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invention relates to novel conpounds, to pharmaceutical conpositions

conpri si yotzhe/@adspounds, to processes for nmaki ng the cecpaseas/oadd2zto the
use of the compounds in therapy. More particularly, it relates to certain
macrocyclic conpounds which exhibit Trk famly protein tyrosine kinase

i nhibition, and which are useful in the treatnent of pain, cancer,
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Respiratory Cell and Mol ecul ar Biology 25 (4), pp. 439- 446), breast cancer
(Jin, W, et al., Carcinogenesis 2010, 31(11), pp. 1939-1947), diobl astonma
(Wadhwa, S., et al., Journal of Biosciences 2003, 28 (2), pp. 181- 188),
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or non-selective small nolecule inhibitors of Trk A, B and C. For exanple,
i nhibition of the neurotrophin/Trk pathway has been inplicated in

preclini cab 20mdebimseof | nfl anmmatory | ung di seases i ncl udiPa@/iasaihge452
(Freund-M chel, V; Frossard, N., Pharmacol ogy & Therapeutics (2008),
117(1), 52-76), interstitial cystitis,(Hu Vivian, Y., et. al. The Journal
of Urol ogy (2005), 173(3), 1016-21), inflammtory bowel diseases i ncl uding
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Formul a I un g’arcmo a (Ricci A., et.al., American Jo rn 0 Re ra a)[ggl]i 4?2?1’ )gloleaflﬂ
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188), medulloblastoma (Gruber-Olipitz, M., et al., Journal of Proteome Research 2008, 7 (5),
pp. 1932-1944), secratory breast cancer (Euthus, D.M., et al., Cancer Cell 2002, 2 (5), pp.
347-348), salivary gland cancer (Li, Y.-G., et al., Chinese Journal of Cancer Prevention and
Treatment 2009, 16 (6), pp. 428-430), papillary thyroid carcinoma (Greco, A., et al.,
Molecular and Cellular Endocrinology 2010, 321 (1), pp. 44-49) and adult myeloid
leukemia (Eguchi, M., et al., Blood 1999, 93 (4), pp. 1355-1363). In preclinical models of
cancer, non-selective small molecule inhibitors of Trk A, B and C were efficacious in both
inhibiting tumor growth and stopping tumor metastasis (Nakagawara, A. (2001) Cancer
Letters 169:107-114; Meyer, J. et al. (2007) Leukemia, 1-10; Pierottia, M.A. and Greco A.,
(2006) Cancer Letters 232:90-98; Eric Adriaenssens, E., et al. Cancer Res (2008) 68:(2)
346-351).
[0007] In addition, inhibition of the neurotrophin/Trk pathway has been shown to be

effective in treatment of pre-clinical models of inflammatory diseases with NGF antibodies



| A [0016] or pharmaceutically acceptable salts or solvates thereof, wherein
ring A W m R, K-.2a, R3, Z R5 and R6 are as defined herein. [0017]In
anot her a®peot1/w@b33she i nvention, there are provi ded phaPcaasaeliload452
conpositions conprising conmpounds of Formula | and a carrier, diluent or
exci pient. [0018]In another aspect of jthe invention, there is provided a
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implicated in the etiology of neurodegenerative diseases including multiple sclerosis,
Parkinson’s disease and Alzheimer’s Disease (Sohrabji, F., Lewis, Danielle K., Frontiers in
Neuroendocrinology (2006), 27(4), 404-414).
[0009] The TrkA receptor is also thought to be critical to the disease process in the
infection of the parasitic infection of Trypanosoma cruzi (Chagas disease) in human hosts (de
Melo-Jorge, M., et al., Cell Host & Microbe (2007), 1(4), 251-261).
[0010] Several classes of small molecule inhibitors of Trk kinases said to be useful
for treating pain or cancer are known (Expert Opin. Ther. Patents (2009) 19(3)).
[0011] There remains a need, however, for compounds and methods for the treatment
of pain, in particular chronic pain, as well as for the treatment of cancer, inflammation,
neurodegenerative diseases and certain infectious diseases.

SUMMARY OF THE INVENTION
[0012] It has now been found that macrocyclic compounds are inhibitors of Trk
kinases, in particular inhibitors of TrkA and/or TrkB and/or TrkC, and are useful for treating
disorders and diseases such as cancer and pain, including chronic and acute pain.
Compounds which are inhibitors of TrkA and/or TrkB may be useful in the treatment of
multiple types of pain including inflammatory pain, neuropathic pain, and pain associated
with cancer, surgery and bone fracture. In addition, compounds of the invention may be
useful for treating inflammation, neurodegenerative diseases and certain infectious diseases.
[0013] Accordingly, in one aspect present invention provides novel compounds

having the general Formula I:



Formula | containing a pyrazolo[1,5-a]pyrimdinyl ring and having the
structure: [0024]or pharmaceutically acceptable salts or sol vates thereof,
wherei n: WOQBH)633g A is selected fromrings A1, A 2 amdTAS301hAa%d4n8z t he
structures: 111 A- 1A- 2A-3 [0026] wherein the wavy line |abeled 1

i ndi cates the point of attachment of rjng Ato ring B and the wavy |ine

| abel ed 2 indicates the point of attachnent of ring Ato W [0027] X is N or
CH, [0028]Y is Hor F, [0029]R1 is H, L»\C) al koxy or hal ogen; [0030]ring B
is selected fromrings B-1 and B i he structures: R6 R6,471-\4 33
B- 1B-2 [0031] wherein the wavy Ii abl edh 3 indicates the point of
attachnent to ring A and the wavy IineRZakﬁzb ted 4 indicates the point of
attachnent to the pyrazolo[1,5- w, ring of Fornula I;

[0014] and stereoisomers and pharmaceutically acceptable salts and solvates thercof,
wherein ring A, ring B, W, m, D, R%, R* R’, R* and Z are as defined herein.

[0015] In another aspect, the present invention provides novel compounds having the

Peu

h \Nk{
N

Y

general Formula I:

R% R?
W.

m R3

1A
[0016] or pharmaceutically acceptable salts or solvates thereof, wherein ring A, W,
m, R%, R*® R?, Z, R’ and R° are as defined herein.
[0017] In another aspect of the invention, there are provided pharmaceutical
compositions comprising compounds of Formula I and a carrier, diluent or excipient.
[0018] In another aspect of the invention, there is provided a method for treating or
preventing pain, cancer, inflammation, neurodegenerative diseases and certain infectious
diseases in a mammal, comprising administering to said mammal an effective amount of a
compound of Formula I.
[0019] In another aspect of the invention, there is provided a use of a compound of
Formula I in the manufacture of a medicament for the treatment or prevention of pain,
cancer, inflammation, neurodegenerative diseases and certain infectious diseases.
[0020] In another aspect of the invention, there is provided a use of a compound of
Formula I in the treatment or prevention of pain, cancer, inflammation, neurodegenerative
diseases and certain infectious diseases.
[0021] Another aspect provides intermediates for preparing compounds of Formula L.
In one embodiment, certain compounds of Formula I may be used as intermediates for the
preparation of other compounds of Formula I.
[0022] Another aspect includes processes for preparing, methods of separation, and

methods of purification of the compounds described herein.



[0032]Wis O, NH or CH2, wherein when ring Ais A2, then Wis CH2; [0033]m
is O, 1 or 2; [0034]Dis carbon; [0035]R2 and R2a are independently H, F,
(1-3 C) alwwl20or146€ds provi ded that R2 and R2a are not boPhT@MY201100861R3 and
R3a are independently H, (1-3 C)al kyl or hydroxy(1-3 Calkyl; 6 [0037]or D
is carbon or nitrogen, R2 and R3 are apsent and R2a and R3a together with
the atons to which they are attached forma 5-6 nenbered heteroaryl ring
haying 1-2 ri g hetem&ﬂE@DbﬂQéﬁlﬂTl(ﬁVbﬁ‘ﬂ%%ﬁNTloN ONHC( =0) -

*- NR4bCH2- or =0)-, wherein the asterisk indicates the point of

at t achnen9023i z t rhembadibent o€ his nigveion [ @OBY§sReampengy of 1thg Geapiy | |
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fluoro(1-6C)al kyl, difluoro(1-6C) aI ky# vt f I uoro(1- 6C) al kyl, hydroxy(1-6C
al kyl), dihydr oxy(2 6C al kyl ), &l )C(0)-, (3-6C cycl oal kyl ) C(0) -
Ari1C(0)-, HOCH2C(0)-, (1-6C al kyl] uI fonyl\ (3- 6C cycl oal kyl ) sul fonyl ,
Ar2(802) -, HO2CCH2- or (1-6C al k NH(RCDJ 'Z [0041] Arl is phenyl opti onal | y
substituted with one or nore subk ndependent|y sel ected from

hal ogen, (1-6C)al kyl, and (1-6C)atkoxy;" [ OFZTZ] Ar2 is phenyl optionally
substituted with one or nore substituents independently selected from

hal ogen, (1-6C) al kyl, and (1-6C) al koxyI; and [0043]R5 and R6 are

i ndependgggaay H  h@ @@ hcedthilyabe&abRd W ooV ERYME Wherein:

[0025] ring A is selected from rings A-1, A-2 and A-3 having the structures:
o o e
S !
YRZVX YR/VN\e’Sz YR/\ 2
A-1 A2 A3
[0026] wherein the wavy line labeled 1 indicates the point of attachment of ring A to

ring B and the wavy line labeled 2 indicates the point of attachment of ring A to W;

[0027] X is N or CH;
[0028] Y isHorF;
[0029] R'is H, (1-3C)alkoxy or halogen;
[0030] ring B is selected from rings B-1 and B-2 having the structures:

R® 0

Rf’\/\_lr‘\'\‘/gi 4 Z_({“ %4

3 3

B-1 B-2
[0031] wherein the wavy line labeled 3 indicates the point of attachment to ring A

and the wavy line labeled 4 indicates the point of attachment to the pyrazolo[l,5-

a]pyrimidine ring of Formula I;

[0032] W is O, NH or CH,, wherein when ring A is A-2, then W is CHy;

[0033] mis 0, 1 or 2;

[0034] D is carbon;

[0035] R” and R* are independently H, F, (1-3 C)alkyl or OH, provided that R* and
R* are not both OH;

[0036] R’ and R* are independently H, (1-3 C)alkyl or hydroxy(1-3 C)alkyl;



6C) al kyl . [0044]In one enbodinment of Formula I, ring Bis ring B-2 haying
the structure: 00 rlI\l----1 NV 3 B-2 [0045]D is carbon, R2 and R2a are

i ndependewdl2911(#686C) al kyl , and R3 and R3a are i ndepend@nfrlugs2i,1/0c4538

C) al kyl or hydroxy(1-3 Cyalkyl, or [0046]D is carbon or nitrogen, R2 and R3
are absent and R2a and R3a together wigh the atons to which they are
attached forma 5-6 nmenbered heteroaryl ring haying 1-2 ring heteroatons.

[0047] I n mbeﬂbodér@ﬁtcaﬁion Behidban, R? aﬁd ﬁgaré\abs%muna@%anh ﬁ‘fa Bt high
structure 1 JVWAI | --1... ... ..... XY...... 7 §]mhere|n XY

and R1 artke gtemel&f whieh tfegrareftasigdaform a) ;6 @rre@bewﬁéldiemaml rmg havmg 1-2 ring

heteroatoms;

[0038] Zis *NR¥C(=0)-, *-ONHC(=0)-, *-NR*"CH,- or *-OC(=0)-, wherein the
asterisk indicates the point of attachment of Z to the carbon bearing R*;

[0039] R* is H, (1-6C)alkyl, fluoro(1-6C)alkyl, difluoro(1-6C)alkyl, trifluoro(1-
6C)alkyl, hydroxy(1-6C alkyl) or dihydroxy(2-6C alkyl);

[0040] R™ is H, (1-6C)alkyl, fluoro(1-6C)alkyl, difluoro(1-6C)alkyl, trifluoro(1-
6C)alkyl, hydroxy(1-6C alkyl), dihydroxy(2-6C alkyl), (1-6C alkyl)C(O)-, (3-6C
cycloalkyl)C(O)-, Ar'C(0)-, HOCH,C(0O)-, (1-6C alkyl)sulfonyl, (3-6C cycloalkyl)sulfonyl,
Ar*(S0,)-, HO,CCHs- or (1-6C alky)NH(CO)-;

[0041] Ar' is phenyl optionally substituted with one or more substituents
independently selected from halogen, (1-6C)alkyl, and (1-6C)alkoxy;
[0042] Ar’ is phenyl optionally substituted with one or more substituents
independently selected from halogen, (1-6C)alkyl, and (1-6C)alkoxy; and
[0043] R> and R® are independently H, halogen, OH, (1-6C)alkyl or hydroxy(1-
6C)alkyl.
[0044] In one embodiment of Formula I, ring B is ring B-2 having the structure:
0O

3

B-2 ,
[0045] D is carbon, R* and R* are independently (1-3 C)alkyl, and R* and R** are
independently H, (1-3 C)alkyl or hydroxy(1-3 C)alkyl, or
[0046] D is carbon or nitrogen, R? and R® are absent and R* and R*® together with the

atoms to which they are attached form a 5-6 membered heteroaryl ring having 1-2 ring
heteroatoms.
[0047] In one embodiment of Formula I, ring A is ring A-1 having the structure

1
A 42
Y 7VX
R1

A-1



Formula I, Xis CH 1In one enbodinent, X is N In one enbodi nent of Formula
I, Yis F. In one enbodinent, Yis H In one enbodinent of Fornmula |, RL is
H I n onewenbodi4sasht, R1L is (1-3C)al koxy. A particul ar exargsk@1i03645et hoxy.
In one enbodi nent, Rl is halogen. In one enbodinent, Rl is F.

[0049] Particul ar exanples of ring A when represented by structure A-1

i nclude the structures: [0050]In one enbodinent, ring Ais ring A-2 haying
the StrUngsF A- 2, hQOR N WAGLEIRN are hSddHned fd- Fdn‘ﬂufarle RRRANRmenYof S F._ 1N
one embodinent, Y is H I'n one enbodi ment, R1 H. I n one enbodi nent, Rl
is (1- 3C)F§rfkld?<§' X & Qlr fh end embagiagnpl e is N. MPQWOdlmﬁnbﬂ’feF@mbbdb ¥enf, RL is

hal ogen i Iy Ciyll e ing A
when repr%geﬁgﬁdﬁ%gggfﬁﬁqi gﬁﬁl ﬁgngggﬁﬁ%ﬁﬁg%l % 8}N]%%Hpﬁﬁﬁmﬁ%8%3]ln one
enbodi melt' iofl -Falkutya A partlcuig eAamlsle fis mgthdey3 Thayd engbadheens iR ichaiogencin 2 A- 3
[0054]mhere|n Y,.an 151 FS as defined for Formula I. In one enbodinent, Y is
F. In oné %%* W"is H. In one enbodinent, Rl is H In one

enbodi rrer[0049R1 is K&nc%)eaﬁrklﬂxs}/of ngDA e WREscR@BP s@udtEre PEL hXX)e thr one
enbodi ment, Rl is halogen. In one enbodinent, Rl is F. 100551Parti cul ar
exanpl es SBYCHFYg A mhen represented by ring A-3 are the structures:

N
F F .

[0050] In one embodiment, ring A is ring A-2 having the structure
1
f\fo
YN
A2
[0051] wherein Y is H or F. In one embodiment, Y is F. In one embodiment, Y is H.

In one embodiment, R is H. In one embodiment, R" is (1-3C)alkoxy. A particular example

is methoxy. In one embodiment, R'is halogen. In one embodiment, R'isF.

[0052] Particular examples of ring A when represented by ring A-2 are the structures:
! 1
x-N
F ¥ Vo
[0053] In one embodiment of Formula I, ring A is ring A-3 having the structure
1
e
R']
A-3

[0054] wherein Y and R' is as defined for Formula I. In one embodiment, Y is F. In

one embodiment, Y is H. In one embodiment, R' is H. In one embodiment, R' is (1-
3C)alkoxy. A particular example is methoxy. In one embodiment, R' is halogen. In one
embodiment, R' is F.

[0055] Particular examples of ring A when represented by ring A-3 are the structures:



8 [0056]1n one enbodi nent of Formula I, Wis 0. [0057]1n one enbodinent, W
is NH [0058]In one enbodinent, Wis CH2. [0059] I n one enbodi nent of

Formul a IwoDoig14686bon, R2 and R2a are independently H, PET/US2013/083482 kyl or
OH (provided that R2 and R2a are not both OH), and R3 and R3a are

i ndependently H, (1-3 Calkyl or hydroxy(1-3 Calkyl. [0060]In one

enbodi nent, R2 and R2a are independently H F, nethyl or OH, provided that
R2 and R2a are not both OH [Q061]In one enbodi ment, R2 and R2a are both H.
[0062] I n one enbodi ment, R2 i H and Rka s F. [0063]In one enbodi nent, R2
and R2a are both F. [0064]In enbodi meZ is Hand Rza is OH.

[ 0065] I n one enbodi nent, R2 and R2ald silet hyl. [0066]1n one

enbodi ment, R2 and R2a areFboth ¥ethyl. [006%#4n one enbodi ment, R3 and R3a
are independently H, (1-3C alkyl or hydroxy(1l-3 C)alkyl. [0068]1n one
enmbodi mer®#056R3a | sinjgne prberhackiwhBeinidnt W RP.is H. I n one enbodi nent, both

R3 and Fﬁgosa} e H ]&1%91@%1%5518&% ®nbegi nent, R3a is (1-3C)al kyl. Exanples
i ncl ude thLI, et hyl, ’ '
[0058] In one embodiment, W is CH,.
[0059] In one embodiment of Formula I, D is carbon, R? and R* are independently H,
F, (1-3 C)alkyl or OH (provided that R> and R* are not both OH), and R® and R™ are
independently H, (1-3 C)alkyl or hydroxy(1-3 C)alkyl.

[0060] In one embodiment, R* and R* are independently H, F, methyl or OH,
provided that R? and R* are not both OH.

[0061] In one embodiment, R? and R* are both H.

[0062] In one embodiment, R* is H and R* is F.

[0063] In one embodiment, R* and R* are both F.

[0064] In one embodiment, R* is H and R* is OH.

[0065] In one embodiment, R? is H and R* is methyl.

[0066] In one embodiment, R? and R*® are both methyl.

[0067] In one embodiment, R® and R™ are independently H, (1-3C)alkyl or
hydroxy(1-3 C)alkyl.

[0068] In one embodiment, R* is H. In one embodiment, R® is H. In one
embodiment, both R® and R** are H.

[0069] In one embodiment, R* is (1-3C)alkyl. Examples include methyl, ethyl,

propyl and isopropyl. In one embodiment, R® is (1-3C)alkyl. Examples include methyl,
ethyl, propyl and isopropyl.

[0070] In one embodiment, R* is (1-3C)alkyl and R* is H. In one embodiment, R* is
methyl and R? is H.

[0071] In one embodiment, both R* and R* are (1-3C)alkyl. In one embodiment, R*
and R™ are both methyl.

[0072] In one embodiment, R® is hydroxy(1-3C)alkyl. Examples include
hydroxymethyl, 2-hydroxyethyl, 2-hydroxypropyl, and 3-hydroxypropyl. In one
embodiment, R® is hydroxymethyl, 2-hydroxyethyl, 2-hydroxypropyl, or 3-hydroxypropyl
and R* is H.



propyl and isopropyl. In one enbodinment, R3 is (1-3C)al kyl. Exanples

i nclude nethyl, ethyl, propyl and isopropyl. [0070]1n one enbodi nent, R3a
is (1-30)wbkylvamséR3 is H I n one enbodi ment, R3a is meChyuS2@ana3@@32is H.
[0071] I n one enbodi nent, both R3a and R3 are (1-3C)al kyl. In one

enbodi nent, R3a and R3a are both nethyl. [0072] I n one enbodinent, R3 is
hydroxy(1-3C)al kyl . Exanpl es incl ude hydroxymethyl, 2-hydroxyethyl,

2- hydr oxy mmpyl alrﬁdo& &Md%ﬁpro@%}mulm PR c%m%ﬁddrrmmgenRﬁz b8d R are

hydr oxynet hy 2- hydroxyet hyl , 2- hydr oxypropyl, or 3-hydroxypropyl and R3a
isH 9 aP@@fza}ldrRoﬁ@d Enbtgrthemwitbftheratoms | ta WwhiclDtlicy asaptiashebformi 2 Sdgen, R2

d R3 th
T e A A T e
het er oat aegethet withrtbe etvhodbd rvdnd:h thRQamutdthafotmgm Iﬁemembetdoi lnehmo%aylom to
whi ch they . tt d f d het -2 ri
't 1 ogen Hr DL SR B, BT ST et Th Cne A R ol y

ri ngs. Spags.fpecifisagphps dhetbebst aagyhclidengsstiudtirddde t he structures:

[0074] I n one enbodi rreu,t Zis *-NR4aC(=0)-. [0075]1n one enbodinent, Rda is
H. [0076]1n one e )ix Rz}sa ils (1-60 al kyl . Exanpl es incl ude nethyl,
ethyl, propyl, iso buty and isobutyl. [0077]1n one enbodi nent, Rda
is fl uoro( 1- GC) al kyI anpl es ude fluoromethyl and 2-fl uoroethyl.

[0078] I n one enbodinent, Rda is difluoro( 1 -6C)alkyl.Exanple include

di f 1 uor oMy  andinzng cabedimertoisiyNR "C68P9] I n one enbodi nent, Rda is

trifluor ciéqysgC) al kﬁﬁ'on@éﬁﬂ@du%@nt'l@‘ell Liiﬂe trifluoronethyl and
2,2,2-tri roet hyl .
[0076] In one embodiment, R* is (1-6C)alkyl. Examples include methyl, ethyl,
propyl, isopropyl, butyl, and isobutyl.
[0077] In one embodiment, R* is fluoro(1-6C)alkyl. Examples include fluoromethyl
and 2-fluoroethyl.
[0078] In one embodiment, R* is difluoro(1-6C)alkyl. Example include

difluoromethyl and 2,2-difluoroethyl.

[0079] In one embodiment, R* is trifluoro(1-6C)alkyl.  Examples include
trifluoromethyl and 2,2,2-trifluoroethyl.

[0080] In one embodiment, R* is hydroxy(1-6C alkyl). Examples include
hydroxymethyl, 2-hydroxyethyl, 2-hydroxypropyl and 3-hydroxypropyl.

[0081] In one embodiment, R* is dihydroxy(2-6C alkyl). An example includes 2,3-
dihydroxypropyl.

[0082] In one embodiments, R* is H or (1-6C)alkyl. In one embodiment, R* is H or
Me.

[0083] An example of Z when represented by *-NR*C(=0)- is *-ONHC(=0)-.
[0084] In one embodiment, Z is *-NR*CH,-.

[0085] In one embodiment, R* is H.

[0086] In one embodiment, R* is selected from (1-6C)alkyl, fluoro(1-6C)alkyl,
difluoro(1-6C)alkyl, and trifluoro(1-6C)alkyl.

[0087] In one embodiment, R*" is (1-6C)alkyl. Examples include methyl, ethyl,

propyl, isopropyl, butyl and tert-butyl. In one embodiment, R* is methyl.
[0088] In one embodiment, R** is fluoro(1-6C)alkyl. Examples include fluoromethyl
and 2-fluoroethyl.



[0080] I n one enbodi ment, Rd4a is hydroxy(1l-6C al kyl).Exanpl es incl ude

hydr oxymet hyl , 2-hydroxyet hyl, 2-hydroxypropyl and 3-hydroxypropyl.

[ 0081] | n woeoramaessbnent, R4a i s di hydroxy(2-6C al kyl). ARaTasamploas4sncl udes
2, 3- di hydroxypropyl. [0082]1n one enbodinments, R4a is Hor (1-6Calkyl. In
one enbodinent, Rd4a is Hor M. [0083]An exanple of Z when represented by
*-NR4aC(=0)- is *-ONHC(=0)-. [0084]In one enbodinent, Z is *-NR4bCH2-.

[ 0085] | n erTbOdIn”Pd% eBﬂlehr%ntH {bOQ§6]11lﬂ'ﬂ01% 6 fj' ”EEBgamp%binblﬁdegel ect ed
from (1- (914%10 kyl, fluoro(1l-6C)al kyl di fluoro C)al kyl, and

trifluor B@)@hyllynd2F@@BmIqeﬂlybne embodi nent , R4b is (1-6C) al kyl . Exanpl es

e sl TR, s PEARN 00 B L T B - bione

f | uor o( 1-t6{@)w@dbrksthyl aakamktaﬂuomeihgdde fluoronet hyl and 2-fluoroethyl. 10
[0089] I n enbo i s di 4& uor o ).al ky a cl
di f 1 uor or@@ﬁb 12 Oﬁe d?qﬁ?% ﬁg‘lﬁ(ﬁ% Oghe 6@) gl?yp@rg{)? F\Qd&%
trifl uorQleoﬁ@Dﬂ(K)yJ, AE@@pla@@HOIGIHZQ@) trl fl uoronet hyl and
2,2,2-trif|uoroeth]yl. . b - )
[0092] n one embodiment, R™ is (1-6C alkyl)C(O)-. Examples include CH3;C(O)-,
CH;CH,C(0)-, CH3;CH,CH,C(O)-, and (CH:),CHC(O)-. 1In one embodiment, R* is

CH3C(O)-.

[0093] In one embodiment, R* is (3-6C cycloalkyl)C(O)-. Examples include
cyclopropylC(O)-, cyclobutylC(O)-, cyclopentylC(O)- and cyclohexylC(O)-.

[0094] In one embodiment, R* is Ar'C(O)-. An example is phenylC(O)-.

[0095] In one embodiment, R* is HOCH,C(O)-.

[0096] In one embodiment, R* is selected from (1-6C alkyl)sulfonyl, (3-6C
cycloalkyl)sulfonyl, and Ar’(SO,)-.

[0097] In one embodiment, R* is (1-6C alkyl)sulfonyl.  Examples include

methylsulfonyl, ethylsulfonyl and propylsulfonyl.
[0098] In one embodiment, R® is (3-6C cycloalkyl)sulfonyl. Examples include
cyclopropylsulfonyl, cyclobutylsulfonyl, cyclopentylsulfonyl and cyclohexylsulfonyl. In one

embodiment, R is methylsulfonyl.

[0099] In one embodiment, R** is Ar’(SO,)-. An example is phenylsulfonyl.
[00100] In one embodiment, R* is HO,CCH,-.
[00101] In one embodiment, R* is (1-6C alkyl)NH(CO)-.  Examples include

CH:NHC(0)-, CH3;CH,NHC(O)-, CH3;CH,CH,NHC(O)-, and (CH;),CHNHC(O)-. In one
embodiment, R* is CHsNHC(O)-.

[00102] In one embodiment, R*™ is selected from H, methyl, -C(O)CHj,
methylsulfonyl, -C(O)CH,OH, -CH,COOH and -C(O)NHCH,CH3.

[00103] In one embodiment, Z is *-OC(=0)-.

[00104] In one embodiment of Formula I, ring B is ring B-1:

RG
Lh e

w



[0091] I n one enbodi ment, R4b is selected from (1-6C al kyl)C(0)-, (3-6C
cycloal kyl )C(0)-, Ar1C(0)- and HOCH2C(0)-. [0092]In one enbodi nent, R4b is
(1- 6C al kwb)20(10i#6336 Exanpl es i ncl ude CH3C(0)-, CH3CH2C( OpCT/USRBTINRMHERC( 0) -
and (CH3)2CHC(0)-. In one enbodinent, R4 is CH3C(0)-. [0093]In one

enbodi ment, R4b is (3-6C cycloal kyl)C(0)-. Exanples include

cycl opropylC(0)-, cyclobutylC(0)-, cyclopentylC(0)- and cycl ohexyl C(0)-
[0094] I'n [maspﬂbodw@@tw RAD RS o jig;ﬁé%%ndenﬁn ﬁxqmlry&l | SHPNe A or _

[ 0095] I n one enbodi ment, R4b i s HOCH2 0096] 'n one enbodi nent, R4b is
sel ect ed hiydiory(( 0Caadkdl kyI Ysul fonyl, (3-6C cycl oal kyI )sul fonyl, and

Ar2(S02) 9a7] 11y ﬁmﬁ t vk) sul | es
i ncl ude r#eqllkl) sul fony , et %ﬂ: ogr?gﬁgan(bﬁn&é %?%oﬁ’y?ﬁ E%%i@]&gﬁe
enbodi neﬂnbrdmﬁ%(b 6(9alk3- 618 mwcbmbddnyé@t,sﬂf fiohly hnd Exambl g5 Oc(lu@@alkyl or

cycl opropyl sul f Xlklcyclobutylsulfonyl cycl opentyl sul fonyl and

cycl ohex@’%{'gﬁﬁ(&%& ¥n one embodi nent, R4 is nethylsul fonyl. [0099]1n one
egogl ner]OOlOWE [ SInAFn%(eSQ)Z))lnnenArRsea)ﬁ]arRﬂ fe |1riﬂe§rh1)ﬁaytlySHJ FOOML (1 pOAMYOLE N one
enbodi nent, R4b is 00101Inonee odi

al kyl) NH(I‘Q%‘PXY(I%?PEY?Z dn Pl??cql%hﬂ)ém@%rﬁmf(@j Iroge 2N|ﬁt(F@)OH 13kt
CH3CH2 CHNIGk () -30)akd. (CH3) 2CHNHC(0) -. I'n one enbodi ment, R4 is CH3NHC(O) -
[ 00102] I n” one errbodl ment, R4b is sel ecét ed fromH, nethyl, -C(0)CH3,

et hyl sullBQHS) . - GOy pitiadimect RGN Rinere Ty NHTHR BB, b0l sihdine

enmbodi ma'ﬁ@CI% —'0? HO&Q@FP) In one embodiment, R is hydrogen and R®is H, F, OH, methyl,
cthyl, HOCH,- or HOCH,CHj>-.

[00109] In one embodiment, R’ and R® are independently H, F, or methyl. In one
embodiment, R’ is H and R®is H, F, or methyl.

[00110] In one embodiment, R is H and R® is F.

[00111] In one embodiment, R’ is H and R® is methyl.

[00112] In one embodiment, R® and R® are both H.

[00113] In one embodiment, R® and R® are both F.

[00114] In one embodiment, R> and R® are both methyl.

[00115] In one embodiment, ring B is ring B-1 which is optionally substituted with one

or two substituents independently selected from OH and F, provided that two OH substituents

are not on the same ring carbon atom.

[00116] Particular examples of ring B when represented by ring B-1 include the
structures:
HO, i
F
[\ Rt [\
£y £l Y
[00117] In one embodiment of Formula I, ring B is ring B-2 having the formula:
o
o—/< 44
K(N/
3
B-2
[00118] In one embodiment, m is 0.

[00119] In one embodiment, m is 1.



[00104] I n one enbodi nent of Formula I, ring Bis ring B-1: R6 4 3 11

[ 00105]where R5 and R6 are independently H, halogen, OH (1-6C) al kyl or
hydr oxy( wO0-260)1abisgl . [ 00106] I n one enbodi nent, R5 and RETAISeolLms@pendent|y
H F, OH (1-6C) alkyl or hydroxy(1l-6C)alkyl. In one enbodinent, R5 is H and
R6 is H F, OH (1-6Calkyl or hydroxy{ 1 -6C)alkyl. [00107]In one

enbodi nent, R5 and R6 are independently H F, OH (1-3C) al kyl or
hydroxy(%O@@%plkylh“ﬁ@egg&hﬁggqglyynt R5 is hydrogen and R6 is H F, OH
(1-3Cal k ydroxy( 1-3 C)al kyl. [00108]In one enbodi nent, R5 and R6
are |ndeﬂéﬂééhtly @neﬁﬁm@ﬂﬁwmepﬁy is iavengion MOGH compadHREHbe . generabne

enbodi ne gthyl, HOCH2- or
HOCH2CH2?%HFggib%?Pﬁﬂ%ﬁgﬁghgag]gg) §hg§r§ﬂé$%gm%§%h%%6%pendentIy H F, or
met hyl . 1[001@2k emudgy Brsning BR%: is Hand R6 is H F, or nethyl. [00110]In one
enbodi nment, R5 is H and 6is F. [00111] I n one enbodinent, R5 is H and R6
is methyl. [00112]1n ong |nent R5 and R6 are both H [00113]1n one
enbodi mrent, R5 and R6 ar ‘F. [00114]In one enbodi nent, R5 and R6 are
bot h nethyl

B-1

[00123] ring A is selected from rings A-1, A-2 and A-3 having the structures:

1 1 1

v or £
v 7§/X v 7VN\;§2 v \:)\ )
R1 R1 R1

A-1 A2 A3

[00124] wherein the wavy line labeled 1 indicates the point of attachment of ring A to

the pyrrolidine ring of Formula I and the wavy line labeled 2 indicates the point of

attachment of ring A to W

[00125] X is N or CH;

[00126] Y isHorF;

[00127] R'is H, (1-3C)alkoxy or halogen;

[00128] W is O, NH or CH,, wherein when ring A is A-2, then W is CHy;

[00129] mis 0, 1 or 2;

[00130] D is carbon;

[00131] R” and R* are independently H, F, (1-3 C)alkyl or OH, provided that R* and
R* are not both OH;

[00132] R* and R* are independently H, (1-3 C)alkyl or hydroxy(1-3 C)alkyl;

[00133] or R? and R? are absent and R*® and R™ together with the atoms to which they

are attached form a bivalent 5-6 membered heteroaryl ring having 1-2 ring nitrogen atoms;
[00134] Zis *NR¥C(=0)-, *-ONHC(=0)-, *-NR*"CH,- or *-OC(=0)-, wherein the
asterisk indicates the point of attachment of Z to the carbon bearing R*;

[00135] R* is H, (1-6Calkyl, fluoro(1-6C)alkyl, difluoro(1-6C)alkyl, trifluoro(l-
6C)alkyl, hydroxy(1-6C alkyl) or dihydroxy(2-6C alkyl);



[00115]In one enbodinent, ring Bis ring B-1 which is optionally
substituted with one or two substituents independently selected from OH and
F, provi owo 20hzts633¢0 OH substituents are not on the sampCTiusgoia@sdIdn at om
[00116] Particul ar exanples of ring B when represented by ring B-1 include
the structures: 333 [00117]1n one enbhpdinent of Formula I, ring Bis ring
B-2 having the fornula: czN--4 4 3 B-2 [00118]1n one enbodi nent, mis O.

[ 00119] | no@RE eﬂbq@%nﬁnﬁ (M Salidyl, ﬂ&&o@o&%m}ﬂ rulf%@o@rmgkﬁemﬂﬂuo% s 2.

[ 00121] One enbodi ment of this invention provi des conpounds of the general

For mul a 10Cwikydhaltydeese(it-0€ alalkyDacdibpirabi(2-6SalallyDor (b6t v atkebCtQrer €df6C
wherei n: [ Q0A23)F ONIABA(S)-MiBe ), R -O¥ anynshifory1 13:68 ScBatkylsutfonyl,

Ar*(S0O,)-, HO,CCH,- or (1-6C alkyl)NH(CO)-;

[00137] Ar' is phenyl optionally substituted with one or more substituents
independently selected from halogen, (1-6C)alkyl, and (1-6C)alkoxy;
[00138] Ar’ is phenyl optionally substituted with one or more substituents
independently selected from halogen, (1-6C)alkyl, and (1-6C)alkoxy; and
[00139] R’ and R® are independently H, halogen, OH, (1-6C)alkyl or hydroxy(l-
6C)alkyl.
[00140] One embodiment of this invention provides compounds of the general
Formula TA

RS Z NN

RN AN S

R2a R2 Z
W
m R3
IA
[00141] or pharmaceutically acceptable salts or solvates thereof, wherein:
[00142] ring A is selected from rings A-1, A-2 and A-3 having the structures:
1 1 1
o oor C
> < N o N ~ NS A
v /\/X v /\/ ¥y v //k;z
R’ R R’
A-1 A2 A3
[00143] wherein the wavy line labeled 1 indicates the point of attachment of ring A to

the pyrrolidine ring of Formula I and the wavy line labeled 2 indicates the point of

attachment of ring A to W

[00144] X is N or CH;

[00145] Y isHorF;

[00146] R'is H, (1-3C)alkoxy or halogen;

[00147] W is O, NH or CH,, wherein when ring A is A-2, then W is CHy;

[00148] mis 0, 1 or 2;



[00123]ring Ais selected fromrings A-1, A-2 and A-3 having the
structures: A- 1A- 2A-3 [00124] wherein the wavy line | abeled 1 indicates

t he poi ntwof2oatt4eashnent of ring A to the pyrrolidine ri mgrafS2Honsabsa | and
the wavy line | abeled 2 indicates the point of attachnment of ring Ato W
[00125] X is N or CH [00126]Y is Hor F; [00127]Rl is H, (1-3C)al koxy or
hal ogen; [00128]Wis 0, NH or CH2, wherein when ring Ais A-2, then Wis
CH2; [00X8ALY} i s OR’ dndok™ Zre h@GLARWRY iH5 FCaF BRN prdvitR4 3id: 2 ADR>REA ndl €

i ndependently H, F, (1-3 Calkyl or OH provided that R2 and R2a are not
bot h OH bpthdA32] R3 and R3a are independently H, (1-3 C)al kyl or hydroxy(1-3
O al kyl ; 3] or ) ) a and R3a together with the
at ons tO[é\ﬁﬂgé the%ﬁgrﬂg@%t@%%relgr?}gﬁﬁq&gl gi&\%ﬁéht 5-6 nmenbered heteroaryl
ring havi[@s1} 2 rings HNR'UYen)-at MEHC(=001 34V R CEL-* orNROACGEEN) whergin GNHC( =0) - |,

G BV R T LR
fluoro( J0018g) al kyk? Wi fi] YDEHOfalkyd Gladrk§tleC bk | diOERE(L-6C)alkyl, trifluoro(1-
6C)alkyl, hydroxy(1-6C alkyl) or dihydroxy(2-6C alkyl);
[00153] R* is H, (1-6C)alkyl, fluoro(1-6C)alkyl, difluoro(1-6C)alkyl, trifluoro(l-
6C)alkyl, hydroxy(1-6C alkyl), dihydroxy(2-6C alkyl), (1-6C alkyl)C(O)-, (3-6C
cycloalkyl)C(O)-, Ar'C(0)-, HOCH,C(O)-, (1-6C alkyl)sulfonyl, (3-6C cycloalkyl)sulfonyl,
Ar*(S0O,)-, HO,CCH,- or (1-6C alkyl)NH(CO)-;

[00154] Ar' is phenyl optionally substituted with one or more substituents
independently selected from halogen, (1-6C)alkyl, and (1-6C)alkoxy;
[00155] Ar’ is phenyl optionally substituted with one or more substituents
independently selected from halogen, (1-6C)alkyl, and (1-6C)alkoxy; and
[00156] R’ and R® are independently H, halogen, OH, (1-6C)alkyl or hydroxy(l-
6C)alkyl.
[00157] In one embodiment, Formula TA includes compounds wherein:
[00158] ring A is ring A-1 represented by the structure
o
AN
Y 7V X
R‘I
A-1
[00159] wherein the wavy line labeled 1 indicates the point of attachment of ring A to

the pyrrolidine ring of Formula I and the wavy line labeled 2 indicates the point of
attachment of ring A to W
[00160] ring B is ring B-1 represented by the structure:

S YEL



6C) al kyl, hydroxy(1-6C al kyl) or di hydroxy(2-6C alkyl); 13 [00136]R4b is
H (1-6C)al kyl, fluoro(1-6C)al kyl, difluoro(1-6C)alkyl, trifluoro(1l-

6C) al kyl ,wbydriong33s- 6C al kyl ), di hydroxy(2-6C al kyl), (PCoTSadiipBy€X0) -,
(3-6C cycloal kyl)C(0)-, Ar1C(0)-, HOCH2C(0)-, (1-6C al kyl)sulfonyl, (3-6C
cycl oal kyl)sul fonyl, Ar2(S02)-, H®2CCH- or (1-6C al kyl)NH(C0)-; [00137]Arl
is phenyl optionally substituted with one or nore substituents

i ndependgpgiley] sel egh&dn fihOMNalifRIfPeled 3 ifdaAlskud pmﬁnslf z(tt]aclﬁgarﬁlt(l)(ﬁﬁ%

[00138] Ar2 is phenyl optionally substituted with one or nore substituents

i ndependend | the sedvectiedd ldhelsth haindigetes thel peimy aif kattachragnd 0 1the Qyyapdedoi).5- and

[ 00139] R % dently H, hal ogen, OH, (1-6C)alkyl or

hydr oxy( p%g (gﬁe[(@]?g?o [ﬁ(g)glﬁ@g?me enbodi ment of this invention provides

conpoundd062f he gEmeNalCHormula 1A | A [00141] or pharmaceutically

accept abl @01§§ilts O{é S]ﬁl v tes t hereof, wherein: [00142]ring Ais selected
A

fromrin A3 havmgthe structures: 111
[00164] "is H, (1-3C)alkyl, (1-3C)alkoxy or halogen;
[00165] W is O or NH;
[00166] mis 0, 1 or 2;
[00167] R? and R*™ are independently H, F, or OH, provided that R? and R* are not
both OH;
[00168] R*is H, (1-3 C)alkyl or hydroxy(1-3 C)alkyl;
[00169] Z is *NR*™C(=0)-, *-ONHC(=0)-, or *-OC(=0)-, wherein the asterisk
indicates the point of attachment to the carbon bearing R*;
[00170] R* is H, (1-6Calkyl, fluoro(1-6C)alkyl, difluoro(1-6C)alkyl, trifluoro(l-
6C)alkyl, hydroxy(1-6C alkyl) or dihydroxy(1-6C alkyl); and
[00171] R’ and R® are independently H, halogen, OH, (1-6C)alkyl or hydroxy(l-
6C)alkyl.
[00172] In one embodiment, X is N. In one embodiment, X is CH.
[00173] In one embodiment, Formula TA includes compounds wherein:
[00174] ring A is ring A-2 represented by the structure
o
e
Y \/VN\f 2
R1
A-2
[00175] wherein the wavy line labeled 1 indicates the point of attachment of ring A to

the pyrrolidine ring of Formula I and the wavy line labeled 2 indicates the point of
attachment of ring A to W
[00176] ring B is ring B-1 represented by the structure:
R6
R /_|
S \N/%f

B-1



A-1A- 2A-3 [00143] wherein the wavy line | abeled 1 indicates the point of

attachnment of ring Ato the pyrrolidine ring of Formula | and the wavy |ine

| abel ed 2wondicasass t he point of attachnment of ring At @®CWUSRQADEGAFX is N

or CH [00145]Y is Hor F;, [00146]Rl is H (1-3C)al koxy or hal ogen;

[00147] Wis O, NH or CH2, wherein when,ring Ais A-2, then Wis CHZ;

[00148]mis O, 1 or 2; 14 [00149]R2 and R2a are independently H F, or OH,

provi ded{()(ﬁ@? R2 a’@ﬁ’ergngh@{;v \?nf?ﬁe QQ&IEH %dl&a%]tﬁgl)aﬁt bisat{'aichrﬁéltﬁ@o Ghalkyl or

hydr oxy( CBaI Ky [ 00151] *-NR41C(=0) - ONHC( =0) - NRAbCH2- or
0C( =0) and v@h@r@vw tmﬂe lﬁ@teérﬂslvadlpﬁ@ﬁ é@t esint tpé @@Fmermfwathpamﬁwm[l BSf Zto

the carb 2]R4a is H (1-6C) al kyl, fluoro(1-6C)alkyl,

di fl uoro%%}'gl a ‘Eg? tFrolkg‘gl%gro(l 6C) al kyl , hydroxy(l 6C al kyl) or

di hydr ox\{(®78]C al kYliyH ofEQlSB] Rdb is H, (1- GC) al kyl, fluoro(1-6C)alkyl,

di fl < | kyl d 1-6C al kyl
di hyg%gﬁﬂz‘ggca >li'éﬂ)ﬁhr I3 gRligf &b?"?&%a X'Qaéo‘%?zr g%(oal ky?) c{og Ar 10(0) -
HOCH2C( 0)[60180JL- 6C 1@|1§<0’I1)@QI fonyl, (3-6C cycloal kyl)sul fonyl, Ar 2( S02) -,

HO2CCH2- or (1-6C al k NH( CO) -; [00154] Arl is phenyl opti onaIIy
subst it utl®@8h t h oWe1S 2nore substituents independently selected from

hal ogen, [§dis80C) al kylis 0,and o( 1- 6C) al koxy;

[00183] R? and R*™ are independently H, F, or OH, provided that R? and R* are not
both OH;
[00184] R*is H, (1-3 C)alkyl or hydroxy(1-3 C)alkyl;
[00185] Z is *NR*™C(=0)-, wherein the asterisk indicates the point of attachment to
the carbon bearing R*;
[00186] R* is H, (1-6Calkyl, fluoro(1-6C)alkyl, difluoro(1-6C)alkyl, trifluoro(l-
6C)alkyl, hydroxy(1-6C alkyl) or dihydroxy(1-6C alkyl); and
[00187] R’ and R® are independently H, halogen, OH, (1-6C)alkyl or hydroxy(l-
6C)alkyl.
[00188] In one embodiment, Formula TA includes compounds wherein:
[00189] ring A is ring A-3 represented by the structure

N:IN

s,
v R:J\ 2

A-3

[00190] wherein the wavy line labeled 1 indicates the point of attachment of ring A to

the pyrrolidine ring of Formula I and the wavy line labeled 2 indicates the point of
attachment of ring A to W
[00191] ring B is ring B-1 represented by the structure:

RS\/_\PN 44
3

B-1



[ 00155] Ar2 is phenyl optionally substituted with one or nore substituents

i ndependently sel ected from hal ogen, (1-6C)al kyl, and (1-6C)al koxy; and

[ 00156] Roweanrdi1iR@exne | ndependently H, hal ogen, OH, (1-6E@ralusyd11086452
hydroxy(1- 6C)al kyl. [00157]In one enbodi nent, Formula |IA includes
conpounds wherein: [00158]ring Ais rihg A-1 represented by the structure i
. IVW A1 [00159] wherein the wavy line |abeled 1 indicates the point of
attachnegbm@tl Finguhvtif thd@aRY ifOlabdid® iAdifEesAhe FORTYE Atabhddd 1§ hgo Wavy |ine
| abel ed i ndi cates the point of attachnment of ring Ato W [0016%]r| ng B
is ring Bud thepravgehnedabisiedt heindicyterc ther @oinR@f 3attagiment to the pyrazolo[1,5-

2011/ 146 2CT 4. .15 [00161] wherein the wavy line | abeled 3

i ndi cat eg%?ﬁ@%g?ﬁ?&#&gr?@gghmm toring A and the wavy line | abeled 4

i ndi cat e400198] poi nY ioff oaft achnent to the pyrazolo[1,5- a]pyrimdine ring of

Formul a |[601B9]Ol62] 1%(‘ iis ?L I(\l_?é)aﬁ?;i, (1-3C)alkoxy or halogen;

[00195] Wis O;
[00196] mis 0, 1 or 2;
[00197] R? and R*™ are independently H, F, or OH, provided that R? and R* are not
both OH;
[00198] R*is H, (1-3 C)alkyl or hydroxy(1-3 C)alkyl;
[00199] Z is *-OC(=0)- or *-NR*C(=0)-, wherein the asterisk indicates the point of
attachment to the carbon bearing R*;
[00200] R* is H, (1-6Calkyl, fluoro(1-6C)alkyl, difluoro(1-6C)alkyl, trifluoro(l-
6C)alkyl, hydroxy(1-6C alkyl) or dihydroxy(1-6C alkyl); and
[00201] R’ and R® are independently H, halogen, OH, (1-6C)alkyl or hydroxy(l-
6C)alkyl.
[00202] In one embodiment, Formula TA includes compounds wherein:
[00203] ring A is ring A-1 represented by the structure
o
A 42
P
A-1
[00204] wherein the wavy line labeled 1 indicates the point of attachment of ring A to

the pyrrolidine ring of Formula I and the wavy line labeled 2 indicates the point of
attachment of ring A to W
[00205] ring B is ring B-1 represented by the structure:

S YEt



[00163]Y is Hor F;, [00164]RI - is H, (1-3Calkyl, (1-3C)al koxy or hal ogen;
[00165]Wis O or NH, [00166]mis O, 1 or 2; [00167] R2 and R2a are

i ndependewDl2911H468Bs or OH, provided that R2 and R2a ar e PootUshaiiio3ddsh
[00168]R3 is H (1-3 Calkyl or hydroxy(1l-3 Calkyl; [00169]Z is
-NR4aC(=0) -, *-ONHC(=0)-, or *-0C(=0)z, wherein the asterisk indicates the
point of attachment to the carbon bearing R3; [00170]Rd4a is H, (1-6C) al kyl,
f1 uoro(1662bs| kY 7wﬁlér<t,1h YR %Jy B BbYY] 3 ifdiatds URE Bbite oBLaaBhdt 1o BYEMOXY (1- 6C
al kyl') or dihydroxy(1-6C al kyl); and [00171]R5 and R6 are |ndependently H,
hal ogen, a@H, th¢ wHE) hnekwbel@ri fyiddiextsy the eapalKyattaciroan 72] the 0@a#3Jol[.60174] | n
one enbo ne enbodiment, X is CH |In one enbodi nent,

Formul a ICAW ﬂ%gelsgsocfg’r%%@% 's wherein: ring Ais ring A-2 represented by
the strudoa20g] 1  XAiPN[OOH75] wherein the wavy line |abeled 1 indicates the

poi nt of hmeng, . rong Ato the pyrrolidine ring of Fornula | and the
wavy Iiné&fz?gfel ednglﬁoé\(?fié’at es the point of attachment of ring Ato W

[00209] R'is H, (1-3C)alkyl, (1-3C)alkoxy or halogen;

[00210] Wis O;

[00211] mis 0, 1 or2;

[00212] R? and R*™ are independently H, F, or OH, provided that R? and R* are not
both OH;

[00213] R*is H, (1-3 C)alkyl or hydroxy(1-3 C)alkyl;

[00214] Z is *-NR*CH,-, wherein the asterisk indicates the point of attachment to the

carbon bearing R*;

[00215] R™ is H, (1-6C)alkyl, fluoro(1-6C)alkyl, difluoro(1-6C)alkyl, trifluoro(1-
6C)alkyl (1-6C alkyl)C(O)-, (3-6C cycloalkyl)C(O)-, Ar'C(0O)-, HOCH,C(O)-, (1-6C
alkyl)sulfonyl, (3-6C cycloalkyl)sulfonyl, Ar’(SO,)-, HO,CCH,- or (1-6C alkyl)NH(CO)-;
[00216] Ar' is phenyl optionally substituted with one or more substituents
independently selected from halogen, (1-6C)alkyl, and (1-6C)alkoxy;

[00217] Ar’ is phenyl optionally substituted with one or more substituents
independently selected from halogen, (1-6C)alkyl, and (1-6C)alkoxy; and

[00218] R’ and R® are independently H, halogen, OH, (1-6C)alkyl or hydroxy(l-
6C)alkyl.

[00219] It will be appreciated that certain compounds according to the invention may

contain one or more centers of asymmetry and may therefore be prepared and isolated as a
mixture of isomers such as a racemic or diastereomeric mixture, or in an enantiomerically or
diastercomerically pure form. It is intended that all stereoisomeric forms of the compounds
of the invention, including but not limited to, diastereomers, enantiomers and atropisomers,
as well as mixtures thereof such as racemic mixtures, form part of the present invention.

[00220] In one embodiment, compounds of the general Formula I wherein Ring B is

ring B-1 have the absolute configuration of Figure 1-a:



[00176]ring Bis ring B-1 represented by the structure: R6 3 WO

2011/ 146336PCT/ US2011/ 036452 16 [00177]wherein the wavy line | abeled 3

i ndi cat eswohe11pas3sb of attachnent to ring A and t he wavycCriuseoliababsed 4

i ndi cates the point of attachnent to the pyrazolo[1l,5- a]pyrimdine ring of
Formula I; [00178]Y is Hor F, [00179]RI - is H (1-3Qalkyl, (1-3C) alkoxy
or halogen; [00180]mis O, 1 or 2; [00181]Wis CH2; [00182]mis O, 1 or 2;
[00183] R2 and R2a are independently Heg Nor OH, provided that R2 and R2a
are not both OH [00184]R3 is H \@@%\:I or hydroxy(1-3 C) al kyl;
[00185]Z is *-NR4aC(=0)-, wher¢ he Mstéyi sk indicates the point of
attachnment to the carbon bearing , [QORB6\Rda is H (1-6C) alkyl,
fluoro(1-6C)al kyl, difluoro(1-6QLal kyl ’\T/%%{Zl uoro(1- 6C)al kyl, hydroxy(1-6C

al kyl') or di hydroxy(1-6C al kyl) ]R5 and R6 are independently H,

hal ogen, OH, (1-6C)al kyl or hyc (T-m )R
1-a
[00221] In one embodiment, compounds of the general Formula I wherein Ring B is

ring B-1 have the absolute configuration of Figure 1-b:

~N
=~ N N
"N Nty
O
T R2a R?

: \/ 4
R
®/ m \KR%‘

R3 .

1-b

[00222] In the structures shown herein, where the stereochemistry of any particular
chiral atom is not specified, then all stereoisomers are contemplated and included as the
compounds of the invention. Where stereochemistry is specified by a solid wedge or dashed
line representing a particular configuration, then that stereoisomer is so specified and defined.
[00223] The terms "(1-3C)alkyl" and "(1-6C)alkyl" as used herein refer to saturated
linear or branched-chain monovalent hydrocarbon radicals of one to three carbon atoms and
one to six carbon atoms, respectively. Examples include, but are not limited to, methyl,
ethyl, 1-propyl, isopropyl, 1-butyl, isobutyl, sec-butyl, tert-butyl, 2-methyl-2-propyl, pentyl,
and hexyl.

[00224] The term "fluoro(1-6C)alkyl" as used herein refers to saturated linear or
branched-chain monovalent hydrocarbon radicals of one to six carbon atoms as defined
herein, wherein one of the hydrogens is replaced by a fluorine atom.

[00225] The term "difluoro(1-6C)alkyl" as used herein refers to saturated linear or
branched-chain monovalent hydrocarbon radicals of one to six carbon atoms as defined
herein, wherein two of the hydrogens are replaced by fluorine atoms.

[00226] The term "trifluoro(1-6C)alkyl" as used herein refers to saturated linear or
branched-chain monovalent hydrocarbon radicals of one to six carbon atoms as defined

herein, wherein three of the hydrogens are replaced by fluorine atoms.



6C)al kyl . [00188] 1 n one enbodi nent, Formula I A includes conpounds wherein:
[00189]ring Ais ring A-3 represented by the structure 1 JVW A-3

[ 00190] whwoern/bzsewavy | ine | abel ed 1 indicates the poipat/uskoaws@shnent of
ring Ato the pyrrolidine ring of Fornula | and the wavy line |abeled 2

i ndi cates the point of attachment of Kryng Ato W [00191]ring Bis ring B-1
represented by the structure: R6 "4 N--- 3 W

2011/ 1463g6HR4T/ Uszﬁ;el(e%es“ﬂl§gro§37(ll6@9ﬁf?§]a‘éh%é@%@refnhﬁefé/l\@-\(cy sathﬁﬁedl ml%%l 6 3

i ndi cates the point of attachnent to ring A and the wavy |ine |abeled
i ndi cat edrankkedhpitmaerovalent diytivearbon dicte opyired sixshibos atoajspyhdrem dnaef r i ng of

Formul a Iy, M{agoé%gs]gf(w%gé—(ﬁowallfydrc[xg,qg)%]gglup Is H (1-3Cal kyl, (1-3C) al koxy

or halogen
[00228] The term "dihydroxy(1-6Calkyl) as used herein refers to saturated linear or

branched-chain monovalent hydrocarbon radicals of one to six carbon atoms as defined
herein, wherein two of the hydrogens are replaced by hydroxy (OH) groups, provided the
hydroxy groups are not on the same carbon atom.

[00229] The term "(1-6C alkyl)sulfonyl" as used herein refers to a (1-6C alkyl)SO,-
group, wherein the radical is on the sulfur atom and the (1-6C alkyl) portion is as defined
above. Examples include methylsulfonyl (CH3SO;-) and ethylsulfonyl (CH3;CH,SO,-).

[00230] The term "(3-6C cycloalkylsulfonyl" as used herein refers to a (3-6C
cycloalkyl)SO,- group, wherein the radical is on the sulfur atom. An example is
cyclopropylsulfonyl.

[00231] The terms "(1-4C)alkoxy" and "(1-6C)alkoxy", as used herein refer to

saturated linear or branched-chain monovalent alkoxy radicals of one to four carbon atoms or
one to six carbon atoms, respectively, wherein the radical is on the oxygen atom. Examples
include methoxy, ethoxy, propoxy, isopropoxy, and butoxy.

[00232] The term "halogen” includes fluoro, chloro, bromo and iodo.

[00233] It will also be appreciated that certain compounds of Formula I may be used
as intermediates for the preparation of further compounds of Formula 1.

[00234] The compounds of Formula I include salts thereof. In certain embodiments,
the salts are pharmaceutically acceptable salts. In addition, the compounds of Formula I
include other salts of such compounds which are not necessarily pharmaceutically acceptable
salts, and which may be useful as intermediates for preparing and/or purifying compounds of
Formula I and/or for separating enantiomers of compounds of Formula I.

[00235] The term "pharmaceutically acceptable” indicates that the substance or
composition is compatible chemically and/or toxicologically, with the other ingredients
comprising a formulation, and/or the mammal being treated therewith.

[00236] It will further be appreciated that the compounds of Formula I and their salts
may be isolated in the form of solvates, and accordingly that any such solvate is included
within the scope of the present invention.

[00237] Compounds of the invention may also contain unnatural proportions of atomic
isotopes at one or more of the atoms that constitute such compounds. That is, an atom, in

particular when mentioned in relation to a compound according to Formula I, comprises all



[00196]mis O, 1 or 2; [00197] R2 and R2a are independently H, F, or OH,
provided that R2 and R2a are not both OH [00198]R3 is H, (1-3 Cal kyl or
hydr oxy( W0 2Q)1zi4k386; [ 00199] Z is *-0C(=0)- or *-NR4aC(=@rT/,uSadaioad4a2 t he
asterisk indicates the point of attachnent to the carbon bearing R3;
[00200] R4a is H, (1-6C) al kyl, fluoro(i;6C)alkyl, difluoro(1-6C)alkyl,
trifluoro(1l- 6C) al kyl, hydroxy(1l-6C al kyl) or dihydroxy(1-6C al kyl); and

[ 00201] Rﬁo@%é s B8 alRodi deRGRI S it HomDaliRgem, By 8f kyhthQicall
hydr oxy(lS O al kyl . OIJI00202] I'n onet erorrt?o |trrent turl%??r?u 1‘I(i;lI@A [ n>cl tu é’% Y

onpo undserweqde either Math2@8)r4l akgndangesorr in g lwlqplcraélp rcegehst darnpy Feriexampleuct ur e
;Tf\tNacﬁ}é i g R O P S e LR LG IR ) 1 e
| abel ed Zanbnniusaaere@nezdw 1pomd¢tst®fd tatr¢facthitéht be”G i fegorAntxouraA/th¢re@2@5dr i ng B
Is ring %ngbg%r? SRt Potnee 1P % unlagrstséto T relfler%o 1% 14[\1 315N or mixtures thereof; when

oxygen is mentioned, it is understood to refer to '*0, °0, °0, 70, "*O or mixtures thereof;
and when fluoro is mentioned, it is understood to refer to '*F, “’F or mixtures thereof. The
compounds according to the invention therefore also comprise compounds with one or more
isotopes of one or more atom, and mixtures thereof, including radioactive compounds,
wherein one or more non-radioactive atoms has been replaced by one of its radioactive
enriched isotopes. Radiolabeled compounds are useful as therapeutic agents, e.g., cancer
therapeutic agents, rescarch reagents, e.g., assay reagents, and diagnostic agents, e.g., in vivo
imaging agents. All isotopic variations of the compounds of the present invention, whether
radioactive or not, are intended to be encompassed within the scope of the present invention.
[00238] The present invention further provides a process for the preparation of a
compound of Formula I or a salt thereof as defined herein which comprises:

[00239] (a) for a compound of Formula I wherein Z is *-NHC(=0)-, and ring A, ring
B, W, D, R%, R® R®, R* and m are as defined for Formula I, cyclizing a corresponding
compound having the formula I1

x S
N
O

R2a Rz OP'

” \ﬁ/ 7TNH2

I

[00240] where P! is H or a carboxyl protecting group, in the presence of a coupling

reagent and a base; or

[00241] (b) for a compound of Formula I wherein W is O, ring A is formula A-1:
1

A
Y 7*/)(
R1

A-1



18 [00206] wherein the wavy line |abeled 3 indicates the point of attachnent
toring A and the wavy |ine | abeled 4 indicates the point of attachnment to
t he pyrazwbapiy/Ee33a] pyri m dine ring of Forrmula |; [0020PLKUS01IN08645LH,
[00208] Y is Hor F;, [00209]Rl is H, (1-3C)alkyl, (1-3C)al koxy or hal ogen;
[00210] Wis 0; [00211]mis O, 1 or 2;,{00212] R2 and R2a are independently
H F, or OH provided that R2 and R2a are not both OH, [00213]R3 is H (1-3
C) al kyl qpoRaydr oxyk %z 3, Gh@kiy!s, o,0021 4% Z R2sp™ - RRAECHEr m #O&E Qbfhclile:
asterisk indicates the point of attachment to the carbon bearing R3;

[ 00215] RiFsrpfla L ryg@)n dsprrespondiog e¢mpraaa) hrviyd the firmpladilo(1- 6C) al kyl ,
trifluoro(1l- 6C)alkyl (1-6C al kyl) C(Q)~, £3-6C cycloal kyl )C(0)-, ArlC(0)-,
HOCH2C(0) -, (1-6C al kyl ) sul fony 3’@ | oal kyl ) sul fonyl, Ar2(S02)-,
HO2CCH2- or (1-6C al kyl ) NH(CO) -; 02 W]J%% i s phenyl optionally
substituted with one or nore subs i(t)HuentRs vndependently sel ected from

hal ogen, (1-6C)al kyl, and (1-6Q)@h oxyﬁZa\LQQzF’b?] Ar2 is phenyl optionally
substituted with one or nore sub¥t'tuen imdependent |y selected from

hal ogen, (1-6C)al kyl, and (1-6CRral koxy- " &nd

11
[00243] wherenis 1,2, 3 or4and L' is a leaving group or atom, in the presence of a
base; or
[00244] (¢) for a compound of Formula I wherein W is CH,, ring A is formula A-2:
1
or
/. N\
YN
R1
A2
[00245] and ring B, Z, D, Y, R!, R?, R** R®, R* and m are as defined for Formula I,

cyclizing a corresponding compound having the formula IV

v
[00246] where L is a leaving group or atom, in the presence of a base; or
[00247] (d) for a compound of Formula I wherein Z is *-NHC(=0)-, and ring A, ring

B, W, D, R%, R® R®, R* and m are as defined for Formula I, cyclizing a corresponding

compound having the formula V

RZa R2
/

\
Oavh -
m R3 R3a

v

[00248] in the presence of a base and a coupling reagent; or



[ 00218] R5 and R6 are independently H, halogen, OH (1-6C)al kyl or
hydroxy(1- 6C)al kyl. [00219]1It will be appreciated that certain conpounds
accor di ngvoaotiigeizavent i on may contain one or nore cent @C3/uskolasgametry and
may therefore be prepared and isolated as a m xture of isonmers such as a
racem c or diastereoneric mxture, or,in an enantionerically or

di astereonerically pure form It is intended that all stereoisoneric forns

of the cqgpaynds 0<fe% t0Q comBERHd @Fordh1£ § Wk Dt mt}ﬂl Thd Bk I‘\Onn%
di ast er eoners, ,enantiongers and atropi soners, as well as m xtures T hereof

such as McBmRé Ri'xRUrRS, afd prpsaast deded e Eﬂf@gbnh deﬂ@ﬁrrespm] In one

enbodi ne eneral Fornmula | wherein Ring Bis ring B-1
have the%lgg&@q?lg%ggﬁ?%nﬁ%%e}]gn of Figure 1-a: 19 1-a [00221]In one

enbodi nent, conpounds of the general FO la | wherein Rng Bis ring B-1
have the absol ute configuration g 1-b: N.-N\ 1-b [00222]In the
structures shown herein, where tstereo pem stry of any particular chiral
ereoi s8mers are contenpl ated and i ncl uded
WherRg RSt ereochem stry is specified by a
solid wedge or dashed |ine représen W articular configuration, then
that stereoi soner is so specified-an ef ,hed. [00223] The terns
"(1-30Qal kyl"™ and "(1-6C)al kyl" as used herein refer to saturated |inear or
branched- chai n nonoval ent hydrocarbonVladi cals of one to three carbon atons
and one t car i Y.. Exanpl es include, but are not
limted t[6’02§b t hy Ilta(ﬁ[l]eIa}%ﬁ%ﬁ&’Of ?é&g%% }F{%(t)’porropyl 1-butyl, isobutyl,
sec- but yl[0025&) t - bu@i)/for aZempasdmyllof Eemlﬂq)ytvhelpmrﬂ ;sl *—NH@ﬁzhex@hng {AOﬁﬁ’QB] The
term"fl ( yl.3%. as used herein refers t saturated |ineay or
br anched- NGt Ko nEmobal Bt Ryt ot 45 BEnHabT CEr S SREME € e BPRin at ons
as defi nedmpaundinavinyheréintulona of the hydr ogens is replaced by a fluorine
atom [00225] The term "difluoro(1-6C)glkyl" as used herein refers to
saturated |inear or branched-chain ﬁ aI\ nt hydrocarbon radi cals of one
to six carbon atons as defi ned herernyw e|n two of the hydrogens are
replaced by fluorine atons.

atomis not specified, then al |
as the conmpounds of the invention.

Q

R2a R2
@ \6/>/ R3a
A1
[00252] in the presence of triphenylphosphine; or
[00253] (g) for a compound of Formula I wherein ring A, ring B, W, D, m, R%, R*,

R?, and R* are as defined for Formula I, Z is *-NR*"CH,-, and R* is (1-6C alkyl)C(O)-, (3-
6C  cycloalky)C(O)-, Ar'C(0O)-, HOCH,C(O)-, (1-6C alkyDsulfonyl, (3-6C
cycloalkyl)sulfonyl, (1-6C alkyl)sulfonyl, (3-6C cycloalkyl)sulfonyl, or Ar*(SO,)-, coupling

a corresponding compound having the formula VIII

VIII
[00254] with a reagent having the formula (1-6C alkyl)C(O)-L°, (3-6C
cycloalkyl)C(O)-L°,  Ar'C(0O)-L’, HOCH,C(O)-L},  (1-6C alkyl)(SO,)-L?, (3-6C



[00226] The term "trifluoro(1-6C)al kyl" as used herein refers to saturated

| i near or branched-chain nonoval ent hydrocarbon radicals of one to six
carbon atworoagi4dBshi ned herein, wherein three of the hy#cogses 1as@s? epl aced
by fluorine atonms. 20 [00227] The term "hydroxy(1l-6Cal kyl) as used herein
refers to saturated |inear or branched;chain nonoval ent hydrocarbon

radi cals of one to six carbon atons, wherein one of the hydrogens is

repl aced chyodilIN969%Y, CPAZ QO &&9&%8&1%%&@@ sdb Ny Nk @ﬁ:qhéwl ) as
used herein refers to saturated [inear or branche -chaln nmonoval ent

hydr ocar peencadf ¢hass; &f one to six carbon atoms as defined herein, wherein
two of t roge r evigted,st he

hydr oxy g@gﬁég are(ﬁll J?F%ﬁ&ﬁﬁgﬁggﬁga%gn%gﬁ8§¥gﬁ§EL6%%%§?$ﬁergr&?”%& 6C

al kyl ) sulRbmyl ih agsasusinednor Bomutaek, e & 1-DREOHL- 661 &Il ()-680 2y hNBINHO)-wher ei n
the radical .is on the qu tom the (1-6C al kyl) portion is as
defined ABEHEE? RIS w?%%ﬁ%ﬁ%mH%Sﬂ sul fonyl (CH3S02-) and et hyl sul f onyl
(CH3CH2S02-). [00230] The term " (3-6C exthodl kyl )sul fonyl" as used herein
refers to a (3-6C cycl oal kyl ) SO rein the radical is on the

sul fur atom An exanple is cycl &g oyI§UIf nyl . [00231] The terns
"(1-4C) al koxy" and "(1-6C)al koxy" erein refer to saturated |inear
or branched-chai n nonoval ent al wa. of one to four carbon atons or
one to six carbon atoms, respect mhﬁleln the radical is on the oxygen
atom Exanpl es include nethoxy, oxy, ps 0poxy, isopropoxy, and but oxy.

[ 00232] The term "hal ogen" includes fluoro, chloro, brono and iodo.

[00233]1t will also be appreciated tRil certain conpounds of Formula | may

be used ewozl[sg er rre\gh@ta%agfegtrhak,{}l% tHé ?&%ﬁﬁtdl% Qkylf)ﬁiél’@ ﬁsgﬂéésofoi

caI

Formul a | The conmpounds "of Forrmula | 1 nclude salts thereof In
certain @m@odlnents the salts are pharnaceutlcally acceptable salts. In
addi tion, 2 conmpeu ds of Far incl ude ot rzsal f Syc npounds
whi ch aréoa necé@ygrlfmm%haggﬁﬁ% #%g mmggbg Ie Sa nngx‘an%ﬁich may

be usef ulz, ag, anémﬁédn@hEQBh@Hﬁ@mﬂphfF@gmﬁﬂﬂkﬂknmyﬁb@ﬂﬁ@@uﬂgﬂﬂﬂgﬂdﬁiOf
Fornmul a | and/or fo i parating enantioners of conpounds of Fornula I.

[00235]Tﬁ@vm%ﬂﬁ1 ceutically acceptable” indicates that the substance
or conposition is conpatible chem cal ndil or toxicologically, with the

ot her ingredients conprising a and/ or the manmal being treated
therew t h.

X
[00258] with a fluorination reagent;
[00259] (j) for a compound of Formula I wherein W is O, ring A is formula A-1,

1

A2
v X
R'I

Al

[00260] X is CH, and Y, R', D, ring B, Z, R% R* R*and m are as defined for Formula

L, cyclizing a corresponding compound having the formula X



[00236]1It wll further be appreciated that the conpounds of Formula | and
their salts my be isolated in the formof solvates, and accordingly that
any such wol2oat633s i ncl uded within the scope of the pr@sEniS201nwasIs: on.

[ 00237] Conpounds of the invention may al so contain unnatural proportions of
atom c isotopes at one or nore of the,atons that constitute such conpounds.
That is, an atom in particular when nentioned in relation to a conpound
according to Formula I, conpri sal | = :LNi sotopes and i sotopic m xtures of

that atom either naturally ocd orl.synthetically produced, either
wi th natural abundance or in an otopﬁca y enriched form For exanple,
when hydrogen is nentioned, it i9 under ood to refer to 1H, 2H, 3H or
m xt ures thereof; when carbon i &m ntle éﬁ;ﬁals understood to refer to
11C, 12C, 13C, 14C or mixtures t trogen is nentioned, it is
understood to refer to 13N, 14N, ESN of xtures thereof when oxygen is
nmentioned, it is understood to refer 14 160, 17. 18Q or m xtures
t her eof ; and when fluoro is mentioned, it is understood to refer to 18F,
19F or nijag261es t hereoh isThe, sormaunds iwcreovith BGup Or 4tb@, innHeplian: sheref ore
al so conpri se conpounds with one or nore isotopes of one or nore atom and
i xt ur es e b | i ncl udi ng radi oactive conpounds, wherein one or nore
non-radi Qg@lehy e at&ﬁ%nh@£m9ﬁ€ﬂ.:ﬁ?kﬁ&&QmEYr&ﬂﬁaﬁﬁ(bﬁémﬂ?QﬁaﬁﬁﬁgXesﬁﬂr'Ched
i sot opes. Radi ol abel ed conpoun S are use % her apeuti c agents, e.g.,
cancer th@ﬁ@ﬁeutlc agents, research reagents, e.g., assay reagents, and
dlagnost nts i t 0 Lations of
t he conp Zﬁg of tlﬁOngreggéﬂpgﬁtnogé%{%kggmﬁ%% Iﬁethﬂ |(28a®t M?v‘%h Mﬁ%Fai are
intendedhamn@&wenmnmpassed wi thin the scope of the present invention.
[ 00238] The present invention further provides a process for the
preparation of a conpound of Formg5 TK or a salt thereof as defined herein
whi ch conprises: [00239](a) for a C np@u%é of Formula | wherein Zis
-NHC(=0)-, and ring A ring B W Dy'R2, R2a, R3, R3a and mare as defined
for Formula |, cyclizing a correspondi ng conpound having the fornmula Il 1|
[ 00240] where P1 is H or a carboxyl psotecting group, in the presence of a
coupling reagent and a base; or [00241](b) for a compound of Formula I
wherein Wis 0, ring Ais fornula A1 22 [00242]1X is N, and ring B, D
Z, Y, Rljod384) R2a, pRBearbRparan W@fe@n@e@eﬂﬁflﬂl}nﬁdF foen Erigubom (previgdd zi ng a

correspondlng onpound haV|ng th formul a
that R are not both OH), R” is H, (1-3 C)alkyl or hydroxy(l -3 C)alkyl., and ring A,

W, m, Z, R® and R® are as defined for Formula 1.

\

and R

[00265] Referring to method (a), the cyclization may be performed using conventional
amide bond formation conditions, for example by treating the carboxylic acid with an
activating agent, followed by addition of the amine in the presence of a base. Suitable
activating agents include EDCI, oxalyl chloride, thionyl chloride, HATU, and HOBt.
Suitable bases include amine bases, for example triethylamine, diisopropylethylamine,
pyridine, or excess ammonia. Suitable solvents include DCM, DCE, THF and DMF.

[00266] Referring to methods (b) and (c), the leaving atoms L' and L* may be, for
example a halogen atom such as Br, Cl or I. Alternatively, L' and L? can be a leaving group,
for example an arylsulfonyloxy group or an alkylsulfonyloxy group, such as a mesylate or a
tosylate group. Suitable bases include alkali metal carbonates, such as sodium carbonate,
potassium carbonate or cesium carbonate. Convenient solvents include aprotic solvents such
as ethers (for example tetrahydrofuran or p-dioxane), DMF, or acetone. The reaction can be
conveniently performed at elevated temperatures, for example 50-150 °C, for example at 85

°C.



OH RRa R2 DR3a 1 _14l) n Il [00243]where nis 1, 2, 3 or 4 and L1 is a

| eaving group or atom in the presence of a base; or [00244](c) for a
conpound wb 2Povmed3a | wherein Wis CH2, ring A is fornulP@TARS2011036452 2
[00245]and ring B, Z, D, Y, R, R2, K-2a, R3, R3a and mare as defined for
Formula |, cyclizing a correspondi ng ggnpound having the fornula IV |V

[ 00246]where L2 is a |eaving group or atom in the presence of a base; or

£ ?9}34%( Jooedr 2 cREPRMPdo Hethar @ itdbIVBGHEhD rdigbis TieNECEEOVY, nBRd, ring A,
TBTU, DCC, DIEC, and any other amide coupling reagents well known to persons skilled in
the art. Suitable bases include tertiary amine bases such as DIEA and triethylamine.
Convenient solvents include DMF, THF, DCM and DCE.

[00268] Referring to method (e), suitable reducing agents include MesN(OAc);BH,
Na(OAc);BH and NaCNBHj3;. Suitable solvents include neutral solvents such as acetonitrile,
THF and DCE. The reaction can be conveniently performed at ambient temperature.

[00269] Referring to method (f), in certain embodiments the triphenylphosphine
reagent is used in the form of a polystyrene-bound PPh; resin (sold as PS-PPh; by Biotage
Systems). The reaction is conveniently performed at ambient temperature. Suitable solvents
include neutral solvents, for example DCM.

[00270] Referring to method (g), the leaving atom L’ may be a halogen, for example
Cl or Br. Suitable bases include tertiary amine bases such as diisopropylethylamine and
triethylamine. The reaction is conveniently performed at ambient temperature.

[00271] Referring to method (h), suitable bases include tertiary amine bases such as
DIEA and triethylamine. The reaction is conveniently performed at ambient temperature.
[00272] Referring to method (i), the fluorination reagent may be, for example, bis(2-
methoxyethyl)amino-sulfur trifluoride (Deoxo-Fluor™) or diethylaminosulfur trifluoride
(DAST). Suitable solvents include dichloromethane, chloroform, dichloroethane, and toluene.
The reaction is conveniently performed at ambient temperature.

[00273] Referring to method (j), base may be, for example, an alkali metal carbonate ,
such as for example sodium carbonate, potassium carbonate or cesium carbonate.
Convenient solvents include aprotic solvents such as ethers (for example tetrahydrofuran or
p-dioxane) or toluene. The reaction can be conveniently performed at a temperature between
ambient temperature and reflux, for example at 85 °C.

[00274] Amine groups in compounds described in any of the above methods may be
protected with any convenient amine protecting group, for example as described in Greene &
Wauts, eds., “Protecting Groups in Organic Synthesis”, 2™ ed. New York; John Wiley &
Sons, Inc., 1991. Examples of amine protecting groups include acyl and alkoxycarbonyl
groups, such as t-butoxycarbonyl (BOC), and [2-(trimethylsilyl)ethoxy]methyl (SEM).
Likewise, carboxyl groups may be protected with any convenient carboxyl protecting group,
for example as described in Greene & Wuts, eds., “Protecting Groups in Organic Synthesis”,
2™ ¢d. New York; John Wiley & Sons, Inc., 1991. Examples of carboxyl protecting groups
include (1-6C)alkyl groups, such as methyl, ethyl and t-butyl. Alcohol groups may be



- B, WD R, KR3 R3

a and mare as defined for Fornmula I, cyclizing a correspondi ng conpound
havi ng t hwofzormybzeV V [00248]in the presence of a baseCand2@108a4pt i ng
reagent; or 23 [00249](e) for a conmpound of Formula | wherein Z is
-NHCH2-, and ring A ring B, W D, R2;, R2a, R3, R3a and mare as defined

for Formula |, cyclizing a correspondi ng conpound haying the fornula VI Vi
[00250] i fbr&t&%ed%%%ﬂﬁ@on%m&t aféglktﬁlpﬂﬁedﬁgg@?oup%rfs Q%Ms(cfelcrfb@& ifGReppound of
Formula I wherein Z7is *-NHCH2-, and ring A, ring R2, R?2a, R3, R3a

and m are&él\éutwﬂmé’dotﬁ@mgﬁ&mmlla Qrganig Syithestsg A é@)rN@sbf@ﬂ(dMgl Welﬁméund
hayi ng t Vi A1 e phi ne;
B e D R e T T
R2, R2a, aRBthedihd Ra are as defi ned for Formula I, Zis *-NR4bCH2-, and R4b

5 S ) % e din IR BN YR et S0 AR Rl L1
cycl oal kywlsp ulidvemid be rmelAh&él‘é@?dwdedwﬂ@ihbmpwscdfrﬂﬁeaﬁmndm ng corrpound hay| ng
the formy 0%7\/I H The ability of compounds of the invention to act as TrkA inhibitors may be
demonstrated by the assays described in Examples A and B.

[00277] Certain compounds which are inhibitors of TrkA and/or TrkB may be useful in
the treatment of multiple types of pain including inflammatory pain, neuropathic pain, and
pain associated with cancer, surgery, and bone fracture.

[00278] In one embodiment, compounds of Formula I are useful for treating pain,
including chronic and acute pain, in a mammal.

[00279] Acute pain, as defined by the International Association for the Study of Pain,
results from disease, inflammation, or injury to tissues. This type of pain generally comes on
suddenly, for example, after trauma or surgery, and may be accompanied by anxiety or stress.
The cause can usually be diagnosed and treated, and the pain is confined to a given period of
time and severity. In some rare instances, it can become chronic.

[00280] Chronic pain, as defined by the International Association for the Study of
Pain, is widely believed to represent disease itself. It can be made much worse by
environmental and psychological factors. Chronic pain persists over a longer period than
acute pain and is resistant to most medical treatments, generally over 3 months or more. It
can and often does cause severe problems for patients.

[00281] Compounds of Formula 1 are also useful for treating cancer in a mammal.

Particular examples include neuroblastoma, ovarian, pancreatic, colorectal and prostate

cancer.
[00282] Compounds of Formula I are also useful for treating inflammation in a
mammal.

[00283] Compounds of Formula I are also useful for treating certain infectious

diseases in a mammal, such as Trypanosoma cruzi infection.

[00284] Compounds of Formula I may also be used to treat neurodegenerative diseases
in a mammal. Examples of neurodegenerative disease include demyelination and
dysmyelination.  Additional examples of necurodegenerative diseases include multiple

sclerosis, Parkinson's disease and Alzheimer's disease.



VIIl [00254]with a reagent haying the fornula (1-6C al kyl)C(0)-L3, (3-6C
cycl oal kyl ) C(0)-L3, Ar1C(0)-L3, HOCH2C(0)-L3, (1-6C al kyl)(S02)-L3, (3-6C 24
cycl oal kyWp(e802i46338, or Ar2(S02)-L3, respectively, wher @CI8iSeé1143d46vi Nng
atom in the presence of a base; or [00255](h) for a compound of Formula I
wherein ring A ring BB W D, R2, R2a,3R3, R3a and mare as defined for
Formula I, Z s * NR4bcH2 _, and R4b |s (1-6C allcyl)NH(CO)-, reacting a

conpound [p@¢5Ng t " fANBH! Bon¥duhdsVhe FOM@ZF%W 4142) & [AUENkcahBYIrNGiat he
formul a J aIIcy N=C=0 in the presence of "a base; or [00257] (i) for a

conpound Cm:ftltlséIdeaal 11 Wadderiyndirmej(BEBE), umgay jngoMinepged aSrthrnzg aporexip,rgers; 7, W

compouna Rav g THE S A5 Xl 002561 wi th' a fluorfnation reagent:

[ 00259] (j[902B6F a chdegoolimgly,odnoBer rubadimemhef eiin ikként®nOproviderga Andtsodf of nul a

Al 1 4]fr'egt1ng or prg\;engng Il)airz( inR'} mammal, comprising administering to said mammal one or
more compounds of Formula I or a pharmaceutically acceptable salt thereof in an amount
effective to treat or prevent said pain. In one embodiment, the pain is chronic pain. In one
embodiment, the pain is acute pain. In one embodiment, the pain is inflammatory pain. In
one embodiment, the pain is neuropathic pain. In one embodiment, the pain is pain
associated with cancer. In one embodiment, the pain is pain associated with surgery. In one
embodiment, the pain is pain associated with bone fracture. In one embodiment, the method
comprises a method of treating said pain in a mammal. In one embodiment, the method
comprises a method of preventing said pain in a mammal.
[00287] Another embodiment of this invention provides a method of treating or
preventing inflammation in a mammal, comprising administering to said mammal one or
more compounds of Formula I or a pharmaceutically acceptable salt thereof in an amount
effective to treat or prevent said inflammation. In one embodiment, the method comprises a
method of treating said inflammation in a mammal. In one embodiment, the method
comprises a method of preventing said inflammation in a mammal.
[00288] Another embodiment of this invention provides a method of treating or
preventing a neurodegenerative disease in a mammal, comprising administering to said
mammal one or more compounds of Formula I or a pharmaceutically acceptable salt thereof
in an amount effective to treat or prevent said neurodegenerative disease. In one
embodiment, the neurodegenerative disease is demyelination. In one embodiment, the
neurodegenerative disease is dysmyelination. In one embodiment, the neurodegenerative
disease is multiple sclerosis. In one embodiment, the neurodegenerative disease is
Parkinson's disease. In one embodiment, the ncurodegenerative discase is Alzheimer's
disease. Another embodiment of this invention provides a method of treating or preventing
infectious diseases in a mammal, comprising administering to said mammal one or more
compounds of Formula I or a pharmaceutically acceptable salt thereof in an amount effective
to treat or prevent said infectious disease. In one embodiment, the infectious disease is
Trypanosoma cruzi infection. In one embodiment, the method comprises a method of
treating said neurodegenerative disease in a mammal. In one embodiment, the method

comprises a method of preventing said neurodegenerative disease in a mammal.



A-1, [00260]X is CH and Y, R1, D, ring B, Z, R2, Rka, R3 and mare as
defined for Fornmula |, cyclizing a correspondi ng conpound havi ng the
formul a XW02811/1463360261] where n is 1, 2, 3 or 4 and L1 iPsSTAISR@aws6¥g2 gr oup
or atom in the presence of a base; and [00262] optionally renovi ng any
protecting groups and optionally prepagsing a salt thereof [00263]1n one
enbodi nent of the above-described nethods (a)-(j), ring Bis ring B-1

havi ng t hgpagby uct UAﬁ'otherJéﬂlM1I§enB of 102641 FrotiatP et 3NGR2R 8f €
i ndependently H F, (1-3 Calkyl or OH (provided that R2 and R2a are not

bot h OH) praventing ¢4ncqrlin3 mymmaylcomprlﬁyglraémy(lSIerslngaﬁaldymamrrahdner ohgore W m

Z, R5 an r 0 od (a),

t he cycl?zﬁﬁm%ﬁ$%gﬁxgﬁﬁqug5%%%ggﬁéﬂﬁl Cke&%%?%gﬁ%%ggﬁ{%%ﬂ%n&Pa%%%ﬁ%t|on

condi ti om@s ¢redtocrr mmmpd;aed b@ncerr elat om@mﬂoéinmr bhb(g‘[dnbﬂ 1a¢1ewlrob\la$tbmanhaone vati ng

agent, % ¥e % on of the am I n %lg §4$nce of e

Sui t abl e PHISES Ay %&8?&15 VAR LEE“Epa” O‘ﬁx%’i‘liﬂ TRt Gt F-ﬁ %aﬁ’y‘ieaé% oride,

HATU, andaideBt In dodichdblithehadRsahdde lsudoradl Bencbasiasc t@bodmanpihe cancer

triethylam ne, diisoprapy Ietg%lgnlne R% bﬂg or excess nmoni a. . Sui t abl e
{0U2e8)

sol vent s 'Y REFAGEPEEM ne FHRCGAGMDRAE. eret MR et o (b) and
(c), the chQAVindnahQEB Ik dn@fFbddBndMMhPBethb®Eomprises a method of preventing said

cancer in a mammal.

[00290] Compounds of Formula I may be administered alone as a sole therapy or can
be administered in addition with one or more other substances and/or treatments that work by
the same or a different mechanism of action. Examples include anti-inflammatory
compounds, steroids (e.g., dexamethasone, cortisone and fluticasone), analgesics such as
NSAIDs (e.g., aspirin, ibuprofen, indomethacin, and ketoprofen), and opioids (such as
morphine), and chemotherapeutic agents. These agents may be administered with one or
more compounds of Formula I as part of the same or separate dosage forms, via the same or
different routes of administration, and on the same or different administration schedules
according to standard pharmaceutical practice known to one skilled in the art.

[00291] In the field of medical oncology it is normal practice to use a combination of
different forms of treatment to treat each patient with cancer. In medical oncology the other
component(s) of such conjoint treatment in addition to compositions of the present invention
may be, for example, surgery, radiotherapy, chemotherapy, signal transduction inhibitors
and/or monoclonoal antibodies.

[00292] Accordingly, the compounds of Formula I may be administered in
combination with one or more agents selected from mitotic inhibitors, alkylating agents, anti-
metabolites, antisense DNA or RNA, intercalating antibiotics, growth factor inhibitors, signal
transduction inhibitors, cell cycle inhibitors, enzyme inhibitors, retinoid receptor modulators,
proteasome inhibitors, topoisomerase inhibitors, biological response modifiers, anti-
hormones, angiogenesis inhibitors, cytostatic agents anti-androgens, targeted antibodies,
HMG-CoA reductase inhibitors, and prenyl-protein transferase inhibitors. These agents may
be administered with one or more compounds of Formula I as part of the same or separate
dosage forms, via the same or different routes of administration, and on the same or different
administration schedules according to standard pharmaceutical practice known to one skilled

in the art.



exanpl e a hal ogen atom such as Br, C or |I. Alternatively, L1 and L2 can be
a | eaving group, for exanple an aryl sul fonyl oxy group or an

al kyl sul fwopboxpezpsoup, such as a nesylate or a tosyl at @CgruseqpL/08ys? abl e
bases include al kali netal carbonates, such as sodi um carbonate, potassium
carbonate or cesium carbonate. Convenignt solvents include aprotic solvents
such as ethers (for exanple tetrahydrofuran or p-di oxane), DMF, or acetone.
The react()@lgg,]gan b%s%@é@i"lﬁe&’éﬁ%rhﬁé "Rt O iRenRh %f@lvt@tﬂ%@lap%ﬁm)ﬁfoﬁﬁﬁﬁﬁ§ for
exanpl e 50-150 C, for exanple at 85 26 [002671 Referring to net

sui t abl e pelbiaite avgpreventgeve measwies. uBencHRTILYr deprd climpatuesubemcludy. bat ararmdt any

ot her am lo e I

Swtable1 a@§§HPﬂ%F@%&1ﬁﬂﬁgﬁ)mMngyﬁg éé@ﬁgﬁé &ﬂﬁ“%$%A é&p? %ﬁglanlne
Conveni eworgoingentag ioficlisgeke, IBWy O'FHpriD@MfaddedS)EEorogr@s@QBB]aﬁelﬁc&atmnngr to

oo PRt oG GG tete R RRN R e Ba o et o 2o YRGS 30T Po

THF and Rolctectddde. r eachineit" can He aeny eril@idgy superilodsn@&shpatedaishd@adted

t enperature, 0269] Referring to nethod ( in certain enpo nts the
tri phenylsblﬁ’B?L inﬂtere%eé‘élﬁ%ﬁ‘fa“i“g“tuSFB%Fe'l%n?eﬂ«Qf¥r83r“ﬁ‘F‘8fm%“d§d{‘]‘§F§g&?agﬁ@%‘dt%d PPh3
resin (sQbglidsh HXiRRhS, hywBi af a@ee ¢ @MRdve O GoddRamt drQfisorder GPMURA LN | Y
perforned at ambient tenperature. Suitable solvents include neutral

sol ventsWlmilrth%s@ﬁﬁwéOmrdfrom@m]p@ﬁ@tﬁql| ng to method (g), the |eaving atom
L3 may bgogholip! 09€f; onf dnbSHATR! ﬁleqem%r"n%&me&“'o} a@éa%ﬁgaéseésea RGLidfedertiary

am ne bases such as diisopropylethylamne and triethylamne The reaction is
conveni ennlajleygrdnommebiolator anprre wf Syreptpms atsueiated [vothza7¢1]i@é¢reqrrqon@tloroamet hod

(h), sui td%SCI‘l eq?_ﬁ%ﬁ | nCl ug%l ! ert ' Xm ctchﬁngp@iﬁgo?n?mtgér %at1 ng n%ro%atﬁlc %aln

triethylamne onls EBnvenilen
t enper at mndapm{l @Q;B&Rt]e&@iﬁth rcandag smrgensreztﬂddﬁbpé irpctutcher flbwig) ordtalting of éagent nay

be, for exarré?S ﬁq éﬁffﬁ%{ %amno-sulfur trifluoride

( Deoxo- FIPUST 8“rW9ﬁ %W%/‘?é *h W trifluoride (DAST). Suitable solvents
i ncl ude qou'zbspr onelnh3ne, enfldliidfeaf, ot tetth Clpraka@ichane us@nteten] Wweags tlhe
reaction is conveniently perforrred at anbi ent tenperature. [00273] Referring

to met hod PFYionASke opssh BSEUTTET ORIPATA '8, VIl IR AR ofdheiscaser s andiEon such as
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Exanpl es agkligaicner ahmirewt biitg o P Syrthptomkl A€ tAE \phrtidldr aiskasx,yccalﬂbmﬁy br gr oups,
and 2-(trinethylsily

such as t but oxycar bony et hoxy] net hyl ( SEM .
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prot ect i REen@H@LRr dfsOleCHAIE hdRidEBIRs drielt bia E%rﬁﬁdﬁﬁd &t YWhsula BB will

"Protecting Goups in Organic sa/dnt hesis", 21d ed. New York; John Wley &
Ay

Sons, | nEVTespamh fo Fyching] @BOWR Wil oY ieDendBIZe R nigCtgrowsE & rib¢ pagicular
E) g—}' 6?78" %Xllnp&{ng,uﬁéeasé ‘:'&ﬂllt?o?l a{ﬁﬁtlgysever%,mfé ic@ﬁﬂyt(é.g.y%kght)pgﬁﬁpﬁlamg{a?'ﬂps may

need of treatment, but can nevertheless be routinely determined by one skilled in the art.
[00297] As used herein, the term "mammal" refers to a warm-blooded animal that has
or is at risk of developing a disease described herein and includes, but is not limited to,
guinea pigs, dogs, cats, rats, mice, hamsters, and primates, including humans.

[00298] Compounds of the invention may be administered by any convenient route,
e.g. into the gastrointestinal tract (e.g. rectally or orally), the nose, lungs, musculature or
vasculature, or transdermally or dermally. Compounds may be administered in any

convenient administrative form, e.g. tablets, powders, capsules, solutions, dispersions,



protected with any conveni ent al cohol protecting group, for exanple as
described in G eene & Wits, eds., "Protecting Goups in Oganic Synthesis",
2nd ed. Ne@2varke3zdohn Wley & Sons, Inc., 1991. Exanpl esTtafS2@hosdict
protecting groups include benzyl, trityl, silyl ethers, and the |ike.
[00275] The conpounds of the fornulas L}, IIIl, IV, V, VI, VII, VIIl, IX and
X are also believed to be novel and are provided as further aspects of the

i nvent i oRyuspbROZEEITHR, Gpik] §u¥p&it0ﬁ&”§&y W1 Hns! ARHEOYENShBcdRpRRbnaS Tr kA

i nhibitors may be denpnstrated assays described in Exanples A and B.
[ 00277] mwaonta@mem@ vaoeﬁlen phinpriceiatal PisPargiiGos andlilaentstekBeray be

usef ul i it N g eat TERfngl %uﬂk oLl PES BfunRRlRulNGLusl nay Eﬁrleﬁ@fﬁ?t ory
ne soci at e

pai n, ropat pal n, and w t h cancér, surgery, and bone
fractuream@ﬁmmiﬁyim @meabnManmnmmmnmnﬂbbus@swamdﬁommumamh(mmeﬂms£®ul for
treatlng ain c} udi.ng. chranj c. and, acut e aln 0 Acute
e e o 8 FebRayY el Rb o fn e AR BePdits o RN ot oF R ba n.
results ﬁm&nn@isease i nflammation, or injury to tlssues Thi s type of pain
general ly conmes on_sudden| for anple, after trau or surg and may
be acconﬂgmgg]d by E‘iﬁd?ré%e%}t %‘?’%WJ&@“’PW@%& a‘&%f’ﬁe‘%}gr‘ quPOB‘E ‘%5/115 flosed and

treated, c3mfridche cBdpSunlDf €OMiulNES aI&aﬁna&b&t%ﬁllﬁﬁ‘dcb@%l@@alttthéf@ofaﬁ‘sddeﬁﬁé/@r Ity.
In sone rare instances, it can beconme chronic. [00280] Chronic pain, as

defined Byreigboventepratmbsdinenadbcoptiaanicewicrbronmqaition inglpdest thpgampound ofyi del y
bel i eved g, 1§PE %Q‘I‘“hof@ﬁﬁ C%deﬁ c%h{, aéc%ptﬁ%ﬁdﬁ&nﬂa%rr{@c“ worse by

envi ronnent a psyc ors roni c paln persists over a
| onger pdd036d] thanTlmcuteeerpammnanm fugher gbwitiene ¢omponst offdthroalke t ead nent s,

generall% 8%%Ee§ma ch?f%&f”ﬁ ruﬁﬁbﬁ@enl g_often does cause severe
probl ens P ent’ s 0628 f npounds o Fornula | are also useful for

treating[mwmcpr |rﬂmbnm3mm@hmRatuh@uhammmn@anQSabmmpuﬂe(ﬂ&wnﬁhha&hana

ovarian, pancreati prosta e cancer.. [ 00282] Compounds of
Coemura PRARGESRER b S e B RS S ARG AT T
[ 00283] Cojpembstimeit, tiopath isfchtondd i BQnb @ﬁﬁwlmmrthé patd RdteGRIt ah Bne
i nfectious diseases in a mamml, such as Trypanosona cruzi infection.

[ 00284] CSMPeliAYa. BF PR lAMMateRy ). '8 Oa@ela e, the padp IspisyopHRi§SMEr at i ve

di seases pj, Bn@eﬂ?@dﬁﬁlﬁéx#&ﬁéfmlﬁ% Rin ARUIALLIRNEIRE VIR oflt SREREMEMChE PN is
denyel i nation and

pain associated with surgery. In one embodiment, the pain is pain associated with bone
fracture.

[00302] In one embodiment, the invention provides a compound of Formula I or a
pharmaceutically acceptable salt thercof, for use in the treatment of inflammation in a
mammal.

[00303] According to a further aspect, the present invention provides a compound of
Formula I or a pharmaceutically acceptable salt thereof, for use in the treatment of a
neurodegenerative disease in a mammal. In one embodiment, the neurodegenerative disease
is demyelination. In one embodiment, the neurodegenerative disease is dysmyelination. In
one embodiment, the neurodegenerative disease is multiple sclerosis. In one embodiment,
the neurodegencrative discase is Parkinson's disease. In one embodiment, the
neurodegencrative disease is Alzheimer's disease.

[00304] In one embodiment, the invention provides a compound of Formula I or a
pharmaceutically acceptable salt thereof, for use in the treatment of infectious diseases in a
mammal. In one embodiment, the infectious disease is Trypanosoma cruzi infection.

[00305] In one embodiment, the invention provides a compound of Formula I or a

pharmaceutically acceptable salt thereof, for use in the treatment of cancer in a mammal. In



dysnyel i nati on. Additional exanples of neurodegenerative diseases include
mul tiple sclerosis, Parkinson's disease and Al zheiner's di sease. 28

[ 00285] | rweddilri463ss conmpounds of Formula | may al so be ®sEWSt@1s@al
interstitial cystitis (1C, painful bladder syndrone (PBS), urinary

i ncontinence, asthma, anorexia, atopig,dermatitis, and psoriasis in a
manmmal [ 00286] Accordi ngly, another enbodi nent of this invention provides a
met hod ofynt LRBLAIRGNOthePaBde M hABohRA dd, NP o BB dim GOMRE cdlcaisasdatis st ering
to said mammal one or nore conpounds of Formula | or a pharnmaceutically
accept ablcancsh| I anpembodimicrt, B carpsUl tPardreatic ICARLET. t 1 onp embodimensy &y gpfices aj d

bal . LN 100G EIBRGAEN b o GBA I SN GrRldLankd, one enbodi rent - he
pain is acute pain. I'n one enbodinént, the painis inflammtory pain. In
one enbodfid@nk , t hénghkdrrmbsdiment dplat presenpiaventioh provities thetnedofircumpotute pai n

IS pain agsoci at wi th. cancer. |In one odi pent . the pain._i ai.n
e A B R A e T e S o A
Wi t h bonenddicagtitrfer the readient@fpadinemnimmbine met hod conprises a nethod of
treating said pain in a mmal | n one enbodi nent, the method conprises a
met hod ofl Mpélent i‘ﬁ’@m%eéien%ﬁ%}?ﬁn‘i‘# the PrEYeHEINY oD 8P Kb IR &FC Jfodinivett  of
this inventi@RuRr PVédeShamiRbnRAIP acdpRBl! B Berepf eMeMt i MshurRfdrapred i on in
a mammal , conprising admnistering to said manmal one or nore conpounds of
For nul a Imegicamenitian thateainen of inflampebe nlgeany@dls t hereof in an anount
effectiv r eat r o ﬂ{’r‘g@ Lok ' t he
nmet hod cg(r)r%’??]tses aA%?ﬁg%%ﬁ@he?@daf?? énlggseall |n1? Fgﬂo’r%atelg)gﬁ u?égp%dén%%g?d In one
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or a pharnaceutjcally acceptable salt thereof in an anount effective to
treat or 03?%\9@519 %a?rdarpilam%%ﬁ%l&f a{eq%_&&i atgreo) nnothe l_awga&f%rﬂf 2 the
neur odegenQicaibGoths Basfedlt D HERMSI (RRbicOh a hBmPRE enbodi nent, the
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t hi s i nvemdicomemgriovhegsatmentef troderoh atmagatal.ng or preventing i nfecti ous

di seases in a manmal, conprising a );ni %Seri ng to said nanmal one or nore
conpounds of Fornmula | or a phar naceuatnllpcally acceptabl e salt thereof in an
anmount efl6@dij ve tDhe folawingrexpmpieeiltussae dhel inf@civnh.ous tihi s@aaprs deseribae

embodi nent, the infectious. di sease i s TrypanosSo cruzi f.ection. In one
embodi meelovs et KBNS Biispied 8L st R AT pot dri g ose it Reagénts

neur odegened pirtiRedirs@astnicitia sORIIR suth aPARIrRATTRInBRNE omphQ, NRIchRG,
conprises a nethod of preventi ngf sai d neurodegenerative di sease in a manmal
%
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treating sifndPp&YiRalibNeh1GRBGRFibin@icABITRYF, SOWPLIRhODMAThNEBLAE Wig L0 sai d
mamral one or nore conpounds of Formula | or a pharmaceutically acceptable
sal t t hematshased frap Aldvenin Sofof et pettiepandrused asgecepredvent sai d cancer. In one
enbodi ne e capcer. I I Q ] Lol neer is
ovari an rcrgoﬁ”é% . In oenlrgaéé%%%%?{r:?e%ﬁtb,%l%kh‘gg% gélﬁ(}egr%ﬂ‘?%ﬁ};p@n%g# gergﬁt%:ve g%%&e%?.ogl n one
enbodi nemitrogeier argorc er witls a coling @bt alnlesanitherwisel smtah én entlydabusreritents iel cancer

L7 et | ng ST RARSE TRl el - Grra DR 0N Reribs RBSHGS RbAEBGT i ses a

met hod ofan@ray@ind vif gyrige. dGRswaed whsbvan taeaald/ o 082 98¢ Carapey oalker aktrdaar mul a |
may be admi ni stered al one as a sole therapy or can be admnistered in

addi t i on WIBHIEE or more ot her substances and/or treatnents that work by
the sane |g§318) di f f€5i6RAh ARERRBIPAY Rhs @mbioAR-BibS&RLRH MG Grer: Dyax
anti-inflammatory conpounds, sSteroids (e.g., dexarnethasone, cortisSone and
fluti cas&‘?ﬂ)o,rata)ﬁglhg‘é% @ssibgfc elagyr NIA| Eserpe phase b jon, on puspicaf wpPak

i ndomet hagi. r t f 110l i-2e)
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conpoundstiefwikospeuified.| as part of the sane or separate dosage fornms, via
the sane or different routes of admi nistration, and on the sane or
different adm nistration schedul es according to standard pharmaceuti cal
practice known to one skilled in the art. [00291]In the field of nedical
oncology it is normal practice to use a conbination of different forns of
treatnment to treat each patient with cancer. In nedical oncol ogy the other
conponent (s) of such conjoint treatnment in addition to conmpositions of the

oy
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[ 00300] The present invention further provides a conpound of Formula I or a
phar maceutically acceptable salt thereof, for use in therapy. [00301] I n one
enbodi nerw9 20h¢1463%6ent i on provi des a conpound of For nmul &CI/UsSR01a/036452
pharmaceutically acceptable salt thereof, for use in the treatnent of pain
in a mmmal In one enbodinent, the pakpn is chronic pain. In one enbodi nent,
the pain is acute pain. In one enbodinent, the pain is inflammtory pain.
I'n one enbodiment, the pain is ngwigpah Risaypai n. In one enbodi nent, the
pain is pain associated wth cancer.” I n oné enbodinent, the pain is pain
associated with surgery. In one enlsginplé¥, the pain is pain associated
with bone fracture. [00302] I n ongampodi\ngnt. the invention provides a
conmpound of Forrmula | or a pharnﬁtéurrtaggy&acceptabIe salt thereof, for
use in thHeodiseat neAn cofymentinkadmmmuossorbantaassegnfillISA D30 BjcAco asatbnirkido a

further aspect,.the esent inventi.on provides ound of Fornmula | or a
ohar mace bGPt RR s B et &F onpbiirsormmplp 418X PR pRiraieh o
neurogeggmmrmbipme#gisss@%e doﬁteﬁwﬁtarzx}mizsInfg/mneolaﬁ&loaﬁpmn(t(}éu,tm& Tyr; 6h:3:1;

neur odegener atj v i sease is demyelination. In one enbodjinent, the

neur odege%%?aa%’%&?gldngré%eCOP%enH@'%@if RNy - H AN ﬁrg@éo@%?ﬁe}l GomR:

neur odegenatabiagcdr&SABRahtShubht TRAE cfcglblss_rng@id%main?, Maes0enbadA e Rfere t he
neur odegenerati ve di sease i s Parkinson' s disease. In one enbodi nent, the

neur odegdifaibyed & i mEmics 4t gmbjephEmpsratuge ¢ deaeoated [ndgowiilgshskivgerodi nent ,
the i nventomuREOKhRRHCBTRIMORS pFOT.IU B O ATRIATKREEURY G3hAY .
acceptabl e salt thereof, for use iIn Phe treatnent of 1 nfectious diseases in
a mamual MgClordeapdstidi mexttre wéaciafeddtdnoths ite baseshisg Fith FRSomorrnieg uzi
i nfection. I ient, Ihe inventi | des nd of
Formul a :b'loif ?Vg‘%p ar {r?r%@eu e&(@%ﬂg@é@eﬁ{c&g{l gﬂ)sd gﬁtwag ﬁgtr%etg ?ﬁlﬁ%?.?&ggﬁﬁl’ﬁf’t he
t r eat nenta gfosganceding speaifimanomklohsl andiBodyn &laebd Orenhjugdtéie t dnsandisis
neur obl astoma. I n one enbodi t cancer_i s ovarian er,.. 1 n one
orboat mertnhe Batiarcd ihare st PedRige sikeghovuib dithentsns faCancer
i s col or egdidbn cAMBEShospHOriO AEIE TR QUFJIRIBERic B trBRNORE ihtSnsRYy Gk Juentkanrer .
[ 00306] Anot her enbodi nent of the present jnvention provides the use of a
conpound V&¥ asgibatfeaat| 450qkm g [GFpayakess et caleylgted dsivgtcitBeted dattt S-PHAMEST , in
t he manufiggdidranefira nedi canent for the treatnment of pain in a manmal
[ 00307] Anot her enbodi nent of the present invention provides the use of a
conmpound [8#316br nul Bable 1 provadep hearsasd dtitoi vehies forsemppundp b thsantentipewbef | in
t he manuf : i whhe b ' ' in a
ramal | G0300] Rot AR TEsa e R P Qe TR Bl BMRETRMAN S 2 e
of a conpPoGnMl, edd tRotetrol "8B" Idesigratea ap h@sw valoett (0ceN byd ad®@pdhabl e salt t her eof,
in the manufacture of a nedicanentF;or fﬁﬁ treatnment of a neurodegenerative
di sease in a mamml xampie

TrkA Binding assay

[00317] The ability of a compound to bind to TrkA was measured by Invitrogen’s
LanthaScreen' " Eu Kinase Binding Assay. In this assay, His-tagged recombinant human
TrkA (cytoplasmic domain) from Invitrogen is incubated with Invitrogen’s Alexa-Fluor®
Tracer 236, biotinylated anti-His, and europium-labeled Streptavidin, compound (2% DMSO
final) in buffer (25 mM MOPS, pH 7.5, 5 mM MgCl12, 0.005% Triton X-100). After a 60-
minute incubation at 22°C, the reaction was measured using the EnVision via TR-FRET dual
wavelength detection, and the POC was calculated from the emission ratio. The compound
dose response data was fit to a 4-parameter logistic model and ICsy was defined as the
concentration of compound at 50 POC.

[00318] Table 1 provides averaged ICsy values for compounds of the invention when
tested in this assay. In Table 1, the letter "A" designates an ICsy value between about 1 and

100 nM, and the letter "B" designates an ICso value >100 nM and <3000 nM.
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Example No. | TrkA Elisa Enzyme Assay | TrkA Binding Assay
IC50 ICSO
41 A
41-B B!
42 A
42-B B!
43 A
43-B B!
44 A
44-B Al
45 Al
Diastereomer
1
45 Al
Diastereomer
2

! Compound may have been isolated along with the enantiomer and/or one or more
diastereomers, which additional isomer(s) were believed to make up < 1.5% of the total
amount isolated.

Preparation A
NH
Y
~N
0o N/

(R)-5-fluoro-2-methoxy-3-(pyrrolidin-2-y)pyridine

[00319] Step A: Preparation of (R)-tfert-butyl 2-(5-fluoro-2-methoxypyridin-3-

yDpyrrolidine-1-carboxylate: A solution of fert-butyl pyrrolidine-1-carboxylate (4.09 mL,
23.4 mmol) and (-)-sparteine (6.44 mL, 28.0 mmol) in MTBE (50 mL) was cooled to -78 °C

and sec-BuLi (20 mL, 28.0 mmol, 1.4 M in cyclohexane) was introduced drop-wise by
cannula, keeping the internal temperature under -78 °C. The resulting solution was stirred for
3 hours at -78 °C, followed by addition of a solution of ZnCl, (21.0 mL, 21.0 mmol, 1M in
Et,0O) drop-wise with rapid stirring, keeping the internal temperature below -65 °C. The
resulting light suspension was stirred at -78 °C for 10 minutes and then warmed to ambient
temperature. The resulting mixture was sequentially charged with 3-bromo-5-fluoro-2-
methoxypyridine (5.05 g, 24.5 mmol), Pd(OAc), (0.262 g, 1.17 mmol) and #-Buz;P-HBF,
(0.407 g, 1.40 mmol) in one portion. After stirring overnight at ambient temperature,

concentrated NH4OH (1 mL) was added and the reaction was stirred for 1 hour. The
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resulting slurry was filtered through Celite® and washed with Et,O. The organic layer was
filtered and concentrated, and the crude product was purified by silica column
chromatography, eluting with 5% EtOAc/hexanes to give product (R)-tert-butyl 2-(5-fluoro-
2-methoxypyridin-3-yl)pyrrolidine-1-carboxylate as yellow oil (4.34 g, 63% yield).

[00320] Step B: Preparation of (R)-5-fluoro-2-methoxy-3-(pyrrolidin-2-yl)pyridine:
A DCM (12 mL) solution of TFA (11.3 mL, 146 mmol) was added to (R)-tert-butyl 2-(5-

fluoro-2-methoxypyridin-3-yl)pyrrolidine-1-carboxylate (4.33 g, 14.6 mmol) and stirred at
ambient temperature for 1 hour. The reaction was then concentrated, taken up in EtOAc,
then washed with NaHCOs and brine. The organic phase was dried (MgSO,), filtered, and
concentrated, and the crude material was purified by silica column chromatography eluting
with a 1-2% 7 N NH3;-MeOH/DCM to afford (R)-5-fluoro-2-methoxy-3-(pyrrolidin-2-
yDpyridine as a liquid (1.40 g, 49 % yield).

[00321] The enantiomeric _excess (ee%) of (R)-5-fluoro-2-methoxy-3-(pyrrolidin-2-

yhpyridine was determined as follows: To a propan-2-ol solution of small amount of ((R)-5-

fluoro-2-methoxy-3-(pyrrolidin-2-yl)pyridine ~ was  added excess  N-(2,4-dinitro-5-
fluorophenyl)-L-alanine amide (FDAA, Marfey’s reagent). The mixture was heated to reflux
for approximately two minutes. After cooling to ambient temperature, the reaction mixture
was diluted with acetonitrile and analyzed by HPLC (YMC ODS-AQ 4.6 x 50 mm 3 um
120A column; mobile phase: 5-95% solvent B in A; solvent A: H,O/ 1% IPA/ 10 mM
ammonium acetate, and solvent B: ACN/1% IPA/10 mM ammonium acetate; flow rate: 2
mL/min). The enantiomeric excess was determined from the peak areas of the two
diastereomeric derivatives formed. The ee% of the product was determined to be > 93%.

Preparation B

= N’N\

(R)-5-(2-(5-fluoro-2-methoxypyridin-3-yDpyrrolidin-1-ylpyrazolo[1,5-a]pyrimidine-3-

carboxylic acid
[00322] Step A: Preparation of ethyl 5-hydroxypyrazolo[l.5-a]pyrimidine-3-

carboxylate: To a mixture of ethyl 3-amino-1H-pyrazole-4-carboxylate (25.0 g, 161 mmol)
and (E)-ethyl 3-ethoxyacrylate (35.8 ml, 242 mmol) in DMF (537 mL) was added cesium
carbonate (78.7 g, 242 mmol), and the reaction was heated at 110 °C for 15 hours. After

cooling to ambient temperature the reaction was acidified with acetic acid to pH 4. The
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Bi ol ogi cal Assays Exanple A TrkA ELI SA assay [00315] An enzyne-|inked
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[00318] Tahy3e4fL progibsles: a\ﬁé&%@nl @30 (RALMES 3.07.(LAMROYLAShALpidtgn-snvention
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val ue >1Q910Wyﬁ9goﬁ%0£ﬁ8yﬂMdme 3- carboxylate (0.75 g, 3.32 mmol), (R)-5-fluoro-2-

methoxy-3-(pyrrolidin-2-yl)pyridine (Preparation A, 0.984 g, 3.66 mmol), DIEA (2.32 mL,

13.3 mmol) and n-butanol (1.11 mL) was sealed in a pressure tube and heated at 90 °C for 48
hours. The reaction mixture was diluted with EtOAc and washed with water, brine and sat
NaHCO;. The organic layer was dried (MgSQ,), filtered and concentrated to afford a dark
orange oil. The crude material was purified by silica column chromatography eluting with
50-80% EtOAc/hexanes to afford (R)-ethyl 5-(2-(5-fluoro-2-methoxypyridin-3-yl)pyrrolidin-
1-yl)pyrazolo[1,5-a]pyrimidine-3-carboxylate (0.72 g, 56.2 % yield) as a yellow foamy solid.
MS (apci) m/z = 386.0 (M+H).

[00325] Step D: Preparation of (R)-5-(2-(5-fluoro-2-methoxypyridin-3-yl)pyrrolidin-1-

ylpyrazolo[1.5-a]pyrimidine-3-carboxvlic acid: To a suspension of (R)-ethyl 5-(2-(5-fluoro-

2-methoxypyridin-3-yl)pyrrolidin-1-yl)pyrazolo[1,5-a]pyrimidine-3-carboxylate  (0.72 g,
1.868 mmol) in MeOH (9.34 mL) was added LiOH (1 N, 3.74 mL, 3.74 mmol), and the
reaction mixture was heated at 70 °C for 15 hours. After cooling, the reaction mixture was
concentrated and the resulting residue diluted in water. After acidifying with citric acid, the

aqueous layer was extracted with DCM. The combined organics were dried (MgSOy),
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filtered and concentrated to afforded (R)-5-(2-(5-fluoro-2-methoxypyridin-3-yl)pyrrolidin-1-
yl)pyrazolo[1,5-a]pyrimidine-3-carboxylic acid (0.67 g, 100 % yield) as a yellow solid. MS
(apci) m/z = 357.9 (M+H).
Preparation C
TBSO CF3CO,H

NH
OMe

F
(R)-4-((tert-butyldimethylsilyDoxy)-2-(5-fluoro-2-methoxyphenyl)pyrrolidine 2.2.2-

trifluoroacetate
[00326] Steps A-D followed the procedure reported by H. Imamura, et al. in
Tetrahedron, 2000, 56, 7705.
[00327] Step A: Preparation of (R)-4-(tert-butyldimethylsilyloxy)pyrrolidin-2-one: To

a suspension of (R)-4-hydroxypyrrolidin-2-one (purchased from Asta Tech or Aldrich)
(5.030 g, 48.26 mmol) in DMF (24 mL) at 0 °C was added TBDMS-CI (7.637 g, 50.67 mmol)
followed by imidazole (4.978 g, 72.39 mmol). The resulting mixture was warmed to ambient
temperature and stirred for 1 hour, then poured into 100 mL of water with stirring. The
resulting suspension was filtered and the solids were washed with water and dried under
reduced pressure to afford (R)-4-(tert-butyldimethylsilyloxy)pyrrolidin-2-one (10.14 g, 97.56
% yield) that was used directly without further purification.

[00328] Step B: Preparation of (R)-tert-butyl 4-(tert-butyldimethylsilyloxy)-2-

oxopyrrolidine-1-carboxylate: To a solution of (R)-4-(tert-butyldimethylsilyloxy)pyrrolidin-
2-one (10.14 g, 47.08 mmol) in MeCN (16 mL) at 0 °C was added sequentially DMAP (3.221
g, 26.37 mmol), TEA (3.957 mL, 28.25 mmol), and Boc,O (11.49 g, 52.65 mmol). The

resulting mixture was warmed to ambient temperature and stirred for 48 hours. The reaction
mixture was poured into water and extracted with EtOAc (100 mL). The organic layer was
successively washed with 1 N aqueous HCI (2 x 50 mL), 1 N aqueous NaOH (50 mL), and
brine. The organic layer was dried over MgSO,, filtered, and concentrated in vacuo to afford
(R)-tert-butyl 4-(tert-butyldimethylsilyloxy)-2-oxopyrrolidine-1-carboxylate (13.62 g, 91.69
% yield). "H NMR (CDCls) & 4.39 (m, 1H), 3.87 (m, 1H), 3.62 (m, 1H), 2.71 (m, 1H), 2.46
(m, 1H), 1.53 (s, 9H), 0.88 (s, 9H), 0.08 (d, 6H).

[00329] Step C: Preparation of (R)-tert-butyl 2-(fert-butyldimethylsilyloxy)-4-(5-

fluoro-2-methoxyphenyl)-4-hydroxybutylcarbamate: To a solution of (R)-tert-butyl 4-(tert-
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butyldimethylsilyloxy)-2-oxopyrrolidine-1-carboxylate (6.00 g, 19.0 mmol) in THF (36 mL)
at 0 °C was added a 0.5 M solution of (5-fluoro-2-methoxyphenyl)magnesium bromide in
THF (50.0 mL, 25.0 mmol). The resulting mixture was stirred at 0 °C for 30 minutes, then
treated with MeOH (60 mL) and NaBH4 (0.966 g, 25.2 mmol). After stirring at 0 °C for an
additional 30 minutes, the reaction mixture was poured into saturated aqueous NH,4Cl (40
mL) and extracted with EtOAc (2 x 50 mL). The combined organic layers were washed with
brine, dried over MgSQ., filtered, and concentrated under reduced pressure to give the crude
material which was purified by silica column chromatography, eluting with 0-2%
MeOH/DCM  to afford (R)-tert-butyl  2-(tert-butyldimethylsilyloxy)-4-(5-fluoro-2-
methoxyphenyl)-4-hydroxybutylcarbamate (which was assumed to be a mixture of the syn
and anti isomers), (4.81 g, 57.0 % yield). 'H NMR (CDCls) & 7.20 (m, 1H), 6.90 (m, 1H),
6.77 (m, 1H), 5.12 (m, 1H), 4.10 (m, 1H), 3.82 (m, 3H), 3.29 (m, 2H), 1.71-1.93 (m, 2H),
1.45 (s, 9H), 0.93 (d, 9H), 0.11-0.14 (m, 6H).

[00330] Step D: Preparation of (R)-tert-butyl 4-(tert-butyldimethylsilyloxy)-2-(5-

fluoro-2-methoxyphenyl)pyrrolidine-1-carboxylate: To a solution of (R)-fert-butyl 2-(tert-

butyldimethylsilyloxy)-4-(5-fluoro-2-methoxyphenyl)-4-hydroxybutylcarbamate  (4.810 g,
10.84 mmol) in CH,Cl, (108 mL) at -60 °C was added TEA (4.534 mL, 32.53 mmol)
followed by methanesulfonyl chloride (0.9231 mL, 11.93 mmol). The resulting mixture was
slowly warmed to -5 °C and poured into a mixture of ice and saturated aqueous NaHCOs3 (50
mL). The organic layer was separated and the aqueous layer was extracted with CH,Cl, (2 x
50 mL). The combined organic layers were dried over MgSQ,, filtered, and concentrated
under reduced pressure to give the crude material that was purified by silica column
chromatography, eluting with 2-10% MeOH/DCM to afford (R)-tert-butyl 4-(tert-
butyldimethylsilyloxy)-2-(5-fluoro-2-methoxyphenyl)pyrrolidine- 1 -carboxylate (assumed to
be a mixture of cis and trans isomers; 2.648 g, 57.38 % yield). LC/MS (ES+APCI) m/z =
326.1 (M+H-Boc).

[00331] Step E: Preparation of (R)-4-(tert-butyldimethylsilyloxy)-2-(5-fluoro-2-

methoxyphenyl)pyrrolidine 2,2,2-trifluoroacetate: To a solution of (R)-tert-butyl 4-(tert-

butyldimethylsilyloxy)-2-(5-fluoro-2-methoxyphenyl)pyrrolidine- 1-carboxylate  (2.648 g,
6.222 mmol) in CH,Cl, (26 mL) at 0 °C was added TFA (9.3 mL). The resulting mixture was
warmed to ambient temperature and stirred for 2 hours. The reaction mixture was
concentrated under reduced pressure to give the crude material that was azeotroped with
toluene-CH,Cl, (2x) and dried under reduced pressure to provide (R)-4-(tert-
butyldimethylsilyloxy)-2-(5-fluoro-2-methoxyphenyl)pyrrolidine 2,2,2-trifluoroacetate



13 A 14 A 15 B 16 AA17 A 18 AA19 A

WO 2011/146336 PCT/US2011/036452

41

(assumed to be a mixture of cis and trans isomers; 2.92 g, 106.8 % yield), which was used
directly without further purification. LC/MS (ES+APCI) m/z = 326.3 (M+H).
Preparation D
-N
HO AN

N/, A

N
OH  CO,H

F

(R)-5-(2-(5-fluoro-2-hydroxyphenyl)-4-hydroxypyrrolidin-1-yDpyrazolo[1.5-a]pyrimidine-3-

carboxylic acid
[00332] Step A: Preparation of (R)-ethyl 5-(4-(tert-butyldimethylsilyloxy)-2-(5-fluoro-

2-methoxyphenyl)pyrrolidin-1-yl)pyrazolo[1,5-a]pyrimidine-3-carboxylate: To a suspension

of ethyl 5-hydroxypyrazolo[1,5-a]pyrimidine-3-carboxylate (0.100 g, 0.483 mmol) and BOP
reagent (0.320 g, 0.724 mmol) in DMF (1 mL) at 0 °C was added a solution of (R)-4-(tert-
butyldimethylsilyloxy)-2-(5-fluoro-2-methoxyphenyl)pyrrolidine 2,2,2-trifluoroacetate
(Preparation C; 0.167 g, 0.483 mmol) in CH,Cl, (1 mL) and N,N-diisopropylethylamine
(0.420 mL, 2.41 mmol) sequentially. The resulting mixture was warmed to ambient
temperature and stirred for 18 hours. The reaction mixture was diluted with EtOAc (10 mL),
and washed with saturated aqueous NaHCOs and brine. The brine phase was back-extracted
with EtOAc (3x). The combined organic layers were dried over MgSQ,, filtered, and
concentrated under reduced pressure to give the crude material that was purified by silica
column chromatography, eluting with 0-50% EtOAc/Hexanes to afford (R)-ethyl 5-(4-(tert-
butyldimethylsilyloxy)-2-(5-fluoro-2-methoxyphenyl)pyrrolidin-1-yl)pyrazolo[1,5-
a]pyrimidine-3-carboxylate (as a mixture of cis and trans isomers) (0.0487 g, 19.6 % yield).
LC/MS (ES+APCI) m/z = 515.2 (M+H).

[00333] Step B: DPreparation of (R)-ethyl 5-(2-(5-fluoro-2-methoxyphenyl)-4-

hydroxypyrrolidin-1-yl)pyrazolo[1,5-a]pyrimidine-3-carboxylate: To a solution of (R)-ethyl

5-(4-(tert-butyldimethylsilyloxy)-2-(5-fluoro-2-methoxyphenyl)pyrrolidin-1-yl)pyrazolo[ 1,5-
a]pyrimidine-3-carboxylate (as a mixture of the cis and trans isomers) (0.0487 g, 0.0946
mmol) in THF (1 mL) at 0 °C was added 1 M TBAF in THF (0.104 mL, 0.104 mmol). The
reaction mixture was warmed to ambient temperature and stirred for 2.5 hours. The reaction
mixture was diluted with EtOAc (10 mL), washed with brine, dried over MgSQy, filtered, and
concentrated under reduced pressure to afford the crude (R)-ethyl 5-(2-(5-fluoro-2-
methoxyphenyl)-4-hydroxypyrrolidin-1-yl)pyrazolo[ 1,5-a]pyrimidine-3-carboxylate (as a
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mixture of cis and trans isomers; 37.9 mg, 100 % yield). LC/MS (ES+APCI) m/z = 401.1
(M+H).
[00334] Step C: Preparation of (R)-ethyl 5-(2-(5-fluoro-2-hydroxyphenyl)-4-

hydroxypyrrolidin-1-yl)pyrazolo[1,5-a]pyrimidine-3-carboxylate: To a solution of (R)-ethyl

5-(2-(5-fluoro-2-methoxyphenyl)-4-hydroxypyrrolidin-1-yl)pyrazolo[1,5-a]pyrimidine-3-
carboxylate (as a mixture of cis and trans isomers; 0.0379 g, 0.0947 mmol) in CH,Cl, (1 mL)
at 0 °C was added 1 M BBr3 in CH,Cl, (0.473 ml, 0.473 mmol). The resulting mixture was
warmed to ambient temperature for 25 hours, then diluted with CH»Cl, (10 mL) and poured
into a mixture of ice and saturated aqueous NaHCO; (15 mL). The organic layer was
separated and the aqueous layer acidified with 1N aqueous HCI until pH = 5-6. The aqueous
layer was extracted with CH»Cl, (3x) and the combined organic layers were dried over
MgSQ,, filtered, and concentrated under reduced pressure to give a mixture of (R)-5-(2-(5-
fluoro-2-hydroxyphenyl)-4-hydroxypyrrolidin-1-yl)pyrazolo[1,5-a]pyrimidine-3-carboxylic
acid (as a mixture of cis and trans isomers) and (R)-ethyl 5-(2-(5-fluoro-2-hydroxyphenyl)-4-
hydroxypyrrolidin-1-yl)pyrazolo[1,5-a]pyrimidine-3-carboxylate (as a mixture of cis and
trans isomers). The mixture was dissolved in MeOH-THF (0.25 mL/0.75 mL) and treated
with 1 N aqueous LiOH (0.474 mL, 0.474 mmol). The resulting mixture was heated at 50 °C
for 1 hour, then cooled to ambient temperature and acidified to pH 3 to 4 with 1 N aqueous
HCIL. The mixture was extracted with EtOAc (3 x 15 mL) and the combined organic layers
were dried over MgSQ,, filtered, and concentrated under reduced pressure to give crude (R)-
5-(2-(5-fluoro-2-hydroxyphenyl)-4-hydroxypyrrolidin-1-yl)pyrazolo[ 1,5-a]pyrimidine-3-
carboxylic acid (as a mixture of cis and trans isomers; 33.9 mg, 100 % yield). LC/MS
(ES+APCD) m/z =357.1 (M-H).

Example 1

f\N’N\
o
N \N)\i
O HN
y A

0]

F
(6R)-9-fluoro-2,11,15,19.20.23-hexaazapentacyclo[15.5.2.1"'1.0>°.0°***Ipentacosa-

1(23),7.9.17(24),18.21-hexaene-16,25-dione
[00335] Step A: Preparation of (R)-ethyl 5-(2-(5-fluoro-2-0x0-1,2-dihydropyridin-3-

lyDpyrrolidin-1-yl)pyrazolo[1,5-aJpyrimidine-3-carboxylate: To a mixture of (R)-ethyl 5-(2-

(5-fluoro-2-methoxypyridin-3-yl)pyrrolidin-1-yl)pyrazolo[ 1,5-a]pyrimidine-3-carboxylate
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(Preparation B, Step C; 0.92 g, 2.39 mmol) and Acetic acid (5.73 g, 95.5 mmol) was added
HBr (4.4 mL, 23.9 mmol, 33% in acetic acid). The reaction mixture was heated at 90 °C for
2 hours. After cooling, the reaction mixture was treated with EtOAc, washed with water,
saturated NaHCOs and brine, then dried (MgSOs), filtered, and concentrated. The crude
material was purified by silica column chromatography, eluting with 3% MeOH/DCM to
yield the desired product (0.605 g, 68 % yield). MS (apci) m/z = 372.0 (M+H).

[00336] Step B: Preparation of (R)-ethyl 5-(2-(1-(3-(1,3-dioxoisoindolin-2-ylpropyl)-

5-fluoro-2-0x0-1.2-dihydropyridin-3-yDpyrrolidin-1-yl)pyrazolo[1,5-a]pyrimidine-3-

carboxylate: To a DMF (5 mL) suspension of (R)-ethyl 5-(2-(5-fluoro-2-oxo-1,2-
dihydropyridin-3-yl)pyrrolidin-1-yl)pyrazolo[1,5-a]pyrimidine-3-carboxylate (0.20 g, 0.54
mmol) was added LiH (6.8 mg, 0.81 mmol) at 0 °C, followed first by 20-minute stirring, then
addition of a DMF (1 mL) solution of 2-(3-bromopropyl)isoindoline-1,3-dione (0.29 g, 1.1
mmol). The reaction was warmed to ambient temperature and stirred for 17 hours. After
cooling to 0 °C the reaction was quenched with ice-water (30 mL) and the aqueous was
extracted with EtOAc (3 x 50 mL). The combined organic layers were backwashed with
water and brine, dried (MgSO,), filtered, and concentrated. The crude material was purified
by silica column chromatography, eluting with 2% MeOH/DCM to yield the desired product
(0.2 g, 66 % yield). MS (apci) m/z = 559.0 (M+H).

[00337] Step C: Preparation of (R)-ethyl 5-(2-(1-(3-aminopropyl)-5-fluoro-2-oxo-1.2-

dihydropyridin-3-ylpyrrolidin-1-yl)pyrazolo[1,5-a]pyrimidine-3-carboxylate: To a solution
of (R)-ethyl 5-(2-(1-(3-(1,3-dioxoisoindolin-2-yl)propyl)-5-fluoro-2-oxo-1,2-dihydropyridin-

3-yDpyrrolidin-1-yl)pyrazolo[1,5-a]pyrimidine-3-carboxylate (0.20 g, 0.36 mmol) in 1:1
MeOH/THF (12 mL) was added hydrazine-H,O (0.18 g, 3.6 mmol). The reaction mixture
was heated at 50 °C for 24 hours. After cooling, the reaction mixture was poured into water
and extracted with DCM (3 x 20 mL). The combined organics were dried (MgSQ,), filtered,
and concentrated to afford the desired product (0.11 g, 72 % yield). MS (apci) m/z = 429.0
(M+H).

[00338] Step D:  Preparation of (R)-5-(2-(1-(3-aminopropyl)-5-fluoro-2-oxo-1,2-

dihydropyridin-3-yDpyrrolidin-1-vDpyrazolo[1.5-a]pyrimidine-3-carboxylic _acid: To a

solution of (R)-ethyl  5-(2-(1-(3-aminopropyl)-5-fluoro-2-oxo-1,2-dihydropyridin-3-
yDpyrrolidin-1-yl)pyrazolo[1,5-a]pyrimidine-3-carboxylate (0.11 g, 0.26 mmol) in 3:1
THF/MeOH (8 mL) was added LiOH (1 N, 1.5 mL, 1.5 mmol), and the reaction mixture was
heated at 70 °C for 20 hours. After cooling, the reaction mixture was treated with MeOH,
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acidified with 1N HCI (1.5 mL), and concentrated to afford the desired product (0.1g, 100 %
yield). MS (apci) m/z =401.1 (M+H).

[00339] Step E: Preparation of (6R)-9-fluoro-2,11,15,19,20,23-
hexaazapentacyclo[15.5.2.1"'".0%°.0?***|pentacosa-1(23).7.9.17(24).18.21-hexaene-16.25-

dione: To a solution of (R)-5-(2-(1-(3-aminopropyl)-5-fluoro-2-oxo0-1,2-dihydropyridin-3-
yDpyrrolidin-1-yl)pyrazolo[1,5-a]pyrimidine-3-carboxylic acid (95 mg, 0.24 mmol) in 1:2
DMF/DCM (9 mL) was added EDCI (0.14 g, 0.71 mmol) followed by HOBT (96 mg, 0.71
mmol) at ambient temperature. After stirring for 10 minutes, TEA (0.099 mL, 0.71 mmol)
was added to the reaction mixture and stirred for 6 hours. The reaction mixture was treated
with EtOAc, washed with saturated NH4Cl, saturated NaHCOs, and brine, then dried
(MgSO,), filtered, concentrated. The crude material was purified by silica column
chromatography, eluting with 4% MeOH/DCM to yield the title product (35 mg, 39 % yield).
MS (apci) m/z = 383.2 (M+H).
Example 2
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(6R)-12-0xa-2.16.20.21,24 26-hexaazapentacyclo[16.5.2.1".0%6.0*"* Thexacosa-
1(24),7(26),8.10.18(25).19,22-heptaen-17-one

[00340] Step A: Preparation of (R)-2-methoxy-6-(pyrrolidin-2-yl)pyridine: Prepared

according to the method described in Preparation A, substituting 3-bromo-5-fluoro-2-
methoxypyridine with 2-bromo-6-methoxypyridine in Step A. MS (apci) m/z = 179.1
(M+H).

[00341] Step B: Preparation of (R)-ethyl 5-(2-(6-methoxypyridin-2-yl)pyrrolidin-1-

yhpyrazolo[1,5-a]pyrimidine-3-carboxylate: Prepared by to the same method as described in

Preparation B, Step C, substituting (R)-5-fluoro-2-methoxy-3-(pyrrolidin-2-yl)pyridine with
(R)-2-methoxy-6-(pyrrolidin-2-yl)pyridine. MS (apci) m/z = 368.0 (M+H).
[00342] Step C: Preparation of (R)-ethyl 5-(2-(6-0x0-1,6-dihydropyridin-2-

yDpyrrolidin-1-yl)pyrazolo[1,5-a]pyrimidine-3-carboxylate: To a mixture of (R)-ethyl 5-(2-

(6-methoxypyridin-2-yl)pyrrolidin-1-yl)pyrazolo[1,5-a]pyrimidine-3-carboxylate  (0.46 g,
1.25 mmol) and acetic acid (3.0 g, 50 mmol) was added HBr (3.1 g, 12.5 mmol, 33% in
acetic acid). The reaction mixture was heated at 90 °C for 2 hours. After cooling, the

reaction was diluted with EtOAc, washed with water, saturated NaHCOs, and brine, then
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dried (MgSQO.), filtered, and concentrated. The crude material was purified by silica column
chromatography, eluting with 4% MeOH/DCM to yield the desired product (0.3 g, 67 %
yield). MS (apci) m/z =354.1 (M+H).

[00343] Step D: Preparation _of (R)-ethyl 5-(2-(6-(3-(1,3-dioxoisoindolin-2-

yDpropoxy)pyridin-2-yDpyrrolidin-1-y)pyrazolo[1.5-a]Jpyrimidine-3-carboxylate: To a

suspension of (R)-ethyl 5-(2-(6-oxo0-1,6-dihydropyridin-2-yl)pyrrolidin-1-yl)pyrazolo[1,5-
a]pyrimidine-3-carboxylate (0.091 g, 0.26 mmol) in DMF (2 mL) was added LiH (3.2 mg,
0.39 mmol) at 0 °C. After stirring for 20 minutes, a solution of 2-(3-
bromopropyl)isoindoline-1,3-dione (0.14 g, 0.52 mmol) in DMF (1 mL) was added, and the
reaction was warmed up to ambient temperature and stirred for 17 hours. After cooling to 0
°C, the reaction was quenched with ice-water (30 mL) and extracted with EtOAc (3 x 50
mL). The combined organic layers were washed with water and brine, dried (MgSO,),
filtered, and concentrated. The crude material was purified by silica column
chromatography, eluting with 1.5% MeOH/DCM to yield the desired product (0.117 g, 84 %
yield). MS (apci) m/z = 541.1 (M+H).

[00344] Step E: Preparation of (R)-ethyl 5-(2-(6-(3-aminopropoxy)pyridin-2-

yDpyrrolidin-1-yl)pyrazolo[1,5-a]pyrimidine-3-carboxylate: To a solution of (R)-ethyl 5-(2-

(6-(3-(1,3-dioxoisoindolin-2-yl)propoxy )pyridin-2-yl)pyrrolidin-1-yl)pyrazolo[ 1,5-
a]pyrimidine-3-carboxylate (0.11 g, 0.20 mmol) in 1:1 MeOH/THF (12 mL) was added
hydrazine-H,O (0.10 g, 2.0 mmol). The reaction mixture was heated at 50 °C for 24 hours.
After cooling, the reaction mixture was poured into water then extracted with DCM (3 x 20
mL). The combined organics were dried (MgSQO,), filtered, and concentrated to afford the
desired product (70 mg, 84 % yield). MS (apci) m/z =441.1 (M+H).

[00345] Step F: Preparation of (R)-5-(2-(6-(3-aminopropoxy)pyridin-2-yl)pyrrolidin-

1-y)pyrazolo[1,5-a]pyrimidine-3-carboxylic acid: To a solution of (R)-ethyl 5-(2-(6-(3-

aminopropoxy)pyridin-2-yl)pyrrolidin-1-yl)pyrazolo[1,5-a]pyrimidine-3-carboxylate (70 mg,
0.17 mmol) in 3:1 THF/MeOH (8 mL) was added LiOH (1 N, 1.5 mL, 1.5 mmol) and the
reaction mixture was heated at 70 °C for 20 hours. After cooling, the reaction mixture was
diluted with MeOH, acidified with 1 N HCI (1.5 mL), and concentrated to afford the desired
product (65 mg, 100 % yield). MS (apci) m/z = 383.1 (M+H).

[00346] Step G: Preparation of (6R)-12-oxa-2,16,20,21,24,26-hexaazapentacyclo-
[16.5.2.17'1.0*.0°"**hexacosa-1(24),7(26).8,10,18(25),19,22-heptaen-17-one: To a solution

of  (R)-5-(2-(6-(3-aminopropoxy)pyridin-2-yl)pyrrolidin-1-yl)pyrazolo[1,5-a]pyrimidine-3-
carboxylic acid (70 mg, 0.18 mmol) in 1:2 DMF/DCM (9 mL) was added EDCI (110 mg,
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0.55 mmol) followed by HOBT (74 mg, 0.55 mmol) at ambient temperature. After stirring
for 10 minutes, TEA (0.077 mL, 0.55 mmol) was added to the reaction mixture and stirred for
6 hours. The reaction mixture was diluted with EtOAc, washed with saturated NH4CI,
saturated NaHCOQOs3, and brine, then dried (MgSQO.), filtered, and concentrated. The crude
material was purified by silica column chromatography, eluting with 2% MeOH/DCM to
yield the title product (30 mg, 45 % yield). MS (apci) m/z = 365.2 (M+H).

Example 3

LI
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(6R)-9-fluoro-13-oxa-2,11,17,21.22.25-hexaazapentacyclo[17.5.2.0%.07'2.0°>**Thexacosa-
1(25).7.9.11.19(26).20.23-heptaen-18-one

[00347] Step A: Preparation of (R)-5-(2-(5-fluoro-2-methoxypyridin-3-yl)pyrrolidin-

1-y1)-N-(3-hydroxypropyl)pyrazolo[1,5-a]pyrimidine-3-carboxamide: To a DMF (2 mL)

suspension  of  (R)-5-(2-(5-fluoro-2-methoxypyridin-3-yl)pyrrolidin-1-yl)pyrazolo[ 1,5-
a]pyrimidine-3-carboxylic acid (Preparation B, 250 mg, 0.700 mmol) and HATU (319 mg,
0.840 mmol) cooled to 0 °C was added 3-aminopropan-1-ol (0.0642 mL, 0.840 mmol) drop-
wise, resulting in a clear yellowish solution. After dropwise addition of DIEA (0.366 mL,
2.10 mmol), ice bath was removed and reaction was stirred at ambient temperature for 1 hour.
The reaction was directly purified on reverse phase column chromatography (Biotage SP4
system, C-18 25+M column, 0 to 54% Acetonitrile/water), to provide the product as white
solid (200 mg, 69 % yield). MS (apci) m/z=415.1 (M+H).

[00348] Step B: Preparation  of  (R)-N-(3-chloropropyl)-5-(2-(5-fluoro-2-

hydroxypyridin-3-yDpyrrolidin-1-vDpyrazolo[ 1.5-a]pyrimidine-3-carboxamide: A mixture

of (R)-5-(2-(5-fluoro-2-methoxypyridin-3-yl)pyrrolidin-1-y1)-N-(3-

hydroxypropyl)pyrazolo[ 1,5-a]pyrimidine-3-carboxamide (20 mg, 0.0483 mmol) in HCI (4 N
dioxane, 1.2 mL, 4.83 mmol) was heated at 85 °C overnight. The reaction mixture was
concentrated, triturated with ether, and filtered, to provide the crude product as a beige solid,
which was directly used in the next step without further purification (22 mg, 106 % yield).
MS (apci) m/z =419.1 (M+H).

[00349] Step C: Preparation  of  (6R)-9-fluoro-13-oxa-2,11,17.21,22 25-
hexaazapentacyclo[17.5.2.0°.0""%.0”**Thexacosa-1(25),7.9,11,19(26),20,23-heptaen-18-
one: A DMF (1 mL) suspension of (R)-N-(3-chloropropyl)-5-(2-(5-fluoro-2-hydroxypyridin-
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dried and used directly in the next step without further purification. MS (apci) m/z = 435.0
(M+H).
[00352] Step C: Preparation of (6R)-9-fluoro-15-hydroxy-13-oxa-2,11,17,21,22,25-
hexaazapentacyclo[17.5.2.0*°.0""*.0*** Thexacosa-1(25),7.9.11,19(26).20.23-heptaen-18-
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dihydropyridin-3-yl)pyrrolidin-1-yl)pyrazolo[ 1,5-a]pyrimidine-3-carboxamide (100 mg, 0.23
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(6R)-9-fluoro-15-hydroxy-13-oxa-2,11.17.21.22 25-hexaazapentacyclo-
[17.5.2.0°°.0""%.0*** |hexacosa-1(25),7.9.11,19(26),20.23-heptaen-18-one
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(R -4-((tert-butyldinmethylsilyl)oxy)-2-(5-fl uoro-2-nmethoxyphenyl)pyrrolidin
e 2,2,2- wonifllMedeacet ate [00326] Steps A-D fol | owed t ireTAISOTIS B8G462
reported by H Inmanura, et al. in Tetrahedron, 2000, 56, 7705. [00327] Step
A: Preparation of (R)-4-(tert-butyldiggthylsilyloxy)pyrrolidin-2-one: To a
suspensi on of (R)-4-hydroxypyrrolidin-2-one (purchased from Asta Tech or

Al drich) [6@s8B80 9.p r&ﬁacﬁ&ﬁi t(') The B ol 2tdscibdd ﬁ@x@mﬁe‘@%d%ﬁ% al BRYS- C
(7.637 g, 50.67 mol by i m dazole (4.978 g, 39 mmol ). The
resul ti ngrafugs Uy Stepdds Wh@ mtlpmermt@my @%thp@hmlmeeteawdie@ttm reg gr@mp 1 hour,
then pourgl i si on
was filter gd(?ls f%%g ?313?%131 Wé?gée%éﬁd?j& vIv{/ tS H&%Wg%]gbaoﬁf?gw 5elgglﬁ2%1)%9&{:educed
pr essur e final af fpmddct( R) ¢6R){*udro-borhydrdkyrbd-hyd-3il 1,yT,0k 90, pyrhexahzapémacelone

(10. 14 q, zgﬂ6 t hat e ir Ly without further

purificatt 79%26[0 32 ﬂ%;bac%s'a-%gﬁgﬁ&%&gﬁﬁ%ﬁ%@tﬁ%}- “Biftyl W WhiH s

4- I(tert bbta}ﬂedl)a@&t Wit@lsd)ljd ()lemg 25 ‘}Q&@dfbdl)ll’Epkdv@ﬁsﬂ@hhsel(]@émyﬁraﬁl@t(ogfﬂph}a

sol uti on R -4-(tert I I e (10,14 ¢,

29 b6 osPlor Stk Eme TR S HH G obto, e A A BN S Pite (82391
26. 37 mmb) > (NiEfy) (3. 957 nL, 28. 25 mml) and Boc20 (11. 49 g, 52.65 mmol).
The resultlng mxture was warmed to anbient tenperature and stirred for 48
hours. The reaction mixture was pod@mplnt o water and extracted with Et0Ac
(100 nL). The organic |ayer was succe N\lﬁ| y washed with 1 N aqueous HCl (2
x 50 nmL), 1 N aqueous NaOH (50 nL nd jbr}ne. The organic |ayer was dried
over Mg504, filtered, and concenirate ) Cuo to afford (R -tert-butyl

4- (tert-butyl di nethyl silyl oxy)-2-gxopyrrol iy ne- 1- car boxyl ate (13.62 g,
91.69 %vyield). 1H NVR (CDC13) 6 $3%Mm ~1H), 3.87 (m 1H), 3.62 (m 1H),
2.70. (m 1H), 2.46 (m 1H), 1.53 Qs\ 9H), 0.88 (s, 9H), 0.08 (d, 6H).
[00329] Step C. Preparation of ( - ert-butyl

2-(tert-butyld

f I uor o- 2- met hoxyp 4 Farrete: , r of

(R -tert-but yl [47. SQ@FW " (4?9261hexacosa 1(25) 7.9.11,19(26).20.23 heotaen 18 -one

butyl di net h S|Iyloxy) oxopyrrolldlne carboxylate 6.0 19 0 mmol)
| n THF ( @)%ﬁ . e‘l—‘ﬂL’AJ i R d A'l. au.. R

(5-fluoro- c%conieﬁ Hﬂ’%&l@ﬁ‘ﬁ'ﬂﬂﬂ évnj ﬂidM—pf)%ﬂ)?O[! R_aJrinfi@Re-9-cHlboxAmdl nmol) .

The resulting mxture was stirred at O Cfor 30 mnutes, then treated with
MeOH (60 Prgppred nagcpid Bigato( me%@h@ﬁ dggribedrvp Examplf t BrStesi ArB, ngpbstitungC3f or an

2aucous RUED P S1el” oS PR RBR QiR HeReRE® (B 25 G Prif EBE e

organi c I(siy&hns were washed wnth brine, dried over MySO4, filtered, and

concentr nder reduged pr
purifi edq{’)@ggfl i ca> li’)l uﬁn chr oHEEEYELphY g e
afford (3)111;lerZI-QDm’SMiexa%z:(ﬁeﬁtra&WWIw d()ﬁée(fﬁwzé%ﬂhyi@ma) 4- (5 fI uor o- 2-

nmet hoxyphenyl) - 4- hydr oxybut yl car bamat e (whi ch was assuned to be a m xture
oF ¢ he Sy e SR B R SF oSmpgeend) of 1A RO CBIRS) 6 7. 20
m 1 u iydropMidi rdlin-m 1 3.82 (m
E%H) g')zé@dl%QyI{r yl)liﬂI(R)Q@?l 61'(612 éﬁ&l_szlﬁh%rao@%ﬁ!dﬂ—w%l)pﬁéﬂiﬁ(d gl) 3 11(O 14
(m 6H). ypgmav@q 95a3p>wm1¢m§é&a@w@wd@f(3q R)2. t0}60-mmpY|and Cs;:COs (112 mg,
4-(tert- tbbktﬂ%filﬂo {%Mf 6y|n%6)y&/a 2he(1é at 85 °C for 1 hour. _The reacti on mlxture as

met hoxyp din i ¥

fluoro-2 enyl ) pyrr in -carboxyl ate: To a solution o
(R) - t ert fhtateydIthrough a GF/F paper and dlrectly purified on reverse phase column chromatography

2-(tertb | di hyl,si,! neth but yl
2- (L ert bl LByl sk Y\ O ol S USSR AUV b Ao Y ey ut 1 oa
(4.534 mprodd2t. &3anmite) sdlidl (10wag Ry %hratididnesuliko myimelbl @ rmodeosion 9)23]1e rrL,

oA rbdomegt iR ] b B e DN e Ored T by

| ayer wagprsmpanag @@c@ﬁﬂz:tzhﬁggmegys | ayer was extracted with CH2C12 (2 x 50
m.). The conbined organic |ayers were dried over M504, filtered, and

concentrated under reduced pressur &@BPli&e the crude materi al that was
purified by silica colum chromatography, eluting with 2-10% MeOH DCM t o
afford (R)-tert-butyl

4- (tertbutyl di met hyl silyl oxy)-2-(5-fluoro-2-nmethoxyphenyl)pyrrolidine-I-car
boxyl ate (assuned to be a mxture of cis and trans isoners; 2.648 g, 57.38
%yield). LM (EStAPCI) mlz = 326.1 (MtH-Boc). [00331] Step E: Preparation
of (R)-4-(tert-butyldimethylsilyloxy)-2-(5-fluoro-2-

met hoxyphenyl )pyrrolidine 2,2,2-trifluoroacetate: To a solution of

(R) tert butyI

Y I T L T T ~ I - cc1» P T T T T T T T R 1 o




(assuned to be a mxture of cis and trans isoners; 2.92 g, 106.8 %yield),
whi ch was used directly without further purification. LG MS (EStAPCI) mz
326. 3 ( MAMD.2011/14633Fr eparation D HO NN OH F (R) - 5-( 2- ( 5PCT/US2011/036452

-fl uoro- 2- hydr oxyphenyl) - 4- hydroxypyrrolidin-1 -yl)pyrazolo [1 ,5-a]
pyrimdine-3 - carboxylic acid [00332]Step A: Preparation of (R)-ethyl
5-(4-(tert-butyldinethylsilyloxy)-2-(5-fluoro- 2-nethoxyphenyl)pyrrolidin-1
-yl )pyrazo loll ,5-al pyrimdine-3 -¢carly oxylate: To a suspension of ethyl
5- hydr oxypyrazol o[ 1, 5-a] pyri m di pe- 3tcalkhgxylate (0.100 g, 0.483 nmol) and
BOP reagent (0.320 g, 0.724 mol n DV oL) at 0 C was added a solution
of o OH

(R -4-(tertbutyl di net hyl silyl oxy) - g/—#ﬂoro 2- met hoxyphenyl ) pyrrol i di ne2,
2,2-trifluoroacetate (Preparation)s, 167 g, 0.483 nmmol) in CH2C12 (1 nl)
and N, N-di i sopropyl et hyl am ne (0F420 nmL, 2.41 nmol) sequentially. The

resul ting m Xt uresmese\wenqme 18- ayaoli-ent, 15 @W@Qﬁhé&(a@za%&ﬁa&%lb”ed for 18
hours. The reaction, i was di I ut ed vvlth Et OAc (10 nL), and washed with
sat ur at ed aqu-2 S HOCR0Z HACs R 2.9 zedionot racted with
EtoAC (Sfdgssgpe coa@eafa@@asoa gagro%u&aaf%rxﬁmp@rﬁs pIES PG &/9?%111& sbiker ed,
and conc ntra ed under reduced pressure e cru e material that was
purified (by w4 tayied) bmewmemhaieogﬂlaphyhromhmgnap@' WibtagOSBOWyEMD Ac/Hexanes
to affor th tertbhut t

oxy) - 2- ( 2%!1@" &?uo 1%0 r‘%% #%\%Xget nl%rHL}vaterSro I%lild% qlf%erra)l of Exa (ﬂle %t?]% MS

al pyrim (d&p&@-rﬁzé&@b@)(MJralt)e (as a mxture of cis and trans i soners) (0.0487
g, 19.6 %yield). LCM (EStAPC) z = 515.2 (M+H). [00333] Step B:
Preparation of (R)-ethyl 5-(2-(5-f [ d8M8!? net hoxyphenyl) - 4-

hydr oxypyrrolidin-1-yl)pyrazol ol L5-al %dl ne- 3- carboxylate: To a

Q
g_n(‘ al= i"' ?Af:‘

solution of (R)-ethyl 5 -(4-(tertabulyl thyls ilyloxy)-2 -(5 -fluoro-2
- met hoxyphenyl ) pyrrolidin-1 -yl)pyrazd - a] pyrim di ne-3-carboxyl ate
(as a mxture of the cis and trany i gawers) (0.0487 g, 0.0946 nmol) in THF
(1 m) at 0 C was added 1 M TBAF #ny{THF ("b. 104 nL, 0.104 nmol). The
reaction mxture was warned to anhiéht tenperature and stirred for 2.5
hours. The reaction m xture was Fdiluted with EtOAc (10 nlL), washed with
brine, dr i ad foneho Vun0ds 1 LiibbeD edsnand caREERLIBLset untel PaHkERAPT essur e
to affordtne crude (R)-ethyi (z(brruoro Z-

met hoxypheny1) - 4- hydr oxy - 70 e 5 a] pyrimdine-3 -c
arb oxyl s a4 m Xt L f i S . ' _
yield). Thfser ( ES+%\E%ZIA) ' 555
(R) -ethyll \5)—N22(115d1f0ktﬂnlﬁd))i)21=am/ld[rldxaﬂﬂhm‘dﬂn):-Mc-arboxamlde To a DMF (1 mL)

hydr oxypyrrol .. di n- yI ) al pyrim di rbo at e:

oottt on SO o b '%Y{@Z-@(@Ior?-g- USRS pmﬂ%fﬁbmm@mm
lidin-1 -ayﬂy}lawlaezglcabbﬂylﬁ a%]dp()PEépKiaudh IBE-IBO mg:@rjgommbgtaad(wa (mahﬂgre of
cis and trans isoners at C was

added 1 M%EF@T“?IP\W@-%@EC?D@A@%AWL %Mprlamﬁhﬁr 9mb1?ﬁéem@§%§wrﬁﬁ9 O‘N?Ckl?}ijre was
var ned t q Bbedt 2-haHeehAU[®. 5f19g BHRHES in ﬂlfﬁ%ﬁaIQHoHﬁtQﬁ DNIE Bro ?s(;%? (10)

m.) and pour ed into a mxture of ice and saturated agueous NaH

The or gafi €. | Higaeagiign wae parmaedeed Qraanbitg teampgeasiie andsfared dei ) minatgsviheth 1N
agueous e..Afue ;y\@s b Cl2
(3x) andﬁ%e%dn@leggé r?)\r%gaszjl%rliQ 1%_&' Caoyer sat\*g?létg%&?h oteg?ré %‘%&?ﬂrlw‘w@r d, and
concent r afeditha pdﬂ@uctraed/lhtteeblqdr(%%mgr@ %(yl@d)vMSa(amlmeme/z ef40( R)(M}H()2 (5-
fluoro-2- xyph 1).-4-hydro yr -

pyrim d| Q%gblocarb 5 I%c aply P Yor
(R)-et hy|dllﬁ'df0§5vl(1(5nf3l-\tlIDIVﬁo]leﬁl-\ld/ﬂ)@XMBM&[méL)]D%tmldme 3-carboxamide: To (R)-5-(2-

hydr ox rrolidin-1-yl razol o[ 1, 5- rimdine-3- arbo te (as a
M xture 6 ﬂ&}?rgdawatht)%’ya%@xlp%@ﬁmyg@ﬁ5’ ﬁﬁ]@%ﬂv@mf@o tvp %ﬂﬁ i n( MeOH- THF
(0. 25 nl/afhyfimidikd-3 30@otdnBad €0 Mkt gh Mguﬁcaqﬁeslsm@l#ea(caoﬁﬁfﬂ)e%s cBargddd nmol ).

The resulting m xture was heated at 50 C for hour, then cool ed to anbient
t enper at Wyerogschiridgi(4 Netiotage. hf mly -3 mppalypng ﬂw ISP @D IISCUSPETHRN Wit ur e
vas _ext 1 aehigrly s o DG heter L300 ARichEnfOARK G RLORRIFixhAYGLS Ve €
dried over My504, filtered, and concentrated under reduced pressure to give
crude (R) - 5 (2 (5- f1 uor o- 2

- hydr oxypheny1l) - 4- hydr oxypyrrolidin-1-yl)pyrazolo [1,5 -a]pyrimdine-3 -
carboxylic acid (as a mxture of cis and trans isoners; 33.9 ng, 100 %
yield). LM (EStAPClI) mz = 357.1 (MH). Exanple 1

F

(6R)-9-fluoro-2,11, 15, 19, 20, 23- hexaazapent acycl o[ 15. 5. 2. 17, 11. 02, 6. 020, 24,



i pentacosa- 1(23),7,9,17(24), 18, 21- hexaene- 16, 25-di one [00335] Step A
Preparation of (R)-ethyl 5-(2-(5-fluoro-2-o0xo-1, 2-di hydropyridin-3-

1y1l) pyrrowodnn/#e6386) pyr azol oll, 5- al pyri m di ne- 3- car boxyIParaiS20ia/036452 Xt ur e
of (R -ethyl 5-(2-

(5-fluoro-2-nethoxypyridin-3-yl)pyrrolkjdin-1-yl)pyrazol o[ 1, 5-a] pyri m di ne- 3
-carboxylate 43 (Preparation B, Step C, 0.92 g, 2.39 mml) and Acetic acid
(5.73 9, @@&nkdHed ﬁﬁ@%nﬁ%ﬁs&u&ﬂs bécfbﬂf}sh%}y l%ﬁd& DR wad AUl ) ARgS hg acid) .

The reaction m xfure was heated at 90 C for hours. After cooling, the
react i on direstiyused indlhe noxedenevithgut W@P@N@lﬁcmhé@ (bl hmigert 435,0 Q4tHx at ed

NaHOCB arjfh Wpﬂre. Sl ber':d ohgaRdd i tg@@@b 00 1SQAg8N411ALBAy pThe crude
vy > N3 12

MeOH DCMhexnayipehta 11" odperitadoa-6Q5).99.1 683(W6 Vi 2eheptabS1 T-apci ) ml z

o020, G LERERLS ?p@%ﬁ%@&égfﬁwﬁ’-ﬁéﬁ-ss G S IIGBIERYT ol n' 3

- yI ) pyr r gDyl itid-1-yl)pyayzods]0,5tdpylritnidine-d]caidykdniitieli (18- 3ng, Oclar honyl) ated To a

di hydr o%?‘i@n@g‘r‘] flﬂlrg? gf%f%é’r%riﬁhwﬁl/@ Bérgéb%gl_l%&?d%g% _éjpwﬁhﬂna}ﬂﬁ% gfteg,
ar boxyl atfgrefifls ABowkh O GFF PERE hdVegc@ddesk bilked Qi Wler Q0SAL AR NH?;%ZI 0 C

followed first b 20 mnute stirring, then addition of a DMF (1
sol ut i on (wturgte¢, I BEb ik FHHe§d wuh ¢ fex 2030k o copbingd Qrganwfxm%ﬂ ). The
reaction Was Y& fBtd,9 RieMl HEMRELEE UTR: a08k SbhicfifiQhs pﬁﬁﬁe’ld7b>hl%vér§e Af ter

cooling to 0 C the reacti on was quenched wth ice-water (30 and the
aqueous \whsscesdlvrae t ahdonpitogiarihy O@ddotage >8P508yr$1§)n Crhe I(ZGNblcn]@dmor(banﬂé% ayers

wer e bacﬁp@@h&@%“‘at%ﬁu%‘@ﬁwg@ﬂ% atflfei 8ducg£1§$ 'V%%‘ 7 &g' ipie ﬂlnldj"‘”ﬂds

concentra uri

chr omat oguagphy'z =8bdRi(MgHM t h 2% MeOI—V DCM to y| eI d the deS| red product (0.2
g, 66 %yield). M5 (apci) mz = g éll\/leFi) [ 00337] Step C. Preparation of
(R-ethyl 5 -(2 -(1 -(3 -ani nopropy} | uoro-2 -oxo-1,2 -

arboxyl ate: To a solution of (R)-et (1 -(3 -(1,3 -dioxo is o indo
lin-2 -yl)propyl)-5-fluoro-2-oxp-
-di hydropyri di n3-yl)pyrrolidin-
(0.20 g, 0.36 mmol) in 1:1 MeOH
g, 3.6 mmol). The reaction m xtu{e s heated at 50 C for 24 hours. After
cooling, the reaction mxture oured into water and extracted with DCM
(3 x 20 nL). The conbined organics were dried (My504), filtered, and
concent r at@y-9tfucad-i ogh-phe 1818303 2ethprnatvattadyBloli. 500.0°7 2" %0Yi*BhaptacoddS (apci )

mz = 429.0 (M+H). [00338 § p :fr argtion of (R-5-(2-(1 -(3
-amnopropyl) 5 quoroMM%—%%S -yl)pyrro lidin-1
-yl ) pyr azed3eifl, 5 Qtlep pX! | npapaietch -¢ra(poxyi- bmo@%tdr)‘scrzassmbwtz 0%b-1.2-
of(R) ethyl 5 -(2 -(1 (3‘ am nopropyl)-5 quoro 2- oxo 2-di hydropyri

iy 22 DG BEEboxylTaR®cq( 0. 11 g,
0. 26 mmla):cdr(!ﬂngtojther HE&N@Qéécﬁ&d%)axMﬁe @dEQQIQ A—B%bgtqtuMg aém@%mpé]n 50fm0| ).

and the reaction m xture was heat ed C for 20 hout's er cool i ng,
t he reactih dip i Withuit-emppbuter-dai. eMSWﬂRCItD H\/EGEH,33 O +H).

2011/ 14636051/ US2QL1/ 086452 proraration  of  (6R)-9-fluoro-13-oxa-2,11,18.22.23.26-

hexaazapentacyclo-[18.5.2.0%°.0"!2.0%2 Theptacosa-1(26),7.9.11,20(27).21 24-heptaen-19-

di hydropyridin-3 -yl)pyrro |idin- lfgymazol 011, 5-al pyrimdine-3 -c
hil

1) gx of’l, 5-a] pyri m di ne- 3- car boxyl at e
nd) was added hydrazi ne-H20 (0.18

one: Prepared according to the method described in Example 3, substituting (R)-N-(3-
chloropropyl)-5-(2-(5-fluoro-2-hydroxypyridin-3-yl)pyrrolidin-1-yl)pyrazolo[1,5-
a]pyrimidine-3-carboxamide with (R)-N-(4-chlorobutyl)-5-(2-(5-fluoro-2-oxo-1,2-
dihydropyridin-3-yl)pyrrolidin-1-yl)pyrazolo[ 1,5-a]pyrimidine-3-carboxamide in Step C.
The crude product was purified on reverse phase column chromatography (Biotage SP4
system C-18 25+M column, 0 to 80% acetonitrile/water), to provide the title product as a
white solid (32 mg, 44%). MS (apci pos) m/z =397.2 (M+H).



44 acidified with IN HCL (1.5 nL), and concentrated to afford the desired
product (0.1g, 100 %yield). M5 (apci) mz = 401.1 (M+H).

[ 00339] StwpBrArgpssat i onof (6R) - 9-fl uoro-2, 11, 15, 19, 20, 2BCT/US2011/036452
hexaazapent acycl o[ 15. 5. 2. 17" 11. 02, 6:, 20, 24,

ui pentacosa-1(23), 7,9, 17(24), 18, 21- hexaene- 16, 25- dione: To a solution of
(R- 5 -(2-(1-(3-am nopropyl)-5-fluoro-2-oxo-1, 2-di hydropyri di n- 3-
yl)pyrrolidin-I-yl)pyrazol o[ 1, 5-a] Eygﬂl@e gne-3-carboxylic acid (95 ng, O0.24
mmol) in 1:2 DV DCM (9 nL) was added (0.14 g, 0.71 mmol) followed by
HOBT (96 ng, 0.71 nmol) at anbient t ar%t ure. After stirring for 10

m nutes, TEA (0.099 nL, 0.71 d to the reaction m xture and
stirred for 6 hours. The reacti i xtNire treated with Et0Ac, washed

W th saturated NH4ACl, saturated , brine, then dried (MpJSO),
filtered, concentrated. The crud terialywas purified by silica colum
chr omat ogr aphy, el uting with 4% o vyield the title product (35 ng,
39 %yield). M5 (apci) mz = 383.2 (MH). Exanple 2

(6R) - 12- oxa- @R 6ﬂ%91f0221112f]6 2@@1‘%@&7—2@ QY| 5@ 2116, (5652125 hexacosa-

.2.17'11. 02, 6. exacos a- 1 { 1
- hept aen- 17- one [00340] 18 &’rﬂwmﬁnerw 26 dione

(R) - 2- et 6- (P r i met hod
Goser i bod By epa‘%‘%ﬁﬁ%&n%AQB%B%S%@P%E?%"&Q% B T
met hoxy pyurg, @P/ﬁelp@ntplurlﬁcatupmmﬁﬂ&- sredchomigpyir dfdiampien] (BtSeqp BL.byMBverepdiaye ml z =
179.1 (I\/Hr 341 Ste arLgt i on, of - o

5- (2- (6- 78 l_?uﬁloxydlorrrlla}jo%ap%y l(SB ? OIS?% rsl}_/ﬁte_m &B)S %SQX)[ column, 0 to 50%

yl) pyr azabaoﬂurﬁe/ahtpwMﬂ(dpmpm&%MmMﬁt}a)te Prepared by to the sane net hod
as described in Preparation B, St eﬁ L{?Sti tuting

(R) - 5-fl uoro- 2- met hoxy-3-(pyrrolid ﬁa“21§l pyridine with

(R) - 2- met hoxy-6- (pyrrolidin-2-yl)pyri N M5 (apci) mz = 368.0 (MtH).
[00342] Step C. Preparation of (R)-eth - (6-o0x0-1, 6-di hydr opyridin-2-
yl)pyrrolidin-I-yl)pyrazolorl, 5-fal e- 3 carboxyl ate: To a m xture of
(R -ethyl 5-(2- (6-nethoxypyridiny2- )H)p rgol din-1 -yl)pyrazolo [1,5
-alpyrimdine-3 -c arb oxylate (0 N6 nmol ) and acetic acid (3.0 g,
50 nmmol) was added HBr (3.1 g, 1 , 33%in acetic acid). The reaction
m xture was heated at 90 C for s. After cooling, the reaction was
diluted with EtOAc, Washed W th Wat er, saturat ed NaHCCB 21and br| ne, then
45 dri ed ( MySQeHl Ziule 2 Q57 i flreniag

purified by silica colu r i wlth 4%I\/bOH/DCI\/Ito yield
t he desired product (O. E%mIE 0 £ }é nﬁg z = 354.1 (M+H).

[ 00343] St{eq36E} Pr epSemt ilon dfreffaitioat hyl (15)-zé12-b616/4(3-(2 LhiBrdb-Buaiopwididd! i n- 2-

Y1) r 0oy DY LD Z XU T QLA L r ) BT 220 L0 ca s B2 bl e S -

5- (2- (6- axfolLafet - dpyaeiaPYrI1chD- %wﬁlhﬂamﬁ ﬁl{h!ydlioﬁs MME(QUmﬁ@&&a@[ﬁlstéooled
a] pyri m di ne- 3-car boxyl ate qo 091 é was added LiH
(3.2 ny, 089 Gritesley n&fogen éol Aradely gédiltm qusef SPthbthﬂﬂfMﬂ s mly ls:%’i Wt Tbn of

2- (3- brofRas Plv)lbesél)ef‘@?hﬁrﬂﬁes]wn?h éjéy‘?i'ﬂge (ani]tﬁgﬁ - t@l%{)m}e)beldgv P¥Rc(1 i)

was added, and the reaction was warned up to i ent erature and
stirred floe pale yabewish sgpticar wasodiedh gt 176 °0 for 3 hows b@fat:etbem tigated quithnared wit h

L mar elenborl Trkoafl, f AACKEH Mbl) FRBAR Btk 98 bl THERSRIRL RS

organi c Iayers re \Aiashe r|ne drie
and concesmpeattad beldve 78 P dEhenmixent whs san s:dptmiSf’Céazt 3lﬂynmuﬂe$ tleen@dcedrimto

((:gl’ iﬁt S%r a%%g’;ht temlﬁ%fl)atr&%l\)\émat%r% 3ncf) r%lrre(ﬂbé EIiOtﬁer (h%)ﬁ- lgt ’&11@%01% S a';geda oun%j uct
of white precipitate was present. The mixture was treated with 3-bromo-2-chloro-5-

fluoropyridine (1.00 g, 4.75 mmol) in MTBE (5 mL), followed by addition of palladium

acetate (53 mg, 0.24 mmol) and tri-#-butylphosphine tetrafluoroborate (83 mg, 0.28 mmol).
The mixture was allowed to stir at ambient temperature overnight to reach completion. The

mixture was treated with NH,OH (1 mL), stirred for 30 minutes and filtered through GF/F



[00344] Step E: Preparation of (R)-ethyl 5-(2-(6-(3-am nopropoxy)pyridin-2-
yl)pyrrolidin-I-yl)pyrazololl,5-al pyrim di ne-3-carboxylate: To a solution
of (R)-etWQl208/1#@336(6- (3 -(1,3 -dioxo is o indo |in-2 -PCrarse/036452
oxy)pyridin-2-yl)pyrroli din-1 -yl)pyrazolo [1, 5-

a] pyri m di ne- 3-car boxylate (0.11 g, 04520 mml) in 1:1 MeOH THF (12 nlL) was
added hydrazine-H20 (0.10 g, 2.0 mmpl ). The reaction m xture was heated at
50 C for 24 rhQihie Wit pﬁquoqhe mraté Qs's WERed 'w(?tﬂ 10k RS O RAUN £ ht O

wat er then extracted with DCM (3 nm_.). The conbi ned organics were dried
(My504) , aflidope fayer Wamnbhackorrskadt wish M:IT Ei% (?af<f3@rlaLl h&helegnbiaeyl grepdeebases70 ny,
84 %yi el 1 [ 003 a of
(R -5 (2- 0k PARSHR, bt 37 mi e UG RGP ERa o FERPRALAAT

1-yl) pyr azaluctlds, &ulalypllowish diil. n&hB gadchoxtghialovacpulificdona sbhtauil grdiothge

(R) -ethyl :

am nopr o ]\ﬁ i?;l}tg’lg%ﬁ( ‘?enlutﬁlgy"fl PR G196 ROExA0RY BAHRL Lo ferired B AU PR 3- car bo
xyl at e (w(ag,g,@swylemplw)[s (apcimlz ThH. MMAHI(Bbcnl) was added Li OH (1 N, 1.5

m, 15 and the reaction mxt re h OCf ours.
After cog&%ﬁé t heStFRRaldt i JHeR? e A VY% with 1
N HC1 (1 dﬁlvﬁi&hloﬁﬂ@ ?@Qai%iairfe%%ﬂu ts@luﬁ&f &f(ﬂ téﬂ ﬂﬁ% (erQilo% @thl%ﬁopgzﬁ@inng 100
%yield). M5 (apci) mz = 383. 8IVHr [00346]Ste G Preparation of

(6R) - 12- S Izrak lrzfolmrbgwl%(iﬁ)w%zl by @ddeﬂlfé%@zN 111;0X1116 8918021, 25
| hexaCOSQOlit(v&%ﬂ)bﬂs(tl%@g & a]‘rﬁnér@ﬁ&@erajc&}e %%mﬁ%ﬁi a‘?ﬁh %Yxtﬂ@%as%%n&nt?ﬁg(y%ﬁ@n 46

0.55 mmol ) foll owed by HOB mml ) at anbi ent tenperature.
After st itreptedgithdit20LOhani mmm&drlaﬁEﬁo ()@V(d@' Thenirod@t &6a whitd Jolde(8.36@d8@ % o t he

it Er QAR AR (L LA QPP Ry Sk LRES | @R Mgkl 1

dried (I\/@iSt@th)med folbb e, acamding anbentthad debcribidien Crepaietioreder i al was puri fi ed

(ive pr Ui (30 M 55

N ' N NyNbl@olidin-Zyhpyrazoi & Rb- a%vfrlhﬁﬁ)ihélsibarbt)maez Tbl,alzolaﬁonZ%f Zéh)hexaaz ap
ent acyc Ioé{l? 5.2 02 6, 07, 12. 022, 261 hexac o s a- S( 11 19(26) 20
|23 - heptgiomraaiell 1o diceheabosiaig APraparglipno B, Step A "8 mg, 1.3

(R) - (211(r§01 | ugy o- ?anﬁﬁfrmxypEMfd' N{3- YIDYr r @hd di Ryded (Benzotrlazol 1-
1-y1) - N-( %droxypropyl pyr azol 011 5-al pyri m di ne- 3-carboxam de: To a DWF

(2 m) swécgé g3(dimedtylanmya)phospliomiung Bexaflpgrophagphage (BEPhEXY Mg 1r46d1ianB

-yl)pyrr

(Prepar aﬁh%#g‘g%gé%%hgngg?&@%%% SUH? §0raln(fll~1n Urﬂf @{gga(ﬁngcgﬁ%%y cool ed to
0 C was amtugy S&élwvmpﬁwpaaﬂditianl @D OB} 2-chibro-H1840- 3H@w1tr9hchlm @wl)wymhne
(5%, e BRI S AL sl S ORLLE S Pl
anbi ent to@él’ﬁ%haﬁoljéa‘ehfcﬂrhpl&tldiﬂlﬂhe niik@re e’ Phaitdionatbtstwbieh @ 0%l cympumdf(zloaden
reverse ph m_chr t ogr Bi ota e 5P4. s col um,
0 1o aaoAL BtaRe (1 s viad ar SRR Mhstts chesr ik O Gut DamGbl T8 ( 200
My, 69 %c¥iBined orgMic @m@s )vemvzasﬁedélslléce@s&dww)th &a@&%ﬂﬁhﬁs %@tuE’atéarIeﬂa(C@;l on of

(R -N-(3_-chloropropyl)-5 -(245 -fluoro-2 - hy roxg yridin-3 ylg< yrro
o -1 - 919 e oor Gonm) s fimeggr A mioerm dred iSO denceniFA LY € of

(R) -5 - (2sbr1 b lcheke Iﬁ’odu%t asn?ﬂ Bf&ﬁé’e mr | hdeRds Yﬂa}e%éf G4s bhﬁiﬁéa b ¥ BY- %Z (3 -

hydr oxypropyl ) pyrazolo [1,5 -a] pyrim di ne-3 -carboxam de (20 ny,
mol ) i n Biaagq SNAP dxlmeﬁmldgqemtlm&\vltﬁI%HWQQHIQCMQQ aff@rétthﬁjdeatrecagoemcwer ni ght .

The react h% éB'l&%ch gm éagoﬁfgqgggekﬁbel g@) %:’agg\?ﬁol %L ether, and filtered,

to provu& e crud was dlrectly used in
t he next [6036B] wi t hSm;b f ubt her purl?rémau:eatonon (022 ij) e‘tIi)sﬂ % \-@HAY2-(thfs (apci )

rﬂO)Z(a=2 1%uflp;;\(fcgu;bl_ch,;lalnmgoif%}?\]laSntn%gSC E{Joer%pvrl Bf \grrol d1n 1-V Dvrazolojf§5—
a]pyrimidine-3-carboxylate: A mixture of Pdydba; (7.05 mg, 0.00770 mmol), Cs,CO;3 (125
mg, 0.385 mmol), rac-Binap (19.2 mg, 0.0308 mmol), (R)-ethyl 5-(2-(2-chloro-5-

fluoropyridin-3-yl)pyrrolidin-1-yl)pyrazolo[1,5-a]pyrimidine-3-carboxylate (50 mg, 0.128

mmol), and fert-butyl 2-aminoethylcarbamate (24.7 mg, 0.154 mmol) in degassed toluene (1



hexaazapent acycl 0117.5 . 2. 02, 6. 07, 12. 022, 26] hexacosa-1(25), 7, 9, 11, 19

(26), 20, 23- heptaen-18- one: A DWF (1 nmlL) suspension of (R)-N -(3

- chl or oprwpyet)/@6338- ( 5- f | uor o- 2- hydr oxypyri din- WO PCT/US2011/036452

2011/ 146336PCT/ US2011/ 036452 47

3-yl)pyrrolidin-1-yl)pyrazol o[ 1, 5-a] pysi m di ne-3-carboxam de (5 ng, 0.012
nml ) and Cs2CO3 (4 ng, 0.06 mmol) was heated at 85 C overnight. The

reacti on o et WRiel iWithefiesheh MhQH@1ca o { b RRA%S nAowallclifEdidobnRusd fied on
reverse phase col unm’ chr omat ography (Bi ot age” SP4 system C- 18 12+M col um, 5
to 60% acel Bnile hpure/ Aeregopled toambigititeraperaterct the Feactiinguaire wes dihiadevidol i d (2
ngy, 44 % H) 4

(B 48 TR Ty 25U SR Gl
hexaazapem@oygtd 1T Srde 0RtGiad ad DuHiRR B rdveraphbas- D) chtp@atbgrap®y( 26) , 20,

ﬁl—B ( gegt 3‘ %1 é‘a?gg%@% rsg{)?})i)%?g]@%&l?(‘zaﬁ(@ég Bﬁté?@i_’/gal}’]cepofnitrile/water) to yield the desired
et hoxy pyiddittrs 3rhyd fapyiryrsolid disrmgl 5§ ¥ piykdazaSdaricd) o'z al51pyriMrHdI ne-3 -¢ arb

oxam de: @) xture

of (R) - 5- d %lﬂ uot® 2- metthoxypyri di FEPYAIRy ¢+ o eti-n— 1 BB PATEER- [ 1, 5- a]
pyri m di maroRycarfoRy RSNty 1afih6)-£- Hﬁaaarraﬁﬂ ORDByrrAfth- Irganazmm gmol ) and HATU
(319 ng, 0.840 mmol) 1n 1:1 DI\/F DIVB (2 nmL) was cooled to O C_ foll owed
first by adpaBudinGE-caBeryl £ 3- T Aopiobiiighe-of, 2Rdicdly! ( 76282 (tey: 840
ol ) an@uzoayearaqgfaummmh@%h&@@p}[r din:3 308 AedTHRL Ly T, RGH | on vas

war med up t nmbi ent tenperature, stirred m nutes, and then directly
purified admrlrredaeqf $eaphradee ¢ men0.¢Hr omab oy Tainye@Bivotade: 251P@ 7syki ey C- 18

i 1 sol UAoREPHS GTHETERRLO\ R YRL B Larh PRI 36 [ERRUPENEE TS, &,

B: Pr eparatovahoftdfolvint BreatdcooreRidhy dnotalgrgpy 1x)a{e54fq Rml2- @B-atlldlfmd@vlﬂi-

oxo-1, 2- di n- rr.olidin-1- m di pe- 3- car
bowan e nib EEVBL O RET ST ARy dousy s R S F PhLIuhed

- f [ uor o- 2NN Xiyteed lafld Bordenthakddy feivel thel tigdirdd profhotPyhidk dlaOused in the next
[1,5-a] pyrimdine-3 -carboxam_de (100 ng, 0.232 nmol) and HC1 (4 N,

di oxane, SEPgirEgtly we&e%@&h%r@urlﬁcaé%raé%ﬂ%%ﬁﬁﬂ@ﬂ&%@nﬁea%d%<ae5> Rz =

over ni ght4863f(Me,H)the cl ear solution was decanted, the crude product was

obt ai ned as browni sh oi ly residue, V\:hl ch vas, vacuum dr| ed and used
di rectly[0%79he neXep gt e Rreparabiontof f(3)1-d4&£2-0) btlarnin

77, 2 cyc 0
[17.5. 2. GERBS (be2- @(t@ﬂﬁntﬁﬁ]cmymdmmot(@&)mﬁq)@ ﬂ@x@@ﬂ@ﬂ Qlﬁpmlﬂnegit aen- 18-

48 mol ) ﬁ é}{ 15 % qg V\@ﬁ%g d at 85 C
for 2 hodlBrd Pt iR PR R d (tp Pt Boh i S & B an
di rect |y 7p8ILLS meOTEA (508v DICSE 2phBERaCwirddat miiulaﬂaérmgraanhyor(laicmt befereSP4
system C- 18 25+M ¢ JS 500 acetonitri %e/ wat to vide the title
product &S Longspirate d)rledl\ygcc)lf yactlﬁuzl ta yigd tozgltfmel]g) desir irgd Ig)roguct as ottf
white solid, which was used in the next step directly without further purification, assuming
quantitative conversion. MS (apci) m/z = 386.1 (M+H).
[00371] Step G: Preparation of (6R)-9-fluoro-2,11,13,16,20,21,24-
heptaazapentacyclo-[16.5.2.0>°.0""%.0*"**|pentacosa-1(24).7.9.11,18(25),19,22-heptaen-17-

one: To a DMF (3 mL) solution of (R)-5-(2-(2-(2-aminoethylamino)-5-fluoropyridin-3-

yDpyrrolidin-1-yl)pyrazolo[1,5-a]pyrimidine-3-carboxylic acid (25 mg, 0.065 mmol) was
first added HATU (29 mg, 0.077 mmol), followed by five-minute stirring and then drop-wise
addition of DIEA (56 pL, 0.32 mmol). After stirring at ambient temperature overnight, the
reaction was directly purified by reverse phase column chromatography (Biotage SP4 system
C18 25+M cartridge, acetonitrile/water 5 to 45%), to yield the title product as off-white solid
(7 mg, 30 % yield). MS (apci) m/z = 368.2 (M+H).



(6R, 13S)-9-fluoro-13 -hydroxy-2, 11, 15, 19, 20, 23 - hexaazap

entacycl o[ 15.5.2.17,11. 02, 6. 020, 24,

i pent acoswoO20R3iHeB69, 17(24), 18, 21- hexaene- 16, 25-di one [PO0AB3)1508q5A:
Preparation of N-((S)-3 -chlor o-2-hy dr oxypr opyl) - 5 -((R -2 -(5
-fluor o - 2 - oxo -1 ,2-dihydropyridikh-3 -yl)pyrrolidin-1 -yl)pyrazoloil
,5 -alpyrimdine-3 -c arb oxam de hydrochloride: Prepared according to the
met hod descri bed in Exanpl e 3, StepgafipBi13substituting 3-am nopropan-1-ol
in Step Awith (S)-3-am nopropane-1, 2- d| ol. M5 (apci) mz = 435.0 (M+H).

[ 00354] Step B: Preparation of (6R, 135#9nfNuor o- 13- hydr oxy- 2 11, 15, 19, 20, 23-
hexaazapent acycl 0115. 5. 2. 17, 11. 02-6. )%
ui pentacosa-1(23), 7,9, 17(24) 18,[21n e%‘hene- 6, 25- dione: A suspension of
N-((S)-3 -chloro-2- hydroxypropyl 5 -2NKI5 -f| uoro-2-o0xo-1, 2-
dihydropyridin-3-yI)pyrroIidin-l/ % razol o

[ 1, 5-a] pyri m di ne- 3-carboxam de chloride (40 ng, 0.085 nmol) and
Cs2CC8 (138 ng, 0.42 nmmol) in .8 m) was heated at 85 C for 2 hours.

: C 2919421 CRY9 A ye . . 4 ‘\ = d d
col um, OtOO%acetonltr r etltle product as a
white SO|Id(4 ny, 12%” 626%@1 Xén .2 (MHH) .

f6R) - 9- fl[olmm} 15- hgrels aky- Bepxaior, dfl (RFctddl, 322 %ememamammﬂammhme)

49 [ 0035595k - e iy e eabvidic g

i sol at ed P@@aﬁ:dwcormﬁg)@dm@ mdﬁhoat@@crﬁed Tlhgxamﬂmg slm swsttﬁgrngttyrz-@ﬁtyt he
chiral center where the group resides was foun to have unexpecgt edly

er oded (ﬁr@lfl%&ﬂ%ca\l;m@aa%wtl fq_rabvrtyl ﬁﬁntlqupwﬁ@@@ate MS (apci) m/z =

final pro NQIH(GR) 9-fluoro-15 -hydroxy-13 -oxa-2, 11,17, 21, 22,25 -hexaazap
entacyclo- i

.2.02'6. 0003121 022 &61} he@cosa-
whi ch was,. Qg

colum c ot ag -

acet oni t roné: ePwaared ﬁcconﬁlg @ph«: )nethbd descﬁﬁé)i 2 H}d&dﬁb@\e 12E8aprspEfG 7n three steps, N'-
N No cH

from  (R)-ethyl  5-(2-(2-(3-(fert-butoxycarbonylamino)propylamino)-5-fluoropyridin-3-
yDpyrrolidin-1-yl)pyrazolo[1,5-a]pyrimidine-3-carboxylate obtained above.  The crude
product was purified by reverse phase column chromatography (Biotage SP4 system C-18
25+M cartridge, 5 to 50% acetonitrile/water), to provide the title product as white solid (6
mg, 44 % yield). MS (apci pos) m/z =382.2 (M+H).

Example 14

3

\N
F

(6R)-9-fluoro-13,16-dioxa-2,11,20.21,24-pentaazapentacyclo[16.5.2.0*°.07'2.0*"*]-
pentacosa-1(24).7.9.11,18(25).,19.22-heptaen-17-one
[00374] Step A: Preparation of (R)-2-chloroethyl 5-(2-(5-fluoro-2-methoxypyridin-3-

yDpyrrolidin-1-yl)pyrazolo[1,5-a]pyrimidine-3-carboxylate: To a DMF (1 mL) suspension of

(R)-5-(2-(5-fluoro-2-methoxypyridin-3-yl)pyrrolidin-1-yl)pyrazolo[1,5-a]pyrimidine-3-
carboxylic acid (Preparation B, 0.1 g, 0.28 mmol) and HATU (0.128 g, 0.336 mmol) was
added DIEA (0.146 ml, 0.840 mmol), followed by 2-chloroethanol (0.0270 g, 0.336 mmol).



=NH 0 F (6R, 15R)-9-fl uoro-15- hydroxy- 13- oxa- 2, 11, 17, 21, 22, 25- hexaazap

ent acycl o-

117. 5. 2. 0RO@N 07148386022, 261 hexacosa- 1(25), 7,9, 11, 19(26) , 20TAB20eps@sNn- 18- one
[ 00356] Step A: Preparation of NN((R)-3 -chlor o0-2-hy dr oxypr opyl)-5
-((R-2-(5 -fluor o - 2 -oxo -1, 2-di hydropyridin-3
-yl)pyrrolidin-1-yl)pyrazoloil ,5 -alpyrimdine-3 -c arboxam de: Prepared
accor di ngy sﬁll?ﬁ? mehmgféndféﬁlgéﬂaa?@fdr@o%ﬁm@& eth§rea§ﬁcﬁ1p§asﬁmﬁecﬂf B%ﬁédtw ing 3-

am nopr opan- in Step Awith (R)-3-am nopropane-1 /pCI ) mz
= 435.0 (MeHp. Pioo 3B ehRpiagrwhet (Baotasy( éwlwmﬁlﬁu&w,lé Imﬁ?@xy 13

-oxa- 2 | )22 hexacos
21025 7 TRy gy e R e R S R o 2
hydr oxyp|(5)1ﬁly<11)3 Zsmétﬂ&))x@y(lﬁnﬂl-yl)nyuo]mlmlwllpyﬁzdpﬂiyéda pm&mddlerﬁ-@tﬂgpk)/pspr rol i di n-1
csho” (MG ngid AR LR A TR ST ol e 4 BB B stet hour
The reathhIDFbeﬂ‘]aK(tlL(ﬂ &nMp.Sblfol\xle‘d ey eddition ol gropa oGHEA papeaibicandngheraatd hiyd
purified gn reverse phase col unm chromat ogra i ot 5P4 system C-18
12+M col §Hfied BVarySEgo.each comPEHeT eTé%’Eeé‘Pt on ‘Y% %‘iﬁg’\%i H‘Eaf?f’ﬁé’y Y9 PRdduct as
a white g@lubfl kSnaBeraptf Riyth@l dp4 S%Jﬂérh @18E2<594M| &eﬁ)mtfilé/v@’t&sfl @ 79f td he
enantioneric integrity of the chiral center roup_resi des was

obser ved oPin thp rt1§e¢ prﬁshlct Bt ddtife foamysolid i me; rﬁ&%ﬂlé@g “%S (et m/z 53 9.9
2011/ 1463g6RGT/ US2011/ 036452 50 N.--1\1\ __-- NN o OH :NH 2/ N--/

[00375] Step B: Preparation of (R)-2-chloroethyl 5-(2-(5-fluoro-2-0x0-1,2-

dihydropyridin-3-yDpyrrolidin-1-yD)pyrazolo[ 1.5-a]pyrimidine-3-carboxylate: A mixture of

(R)-2-chloroethyl 5-(2-(5-fluoro-2-methoxypyridin-3-yl)pyrrolidin- 1-yl)pyrazolo[1,5-
a]pyrimidine-3-carboxylate (56 mg, 0.13 mmol) in HCI (4 N dioxane, 2.5 mL, 10 mmol) was
sealed in a pressure reaction tube and heated at 100 °C for 45 minutes. The reaction mixture
was cooled and concentrated to yield the product as yellowish oil, which was used directly in
the next step without further purification, assuming quantitative yield. MS (apci) m/z =
406.0 (M+H).

[00376] Step C: Preparation _of  (6R)-9-fluoro-13,16-dioxa-2.11,20,21,24-
pentaazapentacyclo[16.5.2.0%°.0"".0°"**]-pentacosa-1(24),7.9,11,18(25),19,22-heptaen-17-
one: A  mixture of (R)-2-chloroethyl 5-(2-(5-fluoro-2-oxo-1,2-dihydropyridin-3-

yDpyrrolidin-1-yl)pyrazolo[1,5-a]pyrimidine-3-carboxylate (54 mg, 0.133 mmol) and
Cs,CO;5 (217 mg, 0.665 mmol) in DMF (6 mL) was heated at 90 °C overnight. The reaction
was filtered (GF/F paper) and directly purified by reverse phase column chromatography
(Biotage SP4 system C18 25+M, 5 to 60% acetonitrile/water) to yield a mixture of desired
product and impurities. This mixture was treated with a second column chromatography on
Biotage SNAP KP-Sil 10 g, eluting with 10% hexanes/EtOAc to give the pure title product as
a white solid (11 mg, 22 % yield). MS (apci pos) m/z=370.2 (M+H).



F (6R, 13R)-9-fl uoro-13- hydroxy-2, 11, 15, 19, 20, 23- hexaazapent acycl o-
115.5.2.17,11. 02, 6. 020, 24,
i pent acoswoO2(R33iHeB69, 17(24), 18, 21- hexaene- 16, 25- di one [ P03ABp@bAI4Ed as a
by- product of Exanple 7, Step B and isolated as a white solid (1.2 ng, 4 %
yield) by reverse phase colum chromatpgraphy (Biotage 5P4 system C- 18 12+M
colum, O to 44@6acetonitri|e/mater) of the crude material of Exanple 7,
Step B. M5 (apci) niz 399. 2 ( MtHkxafple @R - 9- f | uor o- 13- oxa- 2, 11, 16, 20
, 21, 24- hexaazapentacyclo 116.5 .2 .02, % 07,12. 021, 25|l pentacos a- 1 (24),7
,9 ,11,18(25),19 , 22 -hept aen- 17- one /I 59] Step A: Preparation of
(R)-5-(2-(5-f|uoro-2-nethoxypyri i S yrrolidin-
1-y1) - N-(2- hydroxyet hyl ) pyrazol oi 1} 5 @l pyfi9n di ne- 3- car boxam de: To a DW
(1 nL) suspensionof (R -5 -(2 -(5 L 0 - 2 -methoxy pyri din- 3
-yl)pyrro lidin-I-yl)pyrazo | o [1 a] pyri m di ne- 3-carboxylic acid
(Preparation B, 100 ng, 0.28 nnnl) and HATU (128 n9710 3%§Bnnnl) was added
Dl EA (0. 146 i 9-flpr@Afd-onardl1 ) .18.4 9.3 Ppetenzapcatapyraleii4ip.8.1 - -sol uti on

O'1.@ e Hettpgosa

of 2-am noethanol (20.5 [gy) Py 3363P0)o)pck 1,808k anmount of DMF dropwi se
at 0 C. The reaction masﬂ%ﬁ?ﬁéﬁégﬁL¥ﬁ—an%renr—Tenper ure and stirred for
30 m nut ¢80377hen d®bmﬁwd¢s@mypmﬂmﬂobExmm&el%éWmh&&ed&mhwmmsehﬂmmnomgraphy
(O to 70 ace | e/ wat e ieldt rodyct ag mhlte ol.i 5 ng,
85 56 yi eloe: W LR BESy s’ SulferoraliaoS Bt ed B Brgat At - on o
(R) - N-( 2cemhﬁar Qﬁi ¢09h dcebon(tdte(voatdrh HOh®crdd©MmatedialHf Edm’ﬁp'léflﬂ)[i&tép cAdMs @pei)
-yI)pyrrolldln 1 -yl)pyrazo lo [1,5 -a] pyrimdine-3 -c arb oxam de: To
(R - @§2_3 %2(Mﬁ ‘0- 2- net hoxypyridin-3 -yl)pyrrol

din-I-yl) N-(2- hydroxyet hyl ) pyr azok@athdte?s al pyri m di ne- 3- carboxamni de (77
ng, 0.192 mmol) in a pressure reaction tube was charged hydrogen chl ori de
(4 N dioxane, 4.8 nL, 19 2 mml) and “jesul ting white suspension was
heated at 85 C overnight. After cpol, nbi ent tenperature, the
reaction mxture was 51 decanted yleldmihe crude product as browni sh
oi ly residue, which was dried in vasdo~amd dlrectly used in the next step
W t hout further purification. M &5” i) mz 405. 0 (MtH).
[00361]StepC:Preparationof(6R)-95fIuoro-13-oxa-2,11,16,20,21,24-
hexaazapent acyc | 0%1% 9 Fluoro- PHIs-diofa-3 11 1—221 2235 B&aazapentacyclo

-l pentacosa-1(24 B - taen-
(R)-N-(2-chl or 030 @ 2 ﬂlexacg@r]rﬂﬁﬂj bLHI(

M@ﬁdﬁdﬁg&:&m
yl) pyrrol yI ra oIo[ ripgdi »0.19
nmol ) anémgg %IB %g% &, éEQMthy &lD&EFN§2Ef§P gamﬂE%% C for
30 m nut emthqagypﬁrduf B4yt)Byrifcd1@1rt hlybmgazoa) GF—/aH)ypapfbne Bhabomude on whs dil uted
wth water. (40 nlL),.and (satu at e X Et OAc
(3 x 40 ﬁif$eThe é%nb|ﬁ§g§§;8£%FE gx rac¥%¥%%r%W&P$“%%‘R%§@@ﬂ Cmﬁ ?tered,
and concamhmaﬁ@d:3Fm®ognmdemek@mma&lE@$mpu@1OeaﬂnhmﬂyamaﬂgeUpmasmgpolunn
chr omat ogr e 5P4 syst -18 12+M co , 0. to 73%
acet oni t %%g/%%%lg 161%0(1 Jé\/‘i‘% ‘%}eg{ﬁl"st %r%ﬁ&?‘{p&gmﬁl)vﬁl? (%l??i Pd2117 ny,
24 % yl e'b@moeﬁ@l)ﬁ?&@kﬁaﬁ%@ d@@ﬁ)ﬂﬁde( H) mg, 0.336 mmol) in one portidn. After
f6R)-9-fl uoro- 13- oxa- 2, 11, 1 22, 23, 26- hexaazapent acycl o

[18. 5. 2. @er@g(ﬁ alljolmgerggejrﬁ@rﬁt %@ggg}é,lthe reaction mixture was directly purified by
(26),7, 91ré-v%rs%01§1?a3é R hmatt cﬂl%ﬁfaﬁ)%&pﬂyg BiRage SP4 system C-18 25+M, 5 to 67%

acetonitrile/water) to yield the desired product as off-white solid (91 mg, 68 % yield). MS
(apci) m/z =479.0 (M+H).
[00379] Step B:  Preparation of (R)-N-(2-chloroethoxy)-5-(2-(5-fluoro-2-0xo0-1,2-

suspension of

dihydropyridin-3-yDpyrrolidin-1-yDpyrazolo[1.5-a]pyrimidine-3-carboxamide: A mixture of

(R)-N-(2-bromoethoxy)-5-(2-(5-fluoro-2-methoxypyridin-3-yl)pyrrolidin-1-yl)pyrazolo[ 1,5-
a]pyrimidine-3-carboxamide (70 mg, 0.146 mmol) and HCI (4 N dioxane, 3.65 mL, 14.6
mmol) was sealed in a pressure tube and heated at 90 °C for 3 hours. The reaction mixture

was then cooled, diluted with MeOH, concentrated, and dried on high vacuum to obtain the



[ 00362] Step A: Preparation of

(R -N-(4-chlorobutyl)-5-(2-(5-fluoro-2-oxo0-1,2- dihydropyridin-3 -yl)pyrro
lidin-1 -wOepyw@sgsboll ,5 -al pyrimdine-3 -carb oxam deCTRSe@anads2
according to the nethod described in Exanple 3, Steps A-B, substituting
3-am nopropan-1-ol in Step A with 4-aginobutan-1-ol. M (apci) mz = 433.0
(M+H). [00363] St epB: Preparati onof (6R)-9-fl uoro-13-oxa-2,11, 18, 22, 23, 26-
"L 23, ULiREXA84RPaNEAC Gl Qndd 8 e next _step_directly. without further purification,

.02, 6u7 12ul hept acosa-1(26), 7, 9, 11, 20(27) , 21, 24- hept aen- 19- = one: Prepar ed
accor di ngswntgr@ah@m@@oa@gwn bed in Exanple 3, substituting (R)-N-(3-

chi 0r0pr§6\)g% [5- (ZStng> fd Uor?rﬁ%aﬂaﬁ&{{ O%YPYM)CB fl]uo:f’o YT RYES 111190753 o5
oty oo

-yl ) pyrazo -3 -C arpo
dewi t h( Rhedda 7 ptiondiBepyr i di n- 3

-yl rro |Lidi ne-.3 amd n Ste
ST Cnsie 'g‘?o S @ﬁ%%ﬁdfaﬁ%%ﬁé@-ﬁh%gez AR st aphy

( Bi ot age yhpraidat- m)@rmlaﬁmmhmmme 3Qaitbox B aet Qﬁlgo t 0l 1I4e/rma61¢r dndto

D O 0 b R S S DY b st £ bSO
2. 17" 11 .BepRtibk2 1T}?e5fki‘c%ﬁ1ﬁﬁb&are w’las (f@téﬁedZGﬁ/Fliﬁg&%ndl&lu%’e%i wiew R8N o k. ): 26 dl one
[00364]Cbta|ned as a by-product in Exanple 1 Step B and |solatedavvh|te

sol i d (4 thay cxgogtedipsh ‘a/r\f: {3 a0 Bh)- oIhtt prgatie Lﬁyérsmr@ﬁ@rabln@r waghedpyigh

Step B by,iheugl %ﬂw@h@%g’s@?' U GREOTREQQT %E'Ypuﬁﬁle@toﬁgl%véﬁ’é‘ ’ﬁé’s%%%ﬁﬂnﬁ 18 25+M
colum, O to 50% acetonitrile/water). MsS (apci) 3 . Exanpl e

12 N - M CFron(aBR)apby f(Biotago-SP4, Sys_temsCIﬁGIZz@{I,Z@e@Aumlema&azSa é%)at@ymeld a

|_ (f)l é é?ag ] ugeg%p Lf) é%ggg\é]]‘@fﬁ ;Dpo ; %§a1r é)t%llng‘%s O}"ﬂ% %1Xtture ?vgf% u‘%ﬁrf %ér)lﬁe]dgb

2- ( 2- chl prapafatifd TOC 06 MBOH/BEM)It) pigldrtbd pule ride brodmtlamwyitmoéld (Amzol &t i on of
tert-butyl py | - ate (1 nL 5.70 mvl) and (-)-sparteine
(1.31 ni, %‘B M%?;"’?Zn é%@‘%%)s MIBE (30 mL) was first cool ed

Example 17

= N/N\
>~ T~

N N o
O

E NH

A

F
(6R.13R)-9.13-difluoro-2,11,15,19,20.23-hexaazapentacyclo[15.5.2.17'1.0%°.0>°**"1pentacosa-

1(23),7.9.17(24).18,21-hexaene-16,25-dione
[00381] A solution of (6R,135)-9-fluoro-13-hydroxy-2,11,15,19,20,23-
hexaazapentacyclo—[l5.5.2.17’“.02’6.020’24]pentacosa—1(23),7,9,17(24),18,21—hexaene—16,25—
dione (Example 5; 10 mg, 0.0251 mmol) in a mixture solvent of DCM (0.3 mL) and 3 drops
of DMSO was treated with bis(2-methoxyethyl)amino-sulfur trifluoride (7.87 pL, 0.0427
mmol) at 0 °C, followed by addition of a DCM (0.1 mL) solution of ethanol (0.231 mg,

0.00502 mmol), and the mixture was stirred at ambient temperature overnight. The reaction
mixture was poured into saturated NaHCOs and extracted with DCM, then dried (Na;SOy),
filtered, and concentrated. The crude material was purified by reverse phase column
chromatography (Biotage SP4 system C18 12+M cartridge, acetonitrile/water 5 to 50%) to
give the title product as beige solid (1.3 mg, 12 % yield). MS (apci) m/z =401.2 (M+H).



to -78 C under nitrogen, followed by addition of sec-butyl |ithium (4.07
m., 1.4M 5.70 nmol) drop-w se over 15 mnutes with a syringe, maintaining
t he tenpewetarigidbzsbow - 75 C. The pal e yel | owi sh sol ut i orCRAS26Iti08G462] at - 78
C for 3 hours before being treated with zinc chloride (3.80 ni., 1.0 M 3.80
mrol ) drop-w se over 15 minutes, maint@ining the tenperature below -73 C.
The m xture was stirred at -78 C for 30 mnutes, then placed into an
anbi ent tenperature water bath andggihpegd for another hour. At this point
a large amobunt of white precipitate was present. The m xture was treated
wi th 3-brono-2-chloro-5- fluoropyridi@e 100 g, 4.75 mml) in MIBE (5 niL),
foll owed by addition of palladiu a 53yng, 0.24 mmol) and
tri-t-butyl phosphine tetrafl uorobyrate (83 , 0.28 mmol ). The m xture was
allowed to stir at ambi ent tenper Night to reach conpletion. The
m xture was treated with NHAOH ( ), stirred for 30 mnutes and filtered
t hrough G/ F 53 paper, washi ng MIBE. The filtrate was washed with 10%
citric acid (30 nL) an agu usI r hed with MIBE (2 x 30
m). The conbined or gatid e P e PY Gyl Pl PR éAﬁ%se(ZO nL), dried
(MyS®4) , Rréhzgenceyld at.ed ot to’al 601 thetdeosacr(REher. Q1 iQURA), 20293 daptheryEd-biawi sh

I

oil. This %\t’?rlal was urlfledo
cartri dgéoﬁsg}cl ng WER h 20% EtlggRargtipng e
as col or |n€é$l%x%\ir1d€r93—5l)ﬁvrro3ﬁm% YhaN- ﬂ%thvhﬁra&@@ﬁ' ﬁ-a]Bi'rlrnﬂlr%Qlcalbcﬁ(MhH'eBoc)

[ 00366] St ep B: Preparation of

(R) - 2- chIT@r p-S83epsidy 6f 82X A Sofilyaae-A=methaxypxyiding P Brur Hidey behpxspdoldl.5To a

di oxane f ) Pl try | AL
o O3 o) ShyRiplyiAOL L ORRT ol T PIBELIOLIAL 200 ng, 036 mmol) and Jchloro-: o

mol ) wasnetlddprdpasdtaise rhydhOd)d@m@ (120 . )1, 23fromblc)we@1\bl§/ (43m1r) rwaﬁgldéttd Mibi ent
then vac s REFRRUAE 027 o8 R Hhsn BRI EEMATE B RS ol S Ry "t 5 o

yi el d). Macfiapeas stimed at:ani]ﬁént Erlﬁﬂb!hdﬁ)re forhe MI]lanﬂhérodmmcbwﬂXHﬂS SlO(rRBP/@mcbf t he

product was t d 2% cordin the nmet h d de in

Pr epar at {0 %% Ifetgg%gg XSZEO ?}Eg Eﬁ eid ?{g%’? f’% SV Was hed Wlt?lqbrme?

5- (2- ( 2- qll)0#@edSMJSAQY, Tyl dalnﬂ-cBncentrated The crude product was purlﬁed by reverse-
Opyrrolidin-1-yl)pyrazolorl, 5-al pyrim.di ne-3-carboxyl ate a sol ution of
et hyl 5- phgﬁarcefigfw%é%ma hiy. %lrmgrwlil dith&0%- aé%‘P‘HHil?/Wé‘teéto(Wléﬁ%ﬁr dasiresh B,

Step A BTt ajavlﬁgfcﬁmls)oh& @z@ryf%@ﬁ 05 IBVAME Palth /RS 40 dord )

(Benzotri azol - yl o tris(dinme y am no phosphonl um hexaf | uor ophosphat e
(BOP) (64803%3| 1 4@e 1 ) Propaeatige R drahkloreprapyib & -(3e 8- Tpiord-exp-t.dr 10
m nut es 2 A G . ; n of
(R) - 2- chllalfo- g IR i i H%% ?\363 g,
1.33 mmln)lxtuﬂéhﬁ‘ H(éla(étN dm)xms4 $tth rlﬁﬁdnlat)l) amct)(lém’ (3t @ﬂweplapw é(b(/bﬂmrght to
reach co fion ar i one t 0% ¢ r| C. CI d (30
w0y and. roRoP RS ettt AR SRS S RE bt afEe (> x
20 ). Tmz) 169 rei2aesn ey @amealeahasmsmtebmhﬁdwme’s:sfbm inwteb hThat er (20

m.), saturated NaHCO3 er nd brine (3 X L t hen
dried (NE¥SHN “aﬁarec%%ﬁﬁflrgi%‘ée& vgh &F?t HHLHEC? éP%Fﬁétrﬁﬁ?dog%élteldg% H’)“E"Jer ange
foam Theredubidevnight Rid adrrivBfo Pl ekt 6@p ANthdut2Rir@eBp@tReGonSNARME] 1 $0ce;
cartridge el uti ngl wth 1% MOH DCM to afford the desi red product as

cr eam colYébd MB@nei| 0/3544.0 @894 yi el d). MBS (apci) mz = 390.0 (M+H).
[ 00368] Sy g@%fr epagaf | (ﬁ“oﬁl%@rat%nhxlf 682 ﬁgor6217(nt1é?ﬁ\11 “13-0xa-2.11,17.21.22.25-
on m no) et

but oxycar yI an no) - >-T1uoropyridi n- y| )pyrrol i din-1-yl)pyrazo
l o[ 1, 5- A7’  hexanogat 1X23)47¢9 's)ro;.‘ 5l & 0. 00770

| QX434 1 g . L8 k STANRTG 1 ,
?g;) )et hyI‘gCBZA %éXtH'I%o - @S%{-F%@lr%rgvro gl(g@iﬂ&&grzrzoo ggr%%rmg)zol o]
[ 1, 5- a] pyhpyirdidiret 3})d‘écrriatibwlﬂyaatzelo[1!;'ﬂ)a ;mﬂmb%caﬁhmxhl)rudea(ﬁd rhgr(l 1D utnydl)

2-am ”Oetaﬂé{ 'c%fd(%a(n% reng,( 8%8 mnqa) in Dl%d% lg-m)L) wasrheateccll %ts &(? gjC or emnlenut g' to

reach completion. The reaction mixture was filtered, rinsed with DMF, and concentrated.

The crude material was purified directly by reverse-phase column chromatography, eluting



54 nmL) was first purged wth nitrogen, then seal ed and subjected to

m crowave irradiation (120 C) for 16 hours. After cool ed to anbient

t enper at Wwe,20tihi@é33eact i on m xture was dil uted with Et OAeCTAB20miLp3@8Z washed
with water (2 x 5 nmL). The organic was dried (Na2SO4) and concentrated. The
crude material was purified by reversg,phase col um chronat ography (Bi otage
SP4 system C18 12+M cartridge, 5 to 70% acetonitrile/water) to yield the
desi red REMMIEL 60885 addnkiBilc/RAPo SRI fﬂeélag fHauct5c§ %%ﬁé\g%}ow&@((ﬁﬂg' Jemz =
514.1 (M+H). [00369] St epE: Pr epar atl onof ﬁ

but oxycarbuig aMSr(QI)Ce)twgl—a%Wri‘c{M@{)fl uor opyr| d| n 3 yI )pyrrol idin-1-yl)pyrazo
lo [1 ,5- a]pyrimdine-3-carboxyl To a solution of (R)-ethyl
5-(2-(2-(2-(tert- Eadifile 49

but oxycar bonyl am no) et hyl am no) - 5- fI y'N din-3-yl)pyrrolidin-Il-yl)pyrazo
lo [1,5- a]pyrimdine-3-carboxyl 0.074 mol ) in THF/ MeOH wat er
(2:2:1, 0.7 nmL) was added Li OH HRQ N. 34/%2?022 mmol ), followed by
stirring at 50 C for 18 hours. After al), of solvent, the reaction

resi due was taken up in water ( 797 aC| dified W|th 1 N HCL (0.22
m.) to pH 3. The reaction m xtu s extracted with EtOAc (3 x 2 L),

dried (Na2504), filtered and cFoncentrat ed to give the desired product,

whi ch was used in the n@gi-93tepushiidoest-yxaw §t hout pupd-her purification,
assuming quantitative conver s,lpoZZ6NS (apci% n12 : 00370] Step
F: Prepar FIZHICAIR.CYCID) 1 5 1 1 1962 J 4
flu or ORo03s '5 di n Ste@A Preparation of (S)-1-amino-3-chloropropan-2-9l hydrochloride: To a
v1) Pyrrolidi n | - vnpyrazol of I, 5-al pyri m di ne- 3-carboxylic acid

hydr ochl @phut:j@n ofmewll@ydﬂﬂdﬂ g(R4 Bm(d,l’)l(l Z1QR ({2 ek whuaddrg aqueous ammonia

ar bonyl am t I ) r d|n Y. reql i -1 - Yyl pyrazol o
[1,5 -a] pyri ngdl%ﬁe %ﬂ%@gr%oié\{eﬁg Ig (31‘3’ﬁer h)rg% it lﬁ) Hlln#tﬁm(k%g N

di oxane, (m&oﬁlbﬂhyl)@mnér Bas1( QO%IEMOI)ZwﬂLa)ddwhmcbtﬂw r¢aetorainixaurb iven tstirred

t enper at refor efore it oncetrate and n hi gh
Vachum ¢ Go53 ity g1 S ngagus TR s DERE S et R LA SSE TR e
used in mlaﬁln@exatntlstfam doure collywor byh@itting bt dnkteént pamipekdt@ratfborg hASS uThdg
guantitative conversion. MS (apci) mz = 386.1 (MH_%@ )

[ 00371] STEASEOPYBFRPSRTTAIH I BRI-284 fqlaF 63 BLA yasafldgds Dls mixtusgwas heated to

hept aazapgntagry§ sdlﬁ’tiolajeﬁ' cOnceriratQUEICE 699 g/ 6 118 mngh] 7) o water (5.9 mL) were added

| pent acosa-1(24), 7,9, 11, 18(25), 19, 2 -hept aen-1 one: To a DVF (3 niL

sol ut i on stewly Ryeré PPLER I Pk A ATASHIN BMPPaRFOpes of H-4L °C. The

yl) pyrr Olblll 'a% !rsnu%{hl)eRb’Js}é%le@ L134254§‘4CPY0'} 3 rHoﬁfS”e[h\'é o‘é%%l%?@iﬁ#éoﬁsgs\%g%at%% 2nd"Y:

0. 065 Mo I'rst ed HATU

five-m nutashatwitly agr @lﬁdnlt)he}"hechqo@uwphreem!/dnetqomhimd ap) Ebar(05610[mL) wak 32

mol ) . Af t5’\ed Stl"hr L )ggrea\%asagg%lcgr%rated &ap thura d e‘}fleror]g(]gkLE ’10 reacade n was
directly purlfled y reverse ase Columm’ ¢hY Smat ahy otage 5P4
system C1:8nc25thngaftérreadlgedditameLAcfrer theildse tovat@ratibn stop, 44lyrrit @asyw:&hrdd the title

R OaRy o TGl tppmpint Endmligs abd et hisalTe SGni o aric prodtet (M

. 2. 02, 6. Gyas 211424, b%@a&ﬁ?ﬁﬁﬁlt@ﬁorﬁwa@l{eaa)}ltﬂco@d dthanb? (246 hadtlml@icdNeRiraéade 18- one
[00372] Step A Preparation of (R -eth

5- (2- ( 2- (e prodyet abn’h@g(wgalg)\@%@qhgr@{ﬁg)g 60 % yield). 'H NMR (d°-DMSO) & 8.14 (s,
propyl am;nQ) | yor Iﬁ@hr I n rlp[ ol 011, 5-al pyri m di ne
-3-car bogmﬁa%%l épﬁ@pg% acpgor%y% %d&ll H% cr bed in Exarrpl e 12,
Steps D, [QQ,BBélltutistn]gBt Epe ; S-G(R)-2-€

3-am nopropy| car ba e,
[00373] S -= _,. T OR ‘ i :

hept aaz apem(aﬁg el tbe hikthod descrlbed in Example 13, subst1tut1ng (S) 1-amino- 3 chloropropan—

or opar od Jxilo Sy HORO S RRIOS% L Lok f?rg(@mﬁg% S3)TRaRd Bl
three steip&ocﬁw@ds(li%)ste@tphym (ap(c%n(vz (4389((5M€LH§ but oxyc

ar bonyl am no%‘fr opyl am no) - | uor op ri
yl) pyr r ollPUBAL | - yi§iyr azol 3 3lig R~ (Ashloro-Zoopenio - above.
The  cr ude, iy BAMGTa MRS PYR Al Bk BYET §%10Q/Bﬂ§(ﬁn&9lc%a%ﬁﬁ@mt 095 apiw

(Bi ot age '5P4 system C T8 zb+|VI cartridge, b to 50% acetonitirile/water), to
provide the title product as white solid (6 ng, 44 %yield). M (apci pos)
mz =382.2 (M+H).




Exanmple 14 N'..1\1\ F (6R)-9-fluoro-13

, 16-di oxa- 2, 11, 20, 21, 24- pent aazapent acycl o 11 6.5. 2. 026.0712. 021, 251

pent acosawO(BM)14¢338, 11, 18( 25), 19, 22- hept aen- 17- one [ 00BTA|USL@p/056452
Preparation of (R)-2-chloroethyl 5-(2-(5-fluoro-2-nethoxypyridin-3-
yl)pyrrolidin-Il-yl)pyrazolorl, 5-al pyrim di ne-3-carboxylate: To a DMF (1 nl)
suspension of (R)- 5 -(245 -fluoro-2-nethoxypyridin-3

-yl) pyrrQbiydbp- | oyl ) Rorlob- f L€ B(5- N6 LI fifl3-
(br epar at, oo | V) BUHGEO R AN (o5 1RGNS aded
DI EA (0. yh)eyrmhdlrelﬂhmyrﬁm ¥->- aﬁwﬂllmd'\lé@ﬂﬁ?fb%%m%fl@@t%ﬂeﬂmW@?FODQM 0. 336
nmol ) . f h r r

reacti on§$/an§) Egﬁe ﬂe'spglaﬁhle% Hgalﬁfﬂ}ée\/(ggﬁgpfa%eﬁ%%ﬁuﬁﬁgrc rtg&r%fa%bgs?lté%ﬁy

(Bi ot age aS%tsqnsttemp@atareZMI\/B Boutro mﬁ%muﬁbd)rdnteculyi dwaetversy-phase oplemm t he

i nter rredl . ri | o

(5-f1 uor 8 olg%la i//pei/‘,gtmg d\in%r] %to %@pa}c/‘%tpmfrﬂg}wg%i to d th¥é5511ie£l (?erfCtSaS

-a] pyri mvdmﬁéoa&ymﬁd bl lzmyg a4 e gsldywiMs @psiphia- 449740 (Mﬂlg) 71 % y| el d) Thi s

i sol at ed {5 gr medi 1| or oet h I
followed[‘g‘ bdi t i g )
over ni ghtydigx§Saeih- mmrﬁmdﬁp Vl-‘)-IB‘\Qazroﬁﬁ’-PSla%rlﬁﬁfﬁnéjch%MaYmWr' f i f@l by
reverse phase col uim chr omat ogr ap hé (Bi ot age SP4 system C18 25+|\gén

acet oni t PPINEPIAR &-N5(3tchloray- Otxeprebstl W{%ﬂuqrpﬂr@@h?ﬂ%m@@ 3adpypieltdn{ oamy

sol i d (5@/1)%204@[1%aﬁﬁﬁinﬂhme—%aﬁﬁ?ﬁhlﬁe ;('1174 mg é%S? n(r%'lmn d&@%z %Igt &l

B: Prepar ation -"2-chl oroeth | uor o- 2- oxo- 1, 2-

di hydr opyddadi Iheosoghllo)rmw%mldﬂ Ab1 HWO))pymdatilelr@[:tlorEmadupymaﬁﬁmw:amb@nboxyl ate
: A mxt ro fl.yuor X

“yl)pyrr gé pegatur(e |%)or % r1§2 Ofﬂehyerait was( ﬁuencﬁle%, F%eg‘ﬁ{agegr g[ﬁ?/#) §] @6 my,

0. 13 mmoldjlufed whﬂi]D(CM QSI rdL)o;aaxha;rreIa fbr Bﬂ_mnﬁﬁbsmnﬂe)r phvas se@adted, the aguepnessur e

ool e ARl EOHBERETSRENT DN CIyThe ThY SUTHP LG LS PORFORBIETTF Eh vas
used dire6ad| purfiedt hg ﬁe‘)@i‘sesﬁ_h@@ \/Motulﬁﬁlutchfdmﬁattdsgei hpurdlitingatwion, 5 ags LH(TJP/JTQ

(6R) - o- 1 gt Sy s HixiAds diTosorahicon vhis ML) dHonb SEVERD YREaB 2. 02' 6.
07,12. 024y 25kepontaegsa- 1(24), 7,9 , 11, 18(25), 19, 22- hept aen-17- one: A

m xt ure of 3§9R 2-chl or oet hyl 5 (2 5- quoro pro 1, 2-di hydropyri di n- 3-

yl ) pyrrollf0 1 -$tk1) By r Rzparat 8)-NBrohlorer? didifd 0RoprepyAr heipHAtos0-254 my,
0.133 nmyl) @_cﬂh&%@&%m(s?%ﬁpmhdﬁ L0311 iom-w%aé&-ﬂw pBf;fieat ed at 90
C over ni ght. “The Tom was f11 GFFF paper) and drrectty purified

by rever é)eegatedgecomdlhglmh@mﬁthndﬂ@gandhy E@Bhpibagﬂuﬁmtms{ﬁbhﬁ(@rmo&ﬁ}m 5to
60% acet %nﬂ AR osp !)?St— - ﬁuorc}/ b g eﬂlog%pa/rl lil%y yrro(flﬁlsrlal— gq razo 0

i npuritiés. (P REE 2710 APl tography on
Bi ot age PHARIHR- derbd:&n@de efbut (RIQV- Wdhﬁbrdlﬁ%}h)ex@essﬂlﬁtr@éanémbxgpwm Be pure

570. 2" ( WPyl 2B e b b ok i b1 Mo

(6R) - 9- f Iygrasid(oxan2, 11, 18, 19, 22- pent aazapentacyc |l o[ 14.5.2 . 17,11

.02,6.019, 231tetrac o s a- ) )
[0 390] Step F: Preparation of (6R)-9.15,15-trifluoro-13-oxa-2,11,17,21,22,25-

hexaazapentacyclo[17.5.2.0”°.0"'2.0***°hexacosa-1(25).7.9.11,19(26).20.23-heptaen-1 8-

one: Prepared according to the same method as described in Example 18, substituting (R)-N-
(3-chloro-2,2-difluoropropyl)-5-(2-(5-fluoro-2-oxo-1,2-dihydropyridin-3-yl)pyrrolidin-1-
yhpyrazolo[1,5-a]pyrimidine-3-carboxamide for (R)-N-(3-chloropropyl)-5-(2-(5-fluoro-2-
0x0-1,2-dihydropyridin-3-yl)pyrrolidin-1-yl)-N-methylpyrazolo[ 1,5-a]pyrimidine-3-
carboxamide in Step C, and heating at 110 °C for 5 hours, to provide the title product as a
pale pink solid (6 mg, 11 % yield). MS (apci) m/z=419.3 (M+H).



1(22),7,9 ,16(23),17 , 20- hexaene-15 , 24-dione [00377] Cbtai ned as a

by- product of Exanple 14, Step C, and isolated as a white solid (5 ng, 9 %
yi el d) bywoevarses3phase col unm chromat ography (Bi ot age PP4/Usyeitiesa4S2 18 25+M
colum, 5 to 60%acetonitri|e/water) of the crude material of Exanple 14,
Step C. M (apci) mz 370.2 (M+H).

(6R)-9-fluoro-13, 16-di oxa-2, 11, 17, 21, 22 25- hexaazapent acycl o r
17.5.2.02'6.07, 12. 022, 26] hexacosa- ElARde 809, 11, 19(26), 20, 23- hept aen- 18- one
[ 00378] Step A Preparation of (R)-N-(2-bronoethoxy)-5-(2 -(5 -fluoro-2 -
met hoxypyridin-3 -yl)pyrro lidin- 1 )pyr | o[1,5 -a]pyrimdine-3 -c arb
oxam de: To a m xture of (R -5 -(2 f 0 -2 -nmethoxy py r idin- 3
-yl)pyrro lidin-I-yl)pyrazo lo [1,p - aPpyr di ne- 3-carboxylic acid
(Preparation B, 100 ng, O0.280 ez d KATW,.(128 ng, 0.336 mmol) in DWVF (1
m.) was added DI EA (0. 146 m, S mol ), oIIowed by 0-(2-

br onoet hyl ) hydr oxyl am ne hydrobrom de (74.2 ng, 0.336 mml% in one portion.
After stirGRg-Mioranbbent 1T.2npRrRbatezmeenaicil].s 2.0 E APt haxambset ur e was
directly purified by rever chrompt ogr aphy (Bi ot age 5P4

system C- 18 25+M 5 to 6/%ate 15908 el d t he desired pr oduct

as of f -whpgw1pol i dsie®l non: 68 %emr@thdi) Nﬁf(apm»zemltﬁ 479 G- uMrédp-
[ 00379] Step B: Preparation of
(R) - N- ( 2-hedopynhenylip roliding- b-cark o J-his. Womncb was prepared according to the

di hydr opﬂe@dr&e&rmka f?MfrEIﬁ!rdti@hEA }ub\éhﬂlﬁ%g @%M§ﬂ§0@|ﬁ¥5th6ﬂ)@¥mn§wﬁﬁﬁ boxani de
© A mixture of (R)-N (2-bronpethox | uor o-2 - net hoxypyridin-3

-yl) pyr r dramaeiitdlugroplydny hyoetaseon [Step[ A (352 ga‘}()p%r}ilfrﬁi)d|M§(®C@alr/b0x1§%ﬂdb4+@0 ny,
0.146 mmy ), and HC1 (4 N dioxane, 3.65 nL, 14.6 mvl) was sealed in a
pressure tube and heated at 90 C for 3 hours. The reaction m xture was then
cool ed, d00392kd wi $thp I%(P&boaraﬁinm@ﬁt(R)all—ﬁdoroe?t{abvﬂolﬁcémﬂfylh)ohénghhvhoa]ﬂmidteo obt ai n

the 58 sired pr ct i S u in the ne di.rect| t hout
furchor dom PRt B bl e Bl at RS uTbE R b Sabe & L5
ﬁ Pr epar ati i4Qﬁm@P i ?7@1\%920‘ MUPKas &cﬁie&@i@l(@x\adﬁxanﬂ-i@gnﬁlQZZ midol), and the
exaazapent acycl o
.2.02' 6. OPXHE ‘W?LI%C} PeAbicas tempersiie for g5 houry.g Thgieaciipn s Renseaiied 824 one: A
M Xt ure Qfie resulting precipitate was taken up in DCM (15 mL) and filtered to afford (R)-4-fluoro-2-
(R) - N-(2-chl or oet hoxy) - 5- é -(5 fp | uor o- 2- oxo- 1, 2- di hydr opyri di n- 3-
yl)pyrr oI(PBGTOfllld![L?yVI))IﬁVP%HU wphlosdel $ors AP i vield Basceabaigseakid dMS((@ering/z 0. 14
mmol ) and H%n (232 ng, 0.71 mmol) in DMF (1.4 nl) was heated at 90 C for
20 m nutes to re%ch conpl etion. The reactl on m xture was f| I tered (GF/F
paper) and@b3®8] ut edStey hPispire ; ¢ iy 1B

m). The orgdanic layers . nbi.ned,, was edvmthblneaddrle
(Na2504) : OIS 1 s S rnidiRE S Ca Ry IR reéo&rela accr:oerglllél & he methora dchnbe&jm

chr omat oraptayiof B, @h@@tﬁ?ﬁtme@mE@HdeMz ﬁnﬁémm@rdmblﬁbm & (B)-50 55%

to yield ture of the des dflnal roduct an |rrpur|t|es

(0 Jield BATLXL S o (e dEs) Lo8TL03) opronut, sd LOBMLLSR sl ) ¢ e
pure tit |r@e%@ﬂb@tcoﬁﬁnﬂ/ﬂirbﬁatsgﬂapl® (0165W acé‘ton%rﬂé/ﬁ&(d)) to WBd (tBPir: prdducE 385. 1
(MHH) . 6R, 13R)-9, 13 -di fl uoro- 19, 20, 23- hexaazapent acycl o 115

15
.5.2 12( %re&88%2@161241\45&?%}1{#&@0%71&(WF@23) 7,9 ,17(24), 18, 21

- Eegaene 6&92}51? 19@;320[190%1%@%%1&“ bpn?&ﬁéﬁvll?@z &&'Mgfcﬁoéo%omdolm 2-
- I ox
Y Y Vl)propoxv) 5- ﬂuorophenvl)pvrrohdm 1-yDpyrazolo[1.5-a]pyrimidine-3-carboxylate: A

suspension  of  (R)-ethyl  5-(2-(5-fluoro-2-hydroxyphenyl)pyrrolidin-1-yl)pyrazolo[1,5-
a]pyrimidine-3-carboxylate (280 mg, 0.756 mmol), 2-(3-bromopropyl)isoindoline-1,3-dione
(263 mg, 0.983 mmol) and K,COs (104 mg, 0.756 mmol) in DMF (0.4 mL) was stirred at
ambient temperature for 15 hours. The reaction was directly purified by reverse-phase
column chromatography (5-80% acetonitrile/H,O) to afford (R)-ethyl 5-(2-(2-(3-(1,3-
dioxoisoindolin-2-yl)propoxy)-5-fluorophenyl)pyrrolidin-1-yl)pyrazolo[1,5-a]pyrimidine-3-
carboxylate (202 mg, 48 % yicld) as clear oil. MS (apci) m/z = 558.0 (M+H).



hexaazapent acycl o- [15.5.2 .1211.02,6.020, 24, p

i entacosa-1(23),7,9,17(24), 18, 21- hexaene- 16, 25- dione (Exanple 5; 10 ny,
0. 0251 nmwib)20imi4e33ai xt ure sol vent of DCM (0.3 nlL) and 3Pdrapsg010f3@E0 was
treated with bis(2-nethoxyethyl)am no-sulfur trifluoride (7.87 uL, 0.0427
mmol) at 0 C, followed by addition of ;@ DCM (0.1 nL) solution of ethanol
(0.231 ng, 0.00502 nmmol ), and the m xture was stirred at anbi ent

tenper at yjgzogyer ni ght . Ehe braghigh NbX! UG- WRE Pous el 3 fhiRosapdkyased
NaHCO3 and extracted with DCM then dried (Na2504) fritered, and
concent r dluerpphenybpyrralidin- hibgyrazelol o< ppoxdatesr $8)- @h}és%(%éf(ﬁmn
chromat o onitrile/water 5
to 50% 1 Qﬁ%‘sﬁﬁg&?gﬁéﬁ?&ﬁﬁ%%& o Fﬂ“ UGB e Vi el -
(apci) rda}pynmdxﬁﬁe 2-ciulobiglate (200 mg,0359 mmol) and hydt(lﬁﬁ@ mPadhlydietedd 17mpet. fy 1- 13

e o T s coogRd in BT WG HE TR Phad Fsede e Guisndp o0 2% 2©

A: Pr epar aci fbﬂ 20fm1(11R}s— NAE3r cduliag @@ rammeiln) teﬁlpel(aﬁ}ﬂéi thd kdﬁ@lﬁcﬁr Was concentrated,

met hoxypy, ro lidin-|- nmet h razol ol | ni di ne- 3
-c ar boxg?llal Bby'f’ﬂg ‘gﬂélﬂ@(ﬁgl gﬁ\I gfm )R)Tlg ml(‘?‘r%‘ggy Xltrﬁﬁ?(?“’“h B, Rt

0- 2- met he¥¥B¥Ed Qﬂgﬁnéeytlra)cﬁyvl’zér@ﬁhéii MeabSO),) iMercAZal @Brﬂeeﬁrated to afford (RR -ethyl
a] pyri mdi ne-3-carboxylic acid reparatio , nmol ) and

3- chl or oSNFEZ #3RBiNepERoxy)-S-Her e%g})ﬁwﬁelmnayhy@@yr@wq[r%ga p}ﬂflnzlémm%m) in DVF
(4.1 V"%%rb@%ﬁ@cg(ll\ﬂ@‘?ﬁg‘% @wl%plm%agcg 92 =ibg. ngﬁ‘t@[ ymol ), fol | owed by HATU
(234 ny, he Teaction was stirred at anblent terrperaturefor
18 hours[0Q3Héh di IS,ttaled V\Eth ZUGIRE ) Huo 9y 2

The conbin [ gani
(e oo i QL IARL G Soapt 5ot
reverse- p»lnase aa)d emml ch{(b{mtbgnmpﬂnypox@} BtffungpidryhpordlidinlB 0Yb)pyrazolo[ 1,5-

acetonitrile/water t red pro foany solid (129
o 85 ogmEmS heiBatirs T B s SreRien SiEo0BeEybr BT BRRRARE | on' of
(R - N- (3 combined apaspPROXF .t erZLA}Sn -f detled aes%el-queawa at 260 W@Kr@ﬁhgh! tha- 3
-yl)pyrrolidin-1-yl)-Nnethyl pyrazol o [1 pyrim di ne-3 arb

oxan de: TRRCHPL Mg éowmrfmd %‘lﬂy NuHjedxanesyerse- Hltase felu@mrﬁ?mat%ﬁﬁ%phy (6-70%

(R) - N- (3eQbRt-PHABYL )attord Be (iR ErMRIuRE (TR HIROXY PyYibid. "oiS (apeh) B fRold di n-1
-yl)-N-nmeth pyragdg)y o[1l,5 -a]lpyrim (lng{g -C }ér }oxar%%@é))(loo ng, 0.224
mmol ) wasMséll ed in a pressure tube and heated at 90 C for 90 minutes. The
reaction mxture was then diluted WmJih,égtonitrile and concentrated to
yield the crude product, which was carIr)l ed to the next step without further
purification (145ng, 150 %yield). Pe-Nmz = 433.0 (MrH). [00384] St ep
C. Preparation of (6R)-9-fluoro-17-ng oxa- 2 11,17, 21, 22, 25-
hexaazapentacyc |10117.5 .2.0uu 2, 6: 7 12\j 26,

t hexacosa- 1(25), 7,9, 11, 19(26) 20, tagn 8- one: A mxture of
(R)-N—(3-ch|oropropyl)-5-(2-(5-f| X , [ i di
yl)pyrrolidin-I-yl)-Nnethyl pyra 1, 5-a] pyri m di ne- 3-car boxam de (50 ny

]9 12 ol ) g it ?OCBBO a]ég'i% b D e%t %e%a%@‘oﬂ)@ﬁﬁ&ﬁ[mh)ozfxzt]éegﬁggl%%aﬁd at 90 C
or 15 m n@gs—fﬁg)—rea'@g—c‘oﬂm red,

rinsed with DV, and concenI(Efa)UeEdll HSﬁES)dQQdélenmr&rl al was purified directly

by rever se C
2011/ 1463@%3%?'/ Us2 iIi/ ,- oD yield

the titlglpy@duel23spRabe A/ﬁllult@e/opga/)denuc(ra.z (ﬁﬁrolﬁﬁl Q@Mp@hdl)hydmlbﬁ@@ ) mz

= 397.3 (MH).
(Example 20, Step B, 1.50 g, 6.89 mmol), DIEA (2.67 g, 20.7 mmol), 5-chloropyrazolo[1,5-

a]pyrimidine (1.11 g, 7.24 mmol) and isopropanol (1 mL) was heated at 120 “C overnight.
The reaction was poured into ether (50 mL) and extracted with NaOH (1N aqueous, 3 x 25
mL). The combined aqueous extracts were brought to pH 4 with concentrated HCI and
extracted with DCM. The combined DCM extracts were filtered through phase separator
paper and concentrated to provide (R)-4-fluoro-2-(1-(pyrazolo[1,5-a]pyrimidin-5-
yD)pyrrolidin-2-yl)phenol (1.82 g, 89 % yield) as beige solid. MS (apci) m/z = 299.4 (M+H).



Exanple 19 NN\ N NO (6R)-9,15 ,15 -trifluoro-13-oxa-2
, 11,17 , 21, 22, 25- hexaazapentacycl 0117.5 .2 .02'6. 07,12. 022, 26] hexacos
a-1 (25),wp20111i6388( 26) , 20 , 23 - hept aen- 18- one [ 00385] Brep/s2o11@s@par at i on
of (S)-1-am no-3-chl oropropan-2-ol hydrochloride: To a solution of

benzal dehyde (4.50 g, 42 4 mmol) in E¢PH (12 nl) was added aqueous anmoni a
(4.01 g, 65.9 mmol) in several portions.After stirring for 10 m nutes,

(5)-2- (g bdsogfnet hS'tEI% OKi I BBEarkiRn8 b O (R) KL (02 SR> W AFHEd 1R0FoildAe 1 I eact i on

m xture was s |rred or 2 hours at anbient tenperature. The reactlon
m xture whgyreruel lijeedpwinidine-3xarbgldehyget i fter RO&H: (B3] pnd. e mingl) Bastrddeds,

f ol | owed P dv%fsé rté'a{‘%l\ﬁf: d@to E%luh Ig%%r_@‘) Y of D5 éllﬁmbfa%t!fo t@?nﬁ&f'fﬁ?%' on was

concent rat ene was added e was heat ed
to 36 C ahdyrolsioi-2ylpirenolf (@6rognl.f hnedl Hal ar(lﬁleﬂQteglpelﬁmrds thmudaytlcmnwawat er

(5.9 m) wer ded s S to.maintain nt er reaction
{enmer at aPEF g apEsBitnt T (D Tha b iy T Mot auP el whCIE
fﬁr 3 houtised fﬁhendmﬁegaomﬁmpér?g&e)w\ﬂsl sclelpalaoahﬁflmm wiR atidd, mn)\hedc/j\@t Bﬁl\/( 10 ni).
The aquequs ase re co e t ang was, added. . The m xture
was concégq F‘ﬁ't) d@%mﬁtﬁ’nﬁﬁ thr, Pﬁr} g?lﬁﬁ of e(rSac%Olig"aﬁLO)m Gated andy U Rht r at i ng
after eagieAdPhhdeQBlun dREmAtEGaphdSs EluGRNGRNOIAL 8RtoRHBR/HONS pRbMdd R)VaS
warmed to reflux, cooled to anbient tenperature, and then placed at -20 C

for 18 hddrds-frpw-Hhyheerhadrystidact éapmz%bé@ﬂﬁwm@m%ré1Cérﬁald9%a/§ﬁed with
cold et hz(tglglmg a&@dﬁygwg%%é Sfd. Mg(glg Vih,ge jzhg(p,f@ﬂuct as V\:hl te crystalline

solid (3.58 0 %yield). 1H NI\/R(d DIVISO) 6 591(s 1H),
3.93 (m [0_03)99] 3. SQStéprﬁ 43 31 3| #dlupne .I —f e hh- B:
Preparation .of N-( 1 R or o

et noxy s biii &f@ﬂ“r‘z{nﬂ’oa%zg :

ar boxam dhgdroi?y;ﬂmpm)rlgﬂrral@chmn e:yl)pgramjo[tl hien pmnmddledesﬁfaidebyzﬂel 101 5|9x anp| @488,

substitutin r opan2- o dro hIorlde 672

ol) oA kP E BT FBRARE ) 1B Bl BERDop s i s 0% g

(apci) mngo, 3 448m81) v IBMF Kpﬁﬁgma&cﬁﬂbﬁe&’hﬁ@%a@édl WRsePbind stirred at ambient

(R) - N-(3-chl oro-2- oxopr opy é (5-f

met hoxy pyFTREFFS OyFyis ‘r%msh th%ﬁ H-6 (}fyrp»’yh%m 6@?& Elugngyith ROV &L BLedbhoxan de
:To a  6leaction was filtered through Celite®, concentrated and urified by foverse- -phase column

sol ut i onof N#S) - 3- chl or o- 2- %1 dr oxypr opyl) Ig | uor 0- 2- met hoxypyri di

n-3- y1) whiomsiagphy. Elufing p&yﬂl&zm"/o p@tcsuta]eﬁﬂqq ﬁmpei@vn@-( t@ffbnxlz%ﬁ%@c)(rq@o ny,

0 401 d 0. 481
) TR Pt e e L DR P R 8 B e

pur| f| ed &dioriegteld) abyelloMrssbd W&i@cr)mh/amﬁmﬁr(bﬁﬂtdgrcaphy eluting with 5 to

60% acet | e/ water to.yiel the deS|red pr ody ¢ fo solid

(114ngcf@déf‘b@iylem% O?apm% 1 a4 M 1 00568 St eh B Y

Pr epar at iforophenlyBpyrilidah- t-@hpyaiid1, saanﬂmhhdm @mmwaﬁvﬂ@ ( An( 5H€f I um 0- 2-

gg;&oégpyﬁgplxgl %l:] (§5lﬁlyé}.ﬁ£} éngol?uasdlalc’lldeld tola) B&l\f% L? sglu’uon 0? %IBytLIlt rt?u‘g/ll g -c arb
(R) - N ( 3Rrbt01- @1 (% fa 15 aq;%mlﬁﬁdlhlstmyp@nahdfﬁlztg@}pﬁ&%&yﬁthgrcarbxllnht@yr rolidi

n- 1y1)pyrazo|o 5-a rlm i ne- 3- car boxam e( |) in DCM
(3 nL) wibkaued. 4580596‘[0 Jughd (tbe Terstion. wag. mseaednivisi ) N2 ail Stifed RbABPIBh

m xture 3 agthon was
guenc hed\le@mﬁ[%e?lgt%{gt gér}g%ghmr?&ﬁov%pmggvgﬁtgﬁ F?J%Iggm\% t Elqj[J)‘é’:%/I mt_mﬁlc%f gr?(ljé)stl rred
for 30 nireagtiesmixpfre aas pHepsted sathacatrilaortionhef BlYemusphptrasparaastubst thet ed
with DCM, ) e [ P . concent r. d

pur 1 ed By EerelRopEBER BB e AR R s FR P L AR S OES 5 0o

acet oni t rflubmphatybpyrtaidyn- Blyljp}trmmuesmn@dnnahmdﬁucarbalﬁe}Wdet(elSS alngd9().59°/<ng, 49 %

(RN '< SRUOIBEEL ! Fe iSRS I b Q3 0RAER, B PLEPARRL O B

0xo0- 1, 2- qodupdy opyr $weh n- 3= V1) pvridhiabm- 10}71) PYR2E Alidro13 bxk-2ab 2pypn pmi di ne- 3

-c arb oxam de: Pre ared C to the rrethod descrlbed in Exanpl e 18,
subst i t utPeHaazepsntac 11. %: 7% 1E\Sentacosa 1(24),7.9 8(25).19.22-heptaene. P

di f | uor onregwéthylémﬁl%m(lé thh&qrx%&oﬁ%tnhewﬁlgdo B2Bmo) AVsT Rlid Mo bek ) pyr azo
lo [1,5 _(g(}]l pyri m di ne- 3- car boxam de

(R-N(3 omdpr opiplutios.- ( f( 5. (fl’q)ﬁd?tﬂz 22 ABtReRYpYSHliorepenylpyrrolidin-1-
yl)pyrrolidin-1-yl)-N nethyl pyrazol o[ 1, 5-a] pyri m di ne- 3- carboxam de in Step
B. M5 (apci) mz = 455.0 (MH).




[ 00390] Step F:Preparation of (6R)-9,15 ,15-trifluoro-13 -oxa-2

, 11,17, 21, 22,25 - hexaazapentacvcl o

F17.5. 2. ORp@007148686022, 26] hexacosa- 1(25), 7,9, 11, 19 (26) ped/tR3ethspisarn- 18-
one: Prepared according to the same nethod as described in Exanple 18,
substituting (R -N(3 -chl oro-2,2 -difluoropropyl)-5-(2-(5-fluoro-2
-0x0-1,2 -di hydropyridin-3 -yl)pyrro lidin-1- yl)pyrazolo [1,5

-a] pyri g@b%z&o [1%- 5315)9%31% 3Q‘§rbtaf21'é i(dlg)(‘lg‘k 3, Oleb Qﬁrﬁ&? O Lthe Pearfich s

-fl uoro- 0XO0- hydr opyri d yl)pyrro lidin-I-yl)-N nethyl pyrazo | o
[1,5 -a] ;ﬁyrr?drﬁtoﬁnﬁéens temn@wﬁttswawabt i FhegpegsioTmigthte Wesath¢mdilued witlpbang or 5

hours t o

ol d). WREESELAR (el GoRRUEDCRP iBa RIS By Bl Bp Bemiited? o
.17, 21, 22mg@ﬁ<ﬂp@nsaamapmnmmmyﬂhmdbmﬂﬁﬁierm@@b@h@@cmmnngnzﬁnhgxﬂ@osa- 1
(25),7 ,9,.,.11, 19( tae o)

{50561 SOMSRE RIBERs Bkt ffg IR Bt S M prodey G2 e, 216 % vieto). s

hydr oxy phigreyn/pyriselisivng- | - carboxylate Thi s conmpound was prepared
according to the nmethod descri bed |n Preggration A, substituting

3- br omo- 5- f | uor o- 2- met hoxypyri di neE¥d™®MN€22 brono- 4- f 1 uor ophenyl acetate in
Step A (3.2 g, 40 %yield). M5 (apci) A+ VSN 182.1 (M+H - Boc). [00392] Step
B: Preparation of (R)-4-fluoro-2 . dPn-2-yl)phenol hydrochl oride: To
a solution of (R -tert-butyl
2- (5-fluoro-2-hydroxyphenyl) pyrroidipne- 1- ¢ar boxylate (3.2 g, 11.4 mol) in
DCM (20 nmL) was added HC1 (4 N d 22 7 mmol), and the

m xture was stirred at anbientF 15 hours. The reaction was
concentr at ed, and the resulting -reC|p|tate mas takeQ up |q DCM (15 nL) and
filtered Lo(6R1-Pdlugror Brom-2.16.20: 2 Slpanspzapentioyciol 15.5,2.9 NOSAAL " Hpentasedtt-or | de

1.85 90 %yvyield @g P ?%jgﬂ %]]IEE Sll] 182.1 (M
E00393]gStep C yPrep)ar;i{ 4 79? 9 1 el(lqg ):thEE{%one (MeH) .

5- (2- (5- fidadd2p- 2- hixehtydxchiphidagil. ) DIEIO @211 winab) Iwas added to a DCM (0.5 mL) solution

I razol.o C | at e; edacaofdbs t he
vt b aeberyafoR BBt BT AP Pl Tas 3 2656 M ko
]g :?) 4-f |2UIOI4<) g@ -10PB(59,19,02- ﬁepl?zae)élib XEMMHZ 2hysct£I aghbon4 gend‘lp gol(d_ﬁ)ﬁdfby DIgA

uor o- t hox 1dlin idine in Ste e cruade
material (Gdd &?’%2. IEEI‘SB /?@%Pgr@gpﬁ?g@p%% [ HRRETEHF d)ﬁfﬁrtnt%&r dphyractrieses
acet oni tfcbﬁc%ﬁﬂfl&é@ o5 I} 6. P QMY CORR: oty il 0 (2pi)
mz = 371.0 N%F% 80394 ]Step D. Preparation ofi?%
5- ( 2- (2 (aset@rmtr@d P Xo Pyida dis ilt#pmodwﬁa?mg aRy% yBid) d\é$ é‘fjﬁ@ﬂVP)‘p%Pr@Qo
l'idin-I- razol o[1,5 -al pyrimdine-3 -c arboxyl ate: A suspension of
(R) - ethyl 2-(5-fluoro-2-hydroxyphenyl ) pyrrolidin-1-yl)pyrazolo[1, 5-

a]pyrlnldlne 3-carboxyl ate (280 ngEx@amps@3nmmol ),
2- (3- bronmopr opyl )i soi ndol i ne-1, 3- dlon 2@3 ng, 0.983 mmol) and K2CO3 (104

ng, 0.756 mmol) in DVF (0.4 nL) s i} eyl at anbient tenperature for 15
hours. The reaction was directly |fNe by reverse-phase col um
chromat ogr aphy (5-80% acetonitril to afford (R)-ethyl

5-(2-(2-(3-(1, 3-

di oxoi soi ndol i n-2-yl ) propoxy) - 5=f oropheny )pyrrolldln | -yl) pyrazol o, 5pyri
m di ne-3 - carboxylate (202 ngy, 48 %yield)oas clear oil. M5 (apci) mz =
558. 0 (Mt ) ] 6 7,

[ 00395] St epE- i 5% :

f1 uor ophenyl ) pyrr o1l(24jl7r9 ﬂ4 rgyisbpylzazl@mh@l I6ly11 D h&hrowemumldme 3 -c

ar boxyl at e: %R) et hyl ﬁ{ di oxoi_soi ndol pr opoxy) -5
-f 1 uor opH bpyrrEW|H|HC %pprﬂézéPE“Pi @?(agﬁ%QF@ﬂﬂéﬁﬁ%2358§@%8§ylate

(200 ny, Qnt%%éﬁ%%&l f@sfwf(ﬁ@'dms M&%ﬁﬂ@hﬁﬁlﬁ&%l@ﬁ%ﬁ%) wer e

conbi ned’in and THF ( in a seal’ed vessel and heated at 60
C for 20 (Bxamplegl, Q\frm&ro WHaoninpl waé 9&1%1 grehlorepaechyl ragctate Hé. Srmg.c®-Pn was

ot act e b B ERATEATCob Dad! P e derdel e AR 2504,

filtered tambratmncce/mmgﬁ ethett @omfehwatell, (dr)l- Mb(abil (02 m([2-(&- 4d31ed doflovadrigp oxy) -5
1 bor OPRESYEMBHL B! ol hiokb ) )n%r 152 BhgSuhied pRbRA LTHELOR 5 gyl ate

[ 00396] St epF: Preparatlonof(GR) 9-fluoro-13-oxa-2, 17, 21, 22, 25-




pent aazapent acyclo [17.5.2.02,6.07, 12. 022, 26] hexacos a-1

(25),7,9, 11, 19(26), 20, 23 -heptaen-18- one.(R-ethyl 5 -(2-(2-(3 -am noprop
oxy) -5 -fwoanopiaessyl )pyrro lidin-1-yl)pyrazolo [1,5 - PCT/US2011/036452

a] pyri m di ne-3-carboxylate (10 ng, 0.023 mol) and DIEA (8.1 [IL, 0.047
mmol ) were conbined in dry EtOH (0.1 gi) in a sealed vessel and heated at
200 C overnight. The reaction was concentrated and purified by

reverse- mlr@l%@ctraﬁlmlmamt&greaa%xéx(r&waovlmg&»‘eﬂnbaglrlblhseéﬂﬁ@m rnod @Iaﬁ@rd the
title conpound (4.5 ng, 50 %yield). M5 (apci) mz Fii

( 6R) - 9- f Isersragor1tgbe. oXlae combligedo@gamc @araptserﬁraatzr@p@rﬂr%}cw nuajlﬁ by 5eve@et)2 6.

07,12.02

1(24) . 7, éhﬁlc%%‘ﬁ;éh@@ affraphy cluting withy 0-70% acetonitgle/ilO, fo provide the title

(R) - 4- f | pordoetd3 Oing, ﬁyf/aziolldMMSEami)pMzFrﬁllaﬁrQMSLH)yQOyrroI i din-2-yl)phenol: A
m xture of (R)-4-fluoro-2- (pyrrollgﬂ é él)phenol hydrochl ori de (Exanpl e
20, Step B, 1.50 g, 6.89 nmol) g, 20 7 mmmol),

5-chl oropyrazol o[ 1, 5- a] pyri m di ne 1. g-N7- 24 mol ) and i sopropanol (1
m.) was heated at 120 C overni ght. e on was poured into ether (50
m.) and extracted with NaOH (1N aqQ€ous,N 3 25 nlL). The conbi ned aqueous
extracts were brought to pH 4 wt entrated HCl and extracted with DCM
The conbi ned DCM extracts were f4 red through phase separator paper and
concentrated to provrde e. rimdin-5-

yl) pyrrol i 6ifa:=221uprg-hh dxacpm- (apci )

-4-
a 21,2925 DCLZAPC ] x.2 R&L
mz = 299.4 (MtH). 64 [003 r § of
(R)-5-(2-(5-fluoro-2-hydro .o 289 P %
v1) pvr azgb@HoH] 5- al$1y1v|Am' prtign ofifMakdbhtyd 8- @ G

rrrml) was adde&i sol u

(R) - BSE yI )B‘W"r ol |%ﬁrhm§ §ﬂ ]E)%enol
(600 rrg n%tlﬂﬂi dmalb)edaﬁ Eamr’ﬁplerm swmaﬁ@ uzmebutﬁlmabmﬁlaethylonbmae &tmhrz@;ed for 5

m nut e o tro re n wa
Tt irr e fobT arsoRaroRdTHd BEe 31 B W(the R ct éqﬁfﬁlg’\?%él Yeided.
fol | owed ylia(d)D@M (ap8) i) = 33%‘1 @ﬁ+ﬁL BLEr I NY through CeI i teO the reaction was

concentrated and purified by reverse-phase col unm chromato raph eIuting
with O- 7dﬂ/é4z9életom$tr3n>| e/Bi20 t_éi%&‘@.@dn Ry - (B)-tegtdupvd. § | drist-dugro-2

- hydr oxy : '
dehyde ( : y p
[ 00399] Stselptiaqt  Prépar &éieri-bofyl ( R) 3{%ﬂt10rb12t()1r(3 -formylpyrazolo[1,5- a] pyrimidin-5-

2- (4-f1uqy I
a1 pyr i i O REE PRI BROBAGRE L B30 men 01 26 AR 2k ¥t (R -5
-(2-(5 - ffiruevde®to (h“ﬁ?d thex WaBeln y4.04mp r] 16dhmell way Inyogucad,anll the reaction was

1, 5- d d . 487 I tert-butyl

T br onberhibehirr 1 Spis iyt ga’ dhgd W BidShe RPN it g,

1. 46 molphasaniepadvbr daliritde) MRSoEBHRI BRMnic @xﬁa&ﬁ@br@doﬂ&ﬁ@a&éd Rngdowdd ed at
anbi ent tenperature overni ?ht and then at 60 C for 3 hours. After diluting

with Dcrvrffrz— utyd ) | 3-ngresdd i SHhyesymethy varroloh - dradarimidin S adpyeliinsdt r at ed

and puri fyihgenBYy \pRYFEABaRAAEE H8] HITTRCHEIONRL QRILARMY, NS QIMJJ%SQ 70%
acet oni try:l)Fe/nHZ}gf)tgﬂpr o%n de%%R) gt ert- E}Et @mz&%r fl uoro- gip'c?
-fornyl pyMeXo HgOX 1,5 -a]pyrim din-5-yl)pyrro lidin-2-yl )phenoxy)et hyl ¢

P i, ikl UL R

fluorophenyl)pyrrolidin-1-yl)pyrazolo[1,5-a]pyrimidin-3-yl)methanol hvdrochlorlde (R)-

tert-butyl  3-(4-fluoro-2-(1-(3-(hydroxymethyl)pyrazolo[1,5-a]pyrimidin-5-yl)pyrrolidine-2-
yl)phenoxy)propylcarbamate (80 mg, 0.16 mmol) was dissolved in 2 mL of DCM and treated
with HCI (4 N in dioxane, 6.0 mg, 0.16 mmol). The reaction was purged with Ny, capped,
and stirred at ambient temperature for 18 hours, then concentrated to provide (R)-(5-(2-(2-(3-
aminopropoxy)-5-fluorophenyl)pyrrolidine-1-yl)pyrazole[ 1,5-a]pyrimidin-3-yl)methanol
hydrochloride (70 mg, 101 % yield) as a beige solid. MS (apci) m/z = 368.5 (M+H-H,0).



fl uorophenyl)pyrrolidin-1 -yl)pyrazolo [1 ,5-a]pyrimdine-3 -c arbal dehyde:
An HCl (4N dioxane, 80 ial, 0.32 mvl) was added to a DCM (2 nL) sol ution
of (R)-tewO-2butmb33B- (4- fluoro-2-(1-(3-fornyl pyrazol o [ PCPASp@y0B6#52 di n-5
-yl)pyrrol idin-2-yl)phenoxy)ethylc arb amate (198 ng, 0.422 mmol), and the
reaction was purged with N2 and stirred at anbient tenperature overnight.
After renoval of solvent, NaCH (5 nL x 1IN) was introduced and the reaction

m xture wmﬁuﬁgtracgﬁp wﬂbh sev&sahn&prtuqns QER X M40 13-RR2S© 23 8pak At OF
t ube. The conbi ned organic eg;r ag22§ WEr € concentrat ed to provide

(R) - 5- ( 2-pemnas ntacyeied Hox29-°0 " 0" idlhershesa O 1L E9AM.20.23-h¥pisang.7 olAo

1, 5- d 0 d
| oy B dd pe- (RS- DAl g%”‘?%?n%‘%@@?%@ﬂﬂ PhoyMefstas, ioe
Step E Iaﬂm'panfanﬁarl)nmﬁha@ﬁll?) 59- fingor @13(B- Umzpl)z 136 ERh; 210.28%  pamol)  and

t |
pent acod kDm0 g 13855 1 BCBL L FALRken s emPIsRLERYFEMoni um
'E rSIO?.”(i )et gi()y{bﬁggﬁglyd hé deac(idibwis Iﬁgergérzl c?ggetnﬁi’ﬁﬁh Janwassrifeld ey ré\ﬁrlﬁ pD@Mrcoollurran .
S | |1 dJ -

55 y1) py CLEPURGREPBL S T HE B SeQRTHAT g a4 EeEToHoE kY Bioi )Y "and

t he react%w@ld%vaﬁ{ss@ hdiy 86 =oganhi-gnt tenperature overnight. The reacti on
m xture was then diluted with brine and extracted with several portions of

DCM in a phase separator tube, andEI“h‘EP]ééﬁbl ned organic extracts were

concentrated and purified by revers s,g\l col um chr omat ogr aphy, el uting
with 0-90% acetonitril e-H20, o ain \e\title product (32 ng, 21.6 %
yield). M5 (apci) mz = 354.2 e 22 N CNNNO V----- Nro 1
-1(6R)-9-fl uoro-13-oxa- 2, 16, 20 21024 sbent aazapent acvelo F

16.5.2.02' 6. 07, 12. 021, 25 pent ac N/, 9, 11,18(25), 19, 22

- hept aen- 16- yII et han-1 - one AcCet yl /s:ﬁ@orlde (1.7 ng, 0.021 mmol)

was added to a DCM (0.5 nl) soI ution of

(6R) - 9-f 1 uor o- 13- oxagsg)- @ﬁlu%ﬁ}%lmgﬂar&@ﬂfcﬁﬁlﬁpeﬁtﬁwgd B 24-
[16.5.2.02' 6.07, 12. 021, 25 ( 7 9‘11118 25

19 22 hept aene
(Exanple 2 »»‘no-m Qo HA. 4. Of ) COtA

After Stl at elg enatur, er hh&oN gglzq 2983 24-
concentra‘tjdegggnd pﬁér.rf) gl\/{)e?%lezv%rgesg%ﬁgse@cg%n% l;'(ﬁr o?rg)t ogrgp% el uting
Wi th 0- 80%btaezepatacyeldd kﬁ’fHQO t(b ;ﬁ’OVIp@maCtOB%I(Qﬂ)ﬂ ®1pt AU, 2heptapmy, 70 %

yi el d). c
Y6R - QIYIE}fa(de? b%zimm§ gf’z@ f)ﬂ z'lgded BIEL, 246,k 00141 mmol), followed by
116. 5. 2. &%tﬁn&ﬁlﬂ@l&ﬂhﬁEl(D@ﬂtMg@H)lél mmol) The reaction was stirred at ambient

Dot 10, 5 BErdE 301 LACBSRERMEIT T Db d 3ok 80 K551 Sy Lcentrangt 01 7O @

ent aazapend eyfed lgr re{zé'r@e ﬁlase?.col&an Ghirbmhddiphy 51uung w1th o 80% acetonitrile/H,O
] pent acosa- 1( 24) 11 18525 19, 22- hept aene e 21, 6 ng, 0.017

m@)\m@@mwm@%W%Mw%éﬂ%ﬁWM%@ ﬁ@%@%Mm4%%ﬁ%$mN) fol | owed
by DIEA (8.9 nL, 0.051 mml). The geapple@q Was stirred at ambient
tenperature overni ght, then concentrated, and MeOH (0.2 nlL) was added
fol |l owed by sodi um hydroxi de (6 mg? V085 mmol ). After stirring at

anbi ent tenperature for 5 hoursi N—S =

QO
E \/\N\/COZH
2-[(6R)-9-fluoro-13-0xa-2,16,20,21,24-pentaazapentacyclo[ 16.5.2.0>°.0"'2.0”** Ipentacosa-
1(24),7.9.11.18(25),19.22-heptaen-16-yl]acetic acid

[00409] An IPA (0.1 mL) solution of (6R)-9-fluoro-13-oxa-2,16,20,21,24-
pentaazapentacyclo—[16.5.2.02’6.07’12.021’zs]pentacosa—1(24),7,9,1 1,18(25),19,22-heptaene
(Example 21, 5 mg, 0.014 mmol), 2-bromoacetic acid (2.9 mg, 0.021 mmol) and NaOH (1 N,
42 uL, 0.042 mmol) was heated at 60 °C in a sealed vessel overnight, then at 120 °C for 24

hours. After cooling, the reaction mixture was directly purified by reverse-phase column



66 the reaction was diluted with brine and extracted with several portions
of DCMin a phase separator tube. The conbi ned organic extracts were
concent r avedoandesari fi ed by reverse-phase col unm chr oneCogrsaphyp3e46t ut i ng
with 0-70% acetonitrile/H20, to provide the title product (3.6 ng, 52 %
yield). M5 (apci) mz = 412.5 (MH). Exanple 24 _rN N N\l HF
(6R)-9-fluoro-13-o0xa-2 , 17, 21,22 ,25 -pentaazapentacyclo 117.5 .2

102, 6. 07, ) . oy y
[ 00404] Stcg%n%%P%g%gﬁgﬁ‘gﬁﬁg 5@%02835}?%; Ao/t 3}‘9 4ER ﬂ%? (e %g{agag@%?g 33 %

-for n‘y| p)yllﬂcf)o MS)([&QCI%I’DZZ =412.2 (M+H)

al pyrimdin-5-yl)pyrrolidin-2-yl )pﬂg&l}gﬁ%)ﬁropyl car bamat e: Prepared accordi ng
to the nmethod described in Exanple substituting tert-butyl

2- bronoet hyl carbamate with ten-butwl propyl carbamate in St ep Cto

afford the desired product (119 ny, ield). M5 (apci) mz 384. 2

(M+tH - Boc). [00405] St epB: Prepar at onof'\( R) tert butyl 3-(4-fl uoro- 2 (1-(3-

(hydroxynet hyl )pyrazo loll ,5 -a yl)pyrrol

i di n-2-yl)phenoxy)propylc arb amate. A so ut/,ii\on of (R-tert-butyl 3
-(4-fluoro-2 - (1(3-forny|pyrazo|o[15 -4]Pyrim din-5 -

yl) pyrrolidin-2-yl )pMmexmbwnpmbma{ebﬂmt/en(&&ﬂmm 21)25176 mmol) in MeOH (2

m) was first cooI ed to h 3 ) i

i nt r oduced PEXAYR Yl Cact i on

{) .0 eX CR1
was di | utigghi th bmmene@ﬁu@on%&m&%e(rﬂ 6WutLh o@@M fn'iho@) maaﬂeecserm@wo 5

cartri dge The conbined organic extracts were concentrated to provide (R)-

tert-but yrl)3 - (4soflutiger o0- 2 of( 1 - (OROHFOXSAETBYT.$ byE-aTBentaszipEngeyct] pyri mi

din-5 - yI od A7 2.2 p I I 01,%.yield) as
bei go sol ?1355&)/56 (P The n%?a)ébs)aﬁgﬁ*% %1 f%@@ﬁ,zﬂ%ﬁ%iﬁ_@ﬁ%& (B8mPR: 2403.0%ng!
[ 00406] St Q? Iﬁum@hrfaﬂ@\mdob}( RIE165(9(42 Hl2 O((Bi4érrnmolp1r 6lich@x1yacii5n was stirred at
fl uor ophen rrolidin-|- I razol.o I | ),;met hanol
hydr OCEI O%n:é CYLP ytf]ﬂs)erat%lreer t0V %g%]f) ygoncg%ra#eljduor ', 18&4 #1(3?] reverge Bhase column

- (hydr ox ymm;dg)q@yy aldng mt[ln &a oy orithilediyo o gﬂf@ra)ylrer tﬁﬂe! cbinfpeuidt (2.9 mg,

yl ) pheno te 16 nmmmol) was dissolved in 2 niL of DCM
and treaigéé F@H@?@&B}\W %\6%3{) 6.0 ng, 0.16 mmol ). The reaction was
purged with N2, capped, and stirregxahpRnRi ent tenperature for 18 hours,

t hen concentrated to provide (R)-(5- ( 2- (3-

am nopr opoxy) - 5- f | uor ophenyl ) pyrret di ne yI )pyrazol e[1,5
N ng, 101 %yield) as a beige
2011/ 146336PCT/ US2011/ 036452 67

-a]l pyrimdin-3 -yl)nethanol hydros
solid. M5 (apci) mz = 368.5 (M

OWN(P@. 2,17, 21, 22, 25-
HN7

[ 00407] St epD: Prepar ati onof (6R) -F9
(6R)-N-ethyl-9-fluoro-13-0xa-2,17.21.22.25-pentaazapentacyclo
17.5.2.0*°.0""2.0****Thexacosa-1(25).7.9.11.19(26).20.23-heptaene-17-carboxamide
[00411] To a DCM (0.5 mL) solution of (6R)-9-fluoro-13-oxa-2,17,21,22,25-
pentaazapentacyclo[17.5.2.0%°.0"'2.0***hexacosa-1(25),7,9,11,19(26),20,23-heptaene

(Example 24, 4 mg, 0.011 mmol) was added isocyanatoethane (1.5 mg, 0.022 mmol)
followed by DIEA (1.9 uL, 0.011 mmol). The reaction was stirred at ambient temperature
overnight, then concentrated and purified by reverse-phase column chromatography, eluting
with 0-80% acetonitrile/H»O, to afford the title compound (3.5 mg, 73 % yield). MS (apci)
m/z = 439.1 (M+H).



pent aazapent acycl o-[17. 5. 2. 02' 6.
02' 12. 022' 26] hexacosa- 1(25), 7,9, 11, 19(26), 20, 23- hept aene. A m xtureof (R)-(5
-(2-(2- (3woanimapsep oxy)-5 -fluorophenyl)pyrrolidin-I|-eCrpseaaobast 1, 5 -

a] pyri mdin-3-yl)nmethanol (50 ng, 0.130 mmol), PS-PPh3 (0.259 mmol) and
perchl oronet hane (200 ng, 1.30 mmol) in DCM (5 nl) was shaken at anbi ent
tenperature overnight. The reaction was filtered, concentrated and purified
by reverse-phase col um chronat ogr gpiipighyt i Ng with 0-60% acet oni tr| | e/ H20
tovyield the title product (27.4 ng, % 5 obyield. MS (apci) mz = 368. 1
(MtH). Exanmple 25 N -NM N----N Oy

f6R) - 9- f | uor o- 16- net hanesul fony1l =16, 20, 21, 24- pent aazap
entacycl 0116.5 .2.02,6:, u7,12:-. 21,25

| pent acosa- 1(24), 7, 9, 11, 18(25), 1 S ne [00408] To a DCM (0.5 ml)
solution of (6R)-9-fluoro-13-0 6,20, - p entaazapentacyclo-[16.5
.2.02,6: N u7,12: N u2l, 25 ] pent acosa-1(24) ,HK,9, 11, 18(25), 19, 22- hept aene

(Exarrple 21, 5 ng, 0.0141 mmol) was added DIJEA (2.46 [IL, 0.0141 nmol),
fol | owed by net hanesul fon I chI ori de (1 10 [IL, 0.0141 rmmol ). The reaction
was stirred at ant®Emi-cthyhd ule0Xag, o e ISBRAZECIACYEO1 0. 1 L) was
added. The r@act ¢°0p" g Slzqeaﬁa%a§arﬂmd7 mdl@w)llblzg%ptxeﬂeewa%x&ﬂﬁée col um

chromat ography eluting with O-80% acetonitriie/ H20 to provide the title
product (®412hy, 500 82 WPGMel @0, NB (elptv) off 26-%8eorg-1kP. 162RANBHe 26

TN D GsRatbOaiabl iguttanenas fele ity 35 ASAATAGRERLARKE' ©

ul' penta
1(24),7, QEﬁah;pl@(zsz.ﬁmﬁg,Z(Berﬁepmmda)nw%agdehasc@Wrcatc&&iade (1.90d) 9).022 mi%/e\l)( 0.1 n)

| uti R) -9-f | - 13- 16, 20, 21, 24- t 16.5
oS! uh! o S SEL P58 YOLT, A3 0ARu, 1503 %k i ST AR LORLBNL 10,5 o
21, 5 Ny reddtifhl damaBickntratedLQNPRORUI 1S/ @thﬁle ﬁl&s@ cﬂIgan:h%ﬁatcB’giiﬁih)/ alnndNaCOH (1
N, 42 [IL, 0.04 seal ed vessel ove{ﬂ%‘g)ght

then at | 158 006 oomiii0 Unpiian (Gt sgmomnoCh SRe: sblh it ubis
directly ppyeishs adviyrever se- phase col um

Example 30

(65)-9-fluoro-4,13-dioxa-2.11.17.21.22 25-hexaazapentacyclo
[17.5.2.0%°.0"'2.0°** Jhexacosa-1(25).7(12).8.10.19(26).20,23-heptacne-3,18-dione
[00413] Step A: Preparation of (S.E)-N-(2-(tert-butyldimethylsilyloxy)ethylidene)-2-

methylpropane-2-sulfinamide: To a solution of (S)-2-methylpropane-2-sulfinimide (3.3 g,
27.2 mmol) in DCM (50 mL) was added 2-(tert-butyldimethylsilyloxy)acetaldehyde (4.98 g,

28.6 mmol) followed by anhydrous copper sulfate (8.69 g, 54.5 mmol). The heterogeneous
mixture was stirred at ambient temperature for 3 days and then filtered through Celite®. The
filtrate concentrated and the residue was purified by flash column chromatography, eluting
with 10% EtOAc/hexanes, to afford (S,E)-N-(2-(tert-butyldimethylsilyloxy)ethylidene)-2-
methylpropane-2-sulfinamide (5.54 g, 73 % yield) as a colorless oil. '"H NMR (CDCls) & 7.96
(m, 1H), 4.44 (d, 1H, J =2.7 Hz), 1.11 (s, 9H), 0.82 (s, 9H), 0.00 (s, 6H).

[00414] Step B: Preparation of (S)-N-((S)-2-(fert-butyldimethylsilyloxy)-1-(5-fluoro-2-

methoxypyridin-3-yl)ethyl)-2-methylpropane-2-sulfinamide: To a solution of n-butyl lithium




WO 2011/ 146336PCT/ US2011/ 036452 68 chromat ography eluting with 0-50%
acetonitrile/H20 to afford the title product (3.1 ng, 53 %yield). M
(apci) mwo=20t11@68B6( MtH) . Exanple 27 N - N N ---"N /A POO/US2011/036452
(6R)-9-fluoro-17-net hanesul f onyl- 13- oxa- 2, 17, 21, 22, 25-
pent aazapent acycl 0117.5. 2. 02, 6. 07, 12. 922, 26l hexacos a-1 (25),7,9, 11, 19
(26) 20, 23 -heptaene [00410] Met hanesul fonyl chloride (1.69 pL, 0.0218

ol ) wag Rgded 149 nndAVb Mirthelhdes SialtbdRM 16 mL) at -78 °C was added a solution
(6R) - 9-fluoro- 13- oxa- 2, 17, 21, 22, 2 (Eentaazapentacycl
[17. 5. 2. F3eromo-sXlope2 2Bl vexaeds-3 275 17, 9ommp]) 19 (toeyne2@, »B) Hepriene
(Exanpl e n%d%talﬂmg tﬁg}mtegla@ g‘?p %é: 1)610\.;\/0]7(5 %\e%h‘p%l%%a& %tll}gd :P[L78 %9&414 mol ) .
The reaction wa irred a nperature overni % concentrated and
purifiedhbm;MGmensmabWabe,@mnwnnﬁdﬁﬁbﬁﬁﬁbgﬂapMyMahmhmmgmmykﬁnmd8@9@

|.e/ H2 .8 %yield).

(ag_gf;?;] I tn;nli t}?/h%m}gant% ﬁ%&%ﬁkqﬁpﬁt '151ﬁ1§m§|81”ﬁ9 Orlllgeﬁg %I()9 mr[r? ’dro?)\%ls%, nﬁ%{alerlqu MS
f 6R) N- ettiiyyinteDral Itanq;remuikabelm -85 10, AtePirdbe pel18 adzZape at\ac el mixture was
17.5.2.02
022 26l hé‘i?%ltég%t%%(“?%fm? raLyand igP96 (1 Shmb pangeytirgd gbambient depepraiieder $ho411] To

a DCM ( O.pfinitby. Su@lratbd NE]HQQ §cﬁB)0‘nQ5(5 hl!w{w@s AR @@t Be daferd Lve?ezse &ated. The
pentaazapentacgvlo [17.5 02'6.07' 12. 022’ 26]hexacos a-1 (25),7,9,11, 19

(26), 20, 28UOHE Y HHE e@B@épr@ BUAA 200 mLbang theeambingdoorgapisahases were
| socyanatneidiaps ﬂﬁneS(SGQlL)OdI%%Vmg)SOE Ofi £PNEH R ndh e d. 118 fég-ldué)wgsll

mmol ). The reaction was stirred at anbient tenperature overni ght, then
concent r @auaticdarl ﬁ%hl(ﬂ@@nb#ﬂ@@%@ﬁgéthh®egc&Wudﬁ%tﬁh@ﬁaﬁaqmaphy20%!ut|ng

‘;,": telh d?? 8%@1(@%@% t ' 'tS"/ H%gfoi& fA_‘f’-E@)-EQ%rttﬂuﬁ}lﬁm%ﬁl%ﬁ%%)(13(55ﬂJ690-2-7 3 %
methoxypyrldin 3 yl)ethyl) 2- methylpropane—2—sulﬁnamide (1.40 g, 24% yield) mixed with a
less polar impurity as a colorless oil. MS (apci) m/z =405.0 (M+H).
[00415] Step C: Preparation of (5)-2-amino-2-(5-fluoro-2-methoxypyridin-3-yl)ethanol

dihydrochloride: To a solution of (S)-N-((S)-2-(tert-butyldimethylsilyloxy)-1-(5-fluoro-2-

methoxypyridin-3-yl)ethyl)-2-methylpropane-2-sulfinamide (1.40 g, 3.46 mmol) in methanol
(20 mL) was added 4N HCl/dioxane (8.65 mL, 34.6 mmol). The solution was stirred at
ambient temperature for 16 hours, then concentrated and dried under vacuum to afford (S)-2-
amino-2-(5-fluoro-2-methoxypyridin-3-yl)ethanol dihydrochloride as a yellow oil which was
used without purification, assuming 100 % yield. MS (apci) m/z = 186.9 (M+H).

[00416] Step D: Preparation of (8)-4-(5-fluoro-2-methoxypyridin-3-yl)oxazolidin-2-

one: To a solution of (8)-2-amino-2-(5-fluoro-2-methoxypyridin-3-yl)ethanol
dihydrochloride (897 mg, 3.46 mmol) in KOH (10 mL, 24.2 mmol, 2.42 M in water) was
added THF (10 mL). The mixture was cooled to 0 °C and treated with triphosgene (1.03 g,
3.46 mmol). The mixture was allowed to warm to ambient temperature with stirring over 16
hours then partitioned between EtOAc (50 mL) and water (50 mL), and the layers were
separated. The aqueous layer was extracted with EtOAc (2 x 30 mL) and the combined
organic phases were washed with brine (20 mL), dried over Na,SO,, filtered and
concentrated. The residue was triturated with Et,0, filtered and dried under reduced pressure
to afford (S)-4-(5-fluoro-2-methoxypyridin-3-yl)oxazolidin-2-one (254 mg, 35 % yield) as a
white powder. "H NMR (CDCls) 8 7.98 (m, 1H), 7.44 (m, 1H), 5.61 (Br S, 1H), 5.13 (m, 1H),
4.83 (m, 1H), 4.16 (m, 1H), 3.96 (s, 3H).



69 Exanple 29 N''N N---N (6R)-N-ethyl -9-fluoro-13 -oxa-2

, 16, 20, 21, 24-p entaazap entacyc | o- [16.5 .2

.02' 6. 07,WP.200114@Bdpent acosa-1(24), 7,9, 11, 18(25), 19, 22- ireptisenai@szar boxam

ide [00412]To a DCM (0.5 mL) sol ution of

(6R)-9-fl uoro-13-oxa-2, 16, 20, 21, 24- penpt aazapent acycl o

[16.5.2.02'6.07,12. 021, 25] pentacos a-1 (24),7,9, 11, 18(25), 19, 22 - hept aene

(Exanpl e [gdy17p- 5 NG %O%Fepmw HES). agided.139evaRat ARt DARSrifih- Py, 0. 022

mol ), foll ovved by [?EA (1 [TE, T 011 mrol ). After stirring at anbi ent

t enper at @KeOXage sfpvoimidias 3 cabordateat &d arsdlugon i i SorHy-

reverse o1 /H20 to

af f or d tﬁ@@‘fo?%ﬁ by ﬁﬁfn%‘?%&%&m‘%B@%#% eyt 2R DR L Ese

(M+H) . Ntddded/ spdiuf hydrlde (58 mg, 1.44 mmol, 60% in mineral oil). The mixture was stirred at

(65)-9-fluoro- 4 13-di o 11721@ J(g a

197 5.2, 9302 mper s Tl b atbus 1B T A8 R0 SC St bt aene- 3
, 18- di one]dybiaddind- SSTcerIboA'latP(Hpalﬁg’;ltlQOmnrﬁ(ﬂ) in one portlon The mixture was stirred for

(m?t Ei” gll-‘ ((élé éresréﬁeglage{a?/ hgx:f,ﬁr}rlg[ép aﬁsgf NHg f(s)égufelég&g:can)naegd extracted with EtOAc (3 x

S) - 2- et [ lofdaRicrPhelRs G3re3wsh @%meéxlolﬁg\dnﬁiﬁ Jo was
gdéed 2- 6?%#?)gﬁ?g%g%gggﬁg%Sfﬁﬁlo; gcetgfdeﬁyde ﬁ 1 mg%ﬂ

f ol | owed MMy tBeth¢ididotrst Sepyslr fikeird atdecqugergigted, T YSSIW")S punﬁéd h%tﬂé?}bgeneous
m xture \e@ﬁnﬁtdhforn%%g%ph?'@Mtﬁl@twﬁheim/%ﬁmtf/}?exﬁ&"s teARYF0 A LA’ dtfol£T ed

t hrough Celite0. Th trat€ concentrated and the residue was purified by
fl ash coK&hﬁhﬁhron&tédﬁé@ﬁymoélm@%n@ﬁﬂn@h3109@EK@A@ﬂH@KahE@%mekéf5ord

ot 1 pr SrRTOne B EMTEL Bl 00 Pl 07 AR R s gpsh s 400 111 v

(CDC13) @vmﬂga (m 1H), 4.44 (d, 1H J= 2. 7 Hz) 1.11 (s, 9H), 0.82 (s,

(S) N43) ?964?@6 b%f'% ?#4] i ridin-3-y1)-2-

et hoxy p)h"vtll‘dk‘fbﬂﬁde}élflm@)bb\lﬁkdlofz'S@b\l‘i@@fneﬁaﬂﬂmgvl&iﬂcfld nadsna@sluu&ooﬂ(mihyt ion of

n- but yl I|th|un1 70
5-(4-(5-fluoro-2-methoxypyridin-3-yl)-2-oxooxazolidin-3-yl)pyrazolo[1,5-a]pyrimidine-3-

carboxylate (311 mg, 0.77 mmol) in a 1:1:1 mixture of MeOH:THF:H,O (15 mL) was added

lithium hydroxide monohydrate (97.6 mg, 2.32 mmol). The mixture was stirred at ambient
temperature for 16 hours and then at 50 °C for 19 hours, then concentrated to 1/3 volume,
diluted with water (30 mL) and acidified to pH 4-5 with 1N HCI. The resulting precipitate
was collected by filtration, washed with water and Et,O then dried under reduced pressure to
afford (8)-5-(1-(5-fluoro-2-methoxypyridin-3-yl)-2-hydroxyethylamino)pyrazolo[ 1,5-
a]pyrimidine-3-carboxylic acid (121 mg, 45 % yield) as a white powder. MS (apci) m/z =
347.9 (M+H).

[00419] Step G Preparation  of  (S)-N-(3-chloropropyl)-5-(1-(5-fluoro-2-

methoxypyridin-3-y1)-2-hydroxyethylamino)pyrazolo[ 1.5-a]pyrimidine-3-carboxamide: To a

suspension of (S)-5-(1-(5-fluoro-2-methoxypyridin-3-yl)-2-hydroxyethylamino)pyrazolo[ 1,5-
a]pyrimidine-3-carboxylic acid (50 mg, 0.14 mmol) in DCM (2 mL) was added HOBt (44
mg, 0.29 mmol) followed by EDCI (83 mg, 0.43 mmol). The heterogeneous mixture was
stirred at ambient temperature for 10 minutes then treated with triethylamine (100 pL, 0.72
mmol) followed by 3-chloro-propylamine hydrochloride (56 mg, 0.43 mmol). The mixture
was stirred for 2 hours, then DMF (2 mL) was added and stirring was continued for 48 hours.
The mixture was partitioned between saturated NH4Cl solution (20 mL) and EtOAc (20 mL)

and the layers were separated. The aqueous layer was extracted with EtOAc (2 x 10 mL) and



(10.8 nL, 17.3 mmol, 1.6 Min hexanes) in toluene (100 n.) at -78 C was
added a solution of 3-brono-5-fluoro-2-nmethoxypyridine (3.27 g, 15 9 muol)
i n tol uerwO@b11Mi4$33dr opwi se, mai ntai ning the internal temrpEstunm3ddast ow -70
C. The m xture was stirred at -78 Cfor 1 hour, then treated with a
solution of (S, E)-N-(2-(tert-butyldi nmethylsilyloxy)ethylidene)-2-

met hyl propane- 2-sul finamde (4.0 g, 14 4 nmol) in toluene (10 n) dropvm' se,
mai nt ai n'tﬁ@c&ﬁlﬁnéd’ﬁr?&’ nR3phal&TREE AhHe wRE! W8] B m f&rﬁlrbrﬁlfeéﬁ Hi% -78 C
for 3 hours the mxture was treated with brine 100 m.) and Et OAc (100 m.)
and st i r dagd ayer Atepy@nfilteredrpul eoneanérated ko Fpréi nuy- chlcsamreméi éd! -Nafioas-

sol ution 5 . s | ayer
vas. extr Aot el oAE e (P el S B R T SRR T ek DR TS e
washed winidy 99r% rygeld)56 arpile yelkdve tbaovehicNaaS04cd Withdue figtheandriftncentMSat ed.

The resi p by flash col um chromat ography, eluting with 10%
Et OAc/ heg%ﬁgé%?o 4%‘%%%9@/ hexanes, to afford

(S) - \4S) {@4Qopert - bSt'E:]yl diHret hMb]Sdr:itLbhoxydf- 1- (SpMBublo@opopyl)-5-(4-(5-fluoro-2-

met hoxypyr| di n- 3: I 2 [ 2 am de (1.40 3 24%

yi el d) mBey - c-earpoxampde 94 ) miz =
405. 0 ( Mgblti 1{00415]o§t ep C EE J‘s 1 5ﬂ -2-meth: idin-3-y1)-2-
(S)-2-am no 102@&5 fl uoro-2- mngpvr?g)?ng (vl() e%lﬁraonofnedlo)ﬁyﬁ}jlrrlolghl o%| de: To a
sol ut i on hyfropgyhylgpgnolpyreedeld Stalexfinafire OHpboxyidex9) me. P44 fmmely . ACN

met hoxypys i, Q.3 ad’de)i @dﬂké g OBt llﬂ}HOBr QREOG 7RSS S{IH’@JTA’[%%I]Z)(&H &0 Qratuiae 46

nmol ) i n net hanol was added 4N HC1l/ di oxane (3. H nmol ) .

The sol utforold waiss th@n parrtetd)nad b%twmnesmurat@iimm@itsghlem 6Y0 mip) dmdLEﬂ@Ac (WemL)
concentr n

am no- 2- E&ﬁﬂeﬁ%%és ijar%gtte og%oa ug%#;iggé&&la? gﬁgl(‘é%%oér chl 1c())rmL eangsfhea yel | ow
oi | whi Ch’tombﬁle(luS@nlehﬁE@MWemwaSﬁécbwtth bripe @9, rigedlﬁ)\&r WayS@l dlterbBagdapci )

mz = 186.9 Step D. Preparat

(5):2- (5" CPRFOPIeD. RhY o Uboes dAees U5 o aolsir Homsrogaehy Sing Wi 4t on

of (S) - améGIQ/DZJMSto f hﬂﬂ&ﬂo(g)-ml bmxmpwpymsr(ﬁs fmbaoez ﬂlam@&yp@‘hmm,rﬂpm oride
(897 ng, 3.46 mml) in KO—|£ Min was, added
THF (10 mEgoxafiuingg whpyrazald S&M@Hd%ma@o%dq @éalegeéw Ylﬁld% F‘ﬁ PHBEYene
(1.03 9, s3LidOVRMcy) m/Zbasgpxtueg was al l owed to warmto anbient tenperature
with stirring over 16 hours then partitioned between EtOAc (50 nL) and

wat er (500042 andSt?H’]eII Rrepasatigay cof's dSaN43-glloropropy Bdu(dddrdlupepydexanhd-

extract ed; : F LRI NAh; BLARL S DRASES Wer e
washed wi 04, rtered and concentr at ed.

The resi duemas tri t uf at ed (SFV43- EulmPrdple{Sdﬂé&ﬂan@ -Hmicddxypydein-3didced

pressure to afford f 3-y xaz ¢ |d| - 2-one
(254 ny, 0Xg0 x&zoh% §r§%‘yrazoq ahS a yrlml(% ngg %ﬂ%ﬁd? g}% AGag i 7,44
(m 1H), PECI&IIOX@BI (4SnL YL, stifred 3 KSWC fﬂ;ll-l)7 hatir8ahd (than alla:l)abwﬂt. tdi@pdramurelfbh 48 3. 96

(5S ’( 43|(_|)5 fhPEIr(%T (L)F g?%éitﬁtg)%&ﬂgﬂ g?ﬁg@%%}l}a?eg tg f1/2( Sglume t%émsferred to a sealed tube,
0X00XazOltieghedwithyAN PYI/amRAMR| (b, R pdrdydtinidll di N6y & eRrbRy. ahe hetmgaaesﬂé ution
of (S)-4-(5- fluoro-2-nmethoxypyridin-3-yl)oxazolidin- 20ne$wrﬁ , 1.20
mol ) i n NBRErE Wep ¢Anyenigtsd adrirddindeidicdvred prss We apd gsedylireqtiyaim therpext sB09% i n

m neral  Qiduhring ¥ © fr},fgdjrl\qs%& ﬁpingagjlﬁmﬁybl ent tenperature for 20 m nutes
then treated W|the 5-chl oropyrazol o[ 1, 5- a] pyri m di ne-3-carboxyl ate

(270 ng, [00423] nmol $tep n Jonelrpparationn ofThp fﬁ&ﬂrﬂl@rm&dthwdd 17 3d 221525hour S
E ge)l’: g_{)e aqzeltltgc [ R y G ;hlgt (r)'ri_b\;:
and bri ng.l®1domt ) t Hﬁn drl saﬂutmner oNaZSO(LG thlbto@r@gll)élc(d (&cbhoam vat-ed- The

Et onel rerR, 0%%%5%2%1)2? A S PR AT G AR SR SR A

- met hoxy pyd, I()d]8nm3101-)yi]1)Dl\ZF (@xmgxazsoaddbai it cmbbrrayd @®0mE,00.24 nfnol). The

a]pyrl m di ne- 3- car boxyl at e % %yield) as a white foam NS (apci)
mz = 40 Imgtu(q\mzﬁ) stlrlleé@hg% G %p’)ﬁ qylnétﬁ%}hg{l iabpglpient temperature for 48 hours. The

(5)- 5 ( LnbiReufd wag %a?temlﬂﬂo%é/tgy(%dfnﬂj 3ny xadted with EtOAc (3 x10 mL) The

hydr oxyet hyI am no) pyrazol o[ 1, 5-al pyri m di ne- 3-carboxylic acid:

sol ut i on combing) orgamig phases yere pslad ythgvater- (et IRankpapd ibeine (18 me)QL}heQdB%b oxazol
idin-3 -yl)pyrazo lo [1,5-a] pyrimdine-3- carboxylate (311 ng, 0.77 mmol)
ina 1l:1:1 mxture of MeOH: THF: H20 (15 nL) was added |ithium hydroxide
nonohydrate (97.6 ng, 2.32 nmmol). The m xture was stirred at anbi ent
tenperature for 16 hours and then at 50 C for 19 hours, then concentrated
to 1/3 volune, diluted with water (30 nL) and acidified to pH 4-5 with 1N
HCl The resul ti ng preC| p| tate was coI I ected by filtrati on, washed with

. T NN 2 1 o v Y Y

1AM




[ 00422] St epd: Prepar ati onof (6S)-9-fl uoro-4, 13-di oxa- 2, 11, 17, 21, 22, 25-
hexaazapent acycl 0117.5 . 2. 02, 6. 07, 12. 022, 26] hexacosa- 1(25), 7(12), 8, 10, 19
(26), 20, 280-2hgpisedsne- 3 18-di one: To a sol ution of (S)-NPC3/USehlios@p? opyl) -5
-(4-(5 -fluoro-2-o0x0-1,2 - dihydropyri din-3 -yl)-2-oxo oxazoli din-3
-yl)pyrazolo [1,5 -a] pyrimdine-3 -c afboxam de(35 ng, 0.08 mmol) in DWVF
(3 nmL) was added cesium carbonate (79 ng, 0.24 mmol). The m xture was

stirred %Rfelﬁﬁla@,dprﬁlt%féd”lﬂ%l”%@&eﬁtl’h@&l atTIRMRLAM WL RSIRE Wie AQh @finiours.

The mixture was treated wth water (30 nl) and extracted with EtOAc (3 x 10
m.) . The chionslogeadhn clysing dquih%zéé\ée% Niete lafgrdngibe Hitlgeompoyd o83 1ee, ifiljo and

brine (1 ) i ; + 2hd and concentrated. The
resi due &a@&ﬂ?’??ﬁ&@%‘kgﬂ? h&?\é\ﬁ&%gg?hro%g% %g\?ég y eluting with 2%

MeOH DCM to afford the t|tIe conpolrainple3ding, 41%yield) as an anorphous
white solid. M5 (apci) mz = 399.2 (Mtd).y Exanple 31 o (DAN s'-N\
(65)-9-fluoro-4, 13-di oxa- 2, 11, 12},620, 1, 24Shexaazapent acycl o

116.5. 2.02' 6. 07, 12. 021, 25| pent a (d2), 8,10, 18(25), 19, 22- hept aene-
3 ,17-dione [00423]Step A Prep

f
, Qg/SGNVIiC acid: To a solution of
et hyl 5-hydroxypyrazol o[ 1, 5-a] pyri {i dNne- 3-car boxyl ate (Preparation B, Step
A 2.0g, 9.65 nmol) in a 2:1 mxt of THF: MeOH, (40 nlL) was added
l'i t hi um hydroxi de nonohydrate (29 i, 29.0 mwol, 1.0 Min water). The
sol ution was stirr egs)atfige@dlus-dica-216, oo M%ﬂaa@%hﬁ@vo@cﬂd concentr at ed.
The residue vvas d&bss,qg vzgg I n water (100 [ and acidified vmth 6M HC1. The
resul ting wh -0+ ‘s lpsntagosa-1 () 311G 19,23 theptaenerdl Gaekig
wat er aan(ﬁ[Zg thﬁ@p A p RIS SrIRIQl'bg(@Ejvrpfofo‘-ﬁWaﬁ)yhﬁn(ﬁflé 9rc£jrb§xvhc a01d
hydr oxypyr azo o[l 5-a] i/ m di ne- 3-car boxyl IcC acid (1.1I8 g, 68%yield) as a
whi te soilioda soMtAIVRE (eﬁw DNSOioxgpy8aB [.&-alpyHmidine=3-parpoyyrate (Breparatfan BoH) |
6.07 (d, 0424] t r zolo [1
, 5-a] pyrslgérai éi n'e-% - csl;?%’or%/]?l %Idlolr% glﬂ %*ﬁﬁ@%@ﬁ Ir(fﬂﬁm% “5615 GBS ARKLF
5- hydr oxylpglmoajzlelnm{nﬂzhﬁira@ prrinm d@ ﬁenrﬁelca()b‘dxy Iwamer)ac'lfhb (olutiba ggs i@ ammol ) i n

wa add l.ori de 0 dropw se ov
i nut es. T Tor 26 t® Sl SRl RYnvalRunt o6 SriP PSSR SE Rl o 60
C for 16 nitouwng acililfizdcanl @d HAl Utheaesuhag vilitegeetiphatehwdNZofleuted28y filtlatitres t hen
diluted w h 5 % EtOAc/ hexanes z& 0 éiﬁ and stirred vigorously_ faor _ 30
m nutes. 2 AYIEN PYRARE e2liffn &t ied  pglet dgdugpd PrRaweds afferdacti vat ed

car bon, slfyulroﬁ rdZ01o[ 195- a]ppﬁﬁlﬁﬁneth@ﬁbé;ayh& esiedr. g Hgadyicah bd QAR 1A, 'H
concentrated. The reS| due was dissolved in tol uenenz(Hloo m), treated with

act i vat edVMR{(dAMSRY 5 8i0¢ér2Et /et b Hgh 86313 2HY Al H. Tie8LiHAr at e was

concentr gé(ﬁe ]an d dif)t%ﬁ d gin dﬁret) f 1UC egf P %ﬁﬁ)%o%ra%?l ? ,§c 2 b%lmlgme 3- carbonyl

5-chl oropyrazol o[ 1 al pyrim di ne-3- car bonyl cC ny, yi el d)
as a creahloddd: droeadsuspdnsidn oimamxmmwﬁ BaPyididimg-3-t4poxyBc 86id (518 gH) 7.16

(m 1H. 6[ 042§l|])l I%EJ ﬁgl\e/lgﬁy(ﬁ) Ba{ 6‘ b fi%gde§|th10n¥l chgarlde (103m %ilcjrggwwe over, 5

5-chl oro- yrazo I ne- xamde:” To a
suspensi @nnnmés BFhe mhigtuepyasazamoed b, a’_m‘t&]np;elfnpmad]reﬂehea-sﬁﬁéd)ﬁmg|°C¢"(|5r| Iorhods. 74
(284 ny, 31 n DCM (10 . dd D.EA (1.14 m, . 6.57 ).
o ut  on Tasceett) sligh G, Pigeh Wik ahedoiwcin o diBetiyaiifle SO0

hydr ochl cm@de/hé;;hﬁé’s M0 L )Sthdmeimled vadsddouslyl fof 80 rhigtfited Madiforgahidepnaioiviy € was
partitioned between water (30 nL) and DCM (30 m_% and the | ayers were

separ at edecantsd. Fgtiebydth B v@@é 'f’éﬁét’art%f"@éo% sife p amigutgg ﬂ??e) filigied! t he

combi ned tﬁﬁgﬁm&n&@ %ﬁd’féoﬂ@@ﬁtﬁaté@asﬁﬁcké@ﬂﬁehvi%rdﬂﬁlvé@Ql Thikene B0 AL O%ElteNa2SHA,
filtered and concentrated to af

5- chl or o- vwﬂl(@tlw%%d@tnmyﬂ)fﬁtyreémp@ng@ltd@ pyan.nilbe Abrag-waszpobestiptedend 290 ny,
85 %yi eldﬁ)ﬁd AFndRr bl%d&%d SBlleésqre IY§ gf%}ﬁ' )_S—cm&opyra%ag 1,95— Mﬁﬂndme%—carbonyl

chloride (800 mg, 56% yield) as a cream-colored solid. "H NMR (CDClz) & 8.70 (m, 1H),
8.66 (s, 1H), 7.16 (m, 1H).
[00425] Step C: Preparation of 5-chloro-N-(2-chloroethyl)pyrazolo[1,5-a]pyrimidine-

;

The

3-carboxamide: To a suspension of 5-chloropyrazolo[1,5-a]pyrimidine-3-carbonyl chloride



[ 00426] St epD: Preparati onof (S)-N-(2-chl oroethyl)-5 -(445 -fluoro-2 -

met hoxypyridi n-3 -yl)-2-oxooxazo |idin-3 -yl)pyrazolo[1l,5 -al pyrim dine-3
-Cc arb oxw0i2da/14d336a sol ution of PCT/US2011/036452
(S)-4-(5-fluoro-2-net hoxypyridin-3-yl)oxazolidin-2-one (prepared according
to Exanple 30; 50 nmg, 0.236 mml) in BMF (1 nL) was added sodi um hydri de
(11 ng, 0.28 mmol, 60%in mneral oil). The m xture was stirred at anbi ent

t enper at ysgy £Or AGnb! ?mﬁéM b e asaidkd DMENM 14mL, 6.57 mmal). The solution
5-chl or o- N- (2-chl or oe razol oLl 5-a] pyri m di ne- 3- car boxam de (61 ny,

0. 236 mmotay coofprbtori %t the@ trwagd with 2chlgragthy mmlwﬂsochb?ﬁde tiigé :m& ﬂé&m@p With
saturate I n

precipit gt Jé\lgj[évl\r/%d %gll ﬁlteogli?egﬁ%&%% t“?dg ?%@B&rd ﬁeﬁgﬁmat r-EV\E]g'F{e ?C%Q?O t hen
dri ed unader) anéthededrpvas sepaatddo Télﬁfacpmadus( 1ByerNvab 2xtrarltf|do>v1tholéﬁh§/(l2)><-2§) mL)ﬁl ( 5

-quor02 tho r|d|n3 ooxz.li'n- -yl
a] pyr| m 3 Xt?/g x & de pb%% re §'TS /dyl e gsme gjo mgél%lgh 51%2 (apC| )
m z 434’1119re€1|\d:hﬁ|)conédﬂ&4‘r23 ]tStaﬂbrcES clﬂl’o&pﬂﬁ%hl@fbe&fyl)pyrazolo 1,5-a pyrlmldlne 3-

55’)1) '\Fz(gfgrhg%%ﬁgq %) 5%6( f' 3% 812‘%68?1%(3”31@201 i hy Ss (bt I@d'g grb

oxam de: Apgagpensi agp of D: Preparatlon of  (S)-N-(2- chloroethvl) 5-(4-(5-fluoro-2-
(S)-N-(2- chI oroet hyI - 5- (4 (5 {ll uor? 2- rret hoxypyr| d| n-3-yl)-2- oxooxazol idin
b1 p g (a ), h hAZA A d AN

HC1/ 1 PA %81u§oﬂ“o} (3’)@&(5"\@1[0%9 Iﬁe(?h )g:ldllrp?) ?1)%@&51%9&%9 ({n% arkd écéanfﬁgf to The

cooled m xture was filtered and rate was concentrated. The residue
was concénempleed; tthinge 023 @mnkEd)2i0 I%MB (tlmlédVa.aradéqd odducledrige edsug.e)2% af ford
(S)-N(2- 0 A Q.
y1) - 2- O Cr)lgrggzéqz/e Hd\r'}{l ra‘q’ §lg 'fl? 4){%?%9@@ Lﬁ%(e(a a}a]%"aght rgf:)%gt?i fg}ﬁb %énu{eég
% yi el d) tles achei g&thsﬁﬂchldro IN‘BZ éhipmet)lyhﬁyzazolod}zi—.aﬁ)yﬁ%d-lhe 3- carboxamide (61
ngggggﬁb{f é)cﬁ(r?e ar Q:Or];n was stlrrgc{ at 16 :l'lgurg,l a(ljn at-hgﬁ %r%étg'c? ’wzltg’s%’gﬁ’ra%gd-
.2.02, 6. W, L2 s@laﬁor%llopﬁam as@satet (20 1B, @sd&aglﬁl(e&ﬁﬂtaté%azzon@ltﬁda@ne- 3
, 17- d| one; Prepared according to the nethod of , _usin
(S)-N-(2 ﬁlfmoafW%fé%dnw@ water '(nzri ¥tg0. then gfedginger rs%ediprfssum tﬁ%ﬁ@@dﬂ {Vc(?n 3
-yl)-2 QKI%EB&@}%/Q 9-{4 dqsm&razﬂe}mx%@mhpi 31 2-3b bbb iflz NepPracsibigxam de in

pl ace of or opr op
fluoro-2 @meLdIQe &CWP@*W%( |fng,311y%))ﬂ<2db§§cﬁo&ﬁa%%$qhél M3 EpchpyEazdl4d [ 1, 5- a]
pyri m di NRePD). WO 2011/ 146336PCT/ US2011/ 036452 75 carboxam de to afford
the title cor)r'pound (14 ng, 24 %yleld) as a whlte SO|Id VS (apC|) mz =
385. 1 ( Mi#9427] 6R) - Qeff | Wor Prdate ‘ NG 0 7 At(adnc 3- . 2
.02'6.07" 12..021.. 5I P acosa- ..1.
[00429] S Jh dr; 2308115 8% 853 zoli

5-(2-(2- (sﬁsp(aﬁsﬁ(ﬁf bf (SyHVER DRI G-I 64’4‘(591%[,1)0}3(5 Qpnetﬂoxyy}mdln 331;/119)2- &ooxazolidin-

b;l :Jg_[ Ce)p I:3|/1§jplylr’]azolo 1 g QIB;/ I;rll‘ncghnlel 3déar;lb0xa1¥1|d)e (%{) aﬁ%g? ()I 1%[ mmol) 1nI fP g IIQ&I%IPReQSS -c arb

( R) et hy In5L)(v2as (varGéd 019064 4 4ara Welfﬂﬂ 1n5 Boutd. ) ThercoBled eixtark wak hw&am{ 0
[1,5-a] I)l/rlm di ne-3 - carboxylate (Exanple 12, St;pc 153 0.392 mmuol)

in DVF (2hefilyraigenes gomeepfrates tﬂlﬁﬁfsg/duep*faéﬁm@ﬁmﬁdct&m P Etz@fzé drgyl urgler7 g5
mol ), coppetd bl)esshfédfodﬁfoéci% &1&%& 15£§Qhk5 ﬂh&b@h&&yﬂ th?&}lagy%n( §2. 4 ny,
0.314 mml ), di-tri |ne adiun{I1) chloride {116 ng, 0.165
mol ), and- 2191@6@0b¢p+3ayﬁmea2(>1991 Ba] @grlm@ll@@tcaflrmﬂamldemé mgedt Vi veldhdsa ur e was
seal ed a h then cooled to anbient tenperature
and concgﬁ rg (Fqﬂéggggredug%h§gresgure The residue was purified by silica
col um chO@ﬂﬁIogr&ﬁhy Bl utPmgarationh 38% HiDAcludexandsidka-2dfl f16126.21 34- f i na

(pmf_";m e % D aclad 164)09(12)'%510(138'?%))19%%emaene-'
5-(2-(2- (3-7 ppmpyrbal a‘accfrhlu@rt@pyé lnﬂsltlﬂrd3of Eka)[mé 30] Btefi M-udingWS)-pyrazo lo r
1,5 -alpyrim dine-3 -¢ arb ){Iate To éR- et hyl 5(2(2(3 (tertbutoxyc
arb onyl ZHCHSIPoPH(5- fg}ww% ox0-1 2rilyrdspnyFiflingg-H)-3-oxgpxegsliding- i di n- 1

(10 ni) “SRE gy ah A o el aan B (ol o WN@‘“@{’%@%‘?"@‘H &3t on
= (011

m xture Waeros3-pxq-&a-diftydeapy h*ﬁcbflbé@i’ﬁo%a?qhéélrﬁ Vopyrezold i ¢ Jpytinedng-$1 t er ed

t hrough a pad of Celite0 and washed with MeOH (30 nlL). The filtrate was
concentrated and the resultant residue was treated with 4 M HCL in di oxane
(3 m). After stirring for 30 mnutes, the solution was concentrated to
afford the product as an HCl salt (140 ng, 108 %yield). Ms (apci) nlz =
413.0 (MtrH). [00431] Step C. Preparation of

(R -5-(2-(2-(3-am nopropyl)-5-fluoropyridin-3-




yl)pyrroli din-1 -yl)pyrazo lo[1,5 -al pyrimdine-3 -carboxylic acid: To
(R -ethyl 5 -(2 -(2 -(3 - am nopropyl)-5-fluoropyridin-3 -yl)pyrrolidin-1
-yl) pyrazwol2e1jieB6a]l pyri m di ne-3 -c arboxyl at e hydr ocriconisde 1/03@82 ng,
0.356 mml) in THF/ MeOH (2 nL/1 nlL) was added lithium hydroxide (1.1 nmi,
2.20 mmol ). The reaction mxture was heated to 70 C for 5 hours, then 76
concentrated under reduced pressure. Water (10 nlL) was added and the

m xture Wapheshiw f&f@raale(tale&o&pmcr(mhr@gtfzm%red% agecfvh\rretsbhdfcplrs((%ﬁ@l) to pH =
4. The aqueous solution was extracted w . The organic
extract WAE=dBPedMiFdh Na2SO4, filtered and concentrated under reduced
pressure to grve the crude desiredg Qlﬁﬁg b (16.0 ng, 11.7 %yield). M
(apci) nlz 385.0 (M+H). [00432] Step reﬂaratronof(GR) 9-fluoro-2

, 11, 16, 20, 21 24- hexaazapent acycl o411 3
.2.02'6.07,12.021,25Ipentacosa 124 9 , 18(25), 19 , 22 -heptaen-17-
one:To (R) - 5- (2 - (2 - (3 -am oprdb fluoropyridin-3 -yl)pyrro
lidin-l-yl)pyrazo lo [1,5- a]pyrisH -c rgbxylic acid (16 ng, 0.042
mmol) in DMV (5 nL) was added 17 mmol ) and

N- et hyl - N-i sopr opyl propan- 2- arfi'n 8 17 mmol ). The reaction m xture
was stirred koo BAULF A AUNGRILLAISHAIEE s hoduFedyPreRflLR, The crude
resi due was purified by sifica colu cnronatograpny using lUU%)ttOAC to
afford the title conpoun gon-1MBRie( apci) mz = 367.3

( 6R) 9 Fﬁuor ok 3? §| ! I Hl;e}oara ,1o,n,\o¥,(k{? ethm (2-(2-(3-((tert-butoxycarbonyl)amino)prop-
hexaaz apelnstnabVDJSOﬂLﬁbﬁo@rﬁm%ﬂﬁwﬁom&h 1. Vllm'zs’rﬂa,zéZIB[l 5-a]pyrimidine-3-carboxylate:
Ipentaco 7,9,11, 18(25),19, 22- ta one Pre ar
accordin Sn@t(%éiélo géﬁé‘ﬁ@f@z 7 YBE-‘GB@{&E Z‘?’ })%afoiogf éﬁﬁ

met hyl bUtcal%oXﬁatg(Maﬁ@[eb@WB{eﬁ OM1531m§QIZ92hﬂﬁ1MI|) iPUMVEI2 YAT) Ava |a6(§aﬂbéwlﬁﬁt?l in Step
Bto afford the title conpound as a 1 mxture of diastereoners. MS (apci)
m z 3gproga%m)pﬁarb%] mg, O//RP qunplm gopper() iodide (11 mg, 0.0578 mmol),

triphenylphosphine (82.4 mg, 0.314 mmol), di-triphenylphosphine palladium(II) chloride

(116 mg, 0.165 mmol), and diisopropylamine (99.3 mg, 0.981 mmol). The reaction mixture
was sealed and heated to 95 °C for 8 hours, then cooled to ambient temperature and
concentrated under reduced pressure The residue was purified by silica column
chromatography, cluting with 33% EtOAc/Hexanes to afford the final product mixed with
Ph;P (160 mg, 80.2 % yield). MS (apci) m/z = 508.9 (M+H).

[00430] Step B: Preparation of (R)-ethyl 5-(2-(2-(3-aminopropyl)-5-fluoropyridin-3-

yDpyrrolidin-1-yl)pyrazolo[1.5-aJpyrimidine-3-carboxylate: To (R)-ethyl 5-(2-(2-(3-(tert-

butoxycarbonylamino)prop-1-ynyl)-5-fluoropyridin-3-yl)pyrrolidin-1-yl)pyrazolo[1,5-
a]pyrimidine-3-carboxylate (160 mg, 0.315 mmol) in MeOH (10 mL) was added
dihydroxypalladium (101 mg, 0.144 mmol). The reaction mixture was stirred under a
hydrogen balloon for 6 hours, then filtered through a pad of Celite® and washed with MeOH
(30 mL). The filtrate was concentrated and the resultant residue was treated with 4 M HCl in
dioxane (3 mL). After stirring for 30 minutes, the solution was concentrated to afford the
product as an HCl salt (140 mg, 108 % yield). MS (apci) m/z=413.0 (M+H).

[00431] Step C: Preparation of (R)-5-(2-(2-(3-aminopropyl)-5-fluoropyridin-3-

yDpyrrolidin-1-yl)pyrazolo[1,5-a]Jpyrimidine-3-carboxylic acid: To (R)-ethyl 5-(2-(2-(3-

aminopropyl)-5-fluoropyridin-3-yl)pyrrolidin-1-yl)pyrazolo[1,5-a]pyrimidine-3-carboxylate
hydrochloride (160 mg, 0.356 mmol) in THF/MeOH (2 mL/l mL) was added lithium
hydroxide (1.1 mL, 2.20 mmol). The reaction mixture was heated to 70 °C for 5 hours, then



\\ "). .NH F

(6R, 13R) - 9- quoro 13 met hyl-2, 11, 15, 19, 20, 23- hexaazapent acycl o

115. 5. 2. MO20110@686020, 24, PCT/US2011/036452

i pentacosa-1(23),7,9,17(24), 18, 21- hexaene- 16, 25-di one [00434] Step A
Preparation of (R)-methyl 5-(2-(5-fluggo-2-hydroxypyridin-3-
yl)pyrrolidin-l-yl)pyrazo lor 1,5 -alpyrimdine-3 -carb oxylate: To a
suspensi QP Rhird& unde§ redubel reésﬁre Wla‘rér PIPmE) Wais alldQ At RY lixtflcwashl - Y 1)
pyrr oli din - 1 -yl)py razo? 1,5 -a ri mdine-3 -carboxylicacid 77

( Pr epar atWitwEts) (Bx éxnlg); theu ngyt d)er MD(ta B i) Theassiuaeid sdlutiepei se
TMSCHN2 f@? T i Was, s, and
t hen que%gﬁﬁ%ﬂmhﬂhéﬁhﬁ£ bgggtﬁgeggggﬁfgﬁ% sof?gﬁ{&&ggﬁggﬁoggg%@gﬁ
reduced ppgsmunaiam&ruhmcwbpmdme:mﬂsvdﬂwedumndﬁnahpghumadﬁonngng]W@ t he
crude neth met hyl ester was added 4N HCl in di oxane
(100 nL) é%% $§§&Pm5 Egag@%ggéled and heated to 90 C for 2 hours. The
reacti on [0432Lr e M@ﬁpCOHCBﬂtraﬂEdmﬂmﬁﬁr reduced(@Rﬁsﬂmﬁeaand6nb31QQS|due
was drssolved in DQ 00 i), h .FKIB 40 m.). The
or gani ¢ [MS3A3FANGRAIACYS Je %

reduced phessumrg R y. Q@n

M5 (apci) mz = 3%7)9K §Z$D & Step B: PreEaratlon o] ¥

5- 4R) - 2- Elvaigydine- éfaléowlwérds( ¢ Agel Vi puipd)in IME (5 mL) was added HATU (63

met hyl pr le@'@17%&&1%@%1}%%1§op¥oﬁﬂ1§}8&5£a@arﬁlh9 bt g yolimlhrog' B\ rﬂeacﬁcynl) pyrazo
lo [1 ,5- ~a]pyrimdine-3-carboxylate: To a solution of

5-(2-(5- frﬂ11[g|mreow@.§my1ﬁ¢l doryBplyauirsckind -c@ncentrated under reduced pressure. The crude remdue

yl) pyrroli I : | . - i i r 0. 565
o) | n B e N Sl ikl 1065 BRI % SgheliR e
(R)-2-(3cbmpmn@260mn;hy%@ﬁdpyHMSSQkﬂdﬂtFﬁé71(MMH)one (prepared accordlng to
t he procedure described in Euro. q» ghenr 2000, 147-156) (239 ny,
0.848 mml ). The reaction was strrF@Hn?Sﬁ 2 hours at 70 C, and then cool ed
to anmbient tenperature. The reacti mzmu‘(e was diluted with EtOAc (20 nl)
and washed with water (2 x 10 nlL) nic layer was dried with Na2504,
filtered and concentrated under re uced\I rassure. The residue was purified
by silica colum chromatography, {th 66% Et OAc/ Hexanes to afford
the product (110 ng, 34.8 %yielay . NM5 (apti) mz = 559.0 (M+H)

[00436]Step C. Preparation of nethyl

5-4R) - 2- (1- ((R) - 3- ani no- 20/xet-Ayerprlamgethyl2.11.16.20.21.24-

f1 uor o-2- %Qaa}an%mqwaycﬁr@pybl@b?m()%wrp&rwog@hrzmrrgmé()zﬁyrﬁzoﬁe%%m 378l pyrimd
i ne-3- carboxylate: ToO a solution ol mnet

5-((R-2-(1-((S)-3-(1, 3-di oxoi soi ndol ¢ne- 2 yl) 2-

met hyl pr 5-fl yuqro 0X0 di_hydr.opysi di rra |

-yl ) pyr ai&?’ %%k 1, lyre]j)are accordhnrgetzo?)th% et hod (ﬁa]%xeamé)g 187 sts)tlg,ng./tertlb

MeOH THF nﬁeﬂlyrlltbu’tB yml-_a ylaabaragie @dth hrgtdblagll b‘w—3(y&12 ﬁcﬁfgamaﬁe 8%t emBUb ﬁffor'ﬂh&
reaction s stirred Egr 14 h%ﬁ at ﬁ@sAft r cogggfgﬂ %he reaction

m xture WS CUBATEAET At e dUERE ¢ éasreaegmers 1B Bife Tited with EtOAc
(20 m.) and washed with saturated pguppe34NaHCO8 (5 nL), water (2 x 5 nl)
and brine (5 nL). The organic |ayer ma§ dried with Na2504, filtered and

0‘*"% Sﬂsaﬁudsrs rrarrpgtgr%yrr(ﬂmﬁzl ?L)p)ggzoyo ?/rsyl el d).

concentrated under reduced press eNTesi due was purified by silica

col um chr omat ogr aphy, eluting w OH NH4OH 10:1: 0.1 to give the
desired product (65 ng, 77 %yieldy. &6 (ap8l) mz = 429.2 (MtH). 78
[00437] Step D: Preparation of (6R713R)-9-flworo-13-nethyl-2,11, 15, 19, 20, 23-
hexaazapentacyclo [15.5 . 2. 17" 1% N6~020 24,

i pentacosa-1(23),7,9, 17(24) 18 1 hexaene 16 25- dione: To a solution of
met hyl 5-((R)-2- (n‘ R Qrd- A3-haxagdapentasyddo oxo- 1, 2-

di hydr opyri di - i grne-3 -C

ar boxyl ate (65 10 5 ' T T &43%3.2:-. lithium
hydr oxi de{O((465]5 [I LStelﬁ) a1 ﬁl‘ﬂbhfﬂtloﬁr hef r(@amtertlmlr W3- (Sﬂuomédh»altox%yr@ﬂ or 3

hour s, h . 1? % L, 0.91 5 g
sol vent WERYIEKHN {4 PEsSAPESRE th SP%?P%%EO d@l d under
hi gh vacuyuto- ﬂ:ﬁlefhbﬁyﬂyﬁﬂiﬁli ylmg/r@nurda -yIgstdaue NBs]paae RitheDMEarkd@ierL ) acidHATU
(115 mg, 0.30 mmol) and N-ethyl - N-isopropyl propan-2-amne (78 ng, 0.61
mmol ). The reaction was stirred for 3 hours, and the solvent was renoved
under reduced pressure. The residue was purified by silica colum

chromat ography, eluting with 10% MeOH Et0Ac to afford the title conpound
(6.0 ng, 10 %yield). Ms (apci) mz = 397.3 (MH)

>~




Exanple 35 rN-N F

(6R, 13S)-9-fluoro-13-nethyl-2, 11, 15, 19, 20, 23- hexaazapent acycl o

115. 5. 2. WO2011026386020, 24, PCT/US2011/036452

| pentacosa-1(23),7,9,17(24), 18, 21- hexaene- 16, 25-di one [ 00438] Prepar ed
according to the nethod of Exanple 34,,substituting (S)-2-(3-brono-

2- et hyl propyl )i soi ndol i ne-1, 3-di one (prepared according to the procedure

descr i bedpjcParfn®; sh1 %\/&&‘Jo e Mn M&ﬁ@(15b4ﬂL)%)ad&éardropw1se TMSCHNz &/541
(R) - 2-(3-brono- 2- net propyl)|30|ndollne 1,3- dione in gapC|)

mz = 39m3 16 |\8|+rp{)nol) frplaeti@ewasNtined |f@r_3|Q0n1@165}; and then quenched w1th 1mLo
(6R)-9- Loy Re %&ﬁ\%ﬁ%?rl%d% % RRXAAAPEAL ARYE! ©
117.5. 2. %ggiﬁ%ﬁ % %ga§%$%efac%sa %:8%%¥%%§ g%) 2% é@yheptaen 18- one
[00439]PmemaﬂmﬂlﬂmmmndlggemecnwenpﬂgdeduréhfmccEManpﬂgl@nyubsdmﬂu®ing
3-am no f.or 0 lo \S
(apci) m?H& in g?f‘uf (%ME‘?B and7g1 I.%‘(ag If wa%anaEH R4 Ré’a?e’& t5798"°C'fOr ZS B rs.AThe

reaction mixture was concentrated under reduced pressure and the residue was dissolved in

DCM (100 mL) and washed with saturated NaHCOs (40 mL). The organic layer was dried

over Na,SOy, filtered and concentrated under reduced pressure to give the crude desired

product (4.67 g, 93.2 % yield). MS (apci) m/z = 357.9 (M+H).

[00435] Step B: Preparation of methyl 5-((R)-2-(1-((5)-3-(1,3-dioxoisoindolin-2-y1)-2-

methylpropyD-5-fluoro-2-ox0-1.2-dihydropyridin-3-yDpyrrolidin-1-yDpyrazolo[1,5-

a]pyrimidine-3-carboxylate: To a solution of (R)-methyl 5-(2-(5-fluoro-2-hydroxypyridin-3-

yDpyrrolidin-1-yl)pyrazolo[1,5-a]pyrimidine-3-carboxylate (202 mg, 0.565 mmol) in DMF
(5 mL) was added lithium hydride (22.5 mg, 2.83 mmol) and (R)-2-(3-bromo-2-
methylpropyl)isoindoline-1,3-dione (prepared according to the procedure described in Euro.
J. Med. Chem. 2000, 147-156) (239 mg, 0.848 mmol). The reaction was stirred for 2 hours
at 70 °C, and then cooled to ambient temperature. The reaction mixture was diluted with
EtOAc (20 mL) and washed with water (2 x 10 mL). The organic layer was dried with
Na,SQ,, filtered and concentrated under reduced pressure. The residue was purified by silica
column chromatography, ecluting with 66% EtOAc/Hexanes to afford the product (110 mg,
34.8 % yield). MS (apci) m/z = 559.0 (M+H).

[00436] Step C: Preparation of methyl 5-((R)-2-(1-((R)-3-amino-2-methylpropyl)-5-

fluoro-2-oxo0-1,2-dihydropyridin-3-yDpyrrolidin-1-yDpyrazolo[1.5-a]Jpyrimidine-3-

carboxylate: To a solution of methyl 5-((R)-2-(1-((S)-3-(1,3-dioxoisoindolin-2-yl)-2-
methylpropyl)-5-fluoro-2-oxo-1,2-dihydropyridin-3-yl)pyrrolidin-1-yl)pyrazolo[ 1,5-
a]pyrimidine-3-carboxylate (110 mg, 0.197 mmol) in MeOH/THF (3 mL/3 mL) was added
hydrazine (31.6 mg, 0.985 mmol). The reaction was stirred for 14 hours at 50 °C. After
cooling, the reaction mixture was concentrated and the resulting residue was diluted with
EtOAc (20 mL) and washed with saturated aqueous NaHCO; (5§ mL), water (2 x 5 mL) and
brine (5 mL). The organic layer was dried with Na,SQ,, filtered and concentrated under
reduced pressure. The residue was purified by silica column chromatography, eluting with
EtOAc/MeOH/NH4OH 10:1:0.1 to give the desired product (65 mg, 77 % yield). MS (apci)
m/z = 429.2 (M+H).



f6R) - 9-fl uoro- 15, 15-di net hy1- 2, 11, 16, 20, 21, 24- hexaazapent acycl o
116.5.2.02'6.07'12. 021, 25

- | pent acos@-20(124%336, 9, 11, 18(25), 19, 22- hept aen-17- one [ POZABRBHApE452
Preparation of (R -methyl 5-(2-(5-fluoro-2-(trifluoronethyl-

sul fonyl oxy) pyridin-3 -yl)pyrro lidin-{-yl)pyrazo lo[1,5 -al pyrim dine-3
-c arb oxyI ate: Toa solution of (R)-nethyl

5-(2-(5- bmvg 2- hydy oxy Py ldiios - W) RYR 1 bl ddfiford1 ¥ ndawi 22911813 2823-

al pyrim |ne car boxyl at e, (‘P{ Q&red according to Exanple 34, Step A, 2.31
g, 6.46 rhpxﬂampentacvclo[ 552.1" lpentacosa-1(23),7.9.17(24),18,21 _hexaene- 16,25-

i nDMF( 20
ISEI foElyI %@ﬁgﬁggﬁﬂ?yﬂ#g%eg@ %&dﬂ'@&%'}b@@ o %ﬁ&%ﬂ%ﬂ Fj}q e?ﬁg{%m ne %_0 785 g,
7. 76 moldhydfipgridiedet!ipgmolndis- 1 sty redoffl gra|pBiridine S-calivgylstol (@ntngv\a‘o‘lfr enoved

chr omat oghany? 8 DAL R "SRtk MmNt el R o gl 1S

product (&cBén Gas stibred at%()}PCEihCB houMS tHea g Génchdd \Z1th—hy4519&geﬁ) clﬁlM'i'dtd-) (910 PDAM4] St ep B:

Preparation of R) - met h 2- tert-but oxyc Iam

met hyl but¥agl.5T @? %ﬁimb &) Eﬁnw%d é‘Pﬁ%ﬁ"rd&Bﬂr RfFE$TuRe. ayﬂ)t‘%y zyfﬂgggdawﬁfr. mi di ne
- 3-car bOX)YéhasIa@uum To the resulting crude residue was added DMF %10 mL), HATU (115 mg, 0.30

To(R) - net hyl 5 1%5 fluoro-2-(trifluoronethyl sul fonyl oxy)pyridin-3-yl)pyrro
li din-1- nglmlwfl@ PIBY 11V BORIOPYIPTORPRIP HEUIS- C&r BiEx 104t 8B 3 g reaqtiq@3watol ) i n
DV ( 2 M ¥R Ror %dl%gs Led Ehetﬁ‘cﬁvléht \%asni%ﬁllayéd)ﬁﬁd'elgreﬁﬂce% Més%@ baRL G (S E4s MO,

2.06 nmol ), copper(l) iodid , di-triphenyl phosphi ne
pal I adi urp(ltlﬁ?d lb’rﬂlbqal Cdbln(nldmomﬁgogr@hm@utmgWI)h 10%p WBWC&mafferd(tﬁﬁwﬂmg 2.57
mol). T b a ted to 65 C for 8 hours. The
sol vent \%grél&r?e 31%”116(;& glgjgﬁ\g% %%leg;sur@gzgﬁﬁe ‘esi due was purified by
silica colum chromat ogr aphy, el utEn:gnpslieBB 66% Et OAc/ Hexanes to give

(R -methyl 5-(2(2-(3 -(tert- butoxyc ar:onw am no)-3 -nethylbut-1 -ynyl)-5

-fluoropyridin-3 -yl)pyrrol idin- zolo [1,5 -a] pyrimdine-3
-carboxyl ate m xed w th Ph3P, whi di atel y hydrogenated using

di hydr oxypal | adi um on carbon (200 00.285%mol) in MeOH (20 nlL) under a
H2 ball oon for 15 hours. After fi riij%b ough a pad of CeliteO and
washing with MeOH, the filtrate, "toficent rat ed under reduced pressure and
purified by silica colum chr omat ogr aphy, eI ut| ng with 66 % Et OAc/ Hexanes
to afford the prothfet3Si-96Roreyl3-@ethyl-24 B xpapapdnfaciglo

[ 00442] Step C,l ,

(6R)-9-fl uor o-15;71 6, 2 ‘ i ApE | o[ 16. 5

. 2. 0uu 2,[@0433] 12, ]%paz&l acbmdmga@ﬁsmaeﬂ(oZbeEZarﬁpIM kabsﬁﬁymg%%aﬁﬁpmaen 17-

80 one: ( rt-b to c ar bon

- met hyl bEn‘?éi@%mPF%%P%%‘? 3(ﬁ(‘?P63 @reyﬁrfﬁmoa m% ﬁh‘f PYACY ? %9“%%;’ [, 5

- a] pyri mpedrder Medc @Gieh. QIWO at4g- 1666 Gorn®)-2Q:3 BEEmerwhkhyilprogshifdoMRIG Hhd BsrrL /1
m.) was added I|th| um hydr oxi de%y( 946};1%' L, 1.89 mmol). The reaction vessel
was seal &iPgiSERE M t3BCTB/C F SRS MHBlrs. The reaction m xture was t hen
dried under reduced pressure and HElafifles, 4Min di oxane) was added. The
reaction mxture was stirred for one hour, then the solvent was renoved and
the residue was dried under high wgcu d two hours. To the residue was
t hen added DMF (8 nl), HOBT-H20 (96n 0. 30 mol ), EDCl (121 ng, 0.630
mol ) and triethylam ne (159 ny, The reaction m xture was
stirred at 45 C for 18 hours, thefig =mtr-Bled under vacuum The residue
was purified by silica colum g at ogr aphy eluting with 5% MeOH DCM t o

afford the title conpound (60. , 48.3 %yield). M5 (apci) mz = 395.1
(M+H) . (6R)-9-fluoro-15,15-dimethyl-13-oxa-2,11,17,21,22,25-hexaazapentacyclo

[17.5.2.0%%.07'2.0°**1hexacosa-1(25),7.9.11.19(26),20.23-heptacn-18-one

[00439] Prepared according to the procedure for Example 3, substituting 3-amino-2,2-
dimethylpropan-1-ol for 3-aminopropan-1-ol in Step A. MS (apci) m/z=411.2 (M+H).



Exanple 38 eN-1NJ\ NN JO ONH F
f6R)-9-fl uor o- 13- oxa- 2, 11, 16, 17, 21, 25, 26, 29- oct aazahexacycl o
121. 5. 2. 0ORp@INT714686016, 20. 026, 30 PCT/US2011/036452
ltriaconta-1(29),7,9,11, 17,19, 23(30), 24, 27-nonaen- 22-one [00443] Step A
Preparation of 1-(2-(tert-butyldipheny}silyloxy)ethyl)-1H pyrazol-5- am ne.
To a suspension of 2-(5-am no-1H pyrazol-1-yl)ethanol (2.07 g, 16 0 mvl)
and 1H m dazole (5.43 g, 79.8 mmol txélﬂplplylf (10 m.) was added dropw se
t enbut yl chl or odi phenyl silane (4.96 nL, 19.1 mol ). The reaction was stirred
for 15 hours. The solvent was re ed [n eP‘ reduced pressure and the
resi due was diluted with DCM (40 gani ¢ |l ayer was washed with 1N
HCL (10 nmL), water (10 nL) and bri Othen concentrated to give
crude desired product (5.62 g, 9f7 ), which was used in the next

yl oxy) et hyl)-1H pyrazol -5

step without purification. [00

(R-N(1-(2-(tert-butyl di phenyl si

-y1) - 5- (2- (5- f | uofc@y-2-fluptdrtilfgimiethgl-2d B16.90.2 DY4-hedabdbentdoyelyl ) pyrazol o1l , 5-
al pyri m di ne- 3- A }sto a su n

(R)-5-(2-(5-fl . zd()Q tac ? 2?5??1?55 19,22-heptacn-17-one

yl') pyrroljogi4or | -yl St@;yr az ol @phrdoa] RYT i(R-Biectet 35¢aL DN IXC(t@fiotoriRRA- MY,

0.616 mml) in DV (5 nm) was added dropvvl se 2,4,6-trichl orobenzoyl

chl ori de$ 1 rigin idin- alpytiaidme -eprbaxviage: gobP ol ). The

react i on RSt IOl 2 (NPHASoro AN d d 3yl lidin-1-yl lo[1,5-

1-(2- (terSt bu?yl di gﬁeny?}gl I 3§I g%(ly)cgtoh;}ﬁ, rOXIXE}gi/#nazg)?}ISranln‘lmneye%yraZO0 0. 923

mol ) wag m’@ﬁé@nft C@ubéxxlaéaélfrmﬁedrﬁcsz@rdmé to fﬁ@npleéé,t$thwé§1tgeéﬂéam@qi) 60 C

for 3 hoyg cog} ed a 1811 ] T olYER. Was
redu?bd L M ”gd&ﬁe r i ﬁﬁBF‘orﬁtpé J Qﬁh@yé

renmoved under pressure an i due was puri I ca
col um chnlécvmzt)mgﬁﬁamaylfqr@mafef @rd ¢ e ldesbh edd pratiglating E(D2L85ng 7. 7456mI310% yield).

1Y/S) = 004 C P
(6ry BCt B el § it s tp9R54RL 58 e FORPRS s Bublosimnse ndy oo,

2,6."7, 1200t6dw0was3uriBOd by silica column chromatography, eluting with 33% EtOAc/Hexanes

b oo AT f@%géﬂétw@%@ﬁ%ﬁ%yr §9§?ﬁé H@f“sp?”s' i

- f 1 uor o- 2o OXY PYtEH B: NPrpardbioh R
pyrim di net3 - tcar boxam de 201

was seal égf

cooledt a . r I dor \ re. The
[ esi due vos déR?E‘f%%ﬁ w et @[S%':.fwﬁOf%“é’“ﬁﬁﬁ“éﬁlﬁ&&%E%n% Ryri‘ﬁfﬁr zﬁ&%ﬁf%oe (5

m), wat edpyrszaiel), Saaiwrbmldme3(05rhmlatel‘ﬁ§ 10g.gais mmbhye PMaE tonesmddet ed t o

grve cru 5
(R <5 ( 20V APE I HABRAA RS 67 g 00 el o) R 0% R oxyet
yl ) - 1H pyr2Asomnoly 1)11pty1pm1ﬁh08p|!1ﬂ1p5palaahp1yrr(mm chiirivie- 8144¢ nag, b0 a&@mnnhel) to

whi ch dded, THF mL),,. DEA .9 L0342
e R SRt G50 a™bs7atmanty | syl e er St Rdeaed 6% i v ed

for 18 hoaorss 8 hdien m&@ﬁﬂ\aﬁsaémmefndé’ra@wﬁd prefard. ERicdbedusacas pufifiéd ed by
silica c%l unn chromat ography, eluting with 10% I\/EOI—VDCI\/It&)afford the title

conpound Yy piliga refumy C%ro Vﬁ@?@) clugias P 6P FPActicxanss o giNg4ff)-methyl 5

6R) - 9-f| o o LRREY rrolidin-1-
1£21)5 2. 5%@3;3%%%1% %Cf%”%%{ %%8%(&?%@5%0& ggl (29), %gcyﬁb 5( E%) 116 18, 23

(30), 24, gf‘y)pﬂg@qj_@r]]jzﬁp)agm@me -3 carboxylate mixed with Ph3P which ~ was 1mmed1ately
hydrogenated using dihydroxypalladium on carbon (200 mg, 0.285 mmol) in MeOH (20 mL)

under a H» balloon for 15 hours. After filtering through a pad of Celite® and washing with
MeOH, the filtrate was concentrated under reduced pressure and purified by silica column
chromatography, eluting with 66 % EtOAc/Hexanes to afford the product (166 mg, 30.7 %
yield). MS (apci) m/z = 527.1 (M+H).

[00442] Step C: Preparation of (6R)-9-fluoro-15.15-dimethyl-2,11,16,20,21,24-
hexaazapentacyclo[16.5.2.0%°.0""2.0*" > |pentacosa-1(24),7.9.11.18(25).19.22-heptaen-17-




[ 00446] Step A: Preparation of
3-((tert-butyldi phenyl silyloxy)nethyl)pyridin-2-amne. To a suspension of
(2- am nopyoi2di &3¢l ) met hanol (2.19 g, 17 6 mmol ) and 1PCirmsdaaoB@st 6. 00 g,
88 2 mml) in DW (10 nL) was added dropw se tert-butyl chl orodi phenyl sil ane
(5.49 nL, 21.2 mol ). The reaction wag,stirred for 15 hours. The sol vent
was renoved under reduced pressure and the residue was diluted with DCM (4
o). Th%nerﬂﬁry)qn Y812 nyltinid th Ayl rfh9l) and
brine (10 ni) dfﬁﬁeﬁ cgﬁgeﬁ??g?gdwkﬁﬁ ﬁve g?ﬁﬁé 8?%&u%%@§%%8§%9??t4.3 %
yield). wBp raqj@,n) Liy)pyrazod@ 8,5 4 Igymanpfjine- 38;2rb0xylate (166 mg, 0315 mmol) in

S5 g e s Oy s 5Ly 9ot

|tr|aconb@%ikﬁ@ﬁcﬂwgﬁmlwmﬁqQUNV{HbﬂBh@B{3Ukrawnonqudemaeﬁwﬂandhwuwﬂo a
suspensi Q

(R)-5-(2- r?%‘c?e\ RIS Rl By Y BB 9P i 1S CFBIP ABVET 125 a] pyri
m di ne- 3stasd éx\dnk (hoal(; Itlcbn(tBé)Solmt v&s&&ﬁoﬂfﬂd&in)i the) rddde (vas rdripd Wwader atgle d

triethyl am ne 103 mmo | owed dr opwi ition of 2,4, 6-
L1 ohl'or SBaRBOUT e b g sk web Jepspddb Ve TRL BRI HO (S Bk 7 ey
for two ha30SamsD, Emcputzi Bhit )0, @nnﬁeawlaﬁa ltyd t3mhiRE t Rl ﬂlﬁyr S8ifndd)y, amhe (369

ng, 1.02 nmol) was added and the reaction mixture was heated to 60 C for 5
hours. THeACHQ) Perirewss stErboetd tndar! Syt Sy srecsstisted Hpdsr vpRaIUMesT Bue was
purified rsgydléldvascmﬁehtﬁymﬁ@r eraﬁlg%ﬁmyogr@wtemﬁrgwm sHOMMEPBERON 0 g ve
(R-N(3 -((tert -but di pheny | silyl oxy)net Dp din -2 -yl) - 5
- (2 - (Bifbrdtbe @ﬂt‘«zcori‘@phlm&)@@@rmg,di?ﬁ %yw;dD)M,‘Sr(ﬁm) rr!’rzrr-3195 leWr azolo [1,5

-a]l pyrimdine-3 -c arb oxam de, yas added THF (5 nL) and TBAF (848
[IL, 0.848 mmol ). The reaction nleure mas strrred for one hour, then
quenched with saturated NH4ClL (1 1 en concentrated under reduced
pressure to give crude

(R -5-(2-(5-fluoro-2-nmet hoxypyridif- 3- yI y roIrdrn 1y1) - N- (3- (hydr oxynet hy
|) pyridin-2-yl)pyrazol o[ 1, 5-a] pyrd ne- thr boxam de, to which was added
HC1L (4Min dioxane, 5 nL). The CNI O ure was sealed and heated to
100 C for four hours. The reaction nlxtur s cool ed to anbi ent
tenperature and co .AThe resrdue was
diluted with DCM (2851HRA 5 Y g

NaHCO3 (5 nmpis.xet'er' (5 2%2f3°aﬂ@kohfat1m@9)(75) le)7 19T13@3®Q@@mnsnaleemronwas
concentrat ed under reduced pressure to gl ve crude1

(R) - N- ( 3100Bbr oneSipI A phiepagatiop afyl3@-(rihuividiphen: PEREON
-yl) pyr I Qrdiredt '1“(8 ajsusp\éhs)l&y 6@22-9-a{n‘?1n£ 1]—%3)@212815([ Brg}:tﬁéd&?(ﬁﬂ §6}6l®%ﬁm) %@d 140 _Wwhi ch

was adde he reaction mxture
was heat emldtazplﬁo(ﬁ% og, 47 9r$oun1®01)t henDWOI @a M)amﬁeﬁddeﬂerﬁp@watmrteﬁand

i i . |

Col um oy Sieat BEFEhARMAR 4 R SSCABE whB\ LR BRIV SaP P ERL ol °°
corrpound Th8 sélverg waQ rénéey neded yedudds prespwt pndrhz residdid 2vas d(lle(HMth B@mﬁél(h 40
115 5 2 MIG% Dol uglr% \%7'2135 %gshec! Wltyﬁ(}lH%i %IJU r}li) 19dt621'0(’18 rlng%ﬂ} acycl o

i pent aco M)J&Bﬁlonceﬁrakﬁ(ta @)V,e TRide Uedird pesdact’6.62%; oi.oneyicld§) Qv‘lrﬁk&] valsaRedA:
Preparatio of 3-brano-2, 2-.di et hyl propan- 1- am ne hydr obr om de: 83 A

m xture oft r?§ﬂﬁpdﬁﬁoﬁiﬁﬂgﬁﬁ@9hylpropyl)|50|ndollne 1, 3-di one (1.00 g,

3. 38 mI[o44n) 48% GeyieRUPrRratibn OofTlcR) Was-(b ek hibsBalibIRhyILB 1BQ W Byl The
reaction mxture vas cooled {o ambient Temperature and the solids for med
were fil toarad-Hrh-S¥XReSflupnolamethoaeyidinderdipygpldindndipyrazdellcded pressure to

th at db
O v e RS Sl BoLr oS ARERLAOREIRIE U Rl 27, b

et her andrl)dynr@dhmhdépyramicédl]mrrmsélueé -caipogflicordd (220 mg, 0.616 mmol) in

ohyi ot &) bt P B e KRR S R T AR s

used di r eﬂéth}yammé fi®ua rrfgl,lOle@fnnp:l]l} i Thec@tdtion wa[s@ﬁﬁél@fa%tzelmua alll @f2(atd on of (

Yy SRR GBI b BB ming L e AL 3t SUEHRAE To o

sol uti on redeti¢Rinidure( Zhe Beacfidnti@is Rated to B@Pdw@moyom @hdrvn&l covledry rafn@leht din-1
-yl)pyrazo lo [1,5-a] pyrimdine-3 - carboxylic acid (Preparation B; 150
ng, 0.420 mmol ), EDCI (88.5 ng, 0.462 mml), and HOBT-H20 (70.7 ng, 0.462
nmmol) in DMF (10 nL) was added 3-bronp-2,2- dinethyl propan-1 -am ne

hydr obrom de (124 ngy, 0.504 mmol) followed by triethylam ne (55.2 ng, 0.546
mmol ). The reaction was stirred for 18 hours. The solvent was renoved under
reduced pressure. and the resrdue was purrfred by srlrca colunn

e N AN 1 N N o o o v




[ 00450] Step C. Preparation of (6R)-9-fluoro-13

, 13-di nmet hyl-2, 11, 15, 19, 20, 23- hexaazapent acycl o[ 15. 5. 2. 17, 11. 02, 6. " 20, 24,
ui pent acos@-20(12@§336, 9, 17(24), 18, 21- hexaene- 16, 25- di on@CTNS2@ 1884482 i on of
(R -N- (3 -brono- 2, 2-di net hyl propyl)-5-(2-(5-fl uoro-2-
hydroxypyridin-3-yl)pyrrolidin-1-yl)pyrazo lo [1,5-a]pyrimdine-3 -c arb
oxam de (30 ng, 0.061 mmol) in THF (5 nL) was added drop-w se potassium

2- met hy| RERARARIR - That@vdnt 33s Hmovld &lﬁiemhéed J@s@u&%ﬁ&me%slmwa%ﬁﬁgh at 50 C

for two hours. The solvent was renoved under reduced pressure and t

resi due Wasilisaepipinaghtopagicrapba teefaudtheclssisdetrofpeaBRY meetod i"ngicld) + M810%

MeOH DCM itle conpound (15 ng, 60 %yield). Ms (apci) mz =

411.0 M£ 1)91'{/% 7%5 :ggﬁHt)M HO4N-N NN C]—I

f4R, 6R 15&1)449]-f|uo$tcp4(15- B9

117.5.2.02' 6. 0:

-one [ OGHSHFSEER A L

- chl or o- Zwhaedr0 m@ramﬂﬁmﬁoﬂﬂf(ﬁf&%} fj (j@ﬁ-@uty&hphenyls1ly10xy)ethyl) 1H-pyrazol-

- hydr oxyph dr ox rroI azo | all rimdine-3
¢ ar boxam be e aapuhdarr SRyt P praud sg iR

oxypheny %ﬁrbéxdﬁiﬁdéj(zo@ %OY) 285 nfhdlfintev i i Bk a%Qb %I[glwa'é sealed and heated to

a] pyri m di ne-3-carboxylic acid (Preparation D , 0946 mmol ) and
HATU (0. 3827 Cgfor d‘oqraéwmm Yhe peappigm raxterenygs @&01@ © m@e@d@@aerature and

(S) 1- ancheinilll GhRPHORRAT AreQlurdy dHOGRIAL! I8 (RAATRLR BOM. EHGRLfund- 0155
g, 0.142 mmol; prepared according to the nethod described in Og. Process
Res. Dev.waglg@3yithyssituratgd NpHCQSI?é Héhdeﬂ%dnh)saméﬁmlpy (emhy.| &dhd prgaifio lay404 i,

0. 284 [ t.in e and
R AL T e T e St R R R el M S
washed wi(t{2-bydrovecthgh)t 1¢Hpyorwmi- 54‘;@)5@14;016[1 ]5taap3edmdmad cradm;amtde atted winder

reduced pressire to ) v e oritle o ort L nes purt et by 1 ca

- chl or o- 2-3ay dhexsypr DRy iléact’i_hn( foituré- w&- §drke@r @r 28 hours, then concentrated under

hydr oxyphenyl) - 4- hydr oxypyrroljdin-1 -yl)pyrazo | o [1 5-a] .pyri md| ne-3 -c
ar boxam Va8Uftas The fpsiqugrgasopurtied t@(nﬂhear sHlump chrppalography 4gting wisb 19%y, vi el d,
86 % pur iNjOH/DeM MBafr&rahPEIL ¢ %ound‘t‘flg ngr%(ll\é'bbylefdgo‘ﬂ@ka%t:i?wg Pysepar ati on
of (4R 6R, 15 S)-9-fluoro-4, 15-di hydroxy-1 oxa- 2

, 17, 21, ZZMZ*SDpent aazapent acycl or 17.5.2

.02,6.07,12. 022, 261 hexacosa- 1(25), %g,g%leg 010, 19(26), 20, 23

-hept aen-18-one: A mixture of N -( -chl or o- 2- hydr oxypr opyl) -5
-((R-2-(5 -fluoro-2 - hydroxyphepxl) 4 roxypyrrolidin-1 -yl)pyrazo |lo
[1,5-a] pyrimdine-3 -c arb oxam denty g, 0.0778 mol) and Cs2CC3
(0.127 g, 0.389 nmol) in DW (3.6 was ated at 85 C for 30 m nutes.
The reaction m xture was cool ed t Nent JLenperature and filtered. The
filtrate was concentrated underg essure to give the crude materi al
whi ch was purified by silica colum chry ography, eluting with 0-20%
MeOH Et OAc to afford the crude product. e crude material was purified
using chiral col umerpy-au&bagrapy 1(1019i13]26.Petaptedaltxe®lclom, 20% Et OH in
hexanes) . Isol qglpl@gfzo 2[;y@tmatt er| al haV| ng 6(1) r16et e9t|30nt| me of about 21.8

ster eoc hqmmr y ofstha: Iafemﬁu&pmowm mdls&ﬂmsﬂﬂ@mmth&ﬁbm NeRine:
experinment. LCMS (EStAPC) miz = 414 1 (W
To a suspension of (2-aminopyridin-3-yl)methanol (2 9 g, 17.6 mmol) and 1H-imidazole

282686nt acycl o
2%3 hept aen- 18

(6.00 g, 88.2 mmol) in DMF (10 mL) was added dropwise tert-butylchlorodiphenylsilane
(5.49 mL, 21.2 mmol). The reaction was stirred for 15 hours. The solvent was removed
under reduced pressure and the residue was diluted with DCM (4 OmL). The organic layer
was washed with 1IN HCI (10 mL), water (10 mL) and brine (10 mL) and then concentrated
to give crude product (6.03 g, 94.3 % yield). MS (apci) m/z=363.1 (M+H).



Example 41-B HO..... _,\N- N OoFi

f4R, 6S, 15S)-9-f | uor o- 4 15-di hydr oxy-13-oxa-2, 17, 21, 22, 25- pent aazapent acycl o
1 WO 2011/146336 PCT/US2011/036452
17.5.2.02'6.07,12. 022, 26] hexacosa-1(25), 7(12), 8, 10, 19(26), 20, 23- hept aen- 18-
one [00453]The title conpound was is@jated during chiral separation
reported in Exanple 41 fromfractions having a retention tinme of about 30.6

m nutes, [Hgu4Pf OVi dge/>. 4Bng preBarBibny | &drd) (0k)-4-BR6ATRANNAA IWRiIxghsBYohave
been |soI at ed aI onglvvllth g)e ’ napzrol gner and/or one or_more di aster eorrers

The st er agpthae .0 lll ditiaebniea 2 ok he 200

experi nment,) ESAR 14 0

(4R 6R) - oot B A Titolytpdods i et g@g%gmw

117. 5. 2. 028)p9zdl3[ 1022 Ip@idhidine-3-carboxylic acid (303 mg, 0.848 mmol) in DMF (5 mL) was
hexacosa 5 2 20, 2 1 e [0 4] The tle
corrpound é i)‘ g‘é’iﬁ’%& a@@g H’Eﬁ( gb% @ %F gnt@f %ﬁ%{‘ﬂﬁ[ égqi%rJ Eb%{llgtutl ng 3
;1 CQ' or ﬁf)rtmd obenadyil BEloHYElaT h{gQDJ%Enanﬂ) (lﬁze-réaéﬁoh mlas %mdgl fglr}mﬁrmasnsz O|20(V
ydrochl ori |e iral Tec co 0
EtOH in ﬁ@?fé ldllﬁﬁglﬁ‘ﬂyl‘ﬂfﬁﬁ’?@?t@%&’gé n?““? (Fﬁgnﬂ’tgeé)oz npal) s‘Yaéraéiél%‘JnéﬁEH]st ry of
the t it %&%&%%n&ﬁﬁ@ v Hehtbdresl 60y C Lo PSNEéuPsOeTﬁé( B@lﬁréﬂmﬁs retabl MBuldESHAPCI )

mz = 398.1 (MtH). anpl e 42-B HO41/ 4.
reduced pressure and the residue was purified by s111ca column chromatography, eluting with

10% MeOH/DCM to give (R)-N-(3-((tert-butyldiphenylsilyloxy)methyl)pyridin-2-yl)-5-(2-

(5-fluoro-2-methoxypyridin-3-yl)pyrrolidin-1-yl)pyrazolo[ 1,5-a]pyrimidine-3-carboxamide,
to which was added THF (5 mL) and TBAF (848 pL, 0.848 mmol). The reaction mixture
was stirred for one hour, then quenched with saturated NH4Cl (1 mL) and then concentrated
under reduced pressure to give crude (R)-5-(2-(5-fluoro-2-methoxypyridin-3-yl)pyrrolidin-1-
y1)-N-(3-(hydroxymethyl)pyridin-2-yl)pyrazolo[ 1,5-a]pyrimidine-3-carboxamide, to which
was added HCI (4M in dioxane, 5 mL). The reaction mixture was sealed and heated to 100
°C for four hours. The reaction mixture was cooled to ambient temperature and concentrated
under reduced pressure. The residue was diluted with DCM (20 mL) and the organic layer
was washed with saturated NaHCOs (5 mL), water (5 mL) and brine (5§ mL). The organic
layer was concentrated under reduced pressure to give crude (R)-N-(3-(chloromethyl)pyridin-
2-y1)-5-(2-(5-fluoro-2-hydroxypyridin-3-yl)pyrrolidin-1-yl)pyrazolo[1,5-a]pyrimidine-3-
carboxamide, to which was added DMF (10mL) and Cs,CO; (276 mg, 0.848 mmol). The
reaction mixture was heated to 60 °C for 4 hours, then cooled to ambient temperature and
concentrated under reduced pressure. The residue was purified by silica column
chromatography, eluting with 10% MeOH/DCM to afford the title compound (8.0 mg, 2.2 %
yield). MS (apci) m/z = 432.3 (M+H).

Example 40

A NN

=N

(6R)-9-fluoro-13,13-dimethyl-2,11,15,19,20.23-hexaazapentacyclo
[15.5.2.1".0%°.0***"pentacosa-1(23).7.9.17(24).18,21-hexaene-16,25-dione

[00448] Step A: Preparation of 3-bromo-2.2-dimethylpropan-1-amine hydrobromide:




f 4R, 65) - 9-f | uor o- 4- hydr oxy- 13- oxa- 2, 17, 21, 22, 25- pent aazapentacyclo 1
17.5.2.02,6.07, 12. 022, 26,

t hexacosaw0(28H)1463382) , 8, 10, 19(26), 20, 23- hept aen- 18- one PLOMS3&GjIDb&s2it] e
conpound was prepared during the chiral separation reported in Exanple 42
by isolating the fractions having retgpntion time about 26.2 mnutes (21.1
ng, WO 2011/146336PCT/ US2011/ 036452 86 24.5%yiel d) which nay have been
i sol at ed @h@ﬂgremﬁﬁ(m@ﬁumhe%wraf DRORAncLIDS- @10% @ﬁ@@ Ef@tmrnﬁnoﬂ he
stereochem stry of the title conpound was confirned

exper i nedt? aqueous HBrgiApd))) wasy rzﬂlﬂ@%f 18 liqpeg)The E@(@H‘m 611&1136 P@s Fooled to

4R, 6R
116 5. 2. 09 kbR ML S B Py ishey S PR BERERETSERMERRL | 17 o
e [ 00456hddracdiced prasomp dugdevibs cpde pmt@'uil &mtmadiam@tmpect Wweh retded 3of
Ex I st tut. t hyd
(551 am A et S DR SR R i o ra i S B ser 7 ompound
was pur i fdried ubidr ngluaedpricssate tmmford)s] btdneol ﬂmmetﬁ}ﬂﬁﬁoﬁﬁrﬁl-lamﬁle h@&@bﬁﬁmdeby

isolating fractjons h tention ti| f about 7 m ,
2 boh yi DI PE A Smal Sh e ek kg mpimnaty TRl @@rﬁ%ﬁﬁal-b@?ﬂwﬁ%ﬁ 3 by
})HNNR\ n"%r&i)&@t?ﬁdsﬁi@mdueb@ WehduERFAB G urifiddtzon= 384. 1 (M+H). Exanple 43-B HON N

[00449] Step B: Preparation of (R)-N-(3-bromo-2,2-dimethylpropyl)-5-(2-(5-fluoro-2-

hydroxypyridin-3-yDpyrrolidin-1-yDpyrazolo[ 1.5-alpyrimidine-3-carboxamide: To a solution

of  (R)-5-(2-(5-fluoro-2-methoxypyridin-3-yl)pyrrolidin-1-yl)pyrazolo[1,5-a]pyrimidine-3-
carboxylic acid (Preparation B; 150 mg, 0.420 mmol), EDCI (88.5 mg, 0.462 mmol), and
HOBT-H,O (70.7 mg, 0.462 mmol) in DMF (10 mL) was added 3-bromo-2,2-
dimethylpropan-1-amine hydrobromide (124 mg, 0.504 mmol) followed by triethylamine
(55.2 mg, 0.546 mmol). The reaction was stirred for 18 hours. The solvent was removed
under reduced pressure and the residue was purified by silica column chromatography,
eluting with 50% EtOAc/Hexanes to provide (R)-N-(3-bromo-2,2-dimethylpropyl)-5-(2-(5-
fluoro-2-methoxypyridin-3-yl)pyrrolidin-1-yl)pyrazolo[1,5-a]pyrimidine-3-carboxamide (180
mg), to which was added HCI (5 mL, 4M in dioxane). The reaction was sealed and heated to
90 °C for 2 hours. The solvent was removed under reduced pressure and the residue was
purified by silica column chromatography, eluting with 20% Hexanes/ EtOAc to provide the
desired product (130 mg, 63 % yield).

[00450] Step C: Preparation of (6R)-9-fluoro-13,13-dimethyl-2,11,15,19,20,23-
hexaazapentacyclo[15.5.2.1"'".0%°.0?***|pentacosa-1(23).7.9.17(24).18.21-hexaene-16.25-
dione: To a solution of (R)-N-(3-bromo-2,2-dimethylpropyl)-5-(2-(5-fluoro-2-

hydroxypyridin-3-yl)pyrrolidin-1-yl)pyrazolo[ 1,5-a]pyrimidine-3-carboxamide (30 mg, 0.061
mmol) in THF (5 mL) was added drop-wise potassium 2-methylpropan-2-olate (153 uL, 0.15
mmol). The reaction was heated at 50 °C for two hours. The solvent was removed under
reduced pressure and the residue was purified by silica column chromatography, eluting with
10% MeOH/DCM to provide the title compound (15 mg, 60 % yield). MS (apci) m/z=411.0
(M+H).



O NH F (4R 65)-9-fl uoro-4-hydroxy-13-oxa-2, 16, 20, 21, 24- pent aazapent acycl o
116.5.2.02,6.07,12. 021, 251pent acosa-1(24),7,9, 11, 18(25), 19, 22- hept aen-17-o0n
e [ 00457]wbeotvtsbideconpound was i sol ated during the chi pPall/tse@ainatsson
reported in Exanple 43 by isolating fractions having a retention tine of
about 21.3 mnutes (15.9 ng, 21.1%yigld) which may have been isol ated
along with the enantioner and/or one or nore diastereoners. The

stereochem stry of the title conpoEggnw@alconfl rmed by 1H NVR nCe
experinment), LCMS (ES+APCI) mz = 384.1 (M+rH). Exanple 44 HO 87 f 4R ,6R
, 16R)-9-fl uoro-4, 15 -di hydr oxy- 18° f 7N21, 22, 25- pent aazapent acycl o

1

17.5.2.02'6.07, 12. 022, 26] hexacosa- 1{/25), 7 , 8, 10, 19( 26) , 20, 23- hept aen- 18-
one [00458] The title conpound fi r (=) accor ding to the nethod of
Exampl e 41, substituting (R-1-a - <l or opr opan-2-ol hydrochl ori de

(prepared aCQ@R@RﬁQS? 9. ﬂtu&% épfs()&iﬁ%x‘&?v feser besh d ¥Rl HeddeycRt €P A USi g
(R) -2-(chl oroma7th -1- am no- 3-chl oropropan 2- ol

hydr ochl ori de 21).8{10,0H6 a3 repd8-9nei | i ca gel

col um, g w ).
Fracti ongbcon ai ni éﬁtgp provi de
12 ng (1Q- iy

10 O1TP [ O
':u=;-'u~ m i jagtidey Tafa t he

t I lei 80 (s léél’]s?onm§ &8 rgf(br gr%glor%y2 }jl'yl_ctrol\J;y phenyl)- 7 xypyrro 1d1n— Ejyh/syrgz%?tﬁ? a) mz

(4R 6S, 15ﬁ)yrlﬁnd1h¢;l@-l’c®rbéxylﬁ-adidf'(yﬂ[)ﬂxtj/mﬂﬁ‘- )O)O&E(’an,WOQlE rﬁaol(?&xqomtae(z.ap&nt acycl o
117.5.2.02'6.Q7,12 022, 2 exac 5 7 19(26),, 20, 23- hept aen- 18
-one [ 0G48d] h‘@mPDtIPeDMS]n%)O%HHS\A%S *E oty e %uig)}l] mé-ﬁﬁ?rpmoe%?-(aﬁ

report ed HyfroEMaiR! @ xdfple o %@éﬁ &rtﬁo 139 %t @i Aghot; B%pb@& 8coflind fo Mgk HQARPUN
were collected to provide 15 ng yi el d%}wgf the title conpound, which

may have de¥shed oDk &HocarsoRes- WMoy h2QanV@lnanp| e A -gHsapFRpy Isthy g

di astere h X db
THOR n Ogﬁgi%eﬁf ng%@ﬁ n?o%fﬁl\/%@‘r%%ﬁﬁﬁ%% &%exgag_&g&eaqm(a%féqt Yé%g%pﬂf?ée hﬁdTE y

Di ast er ectmeed ﬂordﬁdlomrsaé“he rr@gtm;r mxtwge was diluted with EtOAc (10 mL), washed w1th

(1595, s A S8 DSBS gy oove
material which was purified by silica column chromatography, cluting with 0-20%
MeOH/DCM to afford N-((S)-3-chloro-2-hydroxypropyl)-5-((R)-2-(5-fluoro-2-
hydroxyphenyl)-4-hydroxypyrrolidin-1-yl)pyrazolo[1,5-a]pyrimidine-3-carboxamide (as a
mixture of cis and trans isomers, 0.0407 g, 82.2 % yield, 86 % purity). LC/MS (ES+APCI)
m/z =448.1 (M-H).
[00452] Step B: Preparation of (4R,6R,155)-9-fluoro-4,15-dihydroxy-13-oxa-
2.17.21.22.25-pentaazapentacyclo[17.5.2.0*°.0™"%.0"** Thexacosa-1(25).7(12).8.10.19(26).20.
23-heptaen-18-one: A mixture of N-((S)-3-chloro-2-hydroxypropyl)-5-((R)-2-(5-fluoro-2-

hydroxyphenyl)-4-hydroxypyrrolidin-1-yl)pyrazolo[1,5-a]pyrimidine-3-carboxamide (0.0407
g, 0.0778 mmol) and Cs,CO3 (0.127 g, 0.389 mmol) in DMF (3.6 mL) was heated at 85 °C
for 30 minutes. The reaction mixture was cooled to ambient temperature and filtered. The
filtrate was concentrated under reduced pressure to give the crude material which was
purified by silica column chromatography, eluting with 0-20% MeOH/EtOAc to afford the
crude product. The crude material was purified using chiral column chromatography (Chiral
Tech OD-H column, 20% EtOH in hexanes). Isolation of the material having a retention time

of about 21.8 minutes afforded the title compound (0.0052 g, 16.2 % yield). The



hept aen- 18- one [00460] Step A: Preparation of

(R)-5-(5-fl uoro-2-nmet hoxyphenyl ) pyrrolidin-3-ol hydrochloride: To solution
of (R)-tewOD-2butmpb33d- (tert-butyl di methyl silyl oxy)-2-(5-f PCoMsS2@14/036452

met hoxyphenyl ) pyrrolidine-I-carboxylate (1.01 g, 2.37 mmol) in CH2Cl12 (10
m) at 0 C was added 4 M HC1 in dioxage (5.93 nm., 23.7 mml ). The resulting
m xture was warned to anbi ent tenperature and stirred for 8 hours. The
reaCt'0“sﬂ%&%Mﬁﬁmﬂﬂﬁ%ﬁ@ﬂﬁ@&ﬁﬁﬁﬁﬁﬂwH@Q%%nn&ﬁbfQﬂy@@ﬂnéé%ﬁi%h%niQJghMﬁ the
crude material that was triturated wwth ether. The resulting solids were
filtered (BHOARFH evz uAdtet (Meduced pressure to afford (R)-5-(5-fluoro-2-

met hoxyphenyl ) pyrrolidin-3-ol hydaglg % ge (0.577 g, 2.33 mol, 98.2 %
yield). Ms (APCl) mz = 212.0 (M 0& 1] Step B: Preparation of

(R)-ethyl 5-(2-(5-fluoro-2-neth 'N4N

hydr oxypyrrolidin-I-yl)pyrazol oll, drne 3-carboxylate: To a
suspensi on of ethyl 5- hydroxypyrazo 0[1 rrntdrne 3-carboxyl ate (0.541
g, 2.61 mmol) and BOP reagent € nnDI) in DMF/ CH2C12 (3 nl/3 L)
at 0 C was added (R)-5-(5-fluoro thg Yphenyl ) pyrrol i di n- 3- ol

hydr ochl ori de
The resul ti ng4kd

0. 588 2. 37 nnDI follomed b DIEA (1.66 nL, 9.50 mmol).

RO L1 hlzierovs oxvalipxard. 1. S mpantaazapaetacyelor r ed for 18

hours. The reup;§‘ : ) &0 1Rl fssure to give

t he crude mat er ~that C 0 1 he organic

| ayer wadq0@#a3hed V\Thdntbatompamreldwaquémdsdlmallgccmalfserbdmmdepwtetbm ]Ema,mpmhrr ed

over M5 en rat red ced re pve the

crude na%eﬂ%ﬁ}¥W1%w Vm%ﬁﬁ$#§@%%%§ gﬁé% C%T%%#E @ﬁ%(bgraphy,

fe: uting Mdld)hcﬂﬂ%ﬁb&h pb@ncﬁ%lﬁﬁgiaiy Ihﬁlve(BdBﬁliISBIateﬁ a?ﬂn@@ﬁldl t(lR):n@'ﬁﬁtllleér dnd(o2 o b-
uor o- 2- met ho en 4 ro ro in-1-yl)pyrazol o

- a] pyr i mio8iMee §¥*18ferea%s%x%%tff§ree f’fg c gile FPOIni vy o F%‘Fddﬁ?y o s

( ES+APCI )INMR 0% edfblimen{) MitMS ([E@@ﬁ@@bst/@e 4%4.1Rveper ation of ethyl

5-(2-(5-fluoro-2-nmet hoxyphenyl)

oxopyrrolidin-1-vl)pyrazol ol1, 5- aIE?@ﬁh?ane 3-carboxylate: To a suspension

of Dess -Martin periodinane (0.233 g, OS54Nmol) in CH2C12 (2.2 n) at 0 C

was added a solution of (R) - ethy (2 -fluoro-2

- met hoxypheny1l) - 4- hydr oxypyrro lid razo lo [1,5-3a]

pyri mi di ne3- carboxyl ate (0.200_g, %in CH2C12 (1.5 nmL). The

resulting mxture was warned to t tehperature and stirred for 18

hours. The reaction m xture was cooled to 0 C and quenched with saturated

agueous NaHCO3 ((BRJt’BR) 9 dlontoad-hy drgxyNER G231 71,21 7870:85 pentadz#pbntmayolo) . The

resulting mx 8,7, wed stirred for 10

m nutes. The or¢afite 4CQ gshed L 81%8Y aqueous

NaHCO3 ( J6o4sk) f ol ttm/\eale botn;ibﬁhmevaé :b@epﬁie):l,acéb’rmﬁg @Vl%r mt@&%f rkithplersed, and

concentrat ed under reduced pressure to afford eth (2-(5 -fluoro 2

- met hoxy pREHIHMINS 43-6)epoprapan-l iaghing. 1ydipellpgides Ao |(§>-¥-tm510a3] Cfggfpprﬁp%n el -

car boxy!l a%gotflod®@4indsteBA- 4%83/1'11% égé% ylnﬂ NEhikalF FEAP Q@Hrgol_-’umn 12890 EedHMEH) -

[ 00463] St epD: Prepar ationofeth di f1 uor o- 2- (5-f 1 uor o- 2-

met hoxy p Bexapey, pstertiontigioraboutyl %oylrralte@] dhe swregflippristeyi ofitheetithe eoaiovndvat e: To a

sol ution 1 rro lidin-1

-yI)pyraz%hFﬁkF¥§g§}P&%§p?ﬁ¥ rMR%%L%/ oxyIaF Q%Oé%%&ﬁ%gﬁ% 407 mmol ) in

CH2C12 (3 L) was added a squtroExahpr@@@- met hoxyet hyl ) am nosul f ur

trifluoride (0.134 m., 0.691 nnnh) forgfmeq“by Et OH (0.00475 89 m_, 0.0813

mmol ). The resulting m xture was t Yanbi ent tenperature for 18
hours. The reaction m xture was p o\saturated aqueous NaHCG3 (6 ni)
and extracted with CH2C12 (2 x 10 nrrpQN obi ned organic | ayers were
dried over MgSH4, filtered, and gga e ed under reduced pressure to give
the crude material that was puri (by silica columm chromat ography,
eluting with O- 5@?(06@ @fﬁéﬂd@ﬁm&wtg @Iafpl'm1@2"%'—Dentaazapentacvclo
5-(4, 4-di fluoro2-(5; )cyrrolrdln- -yI)cyrazoIo [1, 5-a]
pyrim di ne-3 L[E.5208\0 hexaggsg-16 25899:9@p H30.23njwptappdBoney 7 = 420. 9
(MeH) . Q&fh@ﬂ St epﬁleP fi @@{)\‘ﬂé(}t@a%g pr@ 4ared4 dﬂjiﬂ(gl ﬂﬁ@rc@hrgl Rafibd '69(3(12. .
hydr oxyphenyl’) pyrrolidin pyrazol o[ 1, 5-alpyrimd -3-carboxylic acid:
To a sol dixkwoplech ot hylatng ﬂleéfradilfﬁrlStl@VmgZetelqtﬁ)n-ﬁmmeb@t 26 Aeninotey pHenwig) pyrr o
lidin-1-yl)pyrazo lo [1,5 - a]pyrimdine-3-carboxylate (0.126 g, 0.267
mmol) in CH2Cl12 (1.3 nL) at 0C was added 1 MBBr3 in CH2C12 (1.50 m., 1.50
nmmol ). The resulting m xture was warned to anbi ent tenperature and stirred
for 18 hours. The reaction mxture was diluted with CH2C12 (5 nL) and
poured into a m xture of ice and saturated agqueous NaHCO3 (3 ni). The
agueous Iayer was then acrdrfred to about pH 3 mnth 1 N aqueous HCl The

o o . N NI IS PNA PN - A~




di ne-3-carboxylic acid (0.094 g, 93.1 %yield). M5 (APCI) mz = 378.9
(M+tH). [00465] Step F. Preparation of

N4S) - 3- chwor2ot12ub38dr oxypr opyl) - 5- (4, 4-di f |l uor o- 2- ( 5- PCT/US2011/036452

fl uor o- 2- hydr oxyphenyl ) pyrrolidin-1-y1)pyrazol 011, 5-al pyri m di ne- 3- car boxam
ide: To a mxtureof5 -(4,4-difluoro-23f(5-fluoro-2 -hydroxyphenyl)pyrro
lidin-l-yl)pyrazo o [1,5 - a] pyri mdine-3-carboxylic acid (0.047 g, 0.124
mol ) an@4.|§%3};ie(08-\9lgé2 By Hvd 86ciMBlaled! dloddMFith nfiaonRE 1RV SRL of BIYRET At ure
was added EDCI (0.0357 g, 0.186 nmol). The resulting mxture was stirred
for 1 houtastereemersi sTheissarenchenpatsy altide ditle Sympovaeiws cgnianicd bgp HopdR- 00| 90
hydr ochl qt | %@@m A0R. g, 0.149 mol) followed by DI EA
(0. 0656 %{%15&118@% rr/TmSIe()E%zépgfr‘?b%?ént39t§'é3%%f§%ture. The resulting m xture was
stirred for 48 hours. The reacti onErampledd was diluted with EtOAc (10 ni),
and the organic | ayer was washep[owith 1:1 mxture of brine and water. The
aqueous | ayer was separated and Nagi{fﬁgﬁth Et0Ac (2 x 10 nL). The
conbi ned organic | ayers were wash Wi a{l:1 mxture of brine and water
(15 nL) and conbined with the organi c J ayer/~8bt ai ned previously. The
organic |l ayer was dried over M50 i | Yer®d, and concentrated under
reduced pressure to afford N (( 9= chl

or o- 2- hydr oxypropy1l) -5-(4, 4-di f| uoro- 2 -{5-f| uor o- 2 - hydroxyphenyl ) pyrrol i
din-1 - yl) pyr aZsit&i1- T80T AYG Oy H-Pre-3 6.2y lnsenpniaggapeiaqyglp g, 105 %
yield). LOM (ESHAFGY P2 GeAfBdl 1 OM 1D 111 Q04661 StiepG. 1 Prgpar ati on of

D astereoners 1 and 2 of (155)-4,4,9-trifluoro-15- hydroxy-13 -oxa-2 , 17

, 21, 22, 2800480k aaz apentite ganryrnd was prepared giegrding to e Mmethpd b Esararls (425) | 7

(12), 8, : 6)r_ - ta : ixture: of, -3 5¢chloro-2
- hydr oxyjs?té)sgglll%]igS 2&?%m§tﬁgf§{ﬁ%or %%L?ISO???UO@B- 2(&t E%@F@x@%ﬁ%&éﬁ%ﬁ ggl idin-1
-yl ) pyr adhglioclldrid-ia SEprA. nTldi trie-c8mpowundbox aofifial Ysdg080hig] T&hIP8H wpioip, and
Cs2C3 ( . 0. 639 | ), kN - 4.l heat ed at C.for 30

i nutes. WaerieBL i habl AN Gol el wfel R 8l i vl
filtered.(100hengf il4.pVeagieldwaShe arepdlichaitadofthedtle canhned was easinmed by 'Igi ve t he
crude materjal which wa ifie sili e | ash col unm chr omat ogr aphy
(CH2C12 Kﬁ&’@%ﬂ%@f«%ﬁé@% (Esﬁggeé:n%f 35%'12]}4+51{)'d a mxture of the

di astereoners. The isol ated di ast gxg@aprr43-pere further purified by chiral
col um chr omat ogr aphy (Chiral Tech OD-H_col um, 20% EtOH i n hexanes).
Fractions having a retention tH | OW'7 1 mnutes were isolated to
afford the title conpound desi gnat et tereomer 1 (11 ng, 20 %yield.;
M5 (APCI) mz = 434.2 (MtH). Fractiions Navi a retention tinme of about 21
0O mnutes were isolated to provi d O3 £ conpound desi gnated as

D astereoner 2 (13 ng; 24 %yield) S5 (AP mz = 434.2 (MtH). 91 What

is clained is: 1. A conpound of &heXgeneral Formula | | 5or

phar maceut i caIIy4 GSeR! bl e alts 1 hexra_ { ng]eiﬁi n, rin Af’os sel ected from
= N

rings A-1, A2 locd 1len’t'cwtzape acyc

[16.5.2.0%%.07'2.0° B pentacosa-1(24),7.9.11,18(25).19.22-heptaen-17-one

[00457] The title compound was isolated during the chiral separation reported in
Example 43 by isolating fractions having a retention time of about 21.3 minutes (15.9 mg,
21.1% yield) which may have been isolated along with the enantiomer and/or one or more
diastercomers. The stereochemistry of the title compound was confirmed by "H-NMR nOe
experiment), LC/MS (ES+APCI) m/z = 384.1 (M+H).

Example 44

HO fN’N\
N =
\NJ\Q
N
" ~(H
OH

0



A-1A- 2A-3 wherein the wavy line | abeled 1 indicates the point of attachnent
of ring Atoring B and the wavy line | abeled 2 indicates the point of

att achmerwoabiwissgé6 A to W 10X is Nor CH Y is H or F; PRI/USS01H036452

(1-3C) al koxy or halogen; ring Bis selected fromrings B-1 and B-2 having
the structures: 33 B-1B-2 15 whereih the wavy line | abeled 3 indicates
the point of attachnment to ring A and the wavy |ine | abeled 4 indicates the
poi nt  of atta(qk,%ﬁntszzwﬂh&% DV &80l 11 Poal DYS b M Oh NeenkdaDfbeicyeRy Mul a 1 W
is O, NH or CHZ, wh vynenrlngAlsA-z thenwlsCHZ;mlso 1 or 2
20D i s carbon 175 ACQHE By0.40 2 ;

2.8¢ Al . .

(provided, R2 %2 ;b @:g
[ ndepend tl y]t H, (ﬁlﬂj:%t1 g?n%olﬁng?&aﬁ dfit'p Qre coéal ﬁheﬁﬂ&hﬁ?%@&@mple 4,
2011/ 146381&9@'{'111@32{)—11&111@3@&5210&2%@% 2-0l hydrochlorlde (prepared according to the
procedure described in Example 19, Step A using (R)-2-(chloromethyl)oxirane) for (S)-1-

amino-3-chloropropan-2-ol hydrochloride in Step A. The crude material was purified on a
silica gel column, ecluting with CH,Cl, to NH4OH:MeOH:CH,Cl, (0.5:5:95) (4 runs).
Fractions containing the earlier eluting compound were collected to provide 12 mg (10.9%
yield) of the desired material. The stereochemistry of the title compound was confirmed by
"H-NMR nOe experiment. LC/MS (ES+APCI) m/z = 414.0 (M+H).

Example 44-B

(4R.6S.15R)-9-fluoro-4,15-dihydroxy-13-oxa-2,17,21,22.25-pentaazapentacyclo
[17.5.2.0°°.0"'2.07>**Thexacosa-1(25).7(12).8.10,19(26).20.23-heptaen-18-one

[00459] The title compound was isolated during the purification reported in Example
44. Fractions containing the later eluting compound were collected to provide 15 mg (13.6%
yield) of the title compound, which may have been isolated along with the enantiomer and/or
one or more diastercomers. The stereochemistry of the title compound was confirmed by 'H-
NMR nOe experiment); LC/MS (ES+APCI) m/z =414.1 (M+H).

Example 45

-N
f\N |
N =
SN
o)
~N
H

Diastereomer 1 and Diastereomer 2 of (155)-4.4.9-trifluoro-15-hyvdroxy-13-oxa-2,17.21.22.
25-pentaazapentacyclo[17.5.2.0%°.0""2.0****Thexacosa-1(25),7(12).8.10,19(26).20.23-

heptaen-18-one
[00460] Step A: Preparation of (R)-5-(5-fluoro-2-methoxyphenyl)pyrrolidin-3-ol

hydrochloride: To solution of (R)-tert-butyl 4-(tert-butyldimethylsilyloxy)-2-(5-fluoro-2-
methoxyphenyl)pyrrolidine-1-carboxylate (1.01 g, 2.37 mmol) in CH,ClL, (10 mL) at 0 °C
was added 4 M HCI in dioxane (5.93 mL, 23.7 mmol). The resulting mixture was warmed to

ambient temperature and stirred for 8 hours. The reaction mixture was concentrated under



Dis carbon or nitrogen, R2 and R3 are absent, and R2a and Ra together with
the atons to which they are attached forma 5-6 nenbered heteroaryl ring

havi ng 1-worong4bsster oat ons; Z is *-NR41C(=0) - PCTASHHT(03€a}2 ,
-NR4bCH2- or *-0C(=0)-, wherein the 5asterisk indicates the point of
attachment of Z to the carbon bearinggR3; Rda is H (1-6C) al kyl,

fluoro(1-6C)al kyl, difluoro(1l-6C)alkyl, trifluoro(1l-6C)alkyl, hydroxy(1l-6C
al kyl') Orred&béwﬂéﬁﬁﬂé(t@ @/Qtlﬁlclﬁ)’de)maté?ﬂbthlaﬁwﬁ trl(u%tM% K¥ér. Tlflé I‘égﬂfﬁ(%](soﬁ@ al kyl ,
di fl uoro(1-6C)al k ? | uoro(1-6C)al k 6C al

di hydr oxyyeee 6@1t91161iyla)1d (dllﬁ@Cua Ky | pdycey - Prf(SSlrﬁct@y@fféw?/kgﬂ))ﬂ56§u0r0 2-

10Ar1C( 0 I y u nyl
Ar2(S02) %neﬂ]-?%?ﬁ@&)mh 1%13 @%ﬂw%ﬂ C@%W & 1% %& @gg ﬁia}éo%ﬁ)onal |y
substi tut(AHCWrm/h dméO(ﬁMJrihi)re substituents independently sel ected from

hal ogen, ) al k nd . / tionally
substltut[é(%'ﬁ}th o%tgp % J1€ . " rom

hal ogen, hidro@¢pyadokdih,1 ﬁnﬁ}ra(zdloﬁ@ a]lpkmmwmeamehﬂR&vamd "[RGa an@enmiepemgmt ly H,

hal ogen, 1-6C 1- 60 A co f claiml
havi ng t ﬁeq“—< &@%@P%{F%&L %Y“% % Hﬁatﬁ%é)ﬁ%]r ﬁ’aig F‘gfpgg)%erﬁ't‘%m e salt
t her eof , (WeeIEBRH r&%u) g wp@f@@iﬁgtﬁ% FARIOMAT G POSwval: aadedpm% Andrdr@2havi ng

the structures:
methoxyphenyl)pyrrohdm 3 01 hydrochloride (0.588 g, 2.37 mmol) followed by DIEA (1.66

mL, 9.50 mmol). The resulting mixture was warmed to ambient temperature and stirred for
18 hours. The reaction mixture was concentrated under reduced pressure to give the crude
material that was diluted again with EtOAc (30 mL). The organic layer was washed with
saturated aqueous NaHCOs; followed by brine, dried over MgSQy, filtered, and concentrated
under reduced pressure to give the crude material that was purified by silica gel flash column
chromatography, eluting with CH,Cl, to 5% MeOH in CH,Cl, to afford (R)-ethyl 5-(2-(5-
fluoro-2-methoxyphenyl)-4-hydroxypyrrolidin-1-yl)pyrazolo[ 1,5-a]pyrimidine-3-carboxylate
(0.735 g, 1.84 mmol, 77.3 % yield). LC/MS (ES+APCI) m/z = 401.1 (M+H).

[00462] Step C: DPreparation of ethyl 5-(2-(5-fluoro-2-methoxyphenyl)-4-

oxopyrrolidin-1-yl)pyrazolo[1.5-a]pyrimidine-3-carboxylate: To a suspension of Dess-Martin

periodinane (0.233 g, 0.549 mmol) in CH,Cl, (2.2 mL) at 0 °C was added a solution of (R)-

ethyl 5-(2-(5-fluoro-2-methoxyphenyl)-4-hydroxypyrrolidin-1-yl)pyrazolo[1,5-a]pyrimidine-
3-carboxylate (0.200 g, 0.499 mmol) in CH,Cl, (1.5 mL). The resulting mixture was warmed
to ambient temperature and stirred for 18 hours. The reaction mixture was cooled to 0 °C and
quenched with saturated aqueous NaHCOs (5 mL) containing Na,S,03 (0.608 g, 3.85 mmol).
The resulting mixture was warmed to ambient temperature and stirred for 10 minutes. The
organic layer was separated, washed with saturated aqueous NaHCO; (10 mL) followed by
brine (10 mL), dried over MgSOQ,, filtered, and concentrated under reduced pressure to afford
ethyl  5-(2-(5-fluoro-2-methoxyphenyl)-4-oxopyrrolidin-1-yl)pyrazolo[1,5-a]pyrimidine-3-
carboxylate (0.164 g, 82.4 % yield). LC/MS (ES+APCI) m/z = 399.1 (M+H).

[00463] Step D: Preparation of cthyl 5-(4,4-difluoro-2-(5-fluoro-2-

methoxyphenyDpyrrolidin-1-yDpyrazolo[1.5-a]pyrimidine-3-carboxylate: To a solution of

ethyl  5-(2-(5-fluoro-2-methoxyphenyl)-4-oxopyrrolidin-1-yl)pyrazolo[1,5-a]pyrimidine-3-
carboxylate (0.162 g, 0.407 mmol) in CH,Cl, (3 mL) was added a solution of bis(2-
methoxyethyl)aminosulfur trifluoride (0.134 mL, 0.691 mmol) followed by EtOH (0.00475



wherein the wavy line | abeled 1 indicates the point of attachnent of ring A

to the pyrrolidine ring of Formula | and the wavy |ine | abeled 2 indicates

t he poi ntwof2oatesshment of ring Ato W 25X is N or CH PCIASY0MA3EsDr F; Rl

is H (1-3C) al koxy or halogen; Wis 0, NH or CH2, wherein when ring Ais

A-2, then Wis CH2; mis 0, 1 or 2; 5B and R2a are independently H F, or

OH, provided that R2 and R2a are not both OH R3 is H (1-3 Cal kyl or

hydr oxy (1a3 fosab Kﬂﬁl@l?] The resui?tlngsrnleuw&flgtrr% at ambfehelpGhrure for NRARGHEZ- _or
-0C(=0)-, wherein the asterisk indicates the point OP attachnment of Z to
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di hyd 6C k = Ar1C(0
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(1-60) al I@Ilz(’ngﬁg }JIYE? K/ﬁg@dl)nﬁp Z&ﬂ 92&\1[%h phenyl optionally gubst i tuted
with one [@d46HDT € s%{%t ituents i pegpendent | yorsel ecd eds finasaoal somee-2-

(1-60C) al kyI, and GC‘aI koxy; and 20R5 and R6 are independently H,
hal ogen, Sy Dipyazeleh) (Stalpym 1|dmﬂ13 carboxylic acldAT@@rpﬁbluﬁlaof

accordi thH:yP claim 15 Q4 4%1ﬂuWﬁ ?5 Audrb %éhb@pﬁén@gpﬁréldﬂﬁy Y1)8yrazolo[1,5-
a]pyrimidine-3-carboxylate (0.126 g, 0.267 mmol) in CH>Cl, (1.3 mL) at 0 °C was added 1 M

BBr; in CH,ClL, (1.50 mL, 1.50 mmol). The resulting mixture was warmed to ambient
temperature and stirred for 18 hours. The reaction mixture was diluted with CH,Cl, (5 mL)
and poured into a mixture of ice and saturated aqueous NaHCO3 (3 mL). The aqueous layer
was then acidified to about pH 3 with 1 N aqueous HCIL. The aqueous layer was extracted
with CH,Cl, (3 x 10 mL). The combined organic layers were dried over MgSQ,, filtered, and
concentrated under reduced pressure to give a mixture of ethyl 5-(4,4-difluoro-2-(5-fluoro-2-
hydroxyphenyl)pyrrolidin-1-yl)pyrazolo[1,5-a]pyrimidine-3-carboxylate and 5-(4,4-difluoro-
2-(5-fluoro-2-hydroxyphenyl)pyrrolidin-1-yl)pyrazolo[1,5-a]pyrimidine-3-carboxylic  acid.
This mixture was taken up in MeOH-THF (0.25 mL/0.75 mL) at ambient temperature, and 2
N aqueous LiOH (0.667 mL, 1.33 mmol) was added. The resulting mixture was heated at 50
°C for 24 hours. The reaction mixture was cooled to ambient temperature and concentrated
under reduced pressure to remove the organic solvents. The residue was diluted with 5 mL of
EtOAc and acidified to pH 3 to 4 with 6 N aqueous HCI with stirring. The organic layer was
separated and the acidic aqueous layer was extracted with EtOAc (2 x 5 mL). The combined
organic layers were dried over MgSO,, filtered, and concentrated under reduced pressure to
afford  5-(4,4-difluoro-2-(5-fluoro-2-hydroxyphenyl)pyrrolidin-1-yl)pyrazolo[1,5-a]pyrimi-
dine-3-carboxylic acid (0.094 g, 93.1 % yield). MS (APCI) m/z=378.9 (M+H).

[00465] Step F: Preparation of N-((S)-3-chloro-2-hydroxypropyl)-5-(4,4-difluoro-2-(5-

fluoro-2-hydroxyphenyDpyrrolidin-1-yl)pyrazolo[1.5-a]pyrimidine-3-carboxamide: To a

mixture of  5-(4,4-difluoro-2-(5-fluoro-2-hydroxyphenyl)pyrrolidin-1-yl)pyrazolo[1,5-
a]pyrimidine-3-carboxylic acid (0.047 g, 0.124 mmol) and HOBT (0.0252 g, 0.186 mmol) in
DMF (1 mL) at ambient temperature was added EDCI (0.0357 g, 0.186 mmol). The resulting

mixture was stirred for 1 hour. To this mixture was added (S)-1-amino-3-chloropropan-2-ol



the structure 1 n)1 2 Y RL A-1 4. A conpound according to claim3, wherein X
Is CH 255. A conpound according to claim3, wherein Xis N 6.A conpound
accor di ngvoaocl@sizel or 2, wherein ring Ais ring A 3 hacirag2eih@3es? uct ur e
94 1 A-3. 7. A conpound according to any of clains 1-6, wherein Wis 0. 8.
A conmpound according to any of clainsyd-6, wherein Wis NH 9. A conpound
according to any of clains 1-6, wherein Wis CH 510. A conpound accordi ng

to clai mulq@EnidndeRRLBHR 151 K& A; 0214 D). A9ZnhEY kFBwe By SITENGH B di; - VVY
0.373 mmol) at ambient temperature. The resulting mixture was stirred for 48 hours. The
reaction mixture was diluted with EtOAc (10 mL), and the organic layer was washed with a
1:1 mixture of brine and water. The aqueous layer was separated and extracted with EtOAc
(2 x 10 mL). The combined organic layers were washed with a 1:1 mixture of brine and water
(15 mL) and combined with the organic layer obtained previously. The organic layer was
dried over MgSQ., filtered, and concentrated under reduced pressure to afford N-((S)-3-
chloro-2-hydroxypropyl)-5-(4,4-difluoro-2-(5-fluoro-2-hydroxyphenyl)pyrrolidin-1-
yhpyrazolo[1,5-a]pyrimidine-3-carboxamide (0.061 g, 105 % vyield). LC/MS (ES+APCI)
m/z = 468.1 (M-H).
[00466] Step G: Preparation of Diastercomers 1 and 2 of (155)-4.4.9-trifluoro-15-
hydroxy-13-oxa-2,17.21.22.25-pentaazapentacyclo[17.5.2.0>°.0"'%.0°***Thexacosa-1(25).7
(12),8.10.,19(26),20.23-heptaen-18-one: A mixture of N-((S)-3-chloro-2-hydroxypropyl)-5-

(4,4-difluoro-2-(5-fluoro-2-hydroxyphenyl)pyrrolidin-1-yl)pyrazolo[1,5-a]pyrimidine-3-

carboxamide (0.060 g, 0.128 mmol) and Cs,CO3 (0.208 g, 0.639 mmol) in DMF (6.4 mL)
was heated at 85 °C for 30 minutes. The reaction mixture was cooled to ambient temperature
and filtered. The filtrate was concentrated under reduced pressure to give the crude material
which was purified by silica gel flash column chromatography (CH,Cl, to
NH4OH:MeOH:CH,Cl, = 0.5:5:95) to afford a mixture of the diastercomers. The isolated
diasterecomers were further purified by chiral column chromatography (Chiral Tech OD-H
column, 20% EtOH in hexanes). Fractions having a retention time of about 17.1 minutes
were isolated to afford the title compound designated as Diastereomer 1 (11 mg, 20 % yield.;
MS (APCI) m/z = 434.2 (M+H). Fractions having a retention time of about 21.0 minutes
were isolated to provide the title compound designated as Diasterecomer 2 (13 mg; 24 %

yield); MS (APCI) m/z = 434.2 (M+H).



Oy 7., .N..s cs'" 2 RL A-2 11. A conpound according to any of clains
1-10, V\/nerel nYis F. 12. A conpound according to any of clainms 1-10,
wherei n YWo0H/1485383. A conpound accordi ng to any of cl aiPag/ub2di2/0368Er ei n R1

is H 14. A compound according to any of clainms 1-12, wherein Rl is
(1-3 Cal kyl or (1-3C) al koxy. 15. A compound according to claim 14,
wherein Rl is nmethyl or nethoxy. 16. A conpound according to any of

claims 1-12, wherein Rl is hal ogen. 1527. A conpound according to claim 16,
wherein Rl I 18. A compound according to any of clains
1-17, wher g}]l?ldtk&h%gdﬁm aC(=0)-. 19. A conpound according to claim18,
V\/nerel n Rda is hydr ofyeompound of the gene) Fomdohpound according to claim 18,
wherein Rda is (1-6C al kyl, fluoro(1l- 6£ akkyl di fl uoro(1-6C) al kyl,
trifluoro(1-6C) al kyl, hydroxy(1-6C alK d| hydroxy(2- 2 06C al kyI ).

21. A compound according to claif_20; Tein Rda is (1-6C)al kyl .

22. A conpound according to any cI ai 0B L7, wherein Z is *- ONHC(=0) -
23. A conpound according to any g |, Al nh/\Kﬁ wherein Z is *- NRAbCH2-

95
R3a
R3
|
5  or pharmaceutically acceptable salts thercof, wherein:
ring A is selected from rings A-1, A-2 and A-3 having the structures:
1 1

1
oL by

v 7vX 7\\/N\e;2 v \)\ X
R’ R

Y

A-1 A2 A-3
wherein the wavy line labeled 1 indicates the point of attachment of ring A to ring B and
the wavy line labeled 2 indicates the point of attachment of ring A to W;
10 Xis N or CH;
YisHorF;
R' is H, (1-3C)alkoxy or halogen;

ring B is selected from rings B-1 and B-2 having the structures:

R 0
5 | O
O q»«*
3 3
B-1 B-2

15  wherein the wavy line labeled 3 indicates the point of attachment to ring A and the wavy
line labeled 4 indicates the point of attachment to the pyrazolo[1,5-a]pyrimidine ring of
Formula I;

W is O, NH or CH,, wherein when ring A is A-2, then W is CHj;
mis 0, 1 or2;

20 D is carbon, R* and R* are independently H, F, (1-3 C)alkyl or OH (provided that
R’ and R* are not both OH), and R and R™ are independently H, (1-3 C)alkyl or
hydroxy(1-3 C)alkyl, or



24. A conpound according to claim 23, wherein R4db is H. 25. A
conpound according to claim23, wherein R4b is selected from (1- 6C) al kyl,
fl uor o( 1-wQ)2alkab33edi f | uor o( 1- 6C) al kyl and trifl uoro(1- @Craiskeil/036452 26.
A compound according to claim?25, wherein R4b is (1-6C)al kyl. 527. A
conpound according to claim 23, wherein R4b is selected from (1-6C

al kyl )C(0)-, (3-6C cycloalkyl)C(0)-, AriC(0)- and HOCH2C(O)-. 28. A
conmpound according to claim 27, whereimR4b is (1- GC al kyl ) C(0) -

29. A conpound 2R 3 ' ta 1-6C
al kyl ) sul f onyl , B%g%%rgbﬂ‘gr 1‘&0%(9% Su‘?ﬁo%ﬁb%n@ﬁﬁ § q&%g’%bwtﬂ% ound
accordi ng tato)rrrsltalwhlcﬂlgthey\/aleraetacheﬂeszrni 8 S(QHﬁﬁba‘e&ybt):@am oiny lhaving 1-2 ring 31. A
conmpound acl;lctord£ l_n%to claim 23, wherein R4b is HRCCH2-. 32. A conpound
accordi ng to crali™ 23, wherein R4b is (1-6C al kyl ) NH(C0) - . 33. A
conpound accor dizng th‘"‘@( 0f-, cl@NHE(=0)or *RBA Hmhar ioCE0)-$ varrdionhe R2 and

R2a are_i ndepend I’OVI ded that R2 and R2a
are not° bo@ﬁeri%@fﬁcat%ﬁ@mm&(ﬁaﬂa% er&@ﬁ%ﬁ]@ﬁgﬁ% #PeN> (1-3 Oal kyl or

hydroxy(1-3 C) aklewd 1, (1- 6C)alky}3‘ﬂlu016(1C6m)BHWI"dlfR16Fogf BT RAtkyl, Ariftito@fscdiRims  1- 33,
wherein R2 and R2a are each corrpound according to
any of cl ailpgroru($C %Yé)r%ldﬁlyﬁ@xé@cﬁq:@aylhre each fluoro. 2036.A conmpound

37 A compound Aodordl e T b aergh R Bl BB PR A TR en and
R2a is OH. hydroxy(l-68glkyA), d&nﬁ@aﬂd cdbyldi(hgCtatkydl@Pm B-of caladyDlierei n R2
Iczrrpljoﬁng accor@ ngﬂféﬁﬁ(o Ori aﬁgéggﬂovﬁ[é?g%é Q@%%S%Onygr%r ﬁ‘;%)%)d’rA
HO,CCHa;- or (1-6C alkyl)NH(CO)-;
Ar' is phenyl optionally substituted with one or more substituents independently
selected from halogen, (1-6C)alkyl, and (1-6C)alkoxy;
Ar’ is phenyl optionally substituted with one or more substituents independently
15  selected from halogen, (1-6C)alkyl, and (1-6C)alkoxy; and
R’ and R° are independently H, halogen, OH, (1-6C)alkyl or hydroxy(1-6C)alkyl.

2. A compound of claim 1 having the general Formula
R /—|-\
RZa R2

or a pharmaceutically acceptable salt thereof, wherein:

20 ring A is selected from rings A-1, A-2 and A-3 having the structures:
o i o
e A 4
v X Y \/‘/N\;‘Sz Y \/kfz
R’ R’ R
A1 A-2 A-3

wherein the wavy line labeled 1 indicates the point of attachment of ring A to the
pyrrolidine ring of Formula I and the wavy line labeled 2 indicates the point of attachment
of ring A to W;

25 Xis N or CH;



R3a is nethyl and R3 is H, or R3a and R3a are both nethyl. 3040. A conpound
according to claim1l or 3-32, wherein Dis carbon or nitrogen, R2 and R3

are absenwp andi4BBa and R3a together with the atons to whirals2atheyedar e
attached forma 5-6 nenbered heteroaryl

ring having 1-2 ring heteroatons.

41. A conpound according to any of clains 1-40, wherein ring Bis ring B-1:
JIM 3 B-1; and R5 and R6 are independently H F, OH nethyl, ethyl,

or HOCH2CH2- .

HOCH2 -

42. A conmpound accoepding to claim4l, wherein R5 is

hydrogen and R6yi;sytd, gF, OH nethyl, ethyl, HOCH2- or HOCH2CH2-. 543. A

conpound accordlng

claim1 or 3-40R' mﬂé(bBﬁﬁM«mgthdqgmu ng B-2:

ng to a erein n1|s , conmpound accordi ng
810, P i R P o o B i S or o

according to any of

accordi

to any
cl ai nB

of cIa|

1- 44, wh@lne(),nl s 2.

5

10

15

20

25

R? and R* are independently H, F, or OH, provided that R* and R*® are not both
OH;

R’ is H, (1-3 C)alkyl or hydroxy(1-3 C)alkyl;

Z is *NR¥C(=0)-, *-ONHC(=0)-, *-NR*CH,- or *-OC(=0)-, wherein the
asterisk indicates the point of attachment of Z to the carbon bearing R*;

R* is H, (1-6C)alkyl, fluoro(1-6C)alkyl, difluoro(1-6C)alkyl, trifluoro(1-6C)alkyl,
hydroxy(1-6C alkyl) or dihydroxy(2-6C alkyl);

R* is H, (1-6C)alkyl, fluoro(1-6C)alkyl, difluoro(1-6C)alkyl, trifluoro(1-6C)alkyl,
hydroxy(1-6C alkyl), dihydroxy(2-6C alkyl), (1-6C alkyl)C(O)-, (3-6C cycloalkyl)C(O)-,
Ar'C(0)-, HOCH,C(O)-, (1-6C alkyl)sulfonyl, (3-6C cycloalkyl)sulfonyl, Ar’(SO,)-,
HO,CCH;- or (1-6C alkyl)NH(CO)-;

Ar' is phenyl optionally substituted with one or more substituents independently
selected from halogen, (1-6C)alkyl, and (1-6C)alkoxy;

Ar’ is phenyl optionally substituted with one or more substituents independently
selected from halogen, (1-6C)alkyl, and (1-6C)alkoxy; and

R’ and R® are independently H, halogen, OH, (1-6C)alkyl or hydroxy(1-6C)alkyl.

3. A compound according to claim 1 or 2, wherein ring A is ring A-1 having

the structure

e
o
R
A-1
4, A compound according to claim 3, wherein X is CH.
5. A compound according to claim 3, wherein X is N.
6. A compound according to claim 1 or 2, wherein ring A is ring A-3 having the

structure

to cIa|n142 mhereln R6 is H 44. A conpound according to
JUNIV 3 B-2 45. A conpound



48. A conmpound according to any of clainms 1-47 haying the absol ute
configuration of Figure 1-a: 1-a 1549. A conpound according to any of

cl ai rs 1-W0 2bmyi4pgp6t he absol ute configuration of Fi gurePfThiS2033/03@32

50. A pharnmaceutical conposition, which conprises a conpound of Fornula I
as defined in any one of clains 1 to 49, or a pharmaceutically acceptable
salt thereof, and a pharmaceutically acceptable diluent or carrier.

51. A nethod for treating a di sease or94di sorder selected from pain, cancer
5 inflammation, neurodegenerative disease or Trypanosona cruzi infection in
a manmal , which conprises admnistering to said mammal a therapeutically

ef fecti ve anount of a conpound of Fornula | as defined in any one of clains
1 to 49, or a pharmaceutically accep*ébre salt thereof 52. The

met hod of claimb51, wherein the disease’qr, disorder is pain. 10 53. A
compound of Formula | as defined iM any oﬁézof claims 1 to 49, or a

phar maceutical |y acceptable salt t heReof, for use in the treatnent of pain,
cancer, inflammation, neurodegeneratiX% di sease or Trypanosonma Cruzi
infection. 54. A process for the preparation of a conpound of claim1, which
conprises: (a) for aAconpauddcfdifOiomu) af dlaiwd erenwheréin W i¥ ONHC( =0) -, and
ring A, ring B, 1 5- 2a, W D, E@? K R3, R3a and mare_as_defined for
Formula I, cyclPzi ng* 8OBRUNASHFOHONNG 2B ADURY | fatirg ™t Wes Nor nul a 1|

0. A compound according to any of claims 1-6, wherein W is CH.
5 10. A compound according to claim 1 or 2, wherein ring A is ring A-2 having
the structure

1

WA

/ O
NS

)
R
A-2
11. A compound according to any of claims 1-10, wherein Y is F.
12. A compound according to any of claims 1-10, wherein Y is H.
10 13. A compound according to any of claims 1-12, wherein R' is H.
14. A compound according to any of claims 1-12, wherein R' is (1-3 C)alkyl or
(1-3C)alkoxy.
15. A compound according to claim 14, wherein R' is methyl or methoxy.
16. A compound according to any of claims 1-12, wherein R' is halogen.
15 17. A compound according to claim 16, wherein R is fluoro.
18. A compound according to any of claims 1-17, wherein Z is *-NR*C(=0)-.
19. A compound according to claim 18, wherein R* is hydrogen.
20. A compound according to claim 18, wherein R* is (1-6C)alkyl, fluoro(1-
6C)alkyl, difluoro(1-6C)alkyl, trifluoro(1-6C)alkyl, hydroxy(1-6C alkyl) or dihydroxy(2-
20 6C alkyl).
21. A compound according to claim 20, wherein R* is (1-6C)alkyl.
22. A compound according to any of claims 1-17, wherein Z is *-ONHC(=0)-.

23. A compound according to any of claims 1-17, wherein Z is * NR*CH,- .



I where P1 is H or a carboxyl protecting group, in the presence of a
coupling reagent and a 20base; or (b) for a conpound of Fornmula | wherein W
is 0, rimgoAoisi4bassmul a A-1: A1 Xis N, and ring B, DPCT/USW11BIq4SR2, R2a,
- 3, 3 Ka and mare as defined for Formula I, cyclizing a correspondi ng
conpound having the fornula Il 98 --NIl R2 Rza \ DR3a L1-41) nR3 111

where nis 1, 2, 3 or 4 and L1 is a |leaving group or atom

I n the presence

of a base; or (c) for a conpound of Foepjrula | wherein Wis CH2, ring Ais

formula A-2: 1 ,pA 2, compound according to claim 23, wherein R*" is H.

25. A compound according to claim 23, wherein R* is selected from (1-

6C)alkyl, fluoro(1-6C)alkyl, difluoro(1-6C)alkyl and trifluoro(1-6C)alkyl.

26. A compound according to claim 25, wherein R*" is (1-6C)alkyl.

5 27. A compound according to claim 23, wherein R*" is selected from (1-6C

alky1)C(0)-, (3-6C cycloalkyl)C(O)-, Ar'C(O)- and HOCH,C(O)-.

28. A compound according to claim 27, wherein R* is (1-6C alkyl)C(O)-.

29. A compound according to claim 23, wherein R*" is selected from (1-6C

alkyl)sulfonyl, (3-6C cycloalkyl)sulfonyl, and Ar*(SO,)-.

10 30. A compound according to claim 29, wherein R*” is (1-6C alkyl)sulfonyl.

31. A compound according to claim 23, wherein R* is HO,CCH,-.
32. A compound according to claim 23, wherein R* is (1-6C alky)NH(CO)-.

33. A compound according to any of claims 1 or 3-32, wherein D is carbon, R*
and R* are independently H, F, (1-3 C)alkyl or OH (provided that R* and R* are not both
15 OH), and R’ and R* are independently H, (1-3 C)alkyl or hydroxy(1-3 C)alkyl.

34. A compound according to any of claims 1-33, wherein R and R*® are each

hydrogen.
35. A compound according to any of claims 1-33, wherein R? and R* are each
fluoro.
20 36. A compound according to any of claims 1-33, wherein R” is hydrogen and

R is fluoro.

37. A compound according to any of claims 1-33, wherein R? is hydrogen and
R* is OH.
38. A compound according to claim 1 or 3-33, wherein R” is H and R* is

25  methyl, or R? and R* are both methyl.
39. A compound according to claim 1 or 3-33, wherein:
R* and R* are H; or
R* is methyl and R is H; or
R** and R™ are both methyl.

30 40. A compound according to claim 1 or 3-32, wherein D is carbon or nitrogen,

R? and R’ are absent, and R*® and R™ together with the atoms to which they are attached

form a 5-6 membered heteroaryl ring having 1-2 ring heteroatoms.

41. A compound according to any of claims 1-40, wherein ring B is ring B-1:



and ring B, Z, D, Y, Rl, R, K-2a, R3, R3a and mare as defined for
Formula I, cyclizing a correspondi ng conpound having the fornmula |V mlV
10wher e LWOi28112146338vi Nng group or atom in the presence eCTAS@EIM3646T (d)
for a conpound of Forrmula | wherein Zis *-NHC(=0)-, and ring A ring B,

2a, - W D, R2, x R3, R3 and mare as defined for Formula I, cyclizing a
correspondi ng conpound having the formula V 15V in the presence of a base
and a coupling reagent; or 99 (e) forda conpound of Formula | wherein Z is
*-NHCH2-, and ring A, ring B W 2 -a 3 -

R5\/_|_\N /E 4

Y

v

3

B-1 ; and
R’ and R® are independently H, F, OH, methyl, ethyl, HOCH;- or HOCH,CHs-.
42. A compound according to claim 41, wherein R’ is hydrogen and RCis H, F,
OH, methyl, ethyl, HOCH,- or HOCH,CH>-.
5 43. A compound according to claim 42, wherein R® is H.

44. A compound according to claim 1 or 3-40, wherein ring B is ring B-2:
O
O

%N;ﬁ

Wy

3
B-2
45. A compound according to any of claims 1-44, wherein m is 0.
46. A compound according to any of claims 1-44, wherein m is 1.
10 47. A compound according to any of claims 1-44, wherein m is 2.

48. A compound according to any of claims 1-47 having the absolute

/ /N
RS N N
R3 A
N N
RZa RZ
\/"
WMD
m R3a

configuration of Figure 1-a:

R3
1-a
15 49. A compound according to any of claims 1-47 having the absolute
configuration of Figure 1-b
R® /(\ N/N\
R X A
AL
Rza\ /R2 z



Db R2, x, x, R3a and mare as defined for Fornmula I, cyclizing a
correspondi ng conpound haying the formula VI 5VI in the presence of a
reduci ng woent1/146336(f) for a conpound of Fornula | wher @Cm/UB2013/036484HCH2- |

and ring A, ring BB W D, R2, Ra, R3, ,-.3a x and mare as
defined for Fornmula I, cyclizing a correspondi ng conpound hayi ng the
formula VII 10 VIl in the presence of triphenylphosphine or (9)
for a conpound of Fornmula | wherein ring A ring B, Db m R, R2a, R3,

ey o)< (a1 sgerayRhetikl g Bpgyish kﬁwgﬁﬁ%wg S Roryl
al kyl ) sul f @mg&éﬂne(l B 6 ay cof olainksyll fosA9l bronpharridoe@iCally kgl Eain@nbreoic 8b6C
t%gl?glﬁﬁ:é%%%PPC%F%MgﬁFﬁ§%&§Rﬁ%PFCE%%gglng a correspondi ng conpound hayi ng
A method for treating a disease or disorder selected from pain, cancer,
5 inflammation, neurodegenerative disease or Trypanosoma cruzi infection in a mammal,
which comprises administering to said mammal a therapeutically effective amount of a
compound of Formula I as defined in any one of claims 1 to 49, or a pharmaceutically
acceptable salt thercof.
52. The method of claim 51, wherein the disease or disorder is pain.

10 53. A compound of Formula I as defined in any one of claims 1 to 49, or a
pharmaceutically acceptable salt thereof, for use in the treatment of pain, cancer,
inflammation, neurodegenerative disease or Trypanosoma cruzi infection.

54. A process for the preparation of a compound of claim 1, which comprises:
(a) for a compound of Formula I wherein Z is *-NHC(=0)-, and ring A, ring B,
15 W, D, R%, R® R?, R¥ and m are as defined for Formula I, cyclizing a corresponding

compound having the formula II
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N
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where P! is H or a carboxyl protecting group, in the presence of a coupling reagent and a
20  base; or

(b) for a compound of Formula I wherein W is O, ring A is formula A-1:

1
A
Y %VX
R1

A-1 ,

X is N, and ring B, D, Z, Y, R", R?, R® R’, R* and m are as defined for Formula I,

cyclizing a corresponding compound having the formula I11



with a reagent having the formula (1-6C al kyl)C(0)-L3, (3-6C

cycl oal kyl ) C(0)-L3, Arl1C(0)-L3, HOCH2C(0)-L3, (1-6C al kyl)(S02)-L3, (3-6C
cycl oal kywp(e2ineis8, or Ar2(S02)-L3, respectively, wher@eCrasesi1a3ddeavi ng
atom in the presence of a base; or (h) for a conpound of Forrula | wherein
ring A, ring B W D, R2, R2a, R3, R3a 5and mare as defined for Formula I,
Zis *-NR4bCH2-, and R4b is (1-6C al kyl )NH(CO)-, reacting a conpound havi ng
the formula VIII with a reagent havingthe formula (1-6C al kyl )N=C=0 in
the presence of a base; or 10 (i) for r\p,m)ound of Formula | wherein R2 is
F, RRais H and ring A ring B , R3a, and mare as defined for
Formula |, reacting a correspon having the formula I X

15with a fluorination reagent; ound of Formula | wherein Wis
O, ring Ais formula A-1, 1.111/. H F@Fff is CH and Y, RL, D, ring B,
Z, R2, R2a, R3 and mare as defi|lnet] for Fo &l, cyclizing a

correspondi ng conpound having vhg tornul )X R101 where nis 1, 2, 3 or 4
and L1 is a leaving group or atem in thé/presence of a base; and

11

wherenis 1,2, 3 or 4 and L' is a leaving group or atom, in the presence of a base; or

(¢) for a compound of Formula I wherein W is CH,, ring A is formula A-2:

and ring B, Z, D, Y, R', R%, R*® R®, R* and m are as defined for Formula 1, cyclizing a

corresponding compound having the formula IV

10  where L? is a leaving group or atom, in the presence of a base; or
(d) for a compound of Formula I wherein Z is *-NHC(=0)-, and ring A, ring B,

W, D, R*, R R’, R* and m are as defined for Formula I, cyclizing a corresponding

N
7 N7 N
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compound having the formula V
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15

in the presence of a base and a coupling reagent; or



optionally renoving any protecting groups and optionally preparing a salt
t hereof 555. The nmethod of claim54, wherein: ring Bis ring B-1 having the
struct ur ewvOR611R363361-? N 4 J11,/ 3 B-1 D is carbon; PCT/US2011/0BRa5and R2a
are independently H F, (1-3 Calkyl or OH provided that R2 and R2a 10are
not both OH, and R3 and R3a are independently H (1-3 C) al kyl or
hydr oxy(1-3 C) al kyl .

99

(e) for a compound of Formula I wherein Z is *-NHCH,-, and ring A, ring B, W,
D, R% R* R’, R™ and m are as defined for Formula I, cyclizing a corresponding
compound having the formula VI

i N/N

\
WSS
N
(6]

in the presence of a reducing agent; or
(f) for a compound of Formula I wherein Z is *-NHCH;-, and ring A, ring B, W,
D, R% R* R’, R™ and m are as defined for Formula I, cyclizing a corresponding

compound having the formula VII

/N
~ N N
Y =
N
OH
23 2
RAJ
O«
m R3a
10 R®

A1
in the presence of triphenylphosphine; or
(g) for a compound of Formula T wherein ring A, ring B, W, D, m, R>, R®, R’,
and R* are as defined for Formula I, Z is *-NR*CH,-, and R*" is (1-6C alkyl)C(O)-, (3-
15 6C cycloalky)C(O)-, Ar'C(O)-, HOCH,C(0)-, (1-6C alkyDsulfonyl, (3-6C
cycloalkyl)sulfonyl, (1-6C alkyl)sulfonyl, (3-6C cycloalkyl)sulfonyl, or Ar*(SO,)-,

coupling a corresponding compound having the formula VIII
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100
with a reagent having the formula (1-6C alkyl)C(O)-L*, (3-6C cycloalkyl)C(O)-L?,
Ar'C(0)-L*, HOCH,C(0)-L?, (1-6C alkyl)(SO,)-L*, (3-6C cycloalkyl}(SO,)-L*, or
Ar’(SO,)-L°, respectively, where L’ is a leaving atom, in the presence of a base; or
(h) for a compound of Formula I wherein ring A, ring B, W, D, R%, R*, R®, R*
5 and m are as defined for Formula I, Z is *-NR*CH,-, and R* is (1-6C alkyl)NH(CO)-,

reacting a compound having the formula VIII

VIII

with a reagent having the formula (1-6C alkyl)N=C=0 in the presence of a base; or
10 (i) for a compound of Formula I wherein R%is F, R*is H, and ring A, ring B, Z,
W, D, R*, R* and m are as defined for Formula I, reacting a corresponding compound

having the formula IX

/N
ZN N
N
H OH
Wi/
@ \H' R
m R3
IX

15  with a fluorination reagent;

(G) for a compound of Formula I wherein W is O, ring A is formula A-1,

1
A
Y 7VX
R1

Al

X is CH, and Y, R', D, ring B, Z, R% R* R* and m are as defined for Formula I, cyclizing

a corresponding compound having the formula X
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X
where nis 1, 2, 3 or 4 and L' is a leaving group or atom, in the presence of a base; and
optionally removing any protecting groups and optionally preparing a salt thereof.
5 55. The method of claim 54, wherein:

ring B is ring B-1 having the structure:

RS\/_ |_\N /ﬁi 4

D is carbon;

R and R™ are independently H, F, (1-3 C)alkyl or OH, provided that R* and R*
10  are not both OH; and

R’ and R* are independently H, (1-3 C)alkyl or hydroxy(1-3 C)alkyl.



