used to indicate IC50 in each assay: A < 10.00 nM B = 10.01-100.0 nM; 
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C =100.0 1 -1000.0 nM and D >1000.1 ni; "ND" not determined.  

Compound Enz KM 12 KM1I 2 Compound Enz KN4i 2 KM A12 
Number NTRK1 (WI) (G-595R) Number NTRKI (WI1) (G595R) 

1 B B B 36 B C C 
2( CC 37 B C C 

4 ( ) ) 39 A 1 B3 
DC Cc 40 B C C 

6 A B B 41 B C C 
7 B B B 42 IC DD 
8 B B C 43 B B C 

9B BC 44 B B C 
It)0 C 1) 45 A A A 
11( C C 46 A A A 
12 C C D 47 C C C 
13 B B C48 B B C 
14 C C C 49 A B B 
15 ( C D 150 B B C 
16 D D 51 C C C 
17 13 B C 52l B 1 B3 
18 C )53 B 1B C 
19 D D D 54 B C C 

+ _______________ 20B B C 55 B B B 

_____ C C D 56 B C C 
22 C D D 57 A___ A B 
23 A B B 58 AB B 
24 13 CC59 C C 
25 13 13 C60 B3 B3 B 

26 B B C 61 C C D 
27 A B B 62 B B C 
28 A___ B B 6 3 A B B 

29 A B B 64 C C C 
30) B C65 C ND ND 
"1 ( CC66 D [) 1) 

32B3 C 67 r) [) 
33 B IB B 68 A A A 
34 B B C69 A BB 
35 C C D 70 A B B 
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Copud Ez K 2 M2Compound Enz KM2 KM 
Number NTRKI (WT) CompoR) und ENTR I MI (W) M295Z 

'71 B B C 109 A B C 
72_____ A B B 110 A B B 

73 A A B i BB 
74 B 1 13 112B1 C 
75 13 C 1) 113 A 13 B 
76 A B B 114 A A A 
77 A B B 115 A B B 
78 A A B 116 A A A 
79 A A B 117 C C D 
80 B C C118 A A 
81 13 C C119 A A A 

8213 CC120 B 1 B3 

83 B C C121 A A A 
84. A B B 122 A A A 
85 A B B 123' 
86 A___ A A 124a A ND ND 
87 A B B 125 A ND ND 
88 A A A 12 6A AA 
89 A___ B3 A 12 7 A A A 
90 D D D 112 8 A A A 

+-------------

91 B B C 129 A B B 
92 A___ A A 130 A A A 
93A A A 131 C C C 

94 C C D 132 B B C 
95 A A A 13 3 C C C 
96 13 B c 134 C C C 
97 A B C135 A A A 
98 C D D 136 A B B 
99 A A A 17B 1 
100 B B C138 C 

11C C C139 B B B 
102 B 1 13 140....A..B..A 
103 D D D 141 A B A 
104 A IA A 142 B B C 
105 A B B 143 B B B 
106 A A A 144B BC 
107 A B B CI_ _ _ _ ____ ____ 

108 B C C 14 1 
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Copud Ez K 2 M2Compound Enz KM2 KM 
____ __________Number NTRKI (WT) (GT55)Nnie T KI (-- (5951Z) 

147 B C C 185 A A A 
148 A A A 186 A A A 
149 A B B 187A B B 
150 13 B3 13 188AAA 
151 13 B3 13 189 A A B 
152 A B A 190 A B B 

153..B.B.B..191 ... B..  
154 B B 192 A B B 

155 B B B 193 A B B 
156 B B A194 B B B 
157 A B 13 195 A A A 
158 A B 13 196 A A A 
1-59 A B B 197 A B B 
160 A B B 198 A A A 
161 B B B 199 B A A 
162 A___ B B 200 A B B 

163 A B B 201 A A A 
164 13 13 13 22A 13 B 
165 A___ A A 120 3 A A A 
166 A C C 204 A A A 
167 A A A 205 A A A 
168 A___ A A 206 A A A 
169 B B B 207 B B B 
170 A A208 A A 
171 B3 B 13 209 A 13 13 
172 A B 13 210 A A A 

173.A.A.A.2.1 . A.A 
174 A A A 212 A A A 

175 A B B 213 A A A 
176 A___ B B 14 A A A 
177 A A A 215 A A A 
178 A13 13 216 A A A 
179 B B Z 217 A A A 
180 A A A 2.18 A A A 
181 A B B 219 A A A 
182 A___ A B 220 A A A 

183 A A A221 A A A 
184 A A A222 A B B 
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Compound Enz KM12 KM12 Compound Enz KM12 KM12 
NubeNRK (WT) (G595R) Number NTRK1 (WT) (G595R1) 

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 IND 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 

IncorprationbyReerence 

All publications and patents mentioned herein are hereby incorporated by reference in their 

entirety as if each individual publication or patent was specifically and individually indicated to be 

incorporated by reference.  

Equivalents 

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

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

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

The term "comprise" and variants of the term such as "comprises" or "comprising" are used 

herein to denote the inclusion of a stated integer or stated integers but not to exclude any other 

integer or any other integers, unless in the context or usage an exclusive interpretation of the term is 

required.  

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

disclosures constitute common general knowledge in Australia.  
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CLAIMS: 

1. A compound of Formula (I): 

A (RA) 
(RB )q B 2 Li" -R) 

NN 

H (I), or a pharmaceutically acceptable salt thereof, 

wherein: 

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

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

L' is selected from -C(O)-, -N(R)-, -N(R)-C(O)- T, -C(O)-N(R)- t, -(C-C6 

alkylene)-N(R)- t, -N(R1 )-(Ci-C 6 alkylene)- t, -N(R)-C(O)-(C 1-C 6 alkylene)- T, and -C(O)

N(R)-(C-C 6 alkylene)- t; wherein "T" represents a portion of L' bound to Ring A and each 

alkylene portion of L', is independently substituted with 0-5 occurrences of R'; 

L2 is selected from -C(O)-, -C(O)-N(R)-*, -N(R)-C(O)-(C1 -C6 alkylene)-*, and -C(O)

N(R)-(Ci-C 6 alkylene)-*, wherein "*" represents a portion of L2 bound to Ring B and each 

alkylene portion of L2 is independently substituted with 0-5 occurrences of R'; 

each RA is independently selected from hydroxyl, C-C6 alkyl, C2-C alkenyl, C2-C6 

alkynyl, Ci-C6 alkoxyl, halo, C-C heteroalkyl, C1 -C haloalkyl, C1 -C haloalkoxyl, C1 -C 

hydroxyalkyl, cycloalkyl, aryl, heteroaryl, aryloxy, aralkyl, heterocyclyl, heterocyclylalkyl, 

nitro, cyano, -C(O)R', -OC(O)R', -C(O)OR, -(C-C 6 alkylene)-C(O)R', -SR', -S(O) 2R', 

-S(O) 2-N(R)(R), -(CI-C 6 alkylene)-S(O)2RI, -(C-C 6 alkylene)-S(O)2-N(R)(R), -N(R)(R), 

-C(O)-N(R 1)(R), -N(R)-C(O)R', -N(R)-C(O)OR', -(CI-C6 alkylene)-N(R)-C(O)R', 

-N(R)S(O)2R', and -P(O)(R)(R 1); wherein each alkyl, alkenyl, alkynyl, alkoxyl, heteroalkyl, 

haloalkyl, haloalkoxyl, hydroxyalkyl, cycloalkyl, aryl, heteroaryl, aryloxy, aralkyl, 

heterocyclyl, and heterocyclylalkyl portion of each RA is independently substituted with 0-5 

occurrences of Ra; or 2 RA together with the carbon atom(s) to which they are attached form a 

cycloalkyl or heterocyclyl ring independently substituted with 0-5 occurrences of Ra; 

each RB is independently selected from oxo, hydroxyl, C-C6 alkyl, C2-C6 alkenyl, C2-C6 

alkynyl, CI-C6 alkoxyl, halo, C1 -C6 heteroalkyl, C1 -C6 haloalkyl, C1 -C6 haloalkoxyl, C1 -C6 

hydroxyalkyl, cycloalkyl, aryl, heteroaryl, aryloxy, aralkyl, heterocyclyl, heterocyclylalkyl, 

nitro, cyano, -C(O)R', -OC(O)R', -C(O)OR, (C-C6 alkylene)-C(O)R, -SR', -S(O) 2R', -S(O) 2

N(R1)(R), (CI-C6 alkylene)-S(O)2R1 , (CI-C6 alkylene)-S(O)2-N(R)(R 1 ), -N(R)(R1 ), -C(O)

N(R1)(R), -N(R)-C(O)R', -N(R)-C(O)OR1, -(CI-C 6 alkylene) N(R) C(O)R', -N(R)S(O) 2R', 
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and -P(O)(R)(R), wherein each alkyl, alkenyl, alkynyl, alkoxyl, heteroalkyl, haloalkyl, 

haloalkoxyl, hydroxyalkyl, cycloalkyl, aryl, heteroaryl, aryloxy, aralkyl, heterocyclyl, and 

heterocyclylalkyl portion of each RB is independently substituted with 0-5 occurrences of R, or 

2 RB together with the carbon atom(s) to which they are attached form a cycloalkyl or 

heterocyclyl ring independently substituted with 0-5 occurrences of Ra; 

each R' is independently selected from hydrogen, hydroxyl, halo, thiol, C1 -C6 alkyl, C1

C6 thioalkyl, C1 -C6 alkoxyl, C1 -C6 haloalkyl, C1 -C6 hydroxyalkyl, C1 -C6 heteroalkyl, 

cycloalkyl, cycloalkylalkyl, heteroarylalkyl, heterocyclyl, and heterocyclylalkyl, wherein each 

alkyl, thioalkyl, alkoxyl, haloalkyl, hydroxyalkyl, heteroalkyl, cycloalkyl, cycloalkylalkyl, 

heteroarylalkyl, heterocyclyl, and heterocyclylalkyl portion of R' is independently substituted 

with 0-5 occurrences of R, or 2 R' together with the atom(s) to which they are attached form a 

cycloalkyl or heterocyclyl ring independently substituted with 0-5 occurrences of Rb; 

each Ra and Rb is independently selected from CI-C6 alkyl, halo, hydroxyl, C1 -C6 

haloalkyl, CI-C6 heteroalkyl, C1 -C6 hydroxyalkyl, C1 -C 6 alkoxyl, cycloalkyl, heterocyclyl, and 

cyano, wherein each alkyl, haloalkyl, heteroalkyl, hydroxyalkyl, alkoxyl, cycloalkyl and 

heterocyclyl portion of Ra and Rb is independently substituted with 0-5 occurrences of R'; 

each R' is independently selected from CI-C6 alkyl, CI-C6 heteroalkyl, halo, hydroxyl, 

CI-C6 haloalkyl, CI-C 6 hydroxyalkyl, cycloalkyl and cyano; or 2 R' together with the atom(s) to 

which they are attached form a cycloalkyl or heterocyclyl ring; and 

p is 0, 1, 2, 3, 4, or 5; and 

q is 0, 1, 2, 3, or 4.  

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

is selected from cycloalkyl, heterocyclyl, and cycloalkenyl.  

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

is selected from cyclopentyl, cyclohexyl, tetrahydropyranyl, tetrahydrofuranyl, pyrrolidinyl, 

and cyclopentenyl.  

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

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

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

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

wherein 

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

L2 is -N(R)-C(O)-(C1 -C6 alkylene)-* or -C(O)-N(R)-(Ci-C 6 alkylene)-*, 

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

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

L' is -NH-; and 

L2 is selected from -C(O)-NH-CH(CH 2OH)-*, -C(O)-N(CH 3)-CH2-*, -C(O)-N(CH 3)

CH(CH3 )-*, -C(O)N(CH 2CH3)CH 2-*, -C(O)NHCH(CH 3)-*, -C(O)N(CD 3)CH2-*, 

H 

-C(O)NHCH(CF 3)-*, and .  

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

-NH-; L2 is -C(O)-; and Ring B is pyrrolidin-1-yl.  

9. The compound of any one of claims 1 to 8 or a pharmaceutically acceptable salt thereof, 

wherein each R' is independently selected from hydrogen and C1 -C6 alkyl substituted with 0-5 

occurrences of R.  

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

is independently selected from hydrogen and -CH3 .  

11. The compound of any one of claims 1 to 10 or a pharmaceutically acceptable salt 

thereof, wherein each RA and RB is independently selected from hydroxyl, C1 -C6 alkyl, C1 -C6 

alkoxyl, halo, C1 -C6 heteroalkyl, C1 -C6 haloalkyl, C1 -C6 haloalkoxyl, C1 -C6 hydroxyalkyl, 

cycloalkyl, aryl, heteroaryl, nitro, cyano, -C(O)R', -OC(O)R', -C(O)OR', -SR', -S(O) 2R', 

-S(O) 2-N(R)(R), -N(R)(R), -C(O)-N(R)(R), -N(R)-C(O)R', -N(R)-C(O)OR', and 

-N(R)S(O)2R; wherein each alkyl, alkoxyl, heteroalkyl, haloalkyl, haloalkoxyl, hydroxyalkyl, 

cycloalkyl, aryl, and heteroaryl portion of each RA and each RBisindependentlysubstituted 

with 0-5 occurrences of Ra; or 2 RA or 2 RB together with the carbon atom(s) to which they are 

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

12. The compound of any one of claims 1 to 6 or a pharmaceutically acceptable salt thereof, 

wherein each RA is independently selected from hydroxyl, C1 -C6 alkyl, C1 -C6 alkoxyl, halo, 

-C(O)-N(R)(R), -C(O)OR', -S(O) 2R, C 1-C 6 haloalkyl, cyano, oxetanyl, and C1 -C 

hydroxyalkyl, or two RA bound to adjacent ring carbon atoms on Ring A are taken together to 

form a C3-C 6 cycloalkyl fused to Ring A.  

13. The compound of claim 12 or a pharmaceutically acceptable salt thereof, wherein each 

RA is independently selected from hydroxyl, fluoro, oxetan-3-yl, -CHF2, -CH2CH3 , 

-C(CH 3)2 0H, -OCH3, -C(O)N(CH 3)2, -C(O)OCH 3, -S(O)2 CH3 ; or two RA bound to adjacent 

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

14. The compound of any one of claims 1-10, 12 and 13 or a pharmaceutically acceptable 

salt thereof, wherein each RB is independently selected from halo, C1 -C6 alkyl, cyano, C1 -C6 

alkoxyl, aryl, heteroaryl, oxo, and C1 -C haloalkoxy.  

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

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

16. The compound of claim 15 or a pharmaceutically acceptable salt thereof, wherein Ring 

B is pyrrolidinyl, and at least one RB is selected from 2,3,5-trifluorphenyl, 2,3-difluorophenyl, 

2,5-difluorophenyl, 2-chloro-5-fluorophenyl, 2-chloro-5-fluoropyridin-3-yl, 2-cyano-5

fluorophenyl, 2-fluoro-5-chlorophenyl, 2-methoxy-3,5-difluorophenyl, 2-methoxy-5

fluoropyridin-3-yl, 2-trifluoromethoxy-5-fluorophenyl, 3,5-difluorophenyl, 3-chloro-5

fluorophenyl, 3-cyano-5-fluorophenyl, 3-difluoromethoxy-5-fluorophenyl, 3-fluorophenyl, 5

fluoropyridin-3-yl, and phenyl.  

17. The compound of any one of claims 1-7 and 9-14 or a pharmaceutically acceptable salt 

thereof, wherein Ring B is not pyrrolidinyl, and each RB is independently selected from chloro, 

fluoro, oxo, -CH 3, -CF 3, cyano, -OCH3, -OCF3, and -OCHF2 .  

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

N 
N, L) 

N N H (a), or a pharmaceutically acceptable salt thereof.  

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

(RB)q B R O R(Rb 
N N-A (RA) 

R' R' 
N, I 

N N H (II) or a pharmaceutically acceptable salt thereof, 

wherein: 

Ria is selected from hydrogen and CI-C6 alkyl; 

R i is selected from hydrogen and CI-C6 alkyl; and 

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

20. A compound selected from.  

N H 

N\N 
N 

r~ / 

F 
NH NH 

O 

'OH 

F; 

N H 

N N 
N/ 

NH NH 
o 

"OH 
HO 

F; 

140



rN H N 

N,~ 

F 
H,, ~ ~ NHNH 

0 

OH 

rN 
H 

NN 

F 

H NH NH 

rN 
N 

N 

N,~ 

NH N 

O'O 

HOH 

N N 

N 
N,~- / 

N H N 

""OH 

141



N H 
N 

N 
N 

F 

NHNH 

rN 
H 

N N 

NN 

F 
NH NH 

O oo"OH / 

rN 
H 

N N 

NN 

F 
NH NH 

O'O 

HOH 

rN 
N 

N 

N-/ 

F 

.",NH NH 

OH 
HO 

142



rN 
H 

N N 

NN 

F 
NH NH 

0 

"OH/ 

HF 

rN 
N 
N 

NN 

F 
NH NH 

HO 0 

""OH/ 

rN 
H 

N NN 
NN 

:T 
F 

HO_<:NH 

OH 

HF 

N N 
N\N 

NN 

F 
~NH NH 

OH 

143



rN 
H 

N N 

NN 

F 
NH NH 

F 0 

"'OH/ 

HF 

N N 

N 
N-/ 

F 

.. ",NHNH 
F-1 0 

OH 

HF 

rN 
N 

N 
N, / 

F 
NH NH 

""OH 

N N 

N 
N~- / 

F 
N H N H 

0 

F "'OH 

144



N NH 

NN 

F 
NH NH 

0H 0 

F 
F.  

N H 
N N 

N NF 

FF 

OH H 

N N 
\ N N 

F 
NH NH 

FF 

N H N N 

N 

N"" 

/N 

NH NH F 

0 

HO "'OH 

145



rN 
H 

N N 

NN 

NH N 

O'O 

HOH 
N N 

N 

N - / 

NH NH 

C oo"OH/ 

rN 
H 

N N 

NN 

H F 

NH NH 
0 

H "OH/ 

HOH 

N N 

N 
Nx' / 

NH N 
0 

"'OH 

146



rN 
H 

N NN 

NN 

HO 

.",,,,NHNH 
0 

F--- : OH 

F 

rN 
H 

N NN 

NN 

Ny- / 

NH N 
0 

HO "OH 

HOH 

rN 
N 

N 

NH N 

NH N 

F 

NH NH 

0 0 

C "'OH/ 

147



N N 

N 
Nx / 

F 

* NH 

NH 

N H N 

NA' NN 

F 

1 NH NH 

"OHF 

NOH 

N N 

N 

rNH N/ F 

HOO 

F 

rN 
H 

N 
N - / 

PNH NHF 

ci 
0 

Hd "OH/ 

148



N N 

N 
Nx/ 

F 
NH NH 

OH 
HO 

F; 

rN 
H 

N 
N N 

Nx/ 

CI 
NH NH 

O'O 

HO O F 

N 
N-/ 

CI 
NH NH 

Coo"OH/ 

N H 
N N 

NN 

NH NH CI 

HO "'OH/ 

F 

149



N H N N 

N- / D D 

XD 
,NH N F 

O0 0 

00 .""OH 

F 

N H 
N N 

NN 

F 
NH NH F 

F 

N H N N 
\ N 

rNH NH FF 

HO 'O/ 
F 

H 

rN 
N 

\ N 
NN 

F 
F ~ ~ NHNH 

F 0 

F 

OH 

150



rN 
H 

N N 
N 

N X / 
F 

NH NH 

FF ; 

F 

OH 

H OH 

N 

N H 
N 

N~ F 

N H O NF 

H 'OH 

N 

F 
H 

N N 

N O N F 

rNH N 

"OH 

F 

rN 
H N ~ 

Nr'- 
/N 

NH N 
0 

IF ""OH 

151



N H N N 

N 

NH00 
NHH~jF 

N H 
N N 

NN 

NH N 

N H 
N N 

NN 

N~ 0 / 

/0 

NH N 

F 
N H N 

N ~ N 

NH N 
0 

0 

""OH 

152



NN 

H N 

N~-~ / 

F 
NH NH 

0 
/N 

""OH 

F; 

O 
HH N 

N 
NN 

/0/ 
NH N 

0 -

"OH O 

HOH 

F; 

N 

N 
N 

N-/ 

NH N 
0 0 

C 0,,"OH/ 

N H N N 

N 
NA / 

100NH 0 NH F 

F 

153



rN 
H 

N N 

NN 

/F 
NH N 

0C000 0 

" OH/ 

OHF 

rN 
H 

\, N 

N-/ 
OH 

~NH N 

0 

0 F OH 

r N 
H 

N N 
NN 

NN 

NH N 

O'O 

HOH 

N N 
"N 

NN 

NH N/ CI 

O'O 

Hd 'O/ 
F 

154



N N 

N 

NH NH F 
O 

H'OH 
HO 

F 

rN 
H 

N 
N 

N 

/cI 
NH N 

'OH 
O-....  

HOd 
F; 

H N NN 

N 
N 

HO 

NH NH 

cl 0 

F OH 
F F 

N N 

NH 

HO 

.,NH 
NH 

0 

F OH 
F 1F 

155



N FH 

OHH 

N N 

N 

F 

NH 
N 

NNH 

HO 'O00H 
/ 

H, FF 

F 

15H 

N N 

NN 

OH 

"%"NH 

FF 

H 

rN N\ 

NN 

OH 
FF 

NH NH 
F 0 

HF 

N N 

N 
N~ 

0 F 

"'OH \/ F 

F 

156



HF 

N 

rN 
HF 

N 
N~N/ 

ONH NH 
O F 

F 

"OHN F 

F 

F 
N H 

Ni NN 
N 

NJH N 
.0 0 

""OH F 

HHOH 
5N 

rNH 

NH NF 

0 0 

C l"'OH 

F 

N N 

N ,- N N F 

NH N 

HO "O 

157



F 

N N 

N/N F 

N 
0 

OH 
HO 

F 
N H N F 

Ni N N 
N 

NH N 
0 

HO O 

F 
N H N 

N 

NH N 
0 

O"OH F 

F 
N H N F 

r N NN 
NN 

NH N 

OH F 

158



F 
N H N F 

N N 

NN 

NH N 

Ft 0 

HIF 

"OH 

F 
NH NF 

N NF 

N 

F-< 0 

F 
OH 

N H 
N N 

NN 

Ny-'0 / 

100NH N/ F 

HO "'OH/ 

F 

F 
N H N N 

N , ,,N >F 

NH N 
0 

"F ""OH 

159



N H NN 

c NHN NH 

0 

"OH 

FHFF 
F 

HO 

F-O-F 
N 

N 
N 

N F F F 
F 

NH 

NH 

"OH O 

HdH 
F 

rN 
N 

N 
N F F 

F 

NH NH 
0 

HO "OH 

HOH 

N N 
N 

N-/ 
~-N 

N H N 

"OH 

160



N H 
N 

N N 
N- / 

NH NH C1 CI 
O 0 

F 

N N 

NN 
O 

\ OH 

N 
NA / 

F 
0 NH NH 

0 

H "OH 

NF 

rN 
H N 

~N 

NH N 
0 

NF 
"OH 

OH 

F 

SN 

rN 

N 

HO N F 

OH 

161



F 
H ,' 

NN 

N N 

H~e. NH N F 

HOi'l 0 

'IF 

"OH 

F 

N N 
N 

F 

N 

NH O N 
F 

0 

IF 

Hd "OH HOO 

F F 

NN 

N ,NF 

NH O N 

HOO 

N 

\ N.  
NN 

NH NH F 

~-0 'OH 

HO F 

162



N NH 

H 
N 

N 
NN 

0 NH NH F 

~-0 

OH 
HO F 

F 

NHNF 

N  

NN 
N /N F 

0 0 

ONH N 

F 

N N 
'N 

H 

N ~ N ' F 

NH N 
0 

HS "OH F 

F 
N H N ~ 

NN 

NH N 

""OH F 

HO 'OF 

163



F 

N N 

N 
H NN 

NH N 

N :N F 

""OH 

F 

N N 
N 

N /N . F 

~~NH N 

F-1 0 

OH 

rN H N 
N 

0 .",,HNH F 

0S 

OH 

rN 
H 

N N 

NN 

0 NH NH 
11 0 

0 "'OH 

164



H 

F 

N N 

ON 

OHFF 

HNH F 

O 
H"OH F 

F F 

N H N N 

N 

Ny- / 
N

F N NH N 

""OH 

F -F 

6H 
N N 

N 
Nx / 

NH NH F 

F 

HO 'OH F 
F 

N NH 

NN 

F 
NH NH 

N 0 

FF/ F O"'OH/ 

165



rN 
H 

N N 
N 

N,, 
OH 

NH O NH F ,NNH 
O F 

F 

H F F 

F 

N H 

NN 

N F 

OH 

HOH 

NH N 

N 

HF 

N 
N ,NF 

NH N 

."OH 

'F 

OH 

616 

F 

N N 
N 

NH N 

0 

[:o~"OHF 

OH 

166



F 
N NN 

NH 

HFF 

NH N 
N F 

0 0 

PNH O N F 

H"OH F 

OH 

F 

N NN 

NO F 

NH _N 
0 

F 

HO 'OH F 

NN 

NH NH 

NN 

rN 
N 

F F 
N 

/~ /x F 

NH N 
0 

HO 'OH 

167



rN 

H 

N 
Ny- / 

PNH NHF 

F ""OH 

F 

rN 
H N N N 

N ,- ,N F 

H 

NH _N 

H F 

""OH F 

rN 
H ~N.  

N 

N 
FF 

FF 

rN 
N 

N ~ N > F 

rN NH N 

F'O F 

HOO 

168



F 

NN 

N ,/N >F 

0 \NH N 
II 0 

O 'F 
OHr 

N 
N 

N 

N ~ N N F 

0N NH N 
II 0 
-SiiF 

0 "'OHF 

r N 
H 

N N 

NN 

NH NH 
0 

H "OH/ 

HOH 
N N 

N 

Nm/ 
HF 

NH N 
0 

H "OH/ 

169



F 
H 

N N 

N 

NH N 
0 

F 

"0H 

N H 
N 

N F 

H H ON F 

HH N 
F 

N 
F 

N N 
N'N 

N- / 

N H N 
0 

* 
H ?N 

N 
N 

N 

H 

N H N 

H 
0 

""'OH F 

HO0 

170



F /N 

NH 

rN 
N 

NN 

NH 

F F 

rN 
HF 

NNF 

NH N 

N HF 

NF 

OH 

N HFF 

N 

N 
N 

O 4H F 

""H 

171



F CI 

NH N 
0 

'OH F 
HO 

F 
HF N 
NN 

N C1 

NH N 
0 

'OH F 
HO 

F N 

NH 

N NN 

H 

HNH O N F 

H O 

F CI 
N N 

N 

NH N 

"'OH F 

SH 

172



rN 
H 

N, N 

NW 

NH N 
O 

HC 'OH 

HOH 

rN 
N 

\N 
NN 

NH N 
0 

HC 'OH 

HOH 

rN 
N 

\ N 
NN 

/F 
NH N 

Hd 'OH 

HOH 

N N 
\N 

NN 

rNH N 

0 

HO 'OH 

173



N H N N 

N 
NW / 

NH N 

N H 
N N 

NN 

/0 
N H N/ 

O N" 

"'0 H 

N N 
N 

NW 

N H N 
0 

"'0 H 
N N 

N 

rN 
N 

NW / 

NH N 

"'OH 
HO 

174



HF 

; 

N 
N N 

0 

HC 'OH 

HO OP 

F 

N 

H 
N 

; 

N 
NW / 

HO 

HO - N 

Hd F 

rN 
H 

NN 

NW / 

NH N 

O'O 

HOH 

N N 
rNH N 

NW 

'NH N 

0 

Hc5 'OH 
HO F 

175



H 

N 

N 

\N 

N N 

NH N 
0 

SHOH 

F; 

N 

N 
H ~ 

NH N 
0 

N H 0 N 
F 

H 'OH 

NHH 
N 

N 

H 

N N 

NHN 

NH N 

Fo0n.. 
0OH 

N 

NF ; 

NH N 
0 

'"OH/ 

176



H 

O 

N N 

N 
Nx/ 

* NH N 0 

0 N 

HG OH HO O 

F; 

HN 

N 

NN 

NH N 
O 

HG 'OH/ 

NFH 

/CI 
NH N 

O 0 -N 

"OH/ 

F; 

1H 

N N 

NN 

/c 
NH N 

0 

""OH/ 

177



H 

N 

N 

NN 

/cI 
NH N 

H 0 N 

'OH 

NHH 

F 

N 
NX / 

H 

N N 
0 

H 

'OH 

HOH 

N N 
N, 

H 

N H N 
a 

'H F 

H7 N N 
"N 

ri N 

NH N 

"OH 0/ 

OHH 

178



N H 

HH 

N 
N 

NN 

NH N 

0 

N0H F 

OH 

N 

N 
NW 

HO 

HO ~ NH N 

F 
N H N N 

N X N > 

H~f--HO.",,NH 0NK 

F 
N H X 

N,, N NI 

N 'H O N F 

179



rN 
H 

N N 

NN 

H / CI 
NH N 

H 

HC OH 

NHH 
NF 

N 

NW 

N H N 
O 0 

"OH 

OH 

N H 
N N N / 

NHN 

0 -N 

.""OH 

OHF 

rN 
N 

NN 

/c 
NH N 

0 0 

"OH F 

180



ON 

H 
N 

N / 

NH N 

O 0 

H "OH 

OH CI.  

H H 

N 
NN 

N0,, NH N N F 

00,11"'OH 

OH F 

OH 

1N 
rNH N 

NX / 
H 

H 
NH 

N 

H'O 

HO t 

F 

N N > 
N 

NHN 
N_0000, 0 N 

<:"'OH 

181



N H 
N N 

N 
N/ 

NH 

N 

OH 

OH "O 

OH HI.  

F 

HH

N 

H 
N 

NH N 

'F 
H "OH 

OH 

F 

N H " 

Ni N /N 

NH N 

1OH 8 

OH 

F 

HOH 
rN 

HO f 0 

182



F F 
N NH 

N 

HO N 

HOwN 0 

F 
N H F 

N 

N /NF 
HO 

HOwN 0 

F F 
H O 

N N 

NH O N 

183F 

F F 

N N 

N 

NH N 
0 

0 "'OHF 

183



F 
NHO N 

N 
N 

N F 

NH N 

O -F 

"OH 

F 

HHd' 

N H 

NN 

N /N N. F 

NH 

N 

F"..H F 

O OH 

F 
H >N 

rN 
N 

N 

N X / N 

NH N 
0 

"'OH 

F F 
N H ' 

N N\ 

Ni > N N.  

NH 

'F "OH 

184



H 

F 

N N 

NN 

NH N/ F 
0 

HO 'OH OF 

HO F 
0 

FF 

N H 

N 
NX / 

N 

F NH0 

O H O HN F 
F185 

OH F 

F N 

N H X 

N N 
N 

PNH N 
0 

F N 

N NH 
NN 

N; NH 
N 

000 0 

185



F 
N H 
N N 

N N 

N;N N 

NH N 0 

0H 'OF 

F 

N N 

N 
N N  . F 

NH N 

F 
'OH 

F F 

NN 

N N 

NH N 
0 

'F 
OH 

F 

N N 

¾N 

* NH 
N 

Fill- 0 

"'OH 

186



F 

N 
N 

N 
N N- 7 N t 

N 

.,NH N 

F 0 

F 
OH 

F F 

NN N 
N 

H 

H NH N F 

H 
OH 

HOH F 

HO 

F 
H O 

N rA N NN F 

H 

NH N 

H"O 

HO 'H 

F 
N N N 

N 

PNH N 
0 

187



F 
N HF~ 

r 
NF 

NH N 
0 

HO" ""OH F 

F CI 

NN NN 

HO 

HO NH O N 

HO F 

N F 

NH N 

"OH F 

OH 

N HF ~ N 

N, 

N N N CI 
HO 

.",NH N 

HO 0 N 

188



F 
H ,

N 

N 
N .  

0 
N"0H N 

O F 

HO OH 

F 

NC 

rN 
HF 

N 
N > , . CI 

O NH N 
0 

0 OH' 

F F 
OH N 

NN 

NH O N 

0 0 

O, OH F 

OH 

F CI 

N N 

N.  

NH N 
0 

""'OHF 

189



F F 
N H~ 

N 

N 
HO 

0 

HO NH 

N 

N H 

N N F 

NH N 

O"-OH F 

H ,' N F 

NH N 

.00 
0 

0 'OH 

HdH 

F 
N C 

N , /N F C 

NH O N 

""'OH F 

190



N H NF 

NN 

FNH N 

FF F 

N HF 

N FN 

N HF F 

N F 

O ,H O NF 

HF F 

N N 

N N F 

PNH O NF 

Ho:D OH*"0 

191



F 
H N 

N Nr 
rN 

F 
N 

N CI 

NH N 

Fill.. 0 

'F 
'OH 

F F 

NF 
N 

NH N 

F C.. 0 F 

IF 
'OH 

H 
N N 

N 
N 

NX 

N H N F 

0c o*, 0 

"O H 

19 F 
F F 

F 

N 

N H N 
HO) ....... 0 

"'OH 

192



F CI 

N 

NN 

NH N 
0 

'OH 

F F 

N 

N 

F 

N A /N t F 

NH N 
NZz,,.. 

0 
IF 

'OH 

F 
N N 

N 

N 

N CI 
H 

NH N 

H 
0 

HO "'OH F 

HO 

NF CI 
N 

NN 

H 

HNH O N F 

"OH 

HO 

193



CI 

N HF 

N 

N F 

H 

H NH N 
0 

HH 

'OH F 

HO 

F 
H N 

N N 
N 

O 

N c 

H 

NH N 

HO 

FF 

N N 
NN 

N / . CI 

?NH N 

0 

".OH F 

OH 

F F 
N N 

NN 
N N 

NX / 0 

CNH NK 

'o 
0 

0'"'OH 'F 

194



F F 
H O 

N N 

N F 

NH N 
0 

'"OH F 

HO0 

F F 

N N F 

H 

H NH N F 
0 

H 

H OH 

CI 

N H F
NN 

r 
/N H N 

NH N 
0 

*OH F 

OH 

F 

N N 
rN 

HF 

NC 
N ,- N  c> CI 

O NH N 
00 0 

"OH F 

OH 

195



F CI 

N N 

N 

NH N 
0 *?NH0 K 

"OH F 

OH 

F F 

NF 

rN HF 

,N 

N F 

0 

F ONH N 

OH 

F 
N HF 

N N\ 

N N N F 
OH 

NH N 
F 0 

F.  

F 

'OH 

196



F 
N N 

NN 

N O/ N F 

F rNH N 
F~ 0 

F 

"OH F 

HO 

H 
H 

N N 

N F F 

N 

NH 

N 

0c 
*" 

0 
"OH 

F H F 

F 

NN 
N 

NN F 

NH N 
N 0 

"'OH 

F N 
H 

rN 
N 

N 

N X / 
OH 

r-T 

F ",,,NH 0 

F 

197



F 
N H N F 

NN 

N ~ 7 N 

OH 

F F 

N 

HH 
N 

N ,N 
NXO 

HO F 

c:NH N 

0 

HO 

F F 

N N 
N 

N 0 N 

H 

HO 

F F 

N N 

\N> 

00 

"OHF 

OH 

198



:N 

N 

N 

HO 

HO. 0 

F 

F F 

rN 
H 
NN"" 

NH N 

0 0 PH0 

Co"OH 'F 

OH 

NH O , 

N \N ~ F 

NH N 
0 

'"OH 'F 

HO 

N H F XT 
N 

N 

oo*NH 
0NK 

0 0 

199



HF 
0 F 

N N 

NN F 

H 
NH N 

0 

H 

OH 

HFH F HO 

F 
N HF F 

N F 

N O F 

N r N N. k 

NH N 
0 

-OH F 
HO 

F 
N H F 

N F 

N O F 

HNH / 0 F 

NH N 
0 

F 
N H WF 

N N N 

\N> 
NW X 0 F 

H NH -N 

H 
0 

HO 

200



F 
N H F 

N F 

N 0 F 

NH N 
0 

"OH F 

OH and 

F 
N H F 

N F 
N / 0 F 

NH N 
O 0 

"OH 

OH 

or a pharmaceutically acceptable salt thereof 

21. A pharmaceutical composition comprising a pharmaceutically acceptable carrier and a 

compound of any one of claims 1 to 20 or a pharmaceutically acceptable salt thereof.  

22. A compound which is 

F 
Id H  
N N 

N F 

NH N 

CO 
F 

'OH 

or pharmaceutically acceptable salt thereof 

23. A compound which is 
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or pharmaceutically acceptable salt thereof 

24. A compound which is 
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NN 
NN 

NH N 

Q F 

H6 

or pharmaceutically acceptable salt thereof 

25. A compound which is 

F F 

N N H 

N X /F 

NH N 

N O   
F 

NHN 01

Hd 

or pharmaceutically acceptable salt thereof 

26. A compound which is 

F F 

NN / 

NH N Kit 0 
OO F 

HH 

or pharmaceutically acceptable salt thereof 
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27. A method for treating a subject suffering from a condition mediated by aberrant 

neurotrophic tyrosine receptor kinase (NTRK) activity, the method comprising administering 

to the subject a compound of any of claims 1-20 or 22-26, or a pharmaceutically acceptable 

salt thereof, or a pharmaceutical composition of claim 21.  

28. The method of claim 27, wherein the aberrant NTRK activity is characterized by the 

identification of an NTRK fusion.  

29. The method of claim 28, wherein the kinase domain of the NTRK fusion has a 

mutation.  

30. The method of claim 29, wherein the mutation is G595R.  

31. The method of any one of claims 27-30, wherein the condition mediated by aberrant 

NTRK activity is cancer.  

32. The method of claim 31, wherein the cancer is selected from 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.  

33. The method of claim 31, wherein the cancer is non-small cell lung cancer.  

34. The method of claim 31, wherein the cancer is papillary thyroid cancer.  

35. The method of claim 31, wherein the cancer is pancreatic adenocarcinoma.  

36. The method of claim 31, wherein the cancer is colorectal cancer.  

37. Use of a compound of any one of claims 1-20 or 22-26 or a pharmaceutically 

acceptable salt thereof for the manufacture of a medicament for treating a condition 

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