CCRP RECEPTOR ANTAGONI STS CROSS- REFERENCE TO RELATED APPLI CATI ONS 5Thi s
application clains the benefit of U S. provisional application serial

nunber 6IWA2ddiMAcdorl ed COct ober 14, 2009. BACKGROUND OF PHE/USBOMENTI4EN 10The
di scl osure generally relates to the novel compounds of fornula I, including
pharmaceutically acceptable salts, which are CGRP-receptor antagonists. The
di scl osure also relates to pharnmaceutical conpositions and nethods for
usi ng the conpounds in the treatnment of CGRP rel ated di sorders including

m gr ai ne headaches, neurogeni ¢ Vv I o) ic inflammtion
thermal injury, 150irpulator§&§H§Eﬁgh#fégﬁﬁﬁbg§§éﬁgﬁgted wi th menopause,
airway inflammatory di seases such as asthma, and chronic obstructive

pul nonary di sease (COPD). Calcitonin gene-rel ated peptide (CGRP) is a

natural ly occurring 37-(3HOSRREFERPROE TAERELABED IAdPDICATRING N 1982 (Anar a,
S. G et al, Science 1982, 298, 240-244). 20 Two fornms of the peptide are

expressed (aCGRP and PCGRP) which differ by one and three amino acids in

rats and hymans, rQﬁi@%ﬁﬁl!c‘é@éxb’clmfﬁ@%eﬁ)%ﬁ’éﬂt‘éFU'5‘5vaQf‘anl ApBlafibPyied in both
the peripheral (PNS) and central nervous system (CNS), principally

| ocal i zed in Swenberal/Zx#erlad Ogeberdén?®08] neurons, and di spl ays a nunber of
bi ol ogi cal effects, including vasodilation. 25 When rel eased fromthe
cell, CGRP binds to specific cell surface G protein-coupled receptors and
exerts its biological acti oBACKRABRUNNOFYHI/MNAENMEON on of intracellular
adenyl ate cycl ase (Poyner, D. R et al, Br J Pharmacol 1992, 105, 441-7,
Van Valen, F. et al, Neurosci Lett 1990, 119, 195-8.). Two cl asses of CGRP

A o el S N e T P
anal ogues of @Gﬁmmg)p}aﬁhac\mioallﬁﬁaaﬂablemt\dﬂ& {rd Cam@dacepor amhgamlists. Ti PS
2000, 21, 432-T%1%%}s'closure also relates to pharmaceutical compositions and methods for using the
compounds in the treatment of CGRP related disorders including migraine
headaches, neurogenic vasodilation, neurogenic inflammation, thermal injury,

15  circulatory shock, flushing associated with menopause, airway inflammatory diseases

such as asthma, and chronic obstructive pulmonary disease (COPD).

Calcitonin gene-related peptide (CGRP) is a naturally occurring 37-amino-
acid peptide first identified in 1982 (Amara, S. G. et al, Science 1982, 298, 240-244).
20  Two forms of the peptide are expressed (¢/CGRP and BCGRP) which differ by one
and three amino acids in rats and humans, respectively. The peptide is widely
distributed in both the peripheral (PNS) and central nervous system (CNS),
principally localized in sensory afferent and central neurons, and displays a number
of biological effects, including vasodilation.
25
When released from the cell, CGRP binds to specific cell surface G protein-
coupled receptors and exerts its biological action predominantly by activation of
intracellular adenylate cyclase (Poyner, D. R. et al, Br J Pharmacol 1992, 105, 441-7;
Van Valen, F. et al, Neurosci Lett 1990, 119, 195-8.). Two classes of CGRP
30  receptors, CGRP1 and CGRP2, have been proposed based on the antagonist
properties of the peptide fragment CGRP(8-37) and the ability of linear analogues of
CGRP to activate CGRP2 receptors (Juaneda, C. et al. TiPS 2000, 21, 432-438).



However, there is lack of nol ecul ar evidence for the CGRP2 receptor (Brain,
S. D et al, TiPS 2002, 23, 51-53). The CGRP1 receptor has three
conponentwo 20i1)046097 transnenbrane cal ci toni n recept or - | iPke/useaopsms3 ( CRLR) ;
(ii) the single transnmenbrane receptor activity nodifying protein type one
(RAMP 1); and (iii) the 5intracellular receptor conponent protein (RCP)
(Evans B. N. et al., J Biol Chem 2000, 275, 31438-43). RAMPl is required
for transport of CRLR to the plasma nmenbrane and for ligand binding to the
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Cephal al gi a 1995; 15: 384- ra| neu xhi bi t eI ed ba CCRP
Covel's conpar ddb o ESRBISO] S ATHADAE SEe B jatanfpr SUBHE cadl 1 Bl

2) : 133- 8. 2B00)Cheton2enoMs L8RP | nf usi on produces | asti ng headache in

30m grai neurs (Lassen LH, et al. Cephal al gi a 2002 Feb; 22(1):54-61).
Preclinical studies in dog and rat report that system c CGRP bl ockade with

the peptide antagomimgitoE@RMcGe@For #0850 BCRpakd ]%‘_dstu'la%&itb Mgy LM C
henmodynam cs nor regi onal blood flow (Shen, et al Phar macol Exp

Ther 2001, 29@athggiyspjogicryppditiosarimre em@%@sﬁ&wdﬁee@wﬁftwgomw OBFUESENt a

novel treat nErgonfeQ)'ft%&h@hﬁ@nehh%@m@\%&'og@m%ﬂEheﬁﬁ%&h@fﬁﬁ%ﬁﬁllaﬁ‘&n i B?rQl'nla' ties of
active vasoconstriction associated with non-sel ective 5- 1D "agoni st s,

" triptans0 (c@s@:r headaghg epd @thqdiﬁadaches thermal injury, 01rculat0ry shock menopausal
flushing, and asthma. CGRP receptor activation has been implicated in the

pathogenesis of migraine headache (Edvinsson L. CNS Drugs 2001;15(10):745-53;
Williamson, D. J. Microsc. Res. Tech. 2001, 53, 167-178.; Grant, A. D. Brit. J.
Pharmacol. 2002, 135, 356-362.). Serum levels of CGRP are elevated during

25  migraine (Goadsby PJ, et al. Ann Neurol 1990;28:183-7) and treatment with anti-
migraine drugs returns CGRP levels to normal coincident with alleviation of
headache (Gallai V. et al. Cephalalgia 1995;15: 384-90). Migraineurs exhibit
elevated basal CGRP levels compared to controls (Ashina M, et al., Pain 2000, 86(1-
2):133-8.2000). Intravenous CGRP infusion produces lasting headache in

30  migraineurs (Lassen LH, et al. Cephalalgia 2002 Feb;22(1):54-61). Preclinical
studies in dog and rat report that systemic CGRP blockade with the peptide
antagonist CGRP(8-37) does not alter resting systemic hemodynamics nor regional

blood flow (Shen, Y-T. et al, J Pharmacol Exp Ther 2001, 298, 551-8). Thus, CGRP-
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5CCRP ant agoni sts have shown efficacy in human clinical trials. See Davis
CD, Xu C. Curr Top Med Chem 2008 8(16):1468-79; Benenei S, N coletti P,
Capone J@yvoOGeppatds7 P. Curr Opin Pharmacol . 2009 9(1): 9Pt4/UuSEpoosR2609 Jan
20; Ho TW Ferrari MD, Dodick DW Galet V, Kost J, Fan X, Leibensperger H,
Froman S, Assaid C, Lines C, Koppen H Wnner PK. Lancet. 2008 372:2115.
Epub 2008 10 Nov 25; Ho TW Mannix LK, Fan X, Assaid C, Furtek C, Jones CJ,

Lines CR Rapoport AM Neurol ogy 2008 70:1304. Epub 2007 Cct 3. CGRP
receptor antagoni sts have been disclosed in PCT Tthl ons, VIO
2004/ 0921686, DDA I ALY T WS "ot 7115 YT i%a“‘l*‘h N 9ER{Con provi des

t echni cal advaatiagesulat BibikeksIPhkive VRecsHORAM W Socaitdl WitviRIn-s@Rekivershi bi t
CGRP. Additional l t he conpounds provi de advant ages for pharnaceuti cal
uses, for exarpl ]é?/i%%%lﬁtsedﬁl”ﬁnst E-on¥MBHINEYe of their mechani sm of action,
bi nding, inhibition efficacy, target selectivity, solubility, safety
profiles, or 20bioavailability. DESCRI PTION OF THE | NVENTI ON The invention

enconpassesg a Seri e;@mfan%ﬁs@ﬁmgﬁmlséfﬁem@mﬁl Aiaicacitibigi 989 Davis
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| nvent i on is & oM (i P OTHOB i ParBISA 2005 .34 585 00@Nan QN0 hal o,
al kyl, hal oal k al kox am no, kyl a
0 TW Ferrarl MD Dodick DW alet V Kost J, Fan X, Leibensperger H, Froman
S, Assaid C, Lines C, Koppen H, Winner PK. Lancet. 2008 372:2115. Epub 2008
10 Nov 25; Ho TW, Mannix LK, Fan X, Assaid C, Furtek C, Jones CJ, Lines CR,

Rapoport AM; Neurology 2008 70:1304. Epub 2007 Oct 3.

CGRP receptor antagonists have been disclosed in PCT publications WO
2004/092166, WO 2004/092168, and WO 2007/120590.

15

The invention provides technical advantages, for example, the compounds are
novel and inhibit CGRP. Additionally, the compounds provide advantages for
pharmaceutical uses, for example, with regard to one or more of their mechanism of
action, binding, inhibition efficacy, target selectivity, solubility, safety profiles, or

20  bioavailability.

DESCRIPTION OF THE INVENTION

The invention encompasses a series of CGRP antagonist compounds
25  including pharmaceutically acceptable salts, compositions, methods of making them,

and methods of using them in therapeutic treatment.

One aspect of the invention is a compound of formula [



di al kyl am no, azetidinyl, pyrrolidinyl, or piperidinyl; R2 is piperidinyl
substituted with 1 substituent selected fromthe group consisting of 0000

Ts <s s, WOHbNHMbEd7 O\ 1] R4 O\ \\ R4 15R3 i s hydr ogeny/usadi0/05$an0,
al kyl , hal oal kyl, al koxy, or hal oal koxy;
Arl RUR R®
R? R® o
R10
R11 _ X4R2
N
|J
R1
I
where:

5 R'is hydrogen, cyano, halo, alkyl, haloalkyl, alkoxy, amino, alkylamino,
dialkylamino, azetidinyl, pyrrolidinyl, or piperidiny];

R’ is piperidinyl substituted with 1 substituent selected from the group consisting of

£ )k

Yb

R3 R RS Tk /\R“
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orR%is Z or N ;

15 R’ is hydrogen, halo, cyano, alkyl, haloalkyl, alkoxy, or haloalkoxy;



R4 is hydrogen, halo, cyano, alkyl, haloal kyl, al koxy, or hal oal koxy; R5 is
hydr ogen, hydroxy, al koxy, hal oal koxy, azido, am no, al kyl am no, or

di al kyl amvoap11m48097i s hydr ogen, hydroxy, al koxy, hal oal oxyus2@niosn33 ani no,
al kyl am no, or dial kyl am no; R7 is hydrogen, hydroxy, alkoxy,

hal oal koxy, azido, am no, al kylam no, or 10di al kyl am no; R8 is hydrogen,
hydr oxy, al koxy, hal oal koxy, azido, am no, al kylam no, or dial kylam no;
15R9 i s hydrogen, hydroxy, alkoxy, hal oal koxy, azido, am no, al kylam no, or

di al kyl am no; R1 is _hydrogen, hydr | koxy, h al koxy, azi do, am no,

al kyl am no, 095%?%W¥ e, jja 09mﬁ%f59§§%98&8E§ﬁ¥xmﬁg$%%§@“§¥koxy, hal oal koxy,
azi do, am no, al kylam no, dial kyl am no, al koxycarbonyl, or

benzyl oxycarbonyl; or RL and R11 taken together is O or NOH, - 9 - 10- 11
i provided thadt sEYdesgathydiray.gikos, hapgglkoryy azigg, anjino, ajfkylamigo, g 5 not
hydrogen; Arl g pgny] substituted with 0-3 substituents selected fromthe
group consisting of cyano, halo, alkyl, haloal kyl, alkoxy, hal oal koxy, and
al kyl S02; 30 X is 0, CH2, or NH and Y is a bond, 0, CH2, or NH

R® is hydrogen, hydroxy, alkoxy, haloalkoxy, azido, amino, alkylamino, or

dialkylamino;

R’ is hydrogen, hydroxy, alkoxy, haloalkoxy, azido, amino, alkylamino, or

10  dialkylamino;

R® is hydrogen, hydroxy, alkoxy, haloalkoxy, azido, amino, alkylamino, or

dialkylamino;

15 R’ is hydrogen, hydroxy, alkoxy, haloalkoxy, azido, amino, alkylamino, or
dialkylamino;

R'?is hydrogen, hydroxy, alkoxy, haloalkoxy, azido, amino, alkylamino, or
dialkylamino;

20
R'! is hydrogen, hydroxy, alkoxy, haloalkoxy, azido, amino, alkylamino,

dialkylamino, alkoxycarbonyl, or benzyloxycarbony];

or R'"and R'" taken together is O or N-OH;
25
provided that at least one of R’ R R’,R®, R’ R" or R" is not hydrogen;

Ar! is phenyl substituted with 0-3 substituents selected from the group consisting of
cyano, halo, alkyl, haloalkyl, alkoxy, haloalkoxy, and alkylSO,;

30
Xis O, CH;, or NH; and

Y is a bond, O, CH,, or NH;



or a pharmaceutically acceptable salt thereof Another aspect of the
I nvention is a conpound of fornula |I where: 5R1 is hydrogen, cyano,
al kyl , havoabkyd4e99al koxy, am no, al kyl am no, dial kyl am roT/s2@biosiday| ,

pyrrolidinyl, or piperidinyl; R2 is piperidinyl substituted with 1
substituent selected fromthe group consisting of 0000 cs(' NANH ' s<NANH
655s: ' NANH FFYLNHNH Ov\ " NN I YN 10 0'' NHIlj R3 R4

10

15

or a pharmaceutically acceptable salt thereof.

Another aspect of the invention is a compound of formula I where:

R' is hydrogen, cyano, halo, alkyl, haloalkyl, alkoxy, amino, alkylamino,
dialkylamino, azetidinyl, pyrrolidinyl, or piperidiny];
R? is piperidinyl substituted with 1 substituent selected from the group consisting of
O O O
o]
e{N)J\NH ‘J{N)J\NH rrJ‘N)J\NH & | NH >~NH
Kﬁﬁ | N | R | S 'adi | N
X Uk X
R3 R R3 R R3 R R3 R R4
o O o O
Q ? \N—/< N
NH >\NH >~ H NH NH
AR SRR S el e
/X X J X N X
R3 R4 , \R4 , \ 4 , R4 , \R4 and
ey O
\N%
NH
| X
o X
R*.
S A
NH | N NH
or R? is or =N

R is hydrogen, halo, cyano, alkyl, haloalkyl, alkoxy, or haloalkoxy;

R* is hydrogen, halo, cyano, alkyl, haloalkyl, alkoxy, or haloalkoxy;

hal o,



X' NH I]

RA& ONHIj R4

WO 2011/046997 PCT/US2010/052433

10

15

20

25

30

R’ is hydrogen, hydroxy, alkoxy, haloalkoxy, azido, amino, alkylamino, or

dialkylamino;

R® is hydrogen, hydroxy, alkoxy, haloalkoxy, azido, amino, alkylamino, or
dialkylamino;

R’ is hydrogen, hydroxy, alkoxy, haloalkoxy, azido, amino, alkylamino, or
dialkylamino;

R® is hydrogen, hydroxy, alkoxy, haloalkoxy, azido, amino, alkylamino, or
dialkylamino;

R’ is hydrogen, hydroxy, alkoxy, haloalkoxy, azido, amino, alkylamino, or
dialkylamino;

R'%is hydrogen, hydroxy, alkoxy, haloalkoxy, azido, amino, alkylamino, or

dialkylamino;

R'! is hydrogen, hydroxy, alkoxy, haloalkoxy, azido, amino, alkylamino, or

dialkylamino;
or R"and R'" taken together is oxo;
provided that at least one of R’ R R’,R®, R’ R" or R" is not hydrogen;

Ar' is phenyl substituted with 0-3 substituents selected from the group consisting of
cyano, halo, alkyl, haloalkyl, alkoxy, haloalkoxy, and alkylSO,;

Xis O, CH;, or NH; and

Y is a bond, O, CH,, or NH;

or a pharmaceutically acceptable salt thereof.



15R3 is hydrogen, halo, cyano, alkyl, haloal kyl, al koxy, or hal oal koxy; R4

i s hydrogen, hal o, cyano, alkyl, haloal kyl, al koxy, or hal oal koxy; R5 is
hydr ogen,wbydriaxg9s7al koxy, hal oal koxy, azi do, am no, al legiraseeo/05283
di al kyl am no; R6 i s hydrogen, hydroxy, alkoxy, hal oal koxy, azido,

am no, al kyl am no, or 5dial kyl am no; R7 is hydrogen, hydroxy, alkoxy,
hal oal koxy, azi do, am no, al kyl am no, or dial kyl am no; 10R8 is hydrogen,
hydr oxy, al koxy, hal oal koxy, azi do, ani no, alkylanino or dialkylanino; R9

i s hydrogen, hydr : alko al oal kox azi al kyl am no, or

i al Tyl antno: 15 REGOME B BB R MRy ORIy 821 do.

am no, aIkylanhﬂgmu@Mmﬁ@ﬁh&ﬂm@m1no; R11 is hydrogen, hydroxy, al koxy,
hal oal koxy, azido, am no, al kylam no, or 20di al kyl am no; or Rl andRl11l taken
together is oxo; - 9 - 10- 11 i provided that at |east one of R5, R6, R7,
R8, K, K, or K s not hydrogen;

Another aspect of the invention is a compound of formula I where
R' is hydrogen, halo, cyano, amino, alkylamino, or dialkylamino;

10 R*is piperidinyl substituted with 1 substituent selected from the group consisting of

O O 2y _40
M N '.r‘I\N
>\N %NH NH Y. 0
N N hd
) s NH
X ux X
RS , RS R4 , RS , and ’
R’ is hydrogen or halo;

15 R*is hydrogen or halo;
R’ is hydrogen or hydroxy;
R® is hydrogen;

20
R’ is hydrogen;

R® is hydrogen;

25 R’ is hydrogen or hydroxy;



Arl is phenyl substituted with 0-3 substituents selected fromthe group
consi sting of cyano, halo, alkyl, haloal kyl, alkoxy, hal oal koxy, and

al kyl SO2;w# 2081/0@699CH2, or NH, and Y is a bond, 0, CH2, @CTNS201005533
pharmaceutically acceptable salt thereof Anot her aspect of the

I nvention is a conmpound of formula | with the designated stereochem stry.
5 Anot her aspect of the invention is a conpound of fornmula | where Rl is
hydr ogen, hal o, cyano, am no, al kylam no, or dial kylam no; 10R2 is

pi peri dinyl S%%@H&%ﬂ”}(&r?w% %S@l(% _%%nlfN}olrfl?lPi[/l'rlr?nenlo,eocrtd?ﬂk}tlgn%rrpo;t he group

consi sting of

R'! is hydrogen;
5 orR'%and R taken together is oxo;
provided that at least one of R’ R% R’ R% R’ R' orR'"is not hydrogen;

Ar' is phenyl substituted with 0-2 halo substituents;
10
Xis O, CH;, or NH; and

Y is O;
15  orapharmaceutically acceptable salt thereof.

Another aspect of the invention is a compound of formula I where R' is
hydrogen; R is piperidinyl substituted with 1 substituent selected from the group

consisting of

N |
zi @ = Br |\ NH
20 7 Br , and N

R’ is hydrogen or hydroxy; R® is hydrogen; R” is hydrogen; R® is hydrogen; R’ is
hydrogen or hydroxy; R'? is hydroxy, azido, or amino; R'! is hydrogen; or R'and
R taken together is oxo; provided that at least one of R°, R% R’ R% R% R orR!
is not hydrogen; Ar'is phenyl or difluorophenyl; X is O, CH,, or NH; and Y is O; or

25  apharmaceutically acceptable salt thereof.

Another aspect of the invention is a compound of formula I where R' is
hydrogen, cyano, halo, alkyl, haloalkyl, alkoxy, amino, alkylamino, dialkylamino,
azetidinyl, pyrrolidinyl, or piperidinyl.



R3R3 R4R3and , R3 is hydrogen or halo; 15R4 is hydrogen or halo; RS is
hydr ogen or hydroxy; R6 is hydrogen; 20 R7 is hydrogen; R8 is hydrogen;
25R9 i s hydnogene®r hydroxy; Rl is hydrogen, hydroxy, &grds201an51163

al kyl am no, or dial kylam no; R11 is hydrogen; 5or Rl and R11 taken together
s oxo; - 9 - 10- 11 i provided that at |east one of R5, R6, R7, R8, K, K
, or Ks not hydrogen; Arl is phenyl substituted with 0-2 halo
substituents; 10

Another aspect of the invention is a compound of formula I where R* is N-

piperidinyl and is 4-substituted. Another aspect of the invention is a compound of

P‘-\,\.r O
@]
>\NH N4NH

=
)
formula [ where the substituent is Z or
5 Another aspect of the invention is a compound of formula I where R’ is

hydrogen, R® is hydrogen, R’ is hydrogen, R® is hydrogen, R’ is hydrogen, R" is
hydroxy, azido, or amino, and R'! is hydrogen; or where R’ is hydrogen, R® is
hydrogen, R is hydrogen, R® is hydrogen, R’ is hydrogen or hydroxy, and R'’ and
R'! taken together is oxo; or where R’ is hydrogen, R® is hydrogen, R is hydrogen,

10 RYis hydrogen, R’ is hydroxy, R is hydrogen or hydroxy, and R'! is hydrogen; or
where R is hydroxy, R is hydrogen, R’ is hydrogen, R® is hydrogen, R’ is hydrogen,
R'%is hydrogen, and R'! is hydrogen.

Another aspect of the invention is a compound of formula I where Ar' is

15  phenyl substituted with 2 halo substituents.

Another aspect of the invention is a compound of formula I where Ar' is 2,3-

difluorophenyl.
20 Another aspect of the invention is a compound of formula I where X is O.

The scope of any instance of a variable, including R', R% R, R*, R°, R R,
R’ R, R", Ar', X, and Y, can be used independently with the scope of any other
instance of a variable substituent. As such, the invention includes combinations of

25  the different aspects.

Unless specified otherwise, these terms have the following meanings.
“Alkyl” means a straight or branched alkyl group composed of 1 to 6 carbons,
preferably 1 to 3 carbons. “Alkenyl” means a straight or branched alkyl group

30  composed of 2 to 6 carbons with at least one double bond. “Cycloalkyl” means a

10



Xis 0, CH2, or NH, and Y is 0; 15or a pharnmaceutically acceptable salt

t her eof Anot her aspect of the invention is a conpound of fornula I
where R1 we 2hyiduemen; R2 is piperidinyl substituted w trCI/USRS05143ENt
sel ected fromthe group consisting of R5 is hydrogen or hydroxy; R6 is

hydrogen; R7 is hydrogen; R8 is hydrogen; R9 is hydrogen or hydroxy; Rl is
hydr oxy, azido, or amno; Rl1l is hydrogen; or Rl and Rl11 taken together is
oxo; provided that at |east one of R5, R6, R7, Rs, R9, R o, or R11 i s not

hydrogen; Ari is n or difluorophen [, .. and. Y is O
o7 985 phar nacRPRE T ST oamRR G bl “PoaSandt a2ty 1 O
i nvention is aterpauRth @kusafursdlagyl m‘M&@rlﬁclﬁﬂe gtﬁlghyﬁfdmahedqy@lﬁws hal o,

al kyl , hal oal kyl , al koxg1 q1am no, al kyl am no, | am no, azetjdiny

pyrrolidinyl, CB’F‘%%"*B@F GArbon dioms fof ﬁﬁéltkﬁle‘i“mété’pe@tﬂoﬁlky It Red |1}3r1P€Jr]fPi‘3bn is a

conmpound of fQﬁdﬁﬂeaalllha}(\/@@{a%dﬁ%rﬂe%Mh%ﬁbﬂﬂ&%bstﬁﬁl@d hlﬁyl% perhabi t ut ed.
Anot her aspect of the invention is a conpound of 5Anot her aspect of the

i nvention Ps &ukssshateylofAnbringindes paipryelic gl hetgrocyclic aromatic ring

systems. “Amino” includes includes primary, secondary, and tertiary amine
moieties. “Carbonyl” means CO. “Oxy” means -O-. “Aminocarbonyl” means
-N(R)C(=0)-. “Oxycarbonyl” means -OC(=0)-. “Methylenecarbonyl” means
-CHYDROGENC(=0)-. “Amino(cyano)iminomethyl” means -NHC(=NCN)-.

10  Parenthetic and multiparenthetic terms are intended to clarify bonding relationships
to those skilled in the art. For example, a term such as ((R)alkyl) means an alkyl
substituent further substituted with the substituent R.

The invention includes all pharmaceutically acceptable salt forms of the

15  compounds. Pharmaceutically acceptable salts are those in which the counter ions do
not contribute significantly to the physiological activity or toxicity of the compounds
and as such function as pharmacological equivalents. These salts can be made
according to common organic techniques employing commercially available
reagents. Some anionic salt forms include acetate, acistrate, besylate, bromide,

20  chloride, citrate, fumarate, glucouronate, hydrobromide, hydrochloride, hydroiodide,
iodide, lactate, maleate, mesylate, nitrate, pamoate, phosphate, succinate, sulfate,
tartrate, tosylate, and xinofoate. Some cationic salt forms include ammonium,
aluminum, benzathine, bismuth, calcium, choline, diethylamine, diethanolamine,
lithium, magnesium, meglumine, 4-phenylcyclohexylamine, piperazine, potassium,

25  sodium, tromethamine, and zinc.
Some compounds of the invention may exist in stereoisomeric forms, one

example of which is shown below. The invention includes all stereoisomeric and

tautomeric forms of the compounds.

11



hydrogen, R6 is hydrogen, R7 is hydrogen, R8 is hydrogen, R9 is hydrogen,
R1 i s hydroxy, azido, or amno, and R11 is hydrogen; or where R5 is

hydr ogen,wBRoiig4b9pdr ogen, R7 is hydrogen, R8 is hydrogemrCTRS2019/0634d3 ogen or
hydroxy, and Rl and R11 taken together is oxo; or where R5 is hydrogen, R6
is hydrogen, R7 is hydrogen, 10R8 is hydrogen, R9 is hydroxy, Rl is

hydr ogen or hydroxy, and Rl11l is hydrogen; or where R5 is hydroxy, R6 is
hydrogen, R7 is hydrogen, R8 is hydrogen, R9 is hydrogen, Rl is hydrogen,
and R11 is hydrogen. Anot her  aspect of the invention is a
conpound of forrmula | where Ari is Aqﬁwr g1 substituted with 2 halo sub
stituents. Anot her aspect of tRie Mertion is a conpound of fornula I
where Ari is 2,3- difluorophenyl. 5‘w X,a%pect of the inventionis a
conpound of formula I where X is 0R"The=6cope r8f any instance of a
variable, including Rl, R2, R3, R4, Ry, 6, R7, R9, Ro Rl1, A X, andY,

can be used i ndependently with the scope of any ot her i nstance of a
vari abl e substituent. As such, the invention includes conbinations of 25the
di fferent aspects. Unl ess specified otherw se, these terns have the

f ol  ow ng neani ngs The Avktlon ilMBaRAGdao SHchdb gisopesufaneiiedcatikyin tBy oup
conposed of 1 to 6 carbons, preferably 1 to 3 carbons. "Al kenyl" neans a
strai ght or brAFEHSEMAPUAI 1Pi8RR IARdndeigye alors BrVIDe the SENGHUPBISHYMBFL h at

| east one douhjueqiferk masOHEmBEL KBY wayTBPRGerdl RPRGHS WitBouft lifGka oSt €M

conposed Of5 3 igo?opZ,s gfa ﬂy%?o?ggfl inclll_lbc/l((e:i Elgl)‘ge%i?llrnkg;ld,tritiun?tl Iscc))t)(()]?)/es o%rc]a(ljrbon include *C
and "C. Isotopically-labeled compounds of the invention can generally be prepared
by conventional techniques known to those skilled in the art or by processes
analogous to those described herein, using an appropriate isotopically-labeled reagent
in place of the non-labeled reagent otherwise employed. Such compounds may have

10  avariety of potential uses, for example as standards and reagents in determining

biological activity. In the case of stable isotopes, such compounds may have the

potential to favorably modify biological, pharmacological, or pharmacokinetic

properties.

15 Synthetic Methods

The compounds may be made by methods known in the art including those
described below and including variations within the skill of the art. Some reagents
and intermediates are known in the art. Other reagents and intermediates can be

20  made by methods known in the art using readily available materials. The following
methods are for illustrative purposes and are not intended to limit the scope of the
invention. It will be appreciated by those skilled in the art that there are a number of
methods available for the synthesis of these compounds and that their synthesis is not
limited to the methods provided in the following examples. Variations of the

25  compounds and the procedures to make them which are not illustrated are within the
skill of the art. The variables describing general structural formulas and features in

the synthetic schemes are distinct from and should not be confused with the variables

12



other terms with a substituted al kyl noiety include straight and branched
i somers conposed of 1 to 6 carbon atons for the al kyl noiety. "Hal oal kyl™
and " hal oabkoxydscd9ncl ude al |l hal ogenated i sonmers from nmeoohsbaossiass it ut ed
al kyl to perhalo 5 substituted alkyl. "Aryl"™ includes carbocyclic and

het erocyclic aromatic ring systens. "Am no" includes includes primary,
secondary, and tertiary amne noieties. "Carbonyl" neans CO "Oxy" neans
-0-. "Am nocarbonyl”™ neans N(R)C(=0)-. "Oxycar bonyI means - 0C(=0) -

"Met hyl enecar ho NC( =0 "Amn no)lm orret hyI " means
NRCL R < 3R el Gt eShit O etr e Hise S (o E B Bea Hded t o

clarify bondi ngusteleabivasshkPpsontcd fittastpsidk bedle idvedthm. art. For exanple, a
termsuch as ((R)al kyl) nmeans an al kyl substituent further substituted with
t he substituent R The invention includes all pharmaceutically acceptable

salt forns of the hppRIMALNGSed iPRRY IRGRY LRI RGE BRfvaRIBs S_btiSthar e those
in which the counter ions do not contribute significantly to the

physi ol ogi dal cthamiea) appreyigtigng pgogd iptheppreificafigiond gsanapler #e defiiethaf uncti on as

phar macol ogi cal, KAy XahfB$ forR8RG ﬁ?(krirﬁetﬁ;ﬁ&ly@@mf&%d@)l\@ﬁ'cﬂ91'1@9 to conmon
organi ¢ techni ques enploying commercially "avai |l abl e reagents. Sone ani onic

salt forms i nclimebylfrmpmide; MR foaﬁ@thamésﬁ%‘i”efor Nrbserhepaccimoedst OFfiAde,
citrate, f Umrf@#tﬁﬂu?rh&b%ﬁ%é?&‘a‘i H”%th?ﬁﬁloarﬂrﬁﬁum%&Jﬁ&%crﬁ(ﬁé*’ dﬁMﬁ)‘dfr LPi odi de,

i odi de, lactate eate t nitrate osphate, succinate,
sul fate, tart rdan@thylsﬁﬁ)yidai ‘&’ f@frh@ubsn froffomtoem t@opmatmator tﬂbﬁnaosamt% (dootents

el udeanponi Tyl BANRAL bR B SIYH el chol i ne.

di et hyl am ne, Tranolam ne um I’ne I"'u
4- phenyl cycl ohet;a%@nfumy “PDPaT ﬁxnthglen@hetmsstbmpetﬁ&sﬂdi‘ﬂlf@” ﬂor dirtyham ne, and

Zi nc. G ‘&)‘w}d i.nvention, A er eq r| C
forns, one ex a%f eﬁg? Pt %ai%etﬂéyﬁ%%"% ﬂl% te]hlfz rqfchgoﬁoett uéﬁ al
st er eoi somer i doedeetohiilt;0MNE Cfok a),lzn‘ﬁmahoiﬁaﬂqaﬁ@ MAOBAUSY 1-
hydroxybenzotriazole hydrate; “DIEA” for diisopropylethylamine, “Nf” for
15  CF3(CF2)380;-; and “TMOF” for trimethylorthoformate.

Some Formula I compounds can be synthesized through the following general
schemes. Previous known structure II could be arylated with various aryl bromide to
generated II1. IIT could be deprotected and further processed to keto analogs of

20  formula I. The ketone group of Il could be alpha-hydroxylated to VII, which could
be further converted to hydroxylketone and diol derivatives of formula 1.
Alternatively, the ketone group of III could be reduced to the alcohol IV, which could
be either directly converted to hydroxyl analogs of formula I, or converted to
halogenated analogs V. V could be converted to halogenated intermediates V.

25  Through azide intermediates VI, various azide, amine derivatives could be prepared.
The ketone group of the previously known II could be transposed to ketone
intermediates VIII, and various Aryl groups could be added to generate intermediates
IX, which could then be converted to hydroxyl analogs of formula I.

Previously known structures X could be dehydrated and di-hydroxylated to

30  intermediates XI, which could be converted to positional OH analogs of formula I.

13



The invention is intended to include all isotopes of atoms occurring in the
present conpounds. |sotopes include those atons having the sane atomc
nunber buwodbfifEs®nt mass nunbers. By way of general exaoplis2@nms2B: hout
limtation, 5isotopes of hydrogen include deuteriumand tritium |sotopes
of carbon include 13C and 14C. |sotopically-Iabel ed conpounds of the

i nvention can generally be prepared by conventional techni ques known to
those skilled in the art or by processes analogous to those described
herei n, using an appropriate |sotop|call abeled reagent in place of the
non- Iabeled reagent ot herw se enplo Speral % f%onmpounds may have 10 a
variety of potential uses or exa e as sta rds anei\reagents in

determ ni ng blg ogl ﬁ y. ,Case ?bl e @ 2 such
conpounds nmay e=pot~' iabt avo&ﬁbly di y:iﬂ()b.aical,

phar macol ogi cal , " phar e i neti p?opertle‘wJﬁSSynthe 1 Met hods
The conpounds naymbe made nethodi known i n tshe art inckudi ng those

descri bed bel ow, and |nclyﬂbmg varlatbgns i thim the skil kofiait he art. Sone

reagents and i nt haf e jgmomn the art] O her reagents and

i ntermedi at es rean_l 20 DY et lorOWR YN t he ar;1using readily
avai l abl e materi THe fQINomFﬁg rt/mds ar rillust WEwpurposes
and are not |ntendéd to |inmt the scoyé of ' Vert 61 Il be

appreci ated by th8se skillel in the aft that \h ¥e are a u er of net hods
avai | abl e for t hé“BYat hesi 58t hese dnpounds adf that their synthesis is
not limted to the nethods provided in the foll ng exanples. Variations
of the 25 compoynds and the procedures to make) t hem whi ch are not
illustrated are w ﬁbe ski I'] the art A\JThe vari abl es descri bing
general structurg Iég;:an& 9Pes in s\at heti c schenes are
di stinct fromand h9M|d not be <or ﬁuséﬁﬁﬁtr1"@ variables in the clains
or the rest of the dgpecification. IThese vari ablés are neant only to
illustrate hOMItOFmﬁﬁe|sone of thé conpounds off't he inventi on.
Abbrevi ations used i|p the schenes’ generally f oM ow conventions used in the
5art. Chem cal ab i agi ons used\J e specification and exanples are
defined as foll qy S' for,.< Wi s(trimethylsilyl)amde; "DV for
N, Ndi et hyl f or mam “MeOHs f or anol; "NBS" for N bronosuccini m de;
"TFA" for trifluor etic acid; "Lae for l'ithium al um num hydri de; "BOC
"DVBO' for dinmethyl sul foxide; "h" for hours; "rt" for roomtenperature or
retention time (conP®Y¥F' 10wl dlc%%ﬁ%$' "mmf for ninutes; "EtOAc" for
ethyl acetate; "TH : et EDTA" ferf*

et hyl enedi am net @. Hi et

4- dlnethylanlnopyrlq Ioroethan
acetonitrile; "DNE"l " HOBt "
R vl IX Fomula |
Ar' OH o
\g\ )LRZ
X
jr— —
|J |J !
R1
Formula |

As shown in Scheme 1, after deprotection of a previously disclosed
5 compound, intermediate 1 was generated, which under standard coupling conditions,
generated two compounds, examples 1 and 2 (the hydroxyl group was likely
generated through auto-oxidation of enol form with residual oxygen). The ketone
groups of 1 and 2 were reduced to generate examples 3-6 after careful separation,

purification and characterization.
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hydr oxybenzotri azol e hydrate; "Dl EA" for diisopropyl ethylamne, "N for
15CF3(CF2) 3S02-; and "TMOF" for trimethylorthoformte. Sonme Fornul a |
conpoundswoaniibge®ynt hesi zed t hrough the fol |l owi ng genepralr/tseoomest33

Previ ous known structure Il could be arylated with various aryl bromde to
generated I11. 11l could be deprotected and further processed to keto

anal ogs of 20formula |I. The ketone group of |11 could be al pha-hydroxyl ated
to VI1, which could be further converted to hydr oxyl ket one and di ol
derivatives of formula I. Alternativehx e ketone group of 111 could be
reduced to the al cohol 1V, which coul llfgle ‘ther di rectly!onverted to

hydroxyl anal ogs of f L &gde Q) CONVergey to hal ogenay, alogs V. V
Yo mal ogewrat ed i nt Sk ASd| at 63PNe THeBugh azi de

i ntermedi ates VI 11'?0@5 éirgg_*éagﬁﬁigprfvatlves

ket one group of pr evi ously kno could be trafsy

be prepared The
0S to ket one
i nternmedi ates VIIMrPso and vari ous AryI @Hohps coul d be aod@%ﬁ?o gemer at e
internediates | X, which could then er t ef®fso-hydr Bxy] g;ﬁ gs of

coul d be converted

formula I. Previously known structur ouI e dehydr at ed

di - hydroxyl ated to 30i nternedi at e mﬁlch could be cBfPeeted to
positional OH anal ogs of formula MV neraJoschenE As s in Schene 1
after deprotection of a previously d¢ fconpound,q i fredi ate 1 was
gener at ed, which undegm§$@gg rd couplen co tlons,| rated two
conpounds, exanpl es 1a&p ‘Waﬁztbe hydr oXyt ghotlp was Yy y gengrated

t hrough aut o- oxi dat i Ofer GHmySNS! fcnrnvwmhM¢ES|dual oxyg

.szﬁﬂﬁgtone
groups of 1 and 2 were reduced to generate exanples 3- GOaP r ref ul
separation, purification and characterization. ghene 1. Theq N
stereochem stry of exanple 4 was proved and its s ospé%?flc synt hesi s

Example 2
HO QF HO Q\F HO F
\ F ~r \ F F
P P P
N )oj\ N JOL N )ol\
7]—N/\:>— NH ° N/\:>—N NH W—-N/\:>—N NH
o — o —
Yield \ N Wa W
(after HPLC
&FCC): 15% (major) 12% 6%
Example 4 Example 5 Example 6

The stercochemistry of example 4 was proved and its stercospecific synthesis
5 was achieved by experiments shown in Scheme 2. Simple reduction of the ketone
with sodium borohydride produced two compounds, 2 and 3. Treatment of the
mixture with TBAF at room temperature only deprotected the major component 2 to
compound 4, which was easily separated from 3. Single crystals were obtained for x-
ray analysis, where the cis-diol was confirmed. Treatment of 3 with TBAF under
10  elevated temperature generated the trans-diol 5, whose structure was also confirmed
by x-ray analysis. Diastereoselective reduction of the ketone group was achieved,
and after acetate protection and TIPS deprotection, the intermediate 7 could be
converted to example 4, whose spectroscopic properties matched that from previous
non-stereospecific synthesis.

15
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5 was achi eved by experinents shown in Schene 2. Sinple reduction of the
ket one wi th sodi um bor ohydri de produced two conpounds, 2 and 3. Treatnent
of the mwoOura/mbe9n TBAF at room tenperature only deproetiusdomis24a®nj or
conponent 2 to conpound 4, which was easily separated from 3. Single
crystals were obtained for x-ray analysis, where the cis-diol was
confirnmed. Treatnent of 3 with TBAF under 10el evat ed tenperature generated
the trans-diol 5, whose structure was al so confirmed by x-ray anal ysis.

Di ast ereosel ective reduction of the ketone group was achi eved, and after
acetate protection and TIPS depr ot ect E}H’ eﬁ%e internediate 7 could be
converted to exanpl e_4, whose spe roscop| c D opert| es matched that from
previ ous non- st ergospex Ffl c sy@t 2: 5As shown in Schenme 3,

s cnvert e ch origde 8 in 83%yield by treatnent
with triphenyl phl Me B coul d be converted to the
azi de int er mediMgt 0. G@wpoun 8 and Na both single stereoisoners and
the reactions |Rely went tHP&ugl? doubl B*Pnver sion at the hydroxyl -bearing
carbon center. After deprotect!™8h Wlf JBAE™conpound 10 was obt ai ned.
10Then fol | owi ng eﬁ'iﬁtﬁfﬁ?&% Soup! iy keaction, exanple 7 was obtained in
good yield. Treatjnent o h

conmpound 2 coul-

e exanple 7 wth t phenxl phosphi ne in THF
afforded the am no @L(F)g exg(;rp Sq_,lge@ﬂszoizq:g,h)
N
TIPSO

TIPSO , 4 Separated
X-ray by FCC X-ray

ACzo Et3N 4n

DMAP, CH,CI2
HO F
1. Previous S
AcO Q\F ;BZA: AcO Q\F coupling @ F
» 3 - P

| D F | D F 2. K,CO,/MeOH N o
. Ky e
> L WP 07]—N/\:>—N)LNH
for 2 steps
TIPSO HO 7 o =
AN
Example 4
5 As shown in Scheme 3, compound 2 could be converted to the chloride 8 in

83% yield by treatment with triphenylphosphine and NCS. The chloride 8 could be
converted to the azide intermediate 9. Compounds 8 and 9 are both single
stereoisomers and the reactions likely went through double inversion at the hydroxyl-
bearing carbon center. After deprotection with TBAF, compound 10 was obtained.
10 Then following a standard coupling reaction, example 7 was obtained in good yield.
Treatment of the example 7 with triphenylphosphine in THF afforded the amino

analog, example 8.
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5Schene 3a illustrates

10As shown i n Schene 4,

conver t edwoaotiaewhi r al

an alternative synthesis of exanple 8. Schene 3a:
a previously known (S)-hydroxyl ketone was
epoxide 11 in 4 steps with 50% ecernaké10psaBs.

Hydr ogenati on opened the epoxide to the al cohol

12 in 97%yield. Swern

oxi dation afforded
to generate the ter
starting material .
to the cis-diol 17
intermedi ate 16. Si
stereochem stry of
Finally, compoung,1
conditions in
aryl groups iq e
usi ng previ ousty
achi eved f ol | owiregy

quapt i

IiFfieCh-li,Fl,sﬁhe >
described ggnditioh

ket one 13, which reacted wth 2,3-difluorophenyl |ithium
tiary alcohol 14 in 79%vyield with sonme recovery of
After deprotection by TBAF, the trans-diol was converted
under M tsunobu cogqiti §ns t hrough 5an ester

C .

ngle crystals of 1 obt ai ned and the relative
t cis-diol in 17 confi rmed by x-ray_studies.
Boeiiwd tQ efanpke der stand goupl i ng
ti VESYRAerdr) 10 4:Na%4§ygﬂe e iafion of the
nfer madjseetasnl 58ynt hesi zed
Synt hesi s of ex s 10 and 11 were

procedures descmpdgeds for exafipPes 8mesed 4, respectively,

whi ch are described in detail in the experinmental sectjiqgn.
" RHP (1.2 equiv.) Ns F
TBAF (1.2 equiv.) o NaHMDS (2.7 equiv.)
— N F | N F
THF,rt,1.5h || DMF, -15 - rt, 4h P
(90%) N N jl)\
0, 10 90%
HO (60%) OTND»N NH
73% for 3 steps o _
average 90%/step
HoN Q\F \ /N
PMe;, THF/water S
AN F Example 7
rt, 4-5h | -~
N o]
85%
OW—ND»NJ\NH
o] —
W
Example 8
5 Scheme 3a illustrates an alternative synthesis of example 8.
Scheme 3a;
S &
= F i. NHs, Ti(OPr), | X F IPA/Water
/ o,
N ii. Pd/C, H, NG 70 °C
TIPSO TIPSO 2HCI
o)
F
H2N Q\ N \7 >—NH
F <\/N NO/ NN
T ~
2HCl o
HO
KOtBu, THF
10 As shown in Scheme 4, a previously known (S)-hydroxyl ketone was

converted to the chiral epoxide 11 in 4 steps with 50% overall yield. Hydrogenation

17



WO 2011/ 046997 Schene 5: / 1 Previous conditions F (for exanple 8) NO
"17-N )--NANHn \ 0 -( \ /7 Exanple 10 5As depicted in schene 6,
conpound WO »ax4ePrai ned fromthe al cohol shown by treatroentS2emb4Bur gess
Reagent. Standard di-hydroxyl ation afforded two separabl e di astereoneric
diols, of which the I ess polar trans conmpound 20 was converted to the
exanple 12. 10Schene 6: As shown in Schene 7, nono- and

bi s- met hyl at edam ne anal ogs were sinply

opened the epoxide to the alcohol 12 in 97% yield. Swemn oxidation afforded ketone
13, which reacted with 2,3-difluorophenyl lithium to generate the tertiary alcohol 14
in 79% yield with some recovery of starting material. After deprotection by TBAF,
the trans-diol was converted to the cis-diol 17 under Mitsunobu conditions through

5 an ester intermediate 16. Single crystals of 17 were obtained and the relative
stereochemistry of the cis-diol in 17 was confirmed by x-ray studies. Finally,
compound 17 was converted to example 9 under standard coupling conditions in

quantitative yield.

10 Scheme 4:
1) TOTIPS
2) NaBH4 Q Pd/C, 2h OH
0,
SN ) Na N 97% ~
| L. — — [
N/ 3) Burgess NN N/ Swern NN
5 4) (RR)-Jacobson TIPSO TIPS 72% TIPSO
50% for 4 steps
Q\ TBAF (2.2equiv.) OH _
(j(j 7//\]\ 50°C, 16h (t(j\ Mitsunobu
N P .
I
n-BuLi 72% N/ - F 18%
TIPS :
(79% + 21% SM) HO

HO Q HO \/\:; F
= Coupling N
A F LioH A F
® /
N 86% 100% N 0
d : N

O\H—ND—N NH
X-ray 0

Example 9

(o}

Variation of the aryl groups is exemplified in Sheme 5. Intermediate 18 was
15  synthesized using previously described conditions. Synthesis of examples 10 and 11
were achieved following procedures described for examples 8 and 4, respectively,

which are described in detail in the experimental section.
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made by treating the am no anal og exanple 8 with fornmal dehyde and NaBH3CN.
Scheme 7: \>-NLI(s1H>-NYLI(s1H OY NH7-.N1/ 0/ 0 O \ O \ \hN,N Exanple
8Exanpl e WBBREMab®714 Treat ment of exanple 2 w t hrayarsecaglosz¥sne

af forded the oxi me products as shown in Scheme 8. Schene 8: 15The azi de
group of internediate 9 could be reduced to am ne 21 and protected

Scheme S:
E R
(o] Previous Previous
conditions conditions HO F
R - . HO F - 5 N
| _ o [ R
P SN \ X
N | (for example 4) | _
P
TIPSO N .8 N )0]\
(>98% ee) TIPSO o ND‘N NH
fo) —

ll Previous
conditions
NN

(for example 8)

R Example 11
EN \
P
N o
O\H—ND—NJKNH
lo} —
\ AN
Example 10
5 As depicted in scheme 6, compound 19 was obtained from the alcohol shown

by treatment with Burgess Reagent. Standard di-hydroxylation afforded two
separable diastereomeric diols, of which the less polar trans compound 20 was

converted to the example 12.

10 Scheme 6:

o Burgess S 0s0, S S
N> 45% N N NN
HO o OH uG  OH

19

49% 38%
Less polar More polar
L Coupling

F

x \ F
®
N OH o]
N
(0]

\ AN
Example 12
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wi th Boc as shown in Schenme 9. After deprotection, the alcohol group can
react wth i socyanates such as 24, which was prepared in one step from
known aniwore1128¢9970 afford carbanmate internedi ate 25. Bporusdepnsi4est i on
exanpl e 17 can be obtained. Schene 9: 5As shown in Scheme 10, internediate
23 was converted to 27 through Mtsunobu reaction. The second M tsunobu
reaction reversed the al cohol chiral center to give 28, which after
treatment with hydrazine af forded the nono-protected diam ne 29. Through

previ ously knom1re on ¢ itions and react th known rea t 30,
onpound 31 v obtar et Hgrai & Mt toonah e e e Mt B 1001
the Boc grouD.mad&bgmeamthe dfifio hr[h%g%&bﬁﬂle@ﬂm&ﬁhﬁﬁ@deﬁﬂlde dndNBFBANat e 23
could al so be converted to the ketone internediate 32 through Swem

oxi dation. The ketone was converted to the unsaturated ester 33 by Wttig
reaction. Internediate 33, after hydrggrgati.on, afforded two separable
isomers 34sand 35. Both 34 and 35 was hydrolyzed by aqueous LiOH to afford
the intermedi ate aci gs—36 and 37, respec ely. After 10s .-@ard coupling
conditions, int enmsdBG and 37 werr-e rted to exd ﬁ; A9 and 20,
respectively. Ex 40 was conve 0 -xanple 2 b re.gnent w th TFA.
Schenme 11: Ex

]
Z

N o}
OTNQNMH OTN Lo e
o — (0] — (0] —

Wa NN W
Example 8 Example 13 Example 14

Treatment of example 2 with hydroxylamine afforded the oxime products as

shown in Scheme &.

10
Scheme 8:
Example 2 Example 15 Example 16
15 The azide group of intermediate 9 could be reduced to amine 21 and protected

with Boc as shown in Scheme 9. After deprotection, the alcohol group can react with
isocyanates such as 24, which was prepared in one step from known aniline 26, to

afford carbamate intermediate 25. Upon deprotection, example 17 can be obtained.
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Bi ol ogi cal Methods In vitro pharmacol ogy. 5 Tissue Culture. SK-N-MC cells
were grown at 37 Cin 5% CO2 as a nonol ayer in medium consisting of MEM
wi t h Ear IwOo0sl46®7and L- gl utam ne (1 nvitrogen) suppl emeotras2ewoiob430% f et al
bovi ne serum (I nvitrogen). Menbrane Preparation. Crude nmenbranes were
prepared from SK-N-MC cells 10expressi ng CGRP receptors. The cells were
rinsed twice with phosphate-buffered saline (155 nM NaCl, 3.3 mM Na2HPO4,
1.1 mM KHYDROGENPO4, pH 7.4), and incubated for 5-10 min. at 4 Cin
hypot oni c |ysis buffer consisting of ggﬁmvl Tris (pH 7.4) and 5 nM EDTA. The
cells were transferred fromplates to ropyl ene tubes (16 x 100 mm) and
honogeni zed usi ng a pol ytron. Honpbgenates were 15centrifuged at 32,000 x g
for 30 min. The pelle@v@\ere resuspen in col ot opir¢ | ysi s buf f er

h

wi th 0.1% mammal i ars pi &se i nhi bHNor) tail ( ) Fassayed for

g e -SK-M yogenat-e—was ot ed—and stored at -
80 C. 20 Radioli @« Bi ndi ng Assayz e conpounds ent| on were
sol ubi I'i zed and Ggdigd through sggdial  dilutions usp 00% DMSO. Ali quots
fromthe conmpound serial dilutio ns were further diluted™25 fold into assay

protein concentra

buffer (50 MM Tris-A pH 7.5, 2 0. 005% Trlchpn 0) and
transferred (vo 50 ) into 9¢ ” assay pl ates )y [ 4261 |- CGRP (GE
Heal t hcare or PerXki M'E tell to 72 pMi s§ay buf fer and a
vol une of 50 ul w ed : - MC_rembraties

diluted in assay
cocktail (Sigma), aggl Le-honpgeni
added in a volunme of 100 ul. The asS8a
tenperature for 2 h. Asgays wer e stopp?éd
buffer (50 30 "M Tris

filtration over gl assg-{fIpe G/ B) previously soaked in
0. 5% PEI. Non- speth i neng was i 1 uM bet a- CGRP (Bachem.
Protei n bound radi oacti i ty was determ nedsusing a ganma or scintillation
counter. The resulting data was anal yzed using a four paraneter conpetitive

bi ndi ng equation (XLfjt v2. Oé and the 1050 was defined as the concentration
of a conpodnd of i AVERRTHA Schems Hedntergodipe P A coperissk o 24 direyshgand bi ndi ng.

Fi nal assay congRnbiatic@dn 0thd sbeslilm flebburescidS rddMsedling aloBiN ciiktdl for
[1251]-CGRP is 25.4 pM_ Al conpounds of invention were evaluated in at

| east two sepdfFHEECERSSSi Wiph after gegmentyyigh hydragine cffosded hamenp-proigeird 1.

Human CGRP Bi ngliife 29. Through previously know reaction conditions and reaction with known

i an prd ease
hormge%m g
| ates were then incubated at room
_ addi ti on oExampleess col d wash

diately foll owed by

reagent 30, compound 31 was obtained. Example 18 was obtained after deprotection

10 of the Boc group.

21



Exanpl e Human CGRP Receptor 1C50 (nM 1 410 2 28 3 500 4 0.16 5 1.3 6 8.6 7

WO 2011/046997 PCT/US2010/052433

Scheme 10:

Example 18

5 As indicated in Scheme 11, intermediate 23 could also be converted to the
ketone intermediate 32 through Swern oxidation. The ketone was converted to the
unsaturated ester 33 by Wittig reaction. Intermediate 33, after hydrogenation,
afforded two separable isomers 34 and 35. Both 34 and 35 was hydrolyzed by
aqueous LiOH to afford the intermediate acids 36 and 37, respectively. After

10 standard coupling conditions, intermediate 36 and 37 were converted to examples 19

and 20, respectively. Example 20 was converted to example 21 by treatment with
TFA.
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WO 2011/046997 PCT/US2010/052433

Scheme 11:

36 Example 19

Example 21
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16 40 17 1.2 18 0.80 19 na 20 na 21 >1000 Pharmaceutical Conpositions and
Met hods of Treat nent The conmpounds of Fornmula | inhibit the CGRP
recept or . woO0sW@97t hey are useful for treating conditi eas/useoldiosassler s
associated wth aberrant CGRP | evels or 5 where nodul ati ng CGRP | evel s may
have therapeutic benefit. Accordi ngly, another aspect of the

I nvention is a pharmaceutical conposition conprising a conpound of Fornmul a
| with a pharmaceutically acceptabl e adjuvant, carrier, or diluent. 10

Biological Methods

In vitro pharmacology.

S Tissue Culture. SK-N-MC cells were grown at 37 °C in 5% CO, as a monolayer in
medium consisting of MEM with Earle’s salts and L-glutamine (Invitrogen)

supplemented with 10% fetal bovine serum (Invitrogen).

Membrane Preparation. Crude membranes were prepared from SK-N-MC cells

10 expressing CGRP receptors. The cells were rinsed twice with phosphate-buffered
saline (155 mM NacCl, 3.3 mM Na,HPO,, 1.1 mM KHYDROGENPO,, pH 7.4), and
incubated for 5-10 min. at 4 °C in hypotonic lysis buffer consisting of 10 mM Tris
(pH 7.4) and 5 mM EDTA. The cells were transferred from plates to polypropylene
tubes (16 x 100 mm) and homogenized using a polytron. Homogenates were

15  centrifuged at 32,000 x g for 30 min. The pellets were resuspended in cold hypotonic
lysis buffer with 0.1% mammalian protease inhibitor cocktail (Sigma) and assayed
for protein concentration. The SK-N-MC homogenate was aliquoted and stored at -

80 °C.

20  Radioligand Binding Assay. The compounds of invention were solubilized and
carried through serial dilutions using 100% DMSO. Aliquots from the compound
serial dilutions were further diluted 25 fold into assay buffer (50 mM Tris-Cl pH 7.5,
5 mM MgCl,, 0.005% Triton X-100) and transferred (volume 50 ul) into 96 well
assay plates. ['’I]-CGRP (GE Healthcare or Perkin-Elmer) was diluted to 72 pM in

25  assay buffer and a volume of 50 pl was added to each well. SK-N-MC membranes
were thawed, diluted in assay buffer with fresh 0.1% mammalian protease inhibitor
cocktail (Sigma), and re-homogenized. SK-N-MC homogenate (7 ug/well) was
added in a volume of 100 pl. The assay plates were then incubated at room
temperature for 2 h. Assays were stopped by addition of excess cold wash buffer (50

30 mM Tris-Cl pH 7.5, 0.1% BSA) immediately followed by filtration over glass fiber
filters (Whatman GF/B) previously soaked in 0.5% PEI. Non-specific binding was
defined with 1 uM beta-CGRP (Bachem). Protein bound radioactivity was
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Conmpounds are generally given as pharmaceutical conpositions conprised of a
therapeutically effective anmount of a conmpound of Fornmula I, or a

phar macewocalloppe@ecept abl e salt, and a pharnmaceuti cal | yCaaseqbabidas carri er
and may contain conventional exipients. A therapeutically effective anount
is the anmount needed to 15provide a neani ngful patient benefit as

determ ned by practitioners in that art. Pharmaceutically acceptable
carriers are those conventionally known carriers having acceptable safety
profiles. Compositions.enconpass all. common solid and |iquid forms

Phel udi g capearabie] Sk ST RN oA S artbs w0 Gng i Wainb i o
suspensi ons,  SiidRYourPhiakRics cordittitiBObibdih®BfuatiGO(XNIdit ¢ D.UPARIthd MNSwWARY by
formed in 20 tjped or sustained rel eased fqrmul ati ons. Conpositions are

made using corfiBRFdSMAABETBHIMEE APPDIEI RhH VeSO SitiBhin diwker pY@nf's (such
as bi ndi ng and,neidahdBind@E MHiSal a@BdcoRBitatiSS o [FoG T WAL BpMNTh&hemhol s) .
Solid conpositions are nornalhg formul ated in _dosage units providing from
25about 1 fo diblef [ THIOORY 504 md. Ak eorgroupdiptidencantn we cubsecd isgive exanpl es
of solid dosageiolsepadhi€ePehmBBls. Ste MBic 118r #Ha sybflRarp®, 500 ng, and 1000 ng.
Li quid conpositions are generally in a unit dosage range of 1-100 nyg/nL.
Sonme exanples of liquid dosage units are 0.1 ng/nL, 1 ng/nL, 10 ng/nL, 25

ng/ mL, 50 ng/nL, and 100 ”g/”thﬁQl.HummgaiﬁPﬁﬂMﬁ i on enconpasses al
t =E ]

conventional nodes of adm nistratton rnciy 'HPC@R? , parenteral,
i ntranasal, sublingual, and transder nal met hods. ypically, the daily dose
will be 0.01-100 ngy/ kg body weilghfxadmpid y|RGeper &by, nore conpound is
required orally and | ess parenterally. The s Eﬁifi: dosi ng regi me, however,
shoul d be determ ned by a physici an usi ng sound nedi cal judgenent.
Inhibitors at the receptor level tolCGRP|are4pwstulated to be useful in
S5pat hophysi ol ogi ¢ condi ti ons where—execessi-veCGRP{ eceptor activation has
occurred. Sone of these include neurogenic vasodil ation, neurogenic
i nfl anmati on, m graine, clusten headache|andsgj her | headaches, thernal
injury, circulatory shock, nenopausaL—LLusthﬁf—and asthma. CGRP receptor
activation has been inplicated|in t e pathog@ @si s| of m gr ai ne headache
(Edvi nsson L. CNS Drugs 2001, I5(10}%, 745{53; (KFOWTlianson, D. J. Mcrosc.
Res. Tech. 2001, 53, 167-178.; |[Gant, A |D. Brit :

6 8.6

7 0.13

8 0.04

9 na

10 0.20

11 0.89

12 12

13 0.19

14 2.0

15 28

16 40

17 1.2

18 0.80

19 na

20 na

21 >1000
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Phar macol . 2002, 135, 356-362.). Serumlevels of CGRP are elevated during
m grai ne (Goadsby P. J. et al. Ann. Neurol. 1990, 28, 183-7) and treat nent
wi t h ant iwoi2grizi4em®7drugs returns CCGRP | evel s to nornal eorruscaens249s t h

al l eviation of headache (Gallai V. et al. Cephalal gia 1995, 15, 384-90).

M grai neurs exhi bit 15el evated basal CGRP | evel s conpared to controls
(Ashina M et al., Pain 2000, 86(1- 2), 133-8). Intravenous CGRP infusion
produces | asting headache in m'grai neurs (Lassen L.H et al. Cephalalgia.

2002, 22(1), 54-61). clinical udies in g\g nd.rat report that
system ¢ CGRP bl ockade &?‘E‘WC?‘H’«SE‘ Hoalélo q e%li“g]f §7) does not

alter resting system c henodynam cs nor regional blood flow (Shen, Y-T. et
20al . J. Pharmacol . Exp. Ther. 2001, 298, 551- ﬁi} Thus, CGRP—receptor
ant agoni sts may pr&%?ﬂmraouﬁ%%“ﬂ%fméa{ fpBibit thes¢ G grear e ‘Aviaeh. RGeS t he

car di ovascul arysd,plt lréatnhg@orfainoﬁ%ﬂ M?or&%&é@&”a?téd xkzi@l{ ARA2AIINE RLGHoM t h
non-sel ective 5-HT 1B/ 1D agoni sts, "triptans" (e sumatri ptan).

25Anot her  ds peieregpodupsing s may @Vﬁ&eﬁéﬂut&bep‘?’fﬁi biting the CGRP
receptor conprising contacting the CGRP receptor with a conpound of fornula
| or a pharnmaceutically acceptable salt thereof Anot her aspect of
the invention is aAseartiaglyf another esaedt nfthe drvdntidnghs phaswereuttad eoBRition

aberrant | evelcnf e AR Lok oa kNG AUTHLALEAL ALl DeraREUL 2l 1y

effective amount "of a ormula ‘lto a patient er aspect of
t he inventi on cesiet,lvedist.of a conpound of fornula Tin the manufacture of a
medi canment,for the treatment of conditions related to aberrant |evels of
CGRP. 5Another aspect of the invention is a nethod of treating mgraine or
headache. Anot her &smpctindehretgareraliyv@inias pharelaatuésal tompositehhodnofsed ofeat i ng
infla tion a therapeutically effective amount of a compound of Formula I, or a pharmaceutically
acceptable salt, and a pharmaceutically acceptable carrier and may contain
conventional exipients. A therapeutically effective amount is the amount needed to
15  provide a meaningful patient benefit as determined by practitioners in that art.
Pharmaceutically acceptable carriers are those conventionally known carriers having
acceptable safety profiles. Compositions encompass all common solid and liquid
forms including capsules, tablets, losenges, and powders as well as liquid
suspensions, syrups, elixers, and solutions. Solid compositions may by formed in
20  timed or sustained released formulations. Compositions are made using common
formulation techniques and conventional excipients (such as binding and wetting

agents) and vehicles (such as water and alcohols).

Solid compositions are normally formulated in dosage units providing from
25  about 1 to about 1000 mg of the active ingredient per dose. Some examples of solid
dosage units are 0.1 mg, 1 mg, 10 mg, 100 mg, 500 mg, and 1000 mg. Liquid
compositions are generally in a unit dosage range of 1-100 mg/mL. Some examples
of liquid dosage units are 0.1 mg/mL, 1 mg/mL, 10 mg/mL, 25 mg/mL, 50 mg/mL,
and 100 mg/mL.
30
The invention encompasses all conventional modes of administration
including oral, parenteral, intranasal, sublingual, and transdermal methods.

Typically, the daily dose will be 0.01-100 mg/kg body weight daily. Generally, more
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(particularly neurogenic inflammuation), pain, thermal injury, circulatory
shock, di abetes, Reynaud's syndrone, peripheral arterial insufficiency,
subar achmepabiioesy7al 10 henorrhage, tunor grow h, fl uskrcmgsasismsidated wth
menopause and other conditions the treatnent of which can be effected by

t he antagoni sm of the CGRP receptor by the adm nistration of pharnaceuti cal
conposi tions conprising conpounds of Formula (1) as defined herein.

15Anot her aspect of the invention relates to nmethods selected fromthe

group consisting of (a) inmune requlation in t nmucps b) protective
ef fect agai nst® ?‘Hﬁdgl%zeﬁﬁ‘%ﬁﬁg’c?flaiesf HﬁrﬁﬂtVa]e%)gH‘ftS ?ﬁﬁ%‘?ﬁsﬁér M%revent i ng
i nterleukin- IHablerldnduld Bt Uetindidddy agfhyhieiaeudifsupd medicd] ydgemelil at i ng

expression of NKL receptors in spinal neurons and (e) airway inflamatory
di seases and chronic obstructive pul nonary 20di sease includi ng asthma. See

(a) Calcitonin Recepfistorddt KR rRRE@PIOEI th @G@P&E@%ﬁ@at&ﬂo@@%ﬁé’ﬁﬂii@t estinal
| mmune Cells. Hagner, Stefanie; Knauer, Jens; ber berger, Rainer; Goeke,

Bur khar d; Voi gethoprislolgiceendifiery wisst cxcesiva CORPALEIDEI activagen hagogcupred.

Physi ol ogy, PhjokieRipshe {din¥GiShdudoce NBL R HiThtiof & 0RBYic IMNFERLIAN nfigdhe) . 66(4),
197- 203; (b) Protective effects of calcitonin gene-rel ated

pept i de- nedi atcdwtcebesdhchriapdotber egdpahasetherpialyinguy dirgelataryaybhek. axnepauRhng,
Wi - Q ng; Du, = : - PL.ng. : : - Gy = n; Deng,
g ﬂﬁ@lﬂnggfn}d aéggﬁ% (C)E‘F@fg_? r%h[ggr act atiof & egr(]; ﬁﬁ'phcgyh e 9

Han-Wi; Li, Yuan-Jfan hoc rmaceutica I ences, Departnent of
Phar macol ogy, p@hngmasis Souigheingricedackd (BlvinyoahgCXe Rowel 2¢8, 1 Thexgstdd; Hunan,

Naunyn- Schm e 2r Q' rchi. ve r o) (20 (@), 1306-311; (c)
The experﬂ?enﬁgﬁﬁasn%ﬁﬁy 'thM[mﬁ%S%'e %S'eg %C%q%gi%%%%niééé)’%g%?téﬁg% 'e%)ltsapepti de on
bone resor pti dhamedola?@®, 35, B 5i-262. )e (Bkerun: [eveld ofPGRKaie;eleBeted duringyuan; Rao,
Zhenyu; Luo, Huaica artnent of t ho I £S, .XLehe Hospital, Tongji
ved 2ol Col | edueHERRORERE” bifl D4y S ISEREN 28 15T AR RRERBET ™ tiRan

Peop. Rep. Chinigraintlungd adtuiaf CORPJIpelse doall cdindidenk with wlldv2@0d pf 21(4),

304- 307, (d) | citonin..gene-rel ated Peptide regul ates expressi on of

neur oki ni nl réc’g%%flber@aﬁv r&t 55{3?9,#31?%9?5{?53&9; ?@é%OMgr%?ur BEon KE,

Mer el st eild P@levik®biraREGRANvAR 38mpdréd toLontNaUrAQsma M. 2083 Pdid 2080, 8601816- 1824.
epartnent of Neuroscience, University of M nnesota, (gl nneapolis, M nnesota

55455, and Departreht Igrvasawy GERB IHon madicrtiaitngpeadschy i RUFTABEYT i s,
Uni versity of (KarsasaMadi aabhdPapheioo2 kansas-§it Preclﬁﬁaﬁaﬁldfé_@ﬁm%(aﬁa

Attenuation of antigen-induced airway hypt)errespon5| veness in - defi ci ent
!

m ce. Aoki - Nagadeportithapkgemigggideblockagatitede pepiidegargonisy6&RF63-35hi ndo,

Takayuki ;  Kuridaar @y alfihdskifs sy CRIROMGdynal @S FrionY PSTBSIPE Sy ﬁiﬂ'eﬁ,qs—li" ot Tomita,
Tetsuji; Ohga, Eijiro; Nagai, Ryozo; Kurihara, Hroki; Quchi, Yasuyoshi. 10
Depar t nent20of atdr Fharmacel. Bepli Idien@001G28% pat €)- SEe g GRP-regepipcdntrgonibini ver si ty
of Tokyo, Tok g feb @R APHEHahe Rt S04SR QQY hiabi@3( S, Pt

D). Coba LordeRd s AT aRa AeHRRhe By SRR SR PRTlan AR

medi at or. Spr iahgéive vawmehrstricti@epyetiated with soraseipstice S-Hil$BH&ragomixtel ; G oneber g,
David A. Chari. S Depart ment of Pediatric Pneunol ogy and

| mmunol ogy, Di ‘E/r?pst? on' ¢ ’\ék{ﬂﬁtglgyxg})lSResearch, Hunbol dt - Uni versity Berlin,
Berlin, Germany. Pul nonary Phar nmacol ogy

25 Another aspect of the invention is a method of inhibiting the CGRP receptor
comprising contacting the CGRP receptor with a compound of formula I or a

pharmaceutically acceptable salt thereof.
Another aspect of the invention is a method for treating conditions associated

30  with aberrant levels of CGRP comprising the administration of a therapeutically

effective amount of a compound of formula I to a patient.
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& Therapeutics (2003), 16(3), 121-130; and (g) Pharmacol ogi cal targets for
the inhibition of neurogenic inflamation. Helyes, Zsuzsanna; Pinter,

Eri ka; Newet2hi1/0demwsef; Szol csanyi, Janos. Departnent of pPhasSceoosngy and
Phar macot her apy, Faculty of Medicine, University of Pecs, Pecs, Hung.
Current Medicinal Chem stry: 20Anti-Inflammtory & Anti-Allergy Agents
(2003), 2(2), 191-218. Anot her aspect of this invention relates to a
met hod of treatnent using conbinations of Forrmula | conmpounds with one or
nore agents selected fromthe,.group consisting of COX-2 inhibitors, NSAIDS,
ot i et ant noptee el sale M BuGRI S el o ShaboRr PSR R PR e

treat ment of Mm@nACAE of a medicamehd far it Geatment RE a6RAGNAS reladido hBdrahed terns are

as understood by nedi cal practitioners. M graine enconpasses all classes of
mi grai ne i ncl Jelickgt&SiRton, classic, cluster, ful gurating, hemiplegic,

opt hal nopl egi ¢, and opthomal mc. 30 "Therapeutically effective"
means there is a nmeani ngful patient benefit as understood by nedical
practitionérs. Anotheimpges pf the fugiion as paehehofiFretingrigsaredr headagkin
treatnment as determ ned by nedical practitioners. DESCRI PTI ON OF SPECI FI C
EMBODI MENTS 5 Abbrevi ati ons generally foll ow conventions used in the

art. Chemical abbr &nptei aspest oktbelinventioneclatpetoiafmathad dircatig IHeanpitos ar e

defined as fol larl e fAthmeadi i Dt yhisdylaY. i.de; " DVFE"
for N, Ndi net hyq?% or W%MEMQ&I\%?HH% or&ﬁgaﬁléﬁ{gh Hﬁg}s&l&?"oardr} Qﬁycﬁ{

N- br onosucci nidmrbdies, Reyiand's syndiane, petifheadarteaie binsudticiency; subaraghhofdoeraninl hi um
al um num hydri,de: NP "ofQr  di | syl ide. "h" r rs; "rt"
For 't oom t o ppEspmeL FERH Sl Hine LN S bR andopetondiflb=s o

m nut es; " Et 0AR trdaonene bfwyhiclacattetedectédbiFthe hmtagonisnt ettha®@RP ofcaptany " EDTA"
for ethyl enedi am netetraacetic acid;. "Et20" for di.ethyl ether:."DVAP" for
4- di met hyl anmi ASpYPT AP ERION Opplarmgcgpticgl %“Hi"élﬁ?%sr%g{pﬁ%ﬂﬁ%?!om%ﬂﬁs st or
acetonitril e; FobMda (If) ey detin2d hbireiet hoxyet hane; "HOBt" for 1-

hydr oxybenzotri azol e hydrate; "D EA" for diisopropylethylamne, "NI' for
CF3(CF2) 3502-; and "TMOF" for trinmethylorthoformte.

Abbrevi atiigns as ug@dthbBedspichof thE Biveifon REGtea® rhc@hddo¥dectedlfrom the@Foupnce, "2 X"

for 20twice, "3 x" for thrice, "C' for degrees Cel sius, "eq" for equival ent
g q q
or equi val ent 5c10n51st1ng of (a) immune regulation in gut nmucosa (b) protective effect against

cardiac anaphylactic injury (c) stimulating or preventing interleukin-1b(IL-1b)-
stimulation of bone resorption (d) modulating expression of NK1 receptors in spinal
neurons and (e) airway inflammatory diseases and chronic obstructive pulmonary

20  disease including asthma. See (a) Calcitonin Receptor-Like Receptor Is Expressed
on Gastrointestinal Immune Cells. Hagner, Stefanie; Knauer, Jens; Haberberger,
Rainer; Goeke, Burkhard; Voigt, Karlheinz; McGregor, Gerard Patrick. Institute of
Physiology, Philipps University, Marburg, Germany. Digestion (2002), 66(4), 197-
203; (b) Protective effects of calcitonin gene-related peptide-mediated evodiamine on

25  guinea-pig cardiac anaphylaxis. Rang, Wei-Qing; Du, Yan-Hua; Hu, Chang-Ping;
Ye, Feng; Tan, Gui-Shan; Deng, Han-Wu; Li, Yuan-Jian. School of Pharmaceutical
Sciences, Department of Pharmacology, Central South University, Xiang-Ya Road
88, Changsha, Hunan, Naunyn-Schmiedeberg's Archives of Pharmacology (2003),
367(3), 306-311; (¢) The experimental study on the effect calcitonin gene-related

30  peptide on bone resorption mediated by interleukin-1. Lian, Kai; Du, Jingyuan; Rao,
Zhenyu; Luo, Huaican. Department of Orthopedics, Xiche Hospital, Tongji Medical
College, Huazhong University of Science and Technology, Wuhan, Peop. Rep.
China. Journal of Tongji Medical University (2001), 21(4), 304-307, (d) Calcitonin
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"g" for gramor grans, "ng" for mlligramor mlligranms, "L" for liter or

liters, "mL" or "m" for mlliliter or mlliliters, "pL" for mcroliter or
m crolitewe,2iid46f9or normal, "M for nolar, "mmol" for mrCiriisSrelO5AB3
mllinmoles, "mn" for mnute or mnutes, "h" for hour or hours, "rt" for

roomtenperature, "RT" for retention tine, "atnm for 25atnosphere, "psi"
for pounds per square inch, "conc." for concentrate, "sat" or "sat'd "for

saturated, "MWN for nol ecul ar weight, "np" for melting point, "ee" for
enanti omeri c exces " "Mass Spec" S ectrorretr "ESI" for
ol act ospr ay (B EHS PSSR PORROpY. U GFR YIS BEBIEL | on,  HRVES

for high resolndtiogn SWV@Q@&@@@tKE/,Merh%m F®IGrbih@RID, Az iHaaRBIGDgr aphy
mass 30 spectronetry, pressure_liquid chr omat ography, "RP

HPLC' for revér@%‘“ﬁsﬁés%)oﬁﬂzﬁé) Lgﬁéé89ﬂ)repa{t{n§nt of dleuropgiches.dyyerEW ¥ mat ogr aphy,

"NWR" for nUC'Mﬁhes@ﬁ?NﬁﬁdeEpdh@%@ﬁiﬁ&%t% %@%hﬁ&@%enf&f'ﬂhaﬁﬂ&olﬂg}m on, "6" for
delta, "s" for sin "d" for doublet, "t" for triplet, for quartet

"m for nubti ;SEOétcologbraﬂdFb@raWB%UmV%ﬁy P%Ifia%%rMﬁdlcaé nwlaKansaf fy, "R, "s",
"E', and "Z" q{a%sa%%%[&P@pﬁﬁérﬁ%on%§h%tlh&1@§d iRy HyBerrds orREneliinl | €d i n the

art. 5Pr ot on magneti ¢ resonance spectra’were recorded on a Bruker
AC 300 or AC -Agficienpmeger éOb&)eN@a@mtTémﬁkmé@gm, Takehidg| QeHash, Yroghieat ed and

h | shif I
chemi cal shi ts%n% 31‘41&;199% lh:‘\‘/‘%)ﬁélﬁgé 8 nfoNARE helehifor ?Fﬂn&xﬂ&o'f@ﬁ&hf’a

standard tetranet hi i nterproton coupling constants are
reported in Helommta( Fajuji; Ghgd, EtjiroigNggat Reozvs Karilkard dbiofn &tueld, ¥ssufedhl.ows: s,

singlet; dl’O dg?le[%%ﬁﬁlénttof G%Irleitgé E/Jtedlcﬁllf) h&%%&ua‘ie?%hﬁgﬂ of M)e%ll&el Bhlv%rs%ﬁf br oad

peak. Low Tes i'on mass e apparent no (MH) or
(MH) + was detlakpo, rTeakchomapan MAmencmsTsumhlaifﬂ)bymlo@ (éﬁ@));%B(Sal?tal)yB%s% are

reported as p uct s, wer urif Prep HPLC
LS g the- cor dr ooty IS BROGHS R ForS Wil S a6 i and
gradi ent time JofheB; @appsbm Pistaagdlo; W@scﬁérpmeod}ﬁoﬁwergmdsq t(Dh:alﬂltdlﬁa

met hanol - 15 % wa r 0.1% and_endi n ent _conpos on 95%
Tot hanol - 5% v EROS, GoERT o e b B Her et SRRy H: By o BT Rs  rurent
using an XBERmd@@IralrrHuﬁlBolat Wni9CksiB ST, Bdrh, GeRgary! cpmmw@mhrrﬁcélb@%

- 0

met hanol 90% 0,1%trifluagroacet.i c)ﬁ%m d (TFA)) and _reaching

sol vent B (109 &E‘Er@?e‘l“csdé@/%@relp@ﬂ]&ll L30endg Asma&@@gwsl ey fakic ti me of 2

mn. The flowifabiBoh §f Rufbeédlt hiladthadBtt HATQNMEANAL; PRitdrREkaONecREQdUCt Was
nmeasured at 220 nm wavel engt h.

Jozsef; Szolcsanyi, Janos. Department of Pharmacology and Pharmacotherapy,

Faculty of Medicine, University of Pecs, Pecs, Hung. Current Medicinal Chemistry:

20  Anti-Inflammatory & Anti-Allergy Agents (2003), 2(2), 191-218.

Another aspect of this invention relates to a method of treatment using
combinations of Formula I compounds with one or more agents selected from the
group consisting of COX-2 inhibitors, NSAIDS, aspirin, acetaminophen, triptans,

25  ergotamine and caffeine for the treatment of migraine.

“Migraine,” “headache,” and related terms are as understood by medical
practitioners. Migraine encompasses all classes of migraine including common,
classic, cluster, fulgurating, hemiplegic, opthalmoplegic, and opthomalmic.

30
“Therapeutically effective” means there is a meaningful patient benefit as

understood by medical practitioners.

29



Internediate I HO

25(6S, 9R) - 6- (2, 3-Di fl uorophenyl) - 9- hydr oxy-6, 7, 8, 9-t et r ahydr o- 5H

cycl oheptwphkppymsezn- 5- one. In a 250 nL round- bottom f| ask/usasiodszisdl ved
(9R)-6- (2,3 -difluorophenyl)-9-(triis opropyls
ilyloxy)-6,7,8,9-tetrahydro-5Hcycl ohepta[ b] pyridin-5 -one (0.218 g, 0.49
nmmol ) in tetrahydrofuran (5 nmL) to give a colorless solution. After cooling
to -15C (ice-nethanol bath) under nitrogen, TBAF (0.490 ni, 0.490 mmol)

was added, and the, esutln bri ght yell l.ution was stirred. at -15C for
B (19 00pm 1t el et wh "B S B AR e SR BARY a1 ut eq
w th ethyl aceﬁ@ﬁcglpri{aﬁloh@yers wer e separated and the aqueous | ayer was

extracted with ethyl acetate. The conbined organic | ayers was washed with
brine, 5dried and concentrated to give a tan oil. FCC (25g silica gel

colum) up to 100% et hyl peatr@pefdne s rdifercadotioras red product
(112ny, 62% . 1H NMR (400 MHz, CHLOROFORM-d) 6 ppm 8.53 (dd, J=4.91, 1.64

Hz, 1H)7585(dd J=7.68, 1.64 Hz, 1H)734(dd J=7.68, 4.91 Hz, 1 H)
7.00 - 7.16 (m 3 H) 5.32 (s, 1 H 4.94 - 504 (m 1 H 4. 48 (dd, J=11.83,
3.02 Hz, 1 H) 2.14Abbreygtignygeacrsify: ooy coqyRnt{cdy gsetan faiart. CRETOROFORM d) 6 ppm

-138.24 - - 1384b9rzv1(1 nS:lflS 1n'th]e%g @caﬁon %%Gﬁyéglpfeg‘arejdef ﬂed @f&lgﬁ’% el 2 (6R
9R) - 6- (2, 3-Di fl uor opheny roxy- 5-0x0-6 tetrahydr

cycl ohept a[ b] pWHMD}S”thwodrlm(@S(@“}d‘@eﬂm@l}'@r&m}@r 'cDM.FE‘i for 8a¥o[ 4, 5- hI pyridin-1-
'(A‘SIR? ?r6l- ((jlz?g_ (]ZI-I ﬁ%engil %&5@"’ for ilr)ethgﬁ'cq “NBS” for N-bromosuccinimide; "TFA"
206, 7, 8, 9-10et rfaﬂtylﬂu@oﬁielacgmdl ohapt” &pral]tipiymi adiinmin@m y drdde( 2BORS-RMSQI1 foy dr o- 1H-

dimethylsulfoxide; “h” for hours; “rt” for room temperature or retention time (context

will dictate); “min” for minutes; "EtOAc" for ethyl acetate; "THF" for

tetrahydrofuran; “EDTA” for ethylenediaminetetraacetic acid; “Et,O” for diethyl

cther; "DMAP" for 4-dimethylaminopyridine; “DCE” for 1,2-dichloroethane; “ACN”

15  for acetonitrile; “DME” for 1,2-dimethoxyethane; “HOBt” for 1-
hydroxybenzotriazole hydrate; “DIEA” for diisopropylethylamine, “Nf” for

CF3(CF;,)380;-; and “TMOF” for trimethylorthoformate.

Abbreviations as used herein, are defined as follows: “1 x” for once, “2 x” for
20 twice, “3 x” for thrice, "°C" for degrees Celsius, “eq” for equivalent or equivalents,
“g” for gram or grams, “mg” for milligram or milligrams, “L” for liter or liters, “mL”
r “ml” for milliliter or milliliters, “uL.” for microliter or microliters, “N” for normal,
“M” for molar, “mmol” for millimole or millimoles, “min” for minute or minutes,
“h” for hour or hours, “rt” for room temperature, “RT” for retention time, “atm” for
25  atmosphere, “psi” for pounds per square inch, “conc.” for concentrate, “sat” or “sat’d
“for saturated, “MW” for molecular weight, “mp” for melting point, “ee” for
enantiomeric excess, “MS” or “Mass Spec” for mass spectrometry, “ESI” for
electrospray ionization mass spectroscopy, “HR” for high resolution, “HRMS” for
high resolution mass spectrometry, “LCMS” for liquid chromatography mass
30  spectrometry, “HPLC” for high pressure liquid chromatography, “RP HPLC” for
reverse phase HPLC, “TLC” or “tlc” for thin layer chromatography, “NMR” for

nuclear magnetic resonance spectroscopy, “!H” for proton, “8” for delta, “s” for

30



i m dazo[ 4, 5- hl pyri di n- 1- Api peri di ne- 1- carboxyl ate (exanple 2). In an
oven-dried 100 nL round-bottom fl ask,

(6S, 9R) - w020 B/db997uor opheny1) - 9- hydr oxy- 6, 7, 8, 9- PCT/US2010/052433
t et rahydr o- 5H cycl ohept a[ b] pyri di n-5-one (112.45 ng, 0.389 nmol)
(azeotroped with dry benzene) and 4-nitrophenyl

4- (2- oxo- 2, 3-di hydro-1Hi m dazo[ 4, 5-

25b] pyri di n-1-yl) pi peri di ne- 1- carboxylate (224 ny, 0.583 mmol) was

at by | NaHMDS SRR SHS S B el RS o duPeEP kR PS Gt  The
resul ting ye'M%%dSQhﬂHbQ&nwﬁﬁds&fWBeéRun®eﬁTﬂl&ﬁﬂﬂﬁﬁmﬁ&maﬁﬁ&hiﬁr I'h (war ned
up to -10C, turned to deep red solutlon/suspen3|on) After another 30 mn
(warmed t o - 5dpsighasieny fameter trongakilledidribhad wi t h sodi um bi carbonat e sol ution
and diluted with ethyl acetate. The 5l ayers were separated and the aqueous
| ayer was extracted with ethyl acetate twi ce. The conbi ned organic |ayers
vere washed with bPrten megniceeirepinehced bdNMR sceter wore sedrdedpeeRrukat &6 to give
atforded the aoorr g b AN spkp Ui int il e «JERARALL AR R CR! ort e
dia;tereonprsﬁhﬁsamﬁbmnaéna&umMKMmmﬁddﬁbﬂdhﬁm&@QXammhﬁi&umﬂahﬂﬁgne12@6 a
ol L S
S.,7 i.gH) 8. 20-paﬁerﬁia(1)ré Mesighatd)l ay foﬁiSws& ﬁﬁ’glétml dbuthtt; trﬂﬂet-q,ﬁuﬁ&t (rﬁn 2 H 6.82
o 1o 00 0 SR Bty ol b8 pSaagtitbndaF o ("o 7
g_]S-l(Lbr S., 3 %olem%t%?ar %/NEQ-E%Q ﬁ%ﬁiﬂednn%@@c%ass]ﬁbtm (E‘ﬂ%%n%yz J=5. 04
Hz, 1 H) 7 723 apal ?Eegere(r?ﬁortff(irlﬁperce@by W;?%@s Tbﬁpr0§uq19 W?remﬂﬁedﬁyﬁer(ﬁ] 2 H)
g-z 992(% e }iptﬂd) s@nlgztge é(mimn?M(f_D $s Ubs”@éQ 1()@51m()%taﬂ6w|f9te gfzﬂ)%lglﬁ/nalﬁ %71528
.33 Hz, 2 H): am@i;raﬁlm t{raeref §fpin. MI@R@PWVayt @nmpiﬁmnl@%‘ro%gnethano 35.42 (m

1 F) '138 2 (o a an 1 sition 95% m
9R) - 6- ( 2, 31%d| féiédovr;g%ﬁﬁe%@ i gaﬁégﬁg%b%tgmé?%w 9?éhy§§1r§a§015Hcycl ohept a[ b]

pyridin-9-y1 water-0.1% TFA. The products were analyzed by a HPLC instrument using an

(2 0n2S, En  SSgsS hyaghd apbor ace

6- (2, 3- d|f|u0ﬁmmheﬂym%nﬁhhymcﬂxwwﬁ{EEAD@p&ﬁﬁdﬁngsﬁwmh@dﬂbé6&%cy@®bhepta[b]p
yridin-

methanol — 0.1% TFA) over a gradient time of 2 min. The flow rate is 5 mL/min.

20 and retention time (Rf) of product was measured at 220 nm wavelength.

Intermediate 1

25 (6S,9R)-6-(2,3-Difluorophenyl)-9-hydroxy-6,7,8,9-tetrahydro-5H-
cyclohepta[b]pyridin-5-one. In a 250 mL round-bottom flask was dissolved (9R)-6-
(2,3-difluorophenyl)-9-(triisopropylsilyloxy)-6,7,8,9-tetrahydro-5H-
cyclohepta[b]pyridin-5-one (0.218 g, 0.49 mmol) in tetrahydrofuran (5 mL) to give a

colorless solution. After cooling to -15°C (ice-methanol bath) under nitrogen, TBAF
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59-y14- (2- oxo- 2, 3-di hydro-1Hi m dazo[ 4, 5-b] pyri di n-1-yl ) pi peri di ne- 1- car box
ylate (exanple 1, 25.5 ng, 0.046 mmol) in nethanol (1 nL) to give a

col or | essweabuti46e»7 Sodi um bor ohydri de (3.51 ny, 0.093 momiys2e@®s5Adsied, and
the m xture was stirred at roomtenperature for 30 mn. LCMS indicated
conpl ete conversion to a nore polar conpound. The m xture was concentrated
and directly purified by prep-HPLC. 10Saturated sodi um bi carbonate was
added to basify the solution and the volatile conponents were renpved under

hi gh vacuum n i ds re r ed! th met hyl ene
chiori ae and (PfebREe MhAmEBt Rl e ED LT el e sV T e oot i o
(12. 2ng, 45% .stidbEatCOSPOAUNTH M@Somﬁllﬂ@hﬁl@hc&ﬁﬂ 61ith Q6@ Iim bdibohAesdig@loat | ve
stereochem stry was not established. MS(ESI) g] 15 = 552.44; 1H NWMR (400
MHz, CHLOROFORRA diuted Withethyl agefatep The @yers iveﬁ)se@r% andghasaaueors layeryyag 05 (d,
J=5.04 Hz, 1 @(trZoteZl]WﬁHjethﬂaZeté?tQ Tﬂecoilnblﬁi)ed %rg%ﬁlc'l%feﬁ()w(s Was}?edk)oltﬂbrl%é 7. 30
(m 1 H 6.91- 7.18 (m 3 H) 4 (b 6 (b 0H)4.56
(br. s., 15H) dAledlind(wcenérated@ gqye %talmﬂ F%C Q?ég@mca gelmluzmb@ *@HPMS 2 H
2.50 (br. eﬁly'r'hce?até?ﬁex(utéf affo%ded tﬁe d‘é)meh p%huép(f112r§%16z%)H)HNﬂvﬁf(4bﬂ)/R (376 M,
CHLOROFORM d)

(5S, 6S, 9R) - 6- (MH?, WR@&@F@BN@MQ%S ﬁ%/ﬁidoiqﬂ-%,,?%ngtHW%@iﬂé—%ycl ohept a

[ b] pyridin-9-ylg ? r

Api peri di ne- 1y1car oxy ate &:ngyla? %ﬁi‘?g@"ﬁ%ﬂ%fﬁ@ ?%Ct?qu%)r op11enyl) 5-
hydr oxy- 6, 7, 8, giﬂdnréh@d#@(@&Utyh&bﬁ@é&&[bﬁbyﬂﬂd2d89my4H)19FN“ﬂ1676

4- (2- oxo- 2 3 ol 4 [)72¢ 1; Api di ar boxyl at e
ool o &0 %ﬂ%’%@gbgﬁz%%%zpﬁm 2138 Bh PYRR @ 0 11 AP11RER 91106 3 16

(2, 3-di fl uor oghenyl ) - 5- hydr oxy- 6, 7, 8, 9-t et rahydr o- 5H cycl ohept a[ b] pyri di n-9
_y| 4-

(2-oxo-2, 3-di hydro- 1Hi m dazol4, 5- hl pyri di n- 1- Api peri di ne- 1-carboxyl ate. In
a 100 nmL round-bottom flask was di ss@kwagle1,2

(9R) - 6- (2, 3-di fl uor ophenyl) - 5- oxo06, 7, 8, 9-t et r ahydr o- 5H cycl ohept a[ b] pyri di n
-9-y1 4-(2-o0xo0-2, 3-di hydro- 1H

10inidazo[4,5-b]pyridin-I-y%{z}E?ridine-l-carboxyl e (44.4 ny, 0.083 mmol)
(0] HO\ F

| F
N” (o}
/u\ (o]
N~ "NH OTV‘MC:3>“N)LNH
(o) —
CN \ /N

15

(6R, 9R)-6-(2,3-Difluorophenyl)-6-hydroxy-5-oxo-6,7,8,9-tetrahydro-5 H-
cyclohepta[b]pyridin-9-yl 4-(2-ox0-2,3-dihydro- 1 H-imidazo[4,5-b]pyridin-1-
vl)piperidine-1-carboxylate (example 1) and (9R)-6-(2,3-difluorophenyl)-5-oxo-

20 6,7,8,9-tetrahydro-5SH-cyclohepta/b]pyridin-9-yl 4-(2-oxo0-2, 3-dihydro-1H-
imidazo[4, 5-b[pyridin-1-yl)piperidine-1-carboxylate (example 2). In an oven-dried
100 mL round-bottom flask, (6S,9R)-6-(2,3-difluorophenyl)-9-hydroxy-6,7,8,9-
tetrahydro-5H-cyclohepta[b]pyridin-5-one (112.45 mg, 0.389 mmol) (azeotroped
with dry benzene) and 4-nitrophenyl 4-(2-0x0-2,3-dihydro-1H-imidazo[4,5-

25  b]pyridin-1-yl)piperidine- 1 -carboxylate (224 mg, 0.583 mmol) was suspended in
dimethylformamide (3 mL). After cooling to -15°C (ice-methanol bath), NaHMDS
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(exanmple 2) in nmethanol (1 nL) to give a colorless solution. Sodium
borohydride (6.30 ng, 0.166 nmol) was added, and the m xture was stirred at
room t enpeoavureefoor 30 min. LCVS indicated conpl et e comcerssean/ 052433 hr ee
conponents (presumably diastereoners), all with desired MW (MH = 536). The
m xture was concentrated 15and directly purified by prep-HPLC

(0. 199 FA- et hanol -water system) to afford three conpounds (order of

el ution: exanple 4>5>6, only pure fractions collected). D| rect
concentration i dic ut i under h| ve conp05|t|on
(by LCMS and &i/%%mﬂhgg 5"%%6?‘%5 V(t{(?g@t“g]d ﬁf E%IY Woi car bonat e
and concent r atsgRltibiOweN Yines andeThﬁrog@ﬁatdwes fyerme wagReapadl - eaamedtom t h

met hyl ene 20ch| oride to obtain the individual free bases, They were then

i ndi vi dual |y st¢R el seluigp/saensngign)g Adisr aitother 30 min GEomekbion215o1 thakseriAtene
chloride) to afdquéhchiiew QAUG SicAYAMIR! Blufiok Bad/dBitcd WAl othye &t erie (5. 5y,
129, and exarrple 6 (3.0 6% as white solids. The relative

st er eochenidst rligyefiaers éﬁpag?eﬂlae@ thy agucopyled wasesFsicd with ety pYRIY BOG MHz

CHL OROFORM:- d) ﬂe@@ﬁb&@d gr%arﬁ@fayer? w’ere]wel'%edgwrﬁgbrm%Sdr(éa w1t111%d1§§1 s'ﬁ'l_-’fate ]anl:ﬂ) 7.97 -
8.16 (m 2 H) 7.47 1"H 1 H - 7.22 (m 4 H
5.97 (d, J=10. cggcepﬁatecltorg)ve%@ﬂo @11 Buriﬁc:@gomb CCllpF‘I)lQ%ZG - 4 74 (m 3 H

G4 1 20k R i & chfir iRl hedre frostey dallle 2ol 20200 21 %7
-142. 46 - - 14miz@rq ofidiakteFomeB0aExelhwl a os:dlmammt((eb@mpm 25.OMEOROR@RM d) 6

ppm 10. 04 %brgg%}ﬁzdlgﬁe%ﬁ gﬁtﬁ? ghﬂges%])gs 1.26 Hz, 1 H 8.05 (br. s., 1 H)

7.66 (d, J=6 43, 4.91 Hz, 3 H) 7.03 - 7.17 (m 2
H 6.91 - 7.0Fxempled: MDS(ESIR[MA(HT —335,40:9 X MRL(406{MHY, BBLOROEBIVES 5Hz, 1 H)

3215 60t oMy st 351 e RaR TSy Ay Ko ®k? by 1y 384 R 00 () 576 N

CHLOROFORM d) 7629pp7r755r(1;38 Hé% s(2m7 119 (Em) 41:6% 2@%1( m 1 ﬂi) E)ss (tEX@mpHm @4 1H NVR

(400 MHz, CHLOROFOR $ m& 1.26
Hz, 1 H) 8.03%dd™3 %411@@11’ 1322%2 &D@f)757331§(m %H%%()% 68 (1 61#)@&9 7.15
(m 3 H 71500()1d§12111§7 55, 529Hz 1 H 6.58 (br. s., H)485(s 1|—|)
4.61 (br. s., 3 3.36 (br. s., 1 H 2.55- 3.15(m 3 H 2.35 (br. s., 1

H 1.83 -2.04 Hxeopy 1I—9V131EST7[M+H] 8050.43; 14 NMR @Q@WWCHQYBQE@RM -d) &
CHL OROFORM: d
CHLORCPORM e) pgnﬁgﬁf(ﬂsﬁﬁ #90) 805 (1S5 1 £ Ed6 1 Hs. PuE M Yy 79 - 7. 80 (m, 1 1)
15(5S, 6S, 9R) - 6-322,7353dinf, BUbr7dpheBa1n, 9 H)tor9%i(bopr bpy bSR Kyl oxlyhl} 64T (18, 9-t et r ah
ydro- 5., 4 H)2.94 (d, J=17.88 Hz, 2 H) 2.66 (t, J~14.35 Hz, 2 H) 2.10 - 2.52 (m, 4 H) 1.89
20 (d,J=11.33 Hz, 2 H); 19F NMR (376 MHz, CHLOROFORM-d) & ppm -135.79 - -

135.42 (m, 1 F)-138.22 (d, J=18.96 Hz, 1 F).

Example 3

O
25 CN



5H cycl ohept a[ b] pyri di n-5-0l and (5R, 6S, 9R)-6- (2, 3-di fl uorophenyl) - 9-
(triisopropylsilyloxy)-6,7,8,9-tetrahydro-5H cycl ohepta[b]pyridin-5-ol. In
a 100 m. wound-/daeg9rom f | ask was di ssol ved (9R)-6- (2, 3- dipCiraseaplsragd) - 9-
(triisopropylsilyloxy)-6,7,8,9-tetrahydro-5H cycl ohept a[ b] pyri di n-5-one
(510 ng, 201.144 mmol) (mainly trans isoner) in methanol (5 nL) to give a
col orl ess sol ution. Sodi um borohydride (87 ng, 2.29 mmvol) was added, and
the m xture was stirred at roomtenperature for | h. LCMS indicated conplete

conversi on. Met han s .remved in vac n r titioned
bet ween wat er and Zisn% 9&&@9&%@”’1@@2@?%@%é%sﬁgfeg&»%%g%r gani ¢

| ayer was washgeonptdib b hidie-9-deiedxo- QBdiz@@%)mH%ldezﬂJ[@d wergine a light
yell ow oi |l (492ny, 969 I nt er nedi at e

8, 68, 9R) - 6- (2 YQP@F’flqi’G%lléﬁ’f{’éﬁK/‘iff Bl arloosn@rqu@@ PRy flaskaras dissglkdRBIRAT b]

pyri di ne-5, 9- ¢i.@l3-dihifor8phtR)-Blhybiou @o@@fétm@ftétﬁ YBE- RPN By AR) -
6(23d|fluoro% enllr-a]p Q?I)’Ilgo y ylsily ﬁ}kdr cgtetrahydro 5Hcycl oh

|
ept a[ b] pyr i’di #-84d- 0(XPn2x3r Pédr@‘fl lml ﬁféérla 09,3/ @laﬁvﬂlpsﬂdlm cabayylatyg 501

nol ) in te”%&&ﬁﬁ{p@ W2§'3 n(éo'@)h% nﬁﬁblﬁh\ﬁ%ﬂﬁn&m i) &S Sive PbUbIQD sordtBAF (0. 752
m., 0 752 mmlij@dwas added, "and the m xture was stirred at room tenperature

for lumﬁ%@hyéﬁd%@rﬁdlr%é 006 myeal svasrpdadd, pmy the megwisovietirreshi | e t he
m “Or One di d aP%mCtl@I%g%%ure%ﬁ SAAr el @ %@rﬁ oﬁn?d@é’%vé@lo}{?&y oftnd the
et cetate

residue was partition bet ween water an The layers were
separ at ed and mhecaqm@odlsﬂheaye&turmss @nt:erra@teédndmhtdqthepvryfiedén@r@tféPLG‘-he

and concentr ata &Y SRR PERIE bt by sy el " IE, ST eane
af forded int ercnmdmaame V@rﬂmﬁhaﬂgﬁldel(}ﬂ&n@,cuﬂlﬁ Y hasmainy slohds were

repeatedly washed with methylene chloride and filtered. The solution was

concentrated to give a white solid (12.2mg, 45%). The compound was a single

diastereomer, but the relative stereochemistry was not established. MS(EST)[M+H ']

15 =552.44; 1H NMR (400 MHz, CHLOROFORM-d) 6 ppm 10.36 (br. s., 1 H) 8.49 -

8.61 (m, 1 H) 8.05 (d, /=5.04 Hz, 1 H) 7.71 (d, /=7.30 Hz, 1 H) 7.31 - 7.50 (m, 2 H)

7.24-7.30(m, 1 H)6.91 - 7.18 (m, 3 H) 6.14 (br. s., 1 H) 4.96 (br. 5., 1 H) 4.56 (br.

s.,1 H)4.41 (br.s.,2H)3.71 - 3.94 (m, 1 H) 2.98 (br. s., 2 H) 2.50 (br. s., 1 H) 2.33

(br. s., 3 H) 1.90 (br. s., 5§ H); 19F NMR (376 MHz, CHLOROFORM-d) 6 ppm -

20 135.86, -138.16.

Example 4, 5, 6
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crystalline solid, and internediate 4 (95ngy, 65% as a colorless oil
(solidified upon standing). Internmediate 4 was further crystallized and
si ngl e cryetalizdemre obtained. Its relative stereochem CryUSeas/ opr4eyen by
Xx-ray studies. Internediate 3: MS(ESI)[ MH+] = 448.43; 1H NVR (400 MHz,
CHLOROFORM d) 206 ppm 8.34 - 8.48 (m 1 H 7.62 (d, J=7.55 Hz, 1 H) 7.15
(dd, J=7.81, 4.78 Hz, 1 H 6.89 - 7.05 (m 1 H 6.67 - 6.82 (m 1 H 6.24
(br. s., 1 H 581 (br. s., 1 H 538 (d, J=4.78 Hz, 1 H 3.93 (br. s., 1

1250 O Sop, Al Tl v otbed Mgt 0 g 51 O

1.23 (m 3 H) declbeptafBlpP8dik Dyl 9(1?’1)7x(929311hydﬂo 00-itaz34 )b m2Riid-nt er medi ate 4:
MS(ESI ) [ MtH+] = 292.26: 1H NI\/RS( 00 MHz, CHLCRCFCRM?{) 6 5 pm 8. 45 (dd,
J=4.78, 1.26 B@pipeidipe-gcqhopaie jexgmple 4/ SRS ER-G-(Sxdiflugroghergths-1 1) 6. 97 -
(7 181(|r_n|) g H) h'j:?dr%zy67(@ ﬁétr(z%dréldhbcyéo%m{(@pyﬁﬁ%@ -04- (b%xo 3‘3129#1 roz@H;_D 42834
m .

-2.13 (m f H)lmffiaaaﬂﬁ bips@lin-fyl) nipgy lnelér:m&wlqte%aw 5); @Fﬂidﬁé&%&t@) 6 ppm
-137.35 - - IF MR £101 Mz,
CHL OROFORM d)]( ;5%?}’10%5%@82 By s éﬁgpte%‘ég’?’%%ﬁ @eféojhezgt)é[b]’%’g )y 5 and 199
Hz, 1 © 147 63-0xo0- Mgizwn(ald zmzﬂazo 1.3-Obpyaidén- i*yi?pzparzdzqe-t:ya@wsﬂca@ lng, 1 O

136. 62 4. 36-

T o 1 b ot potomndl S don nr s Bbibpichyfls 4 S o0

1 C 71.37 (s,618, @)etfﬁhyer SHscyclbh@yalUpyddinOhyl 4-(8-ox0-2,3a}ihBBo-10- (s, 1 C 32.83
, 1 C t

(C5R 66 on"6 TPIREUES AR aide) doipsridine, 1-gororyie 444 e, 0,083 mmo)

cycl ohept a[ b] Qwanqbile@-nsmgﬂadmcd (1 mletoegmeaOcormIlesmmﬂmhoboSd)cbmnfoba)hkdriMS

di ssol ved

(5R, 6S, 9R) - 6- (2387 $1 oPBISHEHY 199 e the BEEFE IS L) PURYT-BTPFEYS. t ot r ahyd
r o- 5SHcycl oheptfaq 1] r IDd]MS Eadmhted 8dmpiere cEhv2BDnortirde dompbeshie gicairgabB) i N

0407 ol ) waestrag o e B P S SeS e it Sisor SRR o7 16n

LCVS showed C(m’ﬂlhﬁécﬁy@)@ﬂﬁc&f@llﬁép HPFhe (0 %reAansisotivhidt g@temﬂ) td’afﬁirch)" acetate
and water. The | ayers re separated and the aqueous é\%é tract ed

with ethyl acebidt EomPr B BT e BF EATEIe 5 ¢ MK #)br i ne,
dried wth sodyin c%'ﬂbérﬁﬁﬁon @0dic GO E&T) uhadr Bcbhtvacliny @&vd s@rﬁ@d&bllnposmon

(by LCMS and NMRs). They were individually treated with sodium bicarbonate and
concentrated to dryness. The residues were repeatedly washed with methylene

20  chloride to obtain the individual free bases. They were then individually purified by
FCC (a gradient up to 10% methanol/methylene chloride) to afford the products
example 4 (6.7mg, 14%), example 5 (5.5mg, 12%), and example 6 (3.0mg, 6%) as
white solids. The relative stereochemistry was not strictly assigned.
Example 4: 1H NMR (400 MHz, CHLOROFORM-d) & ppm 10.21 (br. s., 1 H) 8.52

25  (d,J=3.53Hz, 1 H)7.97-8.16 (m, 2 H) 7.47 (br. s., 1 H) 7.27 - 7.37 (m, 1 H) 6.90 -
7.22 (m,4H)5.97 (d, /=10.32 Hz, 1 H) 5.32 (d, J = 10.4 Hz, 1 H) 4.26 - 4.74 (m, 3
H)2.55-3.29(m,3H)2.18-2.49 (m, 4 H) 2.07 - 2.17 (m, 1 H) 1.59 - 2.02 (m, 4 H);
19F NMR (376 MHz, CHLOROFORM-d) 3 ppm -137.26 - -136.84 (m, 1 F) -142.46
--142.13 (m, 1 F).

30  Example 5: 1H NMR (400 MHz, CHLOROFORM-d) & ppm 10.04 (br. s., 1 H) 8.60
(dd, /~4.78, 1.26 Hz, 1 H) 8.05 (br. s., 1 H) 7.66 (d, J=6.55 Hz, 1 H) 7.31 (dd,
J=7.43,491Hz,3H)7.03-7.17 (m,2H) 691 -7.03 (m, 1 H) 6.25 (d, J/=5.79 Hz, 1
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20 FCC up to 50% et hyl acetate/ hexane afforded the desired product (55.5ng,
94% as a white crystalline solid. Internediate 5 was further crystallized
and si nglwoenysedss were obtained. Its rel ative stereocRemus2ol/ 05m33
established by x-ray studies. MS(ESI)[MH+] = 292.26; 1H NVR (400 MHz,
CHLOROFORMd) 6 ppm 8.37 (dd, J=5.04, 1.51 Hz, 1 H 7.52 (dd, J=7.55, 1.51
Hz, 1 H 7.37 - 7.49 (m 1 H 7.19 25(dd, J=7. 30, 504Hz 1H) 7.00 - 7.15
(m 2H)5.96(br S., 23 (dd, J=11.58, 2.27 Hz, 4.78 (s, 1 H

1H 5.
355 00 o 16 Mgttt B e S i3 {38 33 S%mkgﬁi%%d%%é 1

H); 19F NWR (3?262M7|22 68@1141,19?%@&#111)1) @O:ppmls B3 HB1.93 B38., BIH){19F NIMR) -
144.45 - -144.03 13C NMR (101 CHLOROFORM- d) 6 ppm 160. 75
(s, 1 C 149, 121761\4?510%12 ORMGOQEPIB la?ﬁe??%i%lﬁ&mﬁ“é)n 146. 49 - 149.15

80,3 5,18, ARt oo g8l O Rgriniheld g Ry G115 (5, 2

122.20 (s, 51 @Qid V6784 .26z J2DS.BE d#z=5.16 0)137Hz,94{)(7s3,5 7. IS)(HZG BI.Ws, 1 C)

40.42 (s, 1 O, 36.6 a

(5S6S, 9R) - 6- ( § gfﬁoré)giﬁﬂgr{yﬁ %JQ(t%; |1;H %ET ;E/IIBoxy Sgeﬂ7)48619(b{ et rahydr
o- 10 5H cycl Qbep{)a[.h’)](bym tiHN 255y B. 1acet aHe)z 3Br0bras ,ZBH) nR3 r 20AdnOHE om f | ask
was di ssol ved

(5S, 6S, 9R) - 6- (1273- 1% M dr Bph&ny @77 Mtz SBHPERIOSY ) %97 557 %4 -

t et r ahydr o- SHscYy d)ohgpoahb] pyri di n-5-ol (1.004 g, 2.243 mmol) in nmethylene
chl ori de (20 m.) to give a colorless solution. Acetic anhydride (0.423 m,
4.49 mol )%nd triethyl amine (0.938 nL, 6.73 nmml) were added, followed by
DVAP 15 (0.055 g, 0.449 mmol). The jpexhidigted@ss stirred at room tenperature
under nitrogen. 2h: LCMS showed conplete conversion. It was quenched with
Sodi um bi car bonate sol ution and d| I uted with ethyl acetate. The |ayers were

separated. The organic | ayer was ed with bri ried and concentrated
to give a colorless oil (1009 P Was di Hect | Fi ed onto next
1Ct

reaction without further pusifi £ oh and \c" rlzatlon MB( ESI ) [ MtH+]
= 490.26. Internediate 7 F |
= + =
N N
TIPSO TIPSO
(Major) (Minor)
15 (58,68,9R)-6-(2, 3-difluorophenyl)-9-(triisopropylsilyloxy)-6,7,8,9-tetrahydro-

SH-cyclohepta[b]pyridin-5-ol and (5R,6S,9R)-6-(2, 3-difluorophenyl)-9-
(triisopropylsilyloxy)-6,7,8,9-tetrahydro-5SH-cyclohepta[b][pyridin-5-ol. In a 100 mL
round-bottom flask was dissolved (9R)-6-(2,3-difluorophenyl)-9-
(triisopropylsilyloxy)-6,7,8,9-tetrahydro-SH-cyclohepta[b]pyridin-5-one (510 mg,

20 1.144 mmol) (mainly trans isomer) in methanol (5 mL) to give a colorless solution.
Sodium borohydride (87 mg, 2.29 mmol) was added, and the mixture was stirred at
room temperature for 1h. LCMS indicated complete conversion. Methanol was
removed in vacuo and the residue was partitioned between water and ethyl acetate.
The layers were separated. The organic layer was washed with brine, dried, and

25  concentrated to give a light yellow oil (492mg, 96%).
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(5S, 6S,9R) - 6- (2, 3-di fl uor ophenyl) - 9- hydr oxy- 6, 7, 8, 9-t et r ahydr o- 5Hcycl ohept a
[ b] pyridin-5-y1 acetate. In a 100 nL round-bottom fl ask was di ssol ved

(5S, 6S, 9Ryo@e(1214899di f | uor ophenyl1) - 9-(trii sopropyl silyl orgrAB20MM0B5A3% et r ahyd
ro-5H cycl oheptal[ b] pyridin-5-yl acetate (1098 ngy, 2.243 mmol) (azeotroped
with dry 5benzene) in tetrahydrofuran (20 nL) to give a colorless solution.
TBAF (2.69 nL, 2.69 nmmol) was added, and the resulting light yellow
solution was stirred at roomtenperature for 2h (8:30am). LCMS indicated
conpl ete conversion. Tetrahydrofur ag{lwas rem)ved in vacuo and the residue
was diluted with water and et hyl EFf'é‘ed“l‘H’e | ayers were separated. The
organic | ayer was washed with brine, 10 d and concentrated to give a
colorless oil. Purification by FCC UfHd O hyI acet at e/ hexane afforded
t he desired product (648ngy, 87% for 2 steps as a colorless oil.

MS( ESI ) [ MtHH] 334.21; 1H NWR (4 CHLOROFORM d) 6 ppm 8. 47 (dd,
J=4.78, 151Hz 1H)769(d J 1 H 7.28 (dd, J=7.81, 5.04 Hz, 1
H 6.94 - 710(m 3 H 6.20 (d, J-'io Hz, 1 H 5.95 (br. s., 1 H 4.95
(dd, J=11.21, 15 1.64 Hz, 1 H 3.1®PSO3.31 (m 1 H 2.27 -2.41 (m 2 H)
2.06 -2.19 (m 1 H 1.80 (s, 3 H 1.48 - 1.63 (m 1 H); 13C NWR (101 MHz,
CHLOROFORM d) 6 ppm 168.96 (s, 1 C) 157.96 (s, 1 C) 149.66 - 151.75 (d, J =
12.6 and 199 Hz, 1(X)6S197-622,3-difléBo2@n o, 7. 59-kBakadeh-188 Hz, 1 C) 146.00 (s,

29 ot i o Gyt Sl 8 B eSS BuioA s s

Hz, 2 O 72. 76-Q33-diBudedphéhylI4-({rBsopdpBrilddxydd, 1 &9-tetighydrd-58) 35.66 (s, 2 O

32.68 (s, 2 C .28 (s, . : 19F NMR (376. , L OR 6 m -

038 50 o 157 Gaohp e Ryridin T gE g dn i e 3 Baa el ) gambly

ES]S 6S, gR) S (nizteaaﬂgidfrém@ﬁ@pﬁww Jivdr byeieexyohfion., 8BAFI @SRy dr.os5Hcycl ohept a
pyridin-9-y

4- ( 2- oxo- 2, 3- dRAYLIPE added. pndi e Gaiytuss was PRt S rAIsTfws FE 2 L@ Boxyl at e

(exanpl e 4k, B ARG dAGkr SO0 ThaRUATORG LA Ik AfkorAS dRspended
(5S, 6S,9R)-6- (2, 3- d|f uoro heny1l) - 9- hydr oxy- 6,

5t et r ahydr o- 5Hh&Es| BB waitwmwﬁqua@e@%& @e(@@uvwe@par@twm@ nmol )
(azeotroped wigeRyddh Vva{%ia ) a@Rfe. %H&'l&fe%qp&@wparated and the aqueous layer

4- (2- oxo0-2, 3-di hydro-1Hi m dazo[ 4,5

b] pyri din-1 - yIW%}Slebfé%Ci%hVﬂﬁLelh}daW@é@(yT@tCémbm@(?OI@HIC GryaaBasmeshgd wigh

brine, dried with Sodium sulfate, and concentrated to give a tan oil. FCC up to 50%

15  cthyl acetate/hexane afforded intermediate 3 unchanged (38mg, 17%) as a white
crystalline solid, and intermediate 4 (95mg, 65%) as a colorless oil (solidified upon
standing). Intermediate 4 was further crystallized and single crystals were obtained.
Its relative stereochemistry was proven by x-ray studies.

Intermediate 3: MS(ESI)[M+H ] = 448.43; 1H NMR (400 MHz, CHLOROFORM-d)

20 dppm8.34-8.48 (m, 1 H)7.62 (d, J/=7.55 Hz, 1 H) 7.15 (dd, /=7.81, 4.78 Hz, 1 H)
6.89 -7.05 (m, 1 H) 6.67 - 6.82 (m, 1 H) 6.24 (br. s., 1 H) 5.81 (br. s., 1 H) 5.38 (d,
J=4.78 Hz, 1 H) 3.93 (br. s., 1 H) 2.59 (br. s., 1 H) 2.31 (d, J/=4.53 Hz, 1 H) 2.13 -
2.25 (m, 1 H) 2.01 - 2.12 (m, J=14.20, 7.07, 7.07, 3.65 Hz, 1 H) 1.85 - 2.01 (m, 1 H)
1.10 - 1.23 (m, 3 H) 1.02 - 1.08 (m, 9 H) 0.93 - 1.00 (m, 9 H).

25  Intermediate 4: MS(ES)[M+H'] =292.26; 1H NMR (400 MHz, CHLOROFORM-d)
d ppm 8.45 (dd, /=4.78, 1.26 Hz, 1 H) 8.10 (d, /=7.81 Hz, 1 H) 7.24 - 7.36 (m, 1 H)
6.97 -7.18 (m, 3 H) 5.77 - 6.44 (m, 1 H) 5.08 (d, /=10.07 Hz, 1 H) 4.70 - 4.84 (m, 1
H)2.93-3.08 (m, 1 H)2.55 (br.s., 1 H)2.17 - 2.38 (m, 2 H) 2.04 - 2.13 (m, 1 H)
1.39 - 1.58 (m, 1 H); 19F NMR (376 MHz, CHLOROFORM-d) 6 ppm -137.35 - -
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di met hyl formam de (3 nL) under nitrogen. After cooling to -15C

(i ce-nmethanol bath), NaHMDS (0.870 nmi, 0.870 mmol) was added dropw se. The
resul ti ngwoanki/04699Q0 red sol ution was stirred under nitr @egerusato/nisHgs - 0C
for I h. LCVMS showed desired product and possi bl e over-hydrol ysed product.
After another Ih at roomtenperature, conplete hydrolysis was not yet

achi eved. The reaction was quenched wi th sodi um bi carbonate sol uti on and
vol atiles were renoved. The m xture was diluted with ethyl acetate. The

Lattnyl acet atBoRTkE Lbrmthal digane 12y EGNEh BOLMBR PRI, ari e
with sodium S%%@Eﬁl 15814 (sCCP@;QB@ 0t esh 15q48irveer s weyl 199wi01 0y 148u63 £ | cation by
FCC up to 10% net hanol / yl'ene chloride afforded the acetate-protected

product (2nd dé&l%ﬂ@lhg13@@@91?IBHZdL§)e1)45é§(SAé|Q) 136 6% frel Cal gts @l kbhol (3rd
peak, 20mg, 13% g9 k&Ja112§@HQHéQQH@6b@Q4 nli,'13é)'<12‘1§\@§ (br.s., 1C) 122.74 (s, 1

(5S, 6S, 9R) - 5- acet oxy-6- (2 |f| uor ophe -

206, 7, 8, 9- et @Hﬁaﬁ@(dwﬁh@iﬂHhé&)a?[ltiﬁﬁgsrhcaimig(w Q4021 ¢hos. 21 €) - Wy dr o- 1H
im'dazo[4 5-b] pyr |)\pi peri di ne- 1- car boxyl ate (51 ng, 0.088 mmmol)
(acetate prot e(g%ﬁe%ﬁ;%:kggugtd)from above) in nethanol (1 nL) to give a

col orl ess sol ution. Potassiumcarbonate (122 ng, 0.883 mmvol) was added, and
the m xture was stirred at room ter‘rge{e%llé(rlgtef#r | h. LCMS indicated conplete
conversi on. Methanol was 25renpoved in vacuo he residue was partitioned
bet ween water and ethyl acetate. The |aye ere separated (no product in
aqueous |ayer by LCMS). The organic Iwcyershed with brine, dried, and
concentrated to give a white solid. Pugiffcation by FCC up to 10%

met hanol / met hyl ene chl ori de af f or ged® desFre product (28ngy, 56% as a

i ght yellow solid. 1H and 19F NVK sp¢ a were obtained and matched 30
that of exanple 4. Internediate 8

10
((5R,68,9R)-6-(2,3-difluorophenyl)-6,7,8,9-tetrahydro-5H-
cyclohepta[b]pyridine-5,9-diol. In a 100 mL round-bottom flask was dissolved
(5R,68,9R)-6-(2,3-difluorophenyl)-9-(triisopropylsilyloxy)-6,7,8,9-tetrahydro-5H-
cyclohepta[b]pyridin-5-ol (91 mg, 0.203 mmol) (intermediate 3) in tetrahydrofuran (2
15 mL) to give a colorless solution. TBAF (0.407 mL, 0.407 mmol) was added, and the
mixture was heated at 50°C overnight for 16h. LCMS showed complete conversion.
The mixture was diluted with ethyl acetate and water. The layers were separated and
the aqueous layer was extracted with ethyl acetate. The combined organic layers
were washed with brine, dried with sodium sulfate, and concentrated to give a tan oil.
20  FCC up to 50% cthyl acetate/hexane afforded the desired product (55.5mg, 94%) as a
white crystalline solid. Intermediate 5 was further crystallized and single crystals
were obtained. Its relative stercochemistry was established by x-ray studies.
MS(ESI)[M+H '] = 292.26; 1H NMR (400 MHz, CHLOROFORM-d)  ppm 8.37
(dd, J=5.04, 1.51 Hz, 1 H) 7.52 (dd, J=7.55, 1.51 Hz, 1 H) 7.37 - 7.49 (m, 1 H) 7.19
25  (dd, /~7.30,5.04Hz, 1 H) 7.00 - 7.15 (m, 2 H) 5.96 (br. s., 1 H) 5.23 (dd, J=11.58,
2.27Hz, 1 H)4.78 (s, 1 H) 3.22 - 3.32 (m, 1 H) 3.10 (br. s., 1 H) 2.74 - 2.89 (m, 1 H)
2.29 (dddd, /=13.60, 5.16,2.77,2.64 Hz, 1 H) 1.77 - 1.91 (m, 1 H) 1.47 - 1.67 (m, 1
H); 19F NMR (376 MHz, CHLOROFORM-d) & ppm -138.73 - -138.11 (m, 1 F) -
144.45 - -144.03 (m, 1 F); 13C NMR (101 MHz, CHLOROFORM-d) & ppm 160.75
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(5R, 68,9R)-5-chloro-6-(2, 3-difluorophenyl)-9-(triisopropylsilyloxy)-6, 7,
8,9- Stetrahydro-5H-cycl ohepta[b] pyridine. In an oven-dried 250 niL

round- botwormfiiesde7was suspended NCS (0.751 g, 5.62 mmoIPLTIU$2010/052433
tetrahydrofuran (15 nL). Tri phenyl phosphine (1.475 g, 5.62 mml) was added.
After stirring under nitrogen for 5mn,

(5S, 6S,9R) -6-(2, 3-di fl uorophenyl)-9-(triisopropylsilyloxy)-6,7,8,9-

t et rahydr o- 5H cycl ohept a[ b] pyri di n-5-0l (1.007 g, 2.250 nmol) was added in

otirred at rodihengedac it Bie s i adl Seaiad by M B RIS RE & o
sol ution. Aftehd2i HEGNS iseducatiey 1g@rmtse11 e:)c;g)swsa(rssl gm34T93t(ﬂaﬁ:ydr79f ur an was
renmoved in vacuo and the re purified b

(240g silica ¢& bim)? %@tb?“e@o%ﬂ%;)ﬂ%%%@a% &) h@x?é)r{é“bﬁ]rl &ty 1&d tate
eluted the non{zp@lc?/lm@@g‘?@?zbﬁg@dm)aomgdu@3éézyrsﬁ§c§bygﬁ@ by 10%

nmet hanol (with 2 thyl ene chiorid e product fractl ons
were combi Red and re-purified by FCC up to 50% Et hyl acet ate/ hexane to
afford the desired product as a col qh{egﬁlgdfg{el6 (869ng, 83% . MS(ESI)[MrH+] =
466.22; 1H NVR (400 MHz, CHLOROFORM d) ppm .55 (d, J=3.53 Hz, 1 H 7.63

(br. s., 1 H 7.20 (dd, J=7.68, 4.91 Hz, 7.01 - 7.15 (m 1 20 H) 6.90
-701(m1|—l)666-690(m1|—|)555 .85 (m 1 H) 5.40 - 556 (m 1
H 3.96-4.33 (m 1 H 2.33 (br. s., c(gi) 220(m1H)114-1.23

(m 3 H 1.04 - 1.14 (m 9 H 1.01 (
(5S6S, 9R) - 5- azi do- 6- (2, 3-di f| uor ophes
t et rahydr o- 5H cycl ohept a[ b] pyri di
di ssol ved

(5R, 6S, 9R) - 5-chl or 0- 6- (2, 3-di f | uor oy l) - 9- (triisopropylsilyl oxy) -

6, 7, 89tetrahydro qu{clohepta[b]pyrld ne (5 rrl? mmol ) in
5di met hyl f or mani de (YPNR-6(8 3g4ﬂlé0r%”h€6]f%?1(’é‘§§l’r§6ﬂﬁ Jil%W 5 §<§cﬁ G e (474

ng, 7.29 npol )51%%10@%@1@];9)@0% % bﬂzc%?&t Ui 82 9@ LIS RoAaEIOQM t eNper at ure
under nitrogen for 2. indicated only partial _reaction. The m xture

was heated at @@@V‘%ﬁ/@?’r@ﬁéﬁﬂ 6- (Af3tdéﬂuol@i?henlbﬂ/@flisﬁﬁﬁoéﬁﬁléﬁo’@/érﬁﬂk8eq e conversion

with some eli %t%_tyalersfpé}ﬂaﬁmasm wﬁdlw&m B0¥8S. zil3ln%a§1m%étﬁymter and et hyl
acetate. The layers werée 10sep arate The organic | ayer was washed with
brine, dried, ch d@@ﬁd@pﬂttpatvedcvbrlg&s\ﬁ@luaorcﬁ@tl¢élﬁls/d@fild(04‘¥h@lc|4&ae pr oduct
was carried o i nd
characteri zat F{l)lﬁOIB %ﬁltflﬁégla@%ﬁgb%?ﬁ(?Zgﬁnop%%r%]%{da@% %Jn‘{]egﬁ)gl%qﬁgal sanpl e:
MS( ESI ) [ MHI3H] (085802429 nirebINVFhe(mi@ Qird\ivizs, stiGkil OROMORN Ty at@ e ppder 8it9en. 8. 63

(m 1 7.75 Z%dLClé/fS hgwecf_&mp%eté_gonverg%n It wa?éuén@ﬂed 1@ So%lu%?blcargoéaze (m 2

solution and diluted with ethyl acetate. The layers were separated. The organic layer

0 kt, I nternedi ate 9
'9 (FrllsopropylsiIonxy)-6,7,8,9-
a/ 100 mL round-bottom fl ask was

was washed with brine, dried and concentrated to give a colorless oil (100%), which
was directly carried onto next reaction without further purification and

20  characterization. MS(ESD)[M+H '] = 490.26.

Intermediate 7

25
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15 H 6.89 (br. s., 1 H 5.28 (d, J=4.03 Hz, 1 H) 4.90 (d, J=9.07 Hz, 1 H
3.79 (t, J=9.44 Hz, 1 H 1.86 - 2.23 (m 4 H 1.16- 1.30 (m 3 H 0.98-
1.15 (m WO 26h17048BF NVR (376 MHz, CHLOROFORM d) 6 ppm - PBT/U83010/0543¥. 36 (m
1F) -141.78 - -141.54 (m 1 F). Internediate 10 N3 HO

(5S6S, 9R) - 5- azi do- 6- (2, 3-di fl uor ophenyl)-6, 7, 8, 9-t et rahydro-5H 25

cycl ohepta[b] pyridin-9-ol. In a 100 nL round-bottom fl ask was di ssol ved
(5S, 65,9R) - 5-azi do-6-(2, 3-di fl uorophenyl) 9-(triisopropylsilyloxy)-6,7,8,9-

t et rahydr o- 5H cycl | ne ude) in

t et r ahydr of ur an (8?%%‘?% 619(2 Ofﬁqhﬁf’)fl)ég'zy‘grwu??gﬁ te”f@ﬁgém( 1859 nl, 1.859
mol ) was add@czo@pdz[b]@wz&z@sgmme | inghtoo el toand-Betdit FIR Wi FisSdIvddr ed at
roomtenperature for i ndi cat ed conpl ete conversion

Tet r ahydr of ur &S @%8R}r@|ﬁ%%/étﬂuamhwé> e onreryialy oy o 8¢ -irtdinattsr  and

et hyl acet at e.cydiBRphaflY By RIiNG L8 a&RRA1 8O ERg, NS r&h@?(ﬁz@ot{@y&ht%@ washed with
brine, dried, and concentrated to give a lig | ow oi|. Purification by

FCC up to 60%bhspaeys) laéf‘éfla]éﬁdé?fﬁ@ké?{bmh} @@W@&Oﬂqﬁl@swmﬂ%ﬁ%ﬁﬁ%éﬁ mE( cr ude

wei ght: 480ng),, @%ﬁ@%@ﬁdﬁ%@% resﬁmtgh%ﬁt ﬁﬁ%%olﬁ%ﬂ Jvascs%b@a ra&flor ded an
anal yti cal sanple: VR (40 OROFORM- d) 6

ppm 8.51 (dd, tompergure fqr231£{ ﬁ@am)l IILBMS?I@Q:a‘(ed compivtezgn\fqzswnl H) 7 35 (dd,

I e

3.02 (m 1 H) cllg] &cegife. -ThR lay@rs(ware sepifptegd. Phe org@ll@@yérrwasyvasi)edszm?orme,z 17 (m
J=14.38, 4.94, 1,64 101 Mz,
CHL OROFORMYd) dé‘%%%ﬁd i%t?g‘i?ﬂ(% {0 %T%)Cglfégs Py ri%‘%%'}y( ﬁ%c T 221z,
1 O 149.72 - atd#tehexapddifordedBe 8Firanprodd® (M8mgl8T% fd26tch6) o8 cotérl@)s 133. 67
(s, 2 O 133.2 2 99 =6. 94,
3.85 Hz, 2 O Oflzlgfs@itg1T @H’Li 39%2E3qu]§]¥ﬂ?8@8 W@%}Wf@ PB‘h 8J4‘717 73
Hz, 2 C) 70.94d4,9-4.38 @)51&51 61{)(7869 @, L. 3651243}1()br28 (@d J 71805 @HZ1H)s, 3 O
33.45 (s, 2 O; 19F N 376. Mz, CHLOROFORM: d) 55 - -137.20 (m
1 F) -142.28 6’9414711(};@(3 ) 6120gtyl, JEQ 3Aizel H) 5.95 (br.s 1H)495 (dd J=11.21,
15 1.64Hz, 1 H)3.16-3.31 (m, 1 H)2.27 - 2.41 (m, 2 H) 2.06 - 2.19 (m, 1 H) 1.80 (s, 3
H) 1.48 - 1.63 (m, 1 H); 13C NMR (101 MHz, CHLOROFORM-d) & ppm 168.96 (s,
1C) 157.96 (s, 1 C) 149.66 - 151.75 (d, I =12.6 and 199 Hz, 1 C) 147.21 - 149.29 (d,
J=13and 198 Hz, 1 C) 146.00 (s, 2 C) 133.43 (s, 1 C) 132.23 (d, /=11.56 Hz, 1 C)
131.99 (s, 2 C) 123.90 - 124.24 (m, 2 C) 122.89 (br. s., 1 C) 122.66 (s, 2 C) 115.36
20 (d,J=16.95Hz,2C) 72.77 (s, 2 C) 71.14 (s, 3 C) 42.12 (br. 5., 1 C) 35.66 (s, 2 C)
32.68 (s, 2 C) 20.28 (s, 2 C); 19F NMR (376 MHz, CHLOROFORM-d) & ppm -
138.20 - -137.93 (m, 1 F) -143.38 - -143.16 (m, 1 F).

Example 4

25



20

(5S, 6S, 9R) - 5- azi do-6- (2, 3-di fl uorophenyl) -6, 7, 8, 9-t et rahydr o- 5Hcycl ohepta[ b
] pyri di n-wWoed146®70x0- 2, 3-di hydro-1H i m dazo[ 4, 5- Npyr i e#CmAK2018552433

Api peridine-1-carboxylate. In a 100 nL round-bottom fl ask was di ssol ved
(5S, 65, 9R) - 5-azi do-6-(2, 3-di fl uorophenyl) -6, 7, 8, 9-tetrahydro- 5Hcycl ohept a[ b
]pyridin-9-ol (0.490 g, 1.549 mmol) (azeotroped with dry benzene) and

4-ni trophenyl

§a§ go%loatze ((C)]II g)llg %ﬁdggﬁfﬁhowﬁ%%' d%fgf 1?%,&1%[);6}05;%590'”51? to give a

l'ight yellow &y&@l@w[@]@ywa@ryz Biloe@eB-dildke 1 HeRpltdd sigp»dal{ | ce- met hanol
bath), NaHVDS (4.18 nlL, 4.18 nmol) was added dropwi se. The resulting tan
sol ution was SYPPEHdRe-driddxyiee (@@@ﬂleéf Infeeven éf@dflé?P miprogpdibetion} oom

tenperat ure f Qfasifas JulPdRa&89BY 9RQBND @Id@ﬂL%@cflb\h@ﬁﬁ) Qydrdhies,7@aCt i on was

quenched wi th sodi um bi carbonate sol ution he m xture was diluted with
ethyl acet at e.tetPhedpayeeslohergbiypdinar ddaceir Ahemadlsmplfazeotigred
extracted wit hmﬁlt(ﬂybelﬁ&?et) @ﬁda4 nfﬁ'%ﬁh ?M’@S’ﬂ) ?@Qﬁﬁ'fﬂﬁ) ﬂ}?}iﬁiﬁézopﬁ e washed with

water, brine, dried with sodiumsulfate d concentrated to give a 10 tan
oi | . Purificath idy | -Foaperplitcol Wb@f@ialﬁﬁa(d&ﬂ#e@ﬁ%@mél)@hl oride afforded the

Foam eﬁs?rE‘éf'f e PR
(br. s., tﬁthSS\Ta(PHs/IDSﬂBWBnHzO 87D rhipolg wad adddd dtDpﬁlS@ZlThEresmltm@da?k 91 (d,
J=7.30 HZ 1 2
610 (d° iy Gy ] oo Shedbgtly15 oG 1 (Dvves Gl (T 3
H 2.46 - 3. 34r¢dupt ahdldpssibl@@ver-hdrdi@sddmrodict)A fRr Bdoth® .11 3t onm tém;bé)atﬂ.r694 (d,
J

( ;1251_32) H_Z ’1 42 c%ble%%&&ﬁmg \Y%noﬁﬁchlﬁﬁé re@tlﬁéwas gl%nche:(ll w1th sodlum 137.01

(5S6S, 9R) 5 amld’:lﬁ:yoﬁaté 20136 @hi dnld woktlh @it Idmbyed, FhOmixalire &hydlﬂmecalvkﬂyethyalhept a[ b]
pyridin-9 4-(2-0 di hydro-1H-i m dazo[ 4, 5- hl pyridin-1

o per di ne- 1 S Bok 5 B SHE ST e BORAE O i s of ved
(5S, 6S, 9R)155 atiytlQeebitd, 203 <Binbinb@s@phienydr werefvRh&t et Emyaiﬁemwﬁ&k:ycl oheptal b
] pyridin-9 y14 52 0x0- 2, 3-di hydr o- 1I—I—1mdﬁo(%\[]45b!f%yr|

ium sulfate, and concentrated to give a ye oil. Purification by FCC- up to 10%
methanol/methylene chloride afforded the acetate-protected product (2nd peak,
S51mg, 30%, not pure) as well as the target alcohol (3rd peak, 20mg, 13%).

In a 250 mL round-bottom flask was (5S,6S,9R)-5-acetoxy-6-(2,3-difluorophenyl)-

20 6,7,8,9-tetrahydro-SH-cyclohepta[b]pyridin-9-yl 4-(2-ox0-2,3-dihydro-1H-
imidazo[4,5-b]pyridin-1-yl)piperidine-1-carboxylate (51 mg, 0.088 mmol) (acetate
protected product from above) in methanol (1 mL) to give a colorless solution.
Potassium carbonate (122 mg, 0.883 mmol) was added, and the mixture was stirred at
room temperature for 1h. LCMS indicated complete conversion. Methanol was

25  removed in vacuo. The residue was partitioned between water and ethyl acetate. The
layers were separated (no product in aqueous layer by LCMS). The organic layer
was washed with brine, dried, and concentrated to give a white solid. Purification by
FCC up to 10% methanol/methylene chloride afforded the desire product (28mg,
56%) as a light yellow solid. 1H and 19F NMR spectra were obtained and matched

30  that of example 4.
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yl ) pi peridine-I-carboxylate (620 ng, 1.106 nmol) (exanple 7) in
tetrahydrofuran (5 nL) to give a colorless solution. Trinethyl phosphine
(3.32 nL,wB.282/mmm7, 1.0 Min toluene) was added. The mPKTIISR0MMAS243% i rred
at roomtenperature. After 2h, LCMS showed no starting material. Water
(0.080 nm., 4.42 mmol) was added, and the 5m xture was stirred for another
3h. LCMS showed conpl ete conversion to the desired product. Volatile
conponents were renoved in vacuo and the residue was directly purified by
FCC upto 10% net hanol in nethyl ene thI oride to afford the product (510ny,
85% as a white solid. MS(ESI)[MrHw]INErgsdiateh 14 \WR (400 Mz,

CHLOROFORM d) 6 ppm 10. 39 (br. s., 1 H 8 (d, J=3.78 Hz, 1H)8.09(d,
10J=5.04 Hz, 2 H 7.46 (br. s., 1 H 5,26@.\}8 (m 1H 7.06 - 7.20 (m 3
H 6.94 - 7.05 (m 1 H) 6.06 - 6.23 (n_1> 4.31 - 4.78 (m 4 H 4.05
(spt, J=6.13 Hz, 1 H 2.57 - 3.25¢( % 2F17 - 2.38 (m 3 H 1.42 -2.04
(m 6 H; 19F NVR (376 MHz, CHLORGFCH 6 ppm-136.90 (br. s., 1 F)
-142.48 - -142.21 (m 1 F). 15InterMNedyate 11 Epoxide. 1. In an oven-dried
250 nmL round-bottom fl ask was di ssdllR@el 5(S) - 9-

20hydr oxy-6, 7, 8, 9-t et rahydr o- 5H-cycl ohept a[ b] pyri di n-5-one (3.16 g, 17.83
nmol ) in Methyl ene(ﬂhdiSJQR)diacl(l@@-dW)S-dﬁucngienﬂ) -DamiiplkapylsdrioxyAb7ex 9-cool i ng

B L e

LCMVB i ndi cat edvaS@tmblﬁieém(OHSSgOSﬂ62 MmloE)tlm teeralp@ipgfome Nkssmiier e renoved in

inyl acet at o1 PREO TRy SR8 SR AT i Bt BPGURTIE TS aE vashed

\(/jvith blri ne, grfblesimﬁr(d%sm%t(natd&:@hotr%llsa(gmyé)%mﬁsapropylblgéidyggcr&me pr odgcg was
Irectly used In the next rea ) [ Mt = 4 In a 250 nL
r ound- bot t om fFEREKITReS!- ‘&’C?é‘@i’t?z[éh’y(lé‘)“ 5901% P %&ﬁbm@? M %@9%2 In one

306, 7, 8, 9-fet 1 hmrt@th%"g'ra@%ﬁiﬁéﬂﬁ&{ aﬁ}ié]r&)artingIréauﬁh@ﬁs@el{s%n%sgméﬁat%&nmml)

crude)i n met hano grLve a tan sol utlon. O0al um Dbor o rrae
d t h | (50 to t | ut Sodi b a/d d
(0.675 g, 17. SZRAIHHE- The sohds gradually dissolved to give a tan solution. After 5h, L

indicated complete conversion. Tetrahydrofuran was removed in vacuo and the
remaining red oil was directly purified by ISCO (240g silica column) up to 60% ethyl
acetate/hexane. Pure ethyl acetate eluted the non polar component and the product

15  was eluted by 10% methanol (with 2.0M NH4OH) in Methylene chloride. The
product fractions were combined and re-purified by FCC up to 50% Ethyl
acetate/hexane to afford the desired product as a colorless oil (869mg, 83%).
MS(ESI)[M+H '] = 466.22; 1H NMR (400 MHz, CHLOROFORM-d) & ppm 8.55 (d,
J=3.53 Hz, 1 H) 7.63 (br. s., 1 H) 7.20 (dd, /=7.68, 4.91 Hz, 1 H) 7.01 - 7.15 (m, 1

20 H)6.90-7.01 (m, 1 H) 6.66-6.90 (m, 1 H) 5.55 - 5.85 (m, 1 H) 5.40 - 5.56 (m, 1 H)
3.96-4.33 (m, 1 H) 2.33 (br.s., 3H)2.09-2.20 (m, 1 H) 1.14 - 1.23 (m, 3 H) 1.04 -
1.14 (m, 9 H) 1.01 (d, J/=7.30 Hz, 9 H).

Intermediate 9

25

42



was added, and the m xture was stirred at roomtenperature for I h. LCMS

i ndi cat ed conpl ete conversi on. Mthanol was renoved in vacuo and the

resi due waie 2pari4s997oned bet ween water and et hyl acet at e PCThisS201a@982433 wer e
separated. The organic | ayer was washed with brine, dried with sodi um

sul fate, and concentrated to give a 5tan oil, which was carried onto next
reaction wthout further purification and characterization. MS(ESI)[ MtH+] =
336. 28 (LCVMs showed two diastereoners). 3. In a 250 nmL round-bottom fl ask

6.7, 8. or et ahydr o BT ORUBIL o kT aM G e i 99 69 Yol ) and

10( et hoxycar bmwtvgfuljfamwh)zﬁrwbﬁﬁwt@mmnmhy&m@%&m flagiess salt (6.37 g,
26.7 mmol) in benzene (10 was heated at reflux (preheated

oi| bath at 830 I\XFC{@RSQSr%) 5ﬁ“é“95ﬂ(§é(|2 3rﬂ1ﬂ‘|‘06‘§§lﬁn3flb? (iEsopopxiEEedled conpl et e

conver si on. Vg B8 bh&raG R gnecgmhws]ppﬁmy@@mg yacagnandnt he resi due was
partitioned bef ween water and ethyl acetate he | ayers were separated. The

organi ¢ | ayer %@hv%&mldei%mh)mlma ¢rdorlegy sobiiogndodiwm @aide (et éte ¥ 8%gi ve a

tan oil (6. 39)mmIivahadiBs ofi R Ghikrd o RSty ﬁthgoﬂ?%pefaﬁﬁgﬁﬁdépm%%éﬁ%lt
further purification and characterization. MS(ESI)[ MtHt]

2 L round- bot t2oh ECHSXndigaedeidepersd deaghohysahikord v heasgati0;C574 ol ).
20Sodi um phos b ) cool i ng
to 0C (S, 2)- S’Q?'%’f%hf s‘%%??s% iyt 9‘?&% ed%,a‘g-é‘gu %&SIW@%&?@% Bhoyridine
(5 66 g, 17. 83rorvol. )Th@@rnmd@)wamldum@_wghm@@g@md ¢thyl acetate. The layers were

1E, 1/ E
d| yl bl(s(aiign) fgé?%t%ﬁ)qh% e‘%?%l}%yae gSheqLWIt]ib]ine Idn%dé CB nﬁratfdd) glt ert-butyl
phenol at €) chlaaolcdess(oll. 3HO cgl,de Broddd msrndrmecdorssttﬂe\ne;d reaatwrewhl;dueﬁmtheml oride
(140 ni) was addgg 224 r aat 'O\{ler g 1[1 ale Uk to ztlrcpg aéﬁcalf
al lowed to sl &' %Pﬁ? &SR S RpaP' ‘?EF% a%& §% Fried 6V &P ATghtf or 20h.
LCVS showed prsaipiet MBEES)[ M+Hﬁ Q752 AN HINgRTBOENH] CHEbRomesp@ﬁ di | uted
with water and ether. The %ers wer e separated and \%gueous | ayer was

extracted w t -t Heh3 (5%1597 He Edibitired F&énﬂé@@yéﬁ% ré-Méd8hed with

wat er, bripe, H’BrG Si)d(bWst |1‘H§%|2'8t(§ J= ﬁk)k'H’zr ﬁﬁ 4@6@1 J3@O¢HBCIGH}3 a9 &dJ=t9QL49' ve a
dark oil. Purification acet at e/ hexane afforded the

u
desired produdiz 4s)d-§6i- ér?t3 (yleﬂ Hg\hléu IL. 3@2m9§3é[) 0889 f1§(m415HE J8F NMK NVR (400

(1. 5ovon Sl eqtpRoserath dyh kst Wgh R Ml T 250

3.48 (m, 1 F).

In a

20 Intermediate 10

(58,68,9R)-5-azido-6-(2, 3-difluorophenyl)-6,7,8,9-tetrahydro-5H-

25  cyclohepta[b]pyridin-9-ol. In a 100 mL round-bottom flask was dissolved
(58,6S,9R)-5-azido-6-(2,3-difluorophenyl)-9-(triisopropylsilyloxy)-6,7,8,9-
tetrahydro-5H-cyclohepta[b]pyridine (0.732 g, 1.549 mmol) (crude) in
tetrahydrofuran (8 mL) to give a colorless solution. TBAF (1.859 mL, 1.859 mmol)

was added, and the resulting light yellow solution was stirred at room temperature for
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(m 1H 2.18 -2.38 (m 1 H 1.89 -2.11 (m 2 H 1.11 - 1.29 (m 1 H 0.62
- 1.10(m 21 H). Internediate 12 5

(6S, 9S) - wotwitmepropyl si |l yl oxy) -6, 7, 8, 9-t et r ahydr o- 5H egtlusb@piadsdd pyri di n
6-01. In a 500 nmL round-bottom flask was dissolved internediate 11(2.98 g,
8.93 10mmwl) in nethanol (60 nm.) to give a yellow solution. Pd/C (10%
0.475 g, 0.447 nmmol) was added. The m xture was stirred under hydrogen (1
atm at roomtenperature for 2h. LCMS showed good conversion. After another

| h, the m xture ere washed. wi t h hanol. The c i ned organic
Sof uti on s Aot BMSHP U EE G T rgRE: JarTeoBI e PG ERL P | ed
over 3 days t Gegduétved dllingivith et e isohidaté. 2TRUGyerOWH sepahikedh ThRS used in

the next step withaout further purification and characterization,
MB( ESI) [ M+H+] orgatitedayes wag WRREhRgh Stige. ghed gnd concentrated to give a light yellow

(S)-9-(trii SORﬁlopMif%hdldﬂ ws0c 5%% @meﬂflgcé&ﬂe/ﬁéé&h%ﬁ&H&{tm @éé[rbdjﬁ)ﬂadﬁ 7H) - one.

In an oven-dried 250 round-bottom fl ask was di ssol ved oxalg( chl ori de
(9.54 ni, Po. cﬁgvﬁ%w;hﬁ R0 By eflerlenpibr Sadler aplepuyifieyiogiaffardgd el or | ess

sol ution at - Sa0 AR YRdRE MEESO8EM D'Vﬁ@zfﬂlfmmmo@&a@z mol ) was added

dropwi se slowy over 2 mn. After the solution was stirred for an
addi ti onal 30 GHIHOROBGRBGY)-&ppm &.51 (dd, /=4.91, 1.38 Hz, 1 H) 7.99 (d, /=7.30 Hz, 1 H)

(8751 5Pr ODY1 <f Ly 2r) 36, By 0 sy S Gk ohigt f Bl - o

(2.91 g, 8.67 (cru eot’roped 'w $solved’in 8 nL
met hyl ene chl drie03 ((dpJI:u@38Hﬂ,1H)n§e)(dd/ydsllaZﬂdéd9Hzal tanikdal- aOG\(mrIH)m n. The

reaction Xt uy tir
Triethyl amonelb(% \(I)'galf?9 1@92225 6)5("‘11\/;2‘%3) zy@dj%g%bg%ad 385 gfﬁd t he
reaction m xt urig) was- gézﬁ@ﬂalm)wy@l\lmd(mp Mgz, CZQ@I(@FOISIQ[ MFppml158.48howed
conpl ete conver SI on. Water and 33( acetate were

(s, 1C) 152.19 - Tho 87 (dd, J 13.10 and 221Hz, 1 C) 149.72 - 147.42 (dd, J=13.87

and 219 Hz, 1 C) 146.16 (s, 3 C) 133.67 (s, 2 C) 133.23 (s, 1 C) 132.66 (d, J=10.79

Hz, 1 C) 124.43 (dd, J=6.94, 3.85 Hz, 2 C) 123.84 (br. 5., 1 C) 122.89 (s, 2 C) 115.98

15 (d,J=17.73 Hz, 2 C) 70.94 (s, 3 C) 65.67 (s, 1 C) 45.43 (br. 5., 1 C) 35.71 (s, 3 C)
33.45 (s, 2 C); 19F NMR (376 MHz, CHLOROFORM-d) & ppm -137.55 - -137.20

(m, 1 F)-142.28 - -141.89 (m, 1 F).

Example 7

20

(58,68,9R)-5-azido-6-(2, 3-difluorophenyl)-6,7,8,9-tetrahydro-5H-
cyclohepta[b]pyridin-9-yl 4-(2-ox0-2,3-dihydro- 1 H-imidazo[4,5-b]pyridin-1-
25 yl)piperidine-1-carboxylate. In a 100 mL round-bottom flask was dissolved
(5S,6S,9R)-5-azido-6-(2,3-difluorophenyl)-6,7,8,9-tetrahydro-5H-
cyclohepta[b]pyridin-9-o01 (0.490 g, 1.549 mmol) (azeotroped with dry benzene) and



5added, and the | ayers were separated. The aqueous | ayer was extracted with
ethyl acetate. The conbined organic |ayers were dried with sodium sul fate,
and concewDnatiede49e give a tan oil. Purification by FCCrap/use0i50s4a3 hyl
acet at e/ hexane afforded the desired product as a light yellow oil (2.08g,
72% . MS(ESI)[ MtH+] = 334.35; 1H NWR (400 MHz, CHLOROFORMd) 6 ppm 8.39 (d,
J=5.04 Hz, 1 H 107.49 (d, J=7.55 Hz, 1 H 7.19 (dd, J=7 .55, 4.78 Hz, 1
H) 5.26 (dd, J =4.78, 2.27 Hz, 1 H 4.69 (d, J=14.35 Hz, 1 H) 3.29 (d,

b 5 35 15 a5 Loy So 5t S gt N b bsiae £ 1y |
I1. ?6 - é_ 1? (Tzrbaxﬁate@o DB 4 d.859 Ffno30in kdzmet®y 1#km&niA9 (8 m0) Bitda light H) . 15
nternedl at e . . . .

20( 68, 98) - 6- ( 2B FYSPERIIBIREHPLeL (L fsricealiiedpyl S I(grgeiheng bethy 9.t et r ahydr

0-5H cycl ohepiaNeboy4. 1 §inh; @1@hlmoh)ﬂva%'&d&léﬂ&ﬂolﬁ%éeecthg%Aumng QUBRBPHEOM f 1 ask
was di ssol vedl, 2-di f| uor obenzene (0 90 mmol ) in tetrahydrofuran

(12 nl) under SHiTed Gyennitragones - @o%rlon@ er@h-ae%rownmmnera(twﬁqrﬁhhéﬁ s, 2.208

nL, 5.52 mol ),¥es c%@%ﬁi@e &ﬁl@&%l? eTid Radi¥h W@Q&uené{eh%lthtslaﬁumBféa%o‘ﬁatwas
stirred between -65 2 -60C for 30mn, it was cooled down to -7 A
sol ution of ( sp].ugon The mixture was diluted with ethyl acetate. The layers were separated and

(triisopropyl - N p lNEdaqd) ( one (920.5
ng, 2.76 mol )%é( %g@éﬁ%ﬁ%}%aﬁnﬂ%@%@g%ﬁ%@ tlﬁ?&gt% ?-%{ L plFégg)lr% {r%rl_lz};r_elgsnse) was
added vi a syr ivigewfithad well watsr,\pesing,glwpd anth sedem selfate, pahconasntgted te gide at - 78C

for, 1 (el o8 9fkinclsl ogisck OB KerRSLakHLEal fc S MO ALEH ROl ) | LOVE

i ndi cat ed good cornversion. ctron was urated NH4CL
solution. Tet rdairi;edrpmdama(majmpeakrew_mgem%rm &dﬂ@s}@%l@h@aﬂm fpazmtl tioned

ayer was. washau s PV P 2 v NG (DX SR PEPER! i L 8K Tt o0 1o

give a tan oi l(br. BUr Hf BGatd, gn3. WHEQCH}J@M Q, &Gs%ﬂt{hMIH)ap@It@tﬁMe af f or ded
t he recovered SM (197 5t he desijired

products (977rg,”-7d SagHé7<,%l 8r1I9é@s2éﬁ)p92Né@é§m)%Wﬁﬂﬁs@ JZ382 8% 1 1H NWVR
(400 Mz, 1@4L%@33%Mﬂ=)10.@7mm 8406 (d.849m33 B2 16 - 334 dh, ¥H#22601 2.497K; 42

3H)2.01-2.13 (m, 1 H) 1.94 (d, /=12.34 Hz, 3 H); 19F NMR (376 MHz,
CHLOROFORM-d) & ppm -137.30 - -137.01 (m, 1 F) -142.32 - -142.03 (m, 1 F).

Example 8

20

(58,68,9R)-5-amino-6-(2,3-difluorophenyl)-6,7,8,9-tetrahydro-5SH-
cyclohepta[b]pyridin-9-yl 4-(2-ox0-2,3-dihydro- 1 H-imidazo[4,5-b]pyridin-1-
25 yl)piperidine-1-carboxylate. In a 100 mL round-bottom flask was dissolved
(5S,6S,9R)-5-azido-6-(2,3-difluorophenyl)-6,7,8,9-tetrahydro-5H-
cyclohepta[b]pyridin-9-yl 4-(2-0x0-2,3-dihydro-1H-imidazo[4,5-b]pyridin-1-



1H 7.35 (d, J=7.30 Hz, 1 H 6.99 - 7.13 (m 3 H 5.16 (br. s., 1 H
3 (d, J=13.85 Hz, 1 H 3.02 - 3.28(m 1 H 2.71 (d, J=14.10 Hz, 1 H)

4 (d, woe20DA4bw7 1 H) 2.02 - 2.15 (m 2 H 1.75 (d, PeTqISB@oMR431 H)

6 - 1.19 (m J=14.67, 7.27, 107.27, 7.05 Hz, 3 H 0.97 - 1.07 (m 9 H)
4 - 0.97 (m 9 H). Internediate 15 15 (68, 95)-642,

3-di fl uorophenyl)-6, 7, 8, 9-t et rahydr o- 5H cycl ohepta[ b] pyridine6,9-diol. In
a 250 mL round-bottom fl ask was di ssol ved (6R 95)-6-(2 3-

di f | uor opheny1l) - 9 Tii so ro ylo t et r oheptalb
Lpyriding-ol h RSB T TADS Bmditsrimnds, R P e
colorless sol uﬁn)aange cOBAEss (8uBéh. Mirimedhy@fhobpdihe) (33asniadgedmando g m xt ure
was stirred at 50C overnlgé;ht for 16h. LCMS indicated good conversion with

some SMleft. 'AHEReh¥Rs gldod obie myixpire TEsAETiRe 8t raom &MReFdITe h A il FLMIS

continued at 3RGwddHo s@eﬁ&1ngTrﬁ£tEﬁdTYWa€€rW@80MES4 AeRRVEdvadAdicihgarigsi due was
partitioned between water and ethyl acetate. The | ayers were separated and

t he aqueous | dyisturemas sged e pehsiishn-QYe shgredgempleteeconvgidor 9rihs ¢rscdor gani c
layers were washeg W&lﬂllpédnﬂ%nergsr W& rihdvRd SPHICHM UL ﬁglﬁue *difepeent rat ed

to give atan oil. Purification FCC up to 10% net hanol / et hyl ene
chloride aff orP@éﬂeCt%eF@@gptpé@%pﬁ@ t ingrethylegichleridotojaffordgBgpigduct2 9 .

1878 . 1 1 FEs PGS HGE TR BRI 2 o5

(m 303 H 5. 6H(GROFERM-d) Hprd] BB (bd s9T HR 5237868, 1 HA8D9 (&m 2 H) 3. 00

1957770 O (s ot 3 fado by w3 ehn 8- 1 o giGps s e D e o oro )

6 ppm -137. 37 7((1:5r(m $H)6]()6F)623J(3171994(3d 4J7181(51 B2 M5 ($btF6.15H2 eHyedi ate 16

(68,9R) -6-(2, 3- or o y dr oxy

cycl ohept aprii'Sg’I %@&8%%@7 3b3<§n(§b %143 423’@%%{2 &%ﬁﬂﬂﬁd%%hﬁ | ask was
di ssol ved CHLOROFORM-d) & ppm -136.90 (br. s., 1 F) -142.48 - -142.21 1m 1 F).
(6S,9S)-6-(2,3-difl uorophenyf) 6, 7, 8, 9-t et rahydr o- 5Hcyc ohept a[ b] pyri di ne-6

,9-diol (458 ngy, 1.572 mmol) (azeotroped Wi th dry benzene) in
tetrahydrqfuran (8 mbL) to give a |Iﬁlh &ﬁ;{g?lsol ution. 4-N trobenzoic acid
osp

.6
.3
.0
. 8

(394 ny, 2.358 mmol) and triphenylp Ine (619 ng, 2.358 mmol) were added
under
0
| X
NN\
TIPSO

Epoxide. 1. In an oven-dried 250 mL round-bottom flask was dissolved 5(S)-9-

20  hydroxy-6,7,8,9-tetrahydro-5H-cyclohepta[b]pyridin-5-one (3.16 g, 17.83 mmol) in
Methylene chloride (50 mL) to give a tan solution. After cooling to 0°C, TIPS-OTf
(4.84 mL, 17.83 mmol) and tricthylamine (4.97 mL, 35.7 mmol) were added via
syringe, and the mixture was stirred at 0°C for 1h. LCMS indicated complete
conversion. Volatile components were removed in vacuo and the residue partitioned

25  between sodium bicarbonate solution and ethyl acetate. The layers were separated
and the organic layer was washed with brine, dried and concentrated to give a tan oil.

The crude product was directly used in the next reaction. MS(ESI)[M+H ] = 334.28.

2. In a 250 mL round-bottom flask was dissolved (S)-9-(triisopropylsilyloxy)-
30  6,7.8,9-tetrahydro-5SH-cyclohepta[b]pyridin-5-one (5.95 g, 17.83 mmol) (crude)in
methanol (50 mL) to give a tan solution. Sodium borohydride (0.675 g, 17.83 mmol)
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15ni trogen. Diisopropyl azodicarboxylate (0.464 nL, 2.358 mmvl) was added
dropwi se. The m xture was allowed to stir overnight. After 15 h, LCMS
showed cowpl2etie4eonver si on, but the desired product wasPaTrisSzaw/os@Iponent .
It was concentrated to a light yellow oil and directly purified by FCC (5%
et hyl acetate/ hexanes to 100% to afford the desired product (125ngy, 18%
as a white 20solid. MS(ESI)[MrH+] = 441.20. Internediate 17

(68,9R)-6-(2, 3-difl uorophenyl) 6, 7, 8, 9-tetrahydr o- 5H cycl ohept a[ b] pyri di ne6

,9-diol. In a 250 rou bottomflakwas di ssaol v

di f I uor opheny 2§& édfﬁ%‘d I@IXW%W@/S SR AP BB %&f&ﬁ@lﬁ@?%ﬂl n-9-y1
4- ni t r obenzoabspleleZontd@siof). MEHarviby rehi@v&ﬂhN@&W)dﬁ@iﬂéﬁ@dﬁdeZva@L) to give a
col orl ess 5solutjon. Lithium hydroxide (0.568 mml) was added, and the

m xture was stPRRIIGEEAREYCSH iafes ARyl gregats. oThezlﬁyeriwswmmte&atTéla OBRSI et e

conversion. | tiga§afhubedithblift, afibylitRcRtat ﬁllﬁﬁdaﬂ&bﬁd‘entré@&td M S were
separated and the aqueous |ayer was extracted with eth acetate. The

conbi ned ogariioi]. afishgvapstracharipaextigae oy st f“&h?réﬁrl%%@n@%cent rated to

a white solid.cnRukibdaGati Mg é@b m#ﬁ@z&%@%@ifﬁ{o%&'%d m&%&&g chl oride
afforded the desired produc as a te crystalline solid (71ng, 86%. A

few crystals were picked out and an x-ray structure was obtained to confirm

e oty 235 SOSRAT S oS MMkt 292 Bk i MRAE00 M

CHLOROFORM- d) "6 ppm 7.19 (dd,
J=7.48, 5.04 Hg],8.9-tephidroFH-cyZlohet{(ipyddin)s-8 (D98 £07.83anmolland) 4. 90 (dd,

J=11. 29, 4 6 2.14 Hz, 1
H 2.57 - AT eﬂ%ﬁycﬁﬁb%l%“}é‘%owt%et%ylaﬁ‘%wyfg?x dgnqg“ 11 “1@7 264 5 3.97
Hz, 1 H 1.96 mmé’l) Oﬁoe(lmne {oe)mID. The midtu@ival bpatdd dtlyefluk Ipreuied(odl DathMtiz ,
CHLOROFORM d) 38. 91 F - 139.06 (m 1 F);
13C NMR ( 126 %ﬁ%ﬁ%rﬁlg%% é?ﬁ 5&‘?&3@%@ Sz‘%‘fve Coﬁp%ei%?nﬁﬁsm 150. 10 (dd,
J=21.42 and 2%1526 npbnéts 18 rathoved in vacuo and the residue was partitioned between
water and ethyl acetate. The layers were separated. The organic layer was washed
15  with brine, dried and concentrated to give a tan oil (6.3g), which was directly used in

the next reaction without further purification and characterization. MS(EST)[M+H ] =
318.32.

4. In a2 L round-bottom flask was added sodium hypochlorite (658 mL, 574 mmol).

20  Sodium phosphate (bibasic) (3.04 g, 21.40 mmol) was added. After cooling to 0°C,
(S,Z2)-9-(triisopropylsilyloxy)-8,9-dihydro-7H-cyclohepta[b]pyridine (5.66 g, 17.83
mmol) (crude) and manganese(I1l) 6,6'-(1E,1'E)-(1R,2R)-cyclohexane-1,2-
diylbis(azan-1-yl-1-ylidene)bis(methan-1-yl-1-ylidene)bis(2,4-di-tert-butylphenolate)
chloride (1.359 g, 2.140 mmol) dissolved in methylene chloride (140 mL) was added

25  dropwise over 1h. The dark reaction mixture was allowed to slowly warm to room
temperature and stirred overnight for 20h. LCMS showed product peak with no
starting material. The mixture was diluted with water and ether. The layers were
separated and the aqueous layer was extracted with ether twice. The combined
organic layers were washed with water, brine, dried with celite, filtered, and

30  concentrated to give a dark oil. Purification by FCC up to 50% ethyl acetate/hexane
afforded the desired product as a light yellow oil (2.98g, 50% for 4 steps). IH NMR
(400 MHz, CHLOROFORM-d) & ppm 8.25 - 8.44 (m, 1 H) 7.81 (d, /=8.31 Hz, 1 H)
7.13 (td, /=7.05, 3.53 Hz, 1 H) 4.94 - 5.16 (m, 1 H) 3.88 - 4.04 (m, 1 H) 3.25 - 3.48
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20146.71 (dd, J=11.52 and 244.44 Hz, 1 C) 145.55 (s, 3 C) 139.91 (s, 3 O
138.44(d, J=8.64 Hz, 1 C) 129.37 (s, 1 C) 123.89 - 124.57 (m 2 C) 122.48
(s, 3 C) WwPQoBM4(®y 1 C) 116.22 (d, J=17.28 Hz, 2 C) 71PTI/USM10851p3 71. 70
(m 4 C) 44.30 (d, J=4.80 Hz, 2 C) 39.65 (s, 1 C 31.29 (s, 2 C). 25Exanple
9

(6S,9R) -6- (2, 3-di fl uorophenyl) - 6- hydr oxy-6, 7, 8, 9-t et rahydr o- 5Hcycl ohept a[ b]
pyridin-9-yl 4-(2-o0xo0-2, 3- dihydro 1H i m dazo[ 4, 5- Npyri di n- 1-

e Gy P S L Dy e 18T b PP Bk ves

Scycl ohept a[ bjxpy)i di ne-6, 9-diol (71 ng, 0.244 mmol ) (azeotroped with dry
benzene) and 4-nitrophenyl

4- (2-o0xo0-2, 3-di hydro- 1H i m dazo[ 4, 5- b] pyri di n-1-yl ) pi peri di ne- 1-
carboxylate (121 ng, 0.317 nmol) i nygdefmédkfiormam de (2 nl) to give a

| i ght yel |l ow suspensi on under nitrogen. NaHVDS (0.926 nlL, 0.926 mmol) was
added dropwi se. The resulting yell ow suspension was stirred under nitrogen
at room 10 tenperature for 3.5h. LCM5S showegnconpl ete conversion. The
reacti on was quenched with saturated i bi carbonate and diluted with
ethyl acetate. The | ayers were sepa pte i the aqueous | ayer was
extracted with ethyl acetate (LCMS shgf o product left in the aqueous
phase). The conbi ned organic | ayers mﬁ§§bMﬁshed with water, brine, dried
w th sodium sul fate, and concentrated to give a 15 yeIIow oi

Purificati by F 10% ol./ ddth

Pt can o by Foiamia Ao b e BT L
purity. N§( ESI6}<Ell\/ﬂil-hl-}00=m53@mﬁ(b,ottdﬂ‘rlﬂhNW(s&ﬂ@oM&mte@hhﬁRﬂFm&@, 86)3ppm 11. 31
b 7.97 - 811 ) 731 x 760 3
b7 oo 10" gty i (e biyds S Sndpn Bl ). by 94 52,8 e
HZ, 1 H 4. 60 Iﬁﬂﬁcﬁl) was addB@ZT}té)mlétu%@wéiﬁhrre&umdeihﬂf&roé’en%?atﬂtd,at 1:1)01114 34 Hz, 1 H)
\%:?g 573i_§,0 rp?lglpe:rl_at g%?rdﬂl ]g((tll}[_/[ Jsﬁé\%?_qgg%og cpﬁversl_gn After another (I)h (tﬁg m1xture 2.08 (t,

was filtered and washed with methanol. The combined organic solution was

concentrated to give a light yellow oil, and further dried over 3 days to give a light
15  yellow solid (2.91g, 97%), which was used in the next step without further
purification and characterization. MS(ESI)[M+H ] = 336.35.

Intermediate 13

X

~

N -
20 TIPSO

(S)-9-(triisopropylsilyloxy)-8,9-dihydro-5 H-cyclohepta[b]pyridin-6(7H)-one.
In an oven-dried 250 mL round-bottom flask was dissolved oxalyl chloride (9.54 mL,
19.08 mmol) in methylene chloride (40 mL) to give a colorless solution at -55°C
25  under nitrogen. DMSO (2.71 mL, 38.2 mmol) was added dropwise slowly over 2
min. After the solution was stirred for an additional 30 min, (6S,9S)-9-
(triisopropylsilyloxy)-6,7,8,9-tetrahydro-SH-cyclohepta[b]pyridin-6-0l (2.91 g, 8.67

mmol) (crude, azeotroped with dry benzene) dissolved in 8 mL methylene chloride
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19F NWR (470 MHz, CHLOROFORMd) 6 ppm -138.72 (d, J=15.15 Hz, 2 F).
Internediate 18 0' 25TIPS

(5S, 6S, 9Ryo@0(134699di f | uor ophenyl) - 9-(trii sopropyl silyl oPgrAB2MIB5A33

t et rahydro-5H cycl ohepta[ b] pyridin-5-0l. 1. A m xture of sodium

2- met hyl propan-2-ol ate (0.827 g, 8.61 nmmol), 5di acetoxypall adi um (0.057 g,
0.255 mmol ), dicycl ohexyl (2'-nethyl bi phenyl-2- yl)phosphine (0.093 g, 0.255
nmol ),

R tr opr o | o tetra dro cloheptalb ridin-5-on
SPAT V(8 LE S S AR AR S i Rk e AR

mol ) was heatsgfted@dt -8Dt0C5520 hPALRIARI00A40Hhin. URGRESAT: PRHDPME, me)n}noﬂ)or 18 h
under nitrogen. The solvent was nostly renoved via 10 vacuum and t he

reaction was dvasafded Wi PANgR 3y70°G@ad %éeacmm@ﬁwwa%@mlé W Unes washed

with water threedhrEsmberaiendiyd 8nf&eebtiBistu! Wak@and bhl 2618 ward
concentrated. Flash chromatography using ethyl acetate in hexane (0 to 35%

to 509 gave taHécdgand thelayep W@tsmaﬂﬁatfﬁ od\§@auqogy ryer vig(cirgcted3vitheptipl

MB( ESI ) [ MrH+] aéét@te%he édﬂlﬂ\ll\éﬁo 7}5‘«)99 1M%w&bhmmwdﬁﬂn Qﬂf%n&n% 64 (dd, 15
J=4.91, 1.64 H, 1H 6.65- 6.75

(m 3 H 5.29 wn@m@@ec(mgw aH)ln ail. mrﬁcmlw@y(ﬁﬁc qp uq)SO% @hy aQetthxmle 2 H 2.04

215 (1 20 e e Sl SR 2.

111.37 (s). 203235 UHNMRN%OMM@HWQHDW%@,W&& VLdmrol04 Had Fadded to a

cycl openty ( f -

(6S, 9R) - 6- 1{03”‘;7(‘{%9/ @1&7%6%%39%? @f r@&{ﬁ’é@ﬁz&@‘j’f“j& 2.27 Hz, 1

6, 7, 3 9- tetrahiochr@(ﬂj-béqyesmepHaBD])p&U#m 3&152(1@)3(02(@4(9,6’;92.1539216, mol) at 0
C under nitroge T reaction tirre r t 1o

t enperat ure. %Iﬂ%g?ﬂ) (Hhmgig%egd lgy‘ga( ﬂg{j% ﬁag%épl’zzrﬁjg3c§glt’i nued to
stir for 0.5 I5.98Theo BespHYeE - 1as (hemyedl W, wamzlmfaﬂdsgtrm%(rnu@e resi due
was taken up in ethyl acetate, which was washed by water three tinmes. Flash

chr omat ogr apmH)usi ng ethyl acetate in hexane fromO to 10% gave the desired
product (56% . HPLC tR=3.05 nmin, MS(ESI)[M-H+] =448.26; 1H NVR (400 MHz,
CHLOROFORM d) 6 ppm 8.44 (dd, J=4.91, 1.64 Hz, 1 H) 7.46 (dd, J=7 .55 ,
1.51 Hz, 1 H) 7.15 (dd, J=7 .55 , SIlﬁﬁrmﬂilatilﬁ) 306.50 - 6.61 (m 1 H) 6.41
(dd, J=8.94, 1.89 Hz, 2H)569-583(m 1 5.21 - 5.30

\\\
\
» ‘
N -
TIPSO

20 (68,98)-6-(2, 3-difluorophenyl)-9-(triisopropylsilyloxy)-6,7,8,9-tetrahydro-5 H-
cyclohepta[b]pyridin-6-ol. In an oven-dried 250 mL round-bottom flask was
dissolvedl,2-difluorobenzene (0.680 mL, 6.90 mmol) in tetrahydrofuran (12 mL)
under nitrogen. After cooling to -65°C, n-BuLi (1M in hexanes, 2.208 mL, 5.52
mmol) was added dropwise via syringe. After the mixture was stirred between -65

25  and -60°C for 30min, it was cooled down to -78°C. A solution of (S)-9-
(triisopropylsilyloxy)-8,9-dihydro-SH-cyclohepta[b]pyridin-6(7H)-one (920.5 mg,
2.76 mmol) (80304-043) in tetrahydrofuran (4 mL plus 4 mL rinse) was added via
syringe (turned to yellow) and the reaction was stirred at -78°C for 1h (yellow color),
and at room temperature for 30 min (red color). LCMS indicated good conversion.

30  The reaction was quenched by saturated NH4CI solution. Tetrahydrofuran was
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(m 1H 4.62- 480 (m 1H 3.46 - 3.64 (m 1 H 2.84 - 3.09(m 1H
2.06 - 2.24 (m 2 H 1.79- 1.97 (m 1 H 1.12- 1.34 (m 3 H 1.04- 1.10 (m
9 H 1.0wW0d01140469930 Hz, 9 H); 19F NWR (376 M1z, CHLORBECRIsR@)/0824ppm
-109.90 (t, J=8.62 Hz, 2 F). Exanple 10 5

(5S6S, 9R) - 5- am no- 6- (3, 5-di f |l uor ophenyl) -6, 7, 8, 9-t et rahydr o- 5Hcycl ohept a[ b]
pyridin-9-yl

4- (2-o0xo0-2, 3-di hydro- 1Hi m dazo[ 4, 5- hl pyri di n- 1Api peri di ne- 1- car boxyl at e.
1. In an oven-driedq 1 nL.round-battom fl ask was 10 _ suspend NCS (324 ny,
3. 423 o) ST and e S e B R AR O SR Ratrs Sge o 423
mol ) was addegbré &p@aRdPUhd br@imic Bl éreras Stakiicdiwith BiHAE Qlricl wlith Q@M fsGIfat§ M N,
(5S, 6S,9R) - 6-(3,5-di fl uorophenyl)-9-(triiso roE%Isil%hpx¥)-

6,7, 8, 9- t et r adFcsIassdr gie gy B gyFifigatien By 5L g g ! 101 mmol )

di ssol ved in LesthichelanadMirskiad #e aotcked @M1 9790) 2 Wasasaddashy vilas Gamuul a to the

gray suspension. 15The resulting graylsh suspensi on was stirred at room

t
tenperature. Apgdpirghnroduehvis? s, datebe 4 olarles b MﬁéE%@MTHtfﬁéMﬁééﬂtH on was
continued at 4@@?QM§QQ%??%H%§§O%@ 1§§9@%ﬂJQ9§PHEFFH??3?ﬁK§%QQ- The

reacti on was quenche odi um bi car bonat e sol ufion and uted with

et hyl acet at e . HZThél)[7apdd.s/=R8p élzsePanrab ed.13 Tine3 By ganilo. 4.aylér 4.66l, washed with
brine, dried, a nce e [ rk Qinl Bur,i fi cat.i by FCC
ip 1o 20% ot hyl beld o hedans sp BTt T dadone PR dtia £ 308 0y ™ 75os
cont am nat ed wiH)2.@2 2. o5@h, 2-HoNTN@, k) Hrs1 #) doboerlioss, &+14,67Wwh2th was used

el i m nati 0 priodact Ches B L M B780s WA T HE i mor peak (R =
3.29min) is the chloride (MS(ESI)[ MrH+] =466.22). 25 2. In a 100 nL

round- bottom fl ask was di ssol ved (5?,68,%&2-?-chloro-6-(3,5-
di f I uor opheny1)-9- (triisopropyl si|ylyEMeda® 18 9_t et r ahydr o- 54 cycl ohept a[ b

] pyri di ne
8\
.\\\
@@ j
~ F
N

I
On

15
(68,98)-6-(2, 3-difluorophenyl)-6,7,8,9-tetrahydro-5H-cyclohepta[b]pyridine-

6,9-diol. In a 250 mL round-bottom flask was dissolved (6R,95)-6-(2,3-
difluorophenyl)-9-(triisopropylsilyloxy)-6,7,8,9-tetrahydro-SH-cyclohepta[b]pyridin-
6-0l (977 mg, 2.183 mmol) in tetrahydrofuran (10 mL) to give a colorless solution.

20  TBAF (4.80 mL, 4.80 mmol) was added, and the mixture was stirred at 50°C
overnight for 16h. LCMS indicated good conversion with some SM left. Another 0.2
equiv of TBAF was added and the reaction continued at 50°C for 2h.
Tetrahydrofuran was removed and the residue was partitioned between water and
cthyl acetate. The layers were separated and the aqueous layer was extracted with

25  cthyl acetate. The combined organic layers were washed with brine, dried with
sodium sulfate, and concentrated to give a tan oil. Purification by FCC up to 10%
methanol/methylene chloride afforded the desired product as a white solid (458mg,
72 %). MS(ESD[M+H ] = 292.21; 1H NMR (400 MHz, CHLOROFORM-d) & ppm
8.05(d, /=3.78 Hz, 1 H) 7.37 (d, /<7.55Hz, 1 H) 7.06 - 7.21 (m, 1 H) 6.81 - 7.05 (m,

30 3H)S5.63(br.s., 1H)4.82-4.97 (m, 1 H) 3.68 -4.11 (m, 2 H) 3.00 (d, /=14.35 Hz,
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(386 ng, 0.828 mmol) in dinmethylformam de (4 nL) to give a colorless

sol ution. Sodium azide (323 ng, 4.97 mmol) was added, and the m xture was
stirred avo20G/ndpwder nitrogen for 20h. TLC (4/1 hexane/ eCmyUs2@0nsABE)
showed two cl ose peaks (the | ess polar major conponent was the elimnation
product fromthe starting material 5 and the nore polar m nor one was the
azide product). It was diluted with water and ethyl acetate. The | ayers
were separated. The organic | ayer was washed with brine, dried, and

concentrated t ' a_col e il rifi y 0% et hyl
acet at e/ hexanelolé}qu z7e@’e]6?§)ﬁgiﬂae§ﬁ} géé Brggﬁ@tl Hil?rlngg 7 Ogg‘&ka% 36%@ 18%
139 for 2 st ensks @ 1 8COIRauRs i, @ﬁL@ﬁb)Fbm\m} - BT MYRE( 400 Mz
10CHLCRCFCRMd3L (pm859 (dd, J=4.91, 1.64 Hz, 7.64 - 72(m1H)
7.26 7.36 (m-1¥99de/9452Hs, BD).(m 3 H) 5.27 (t, J=4.41 Hz, 1 H) 4.71 (d,
J=8.31 Hz, 1 H 3.57 - 3.72 (m 1 H 2.10 (d, J=4.53 Hz, 3 H 1.72 - 1.87
(m 1H 1.14 - 1.27 (m 3 H 0.99 - 1.12 (m 18 H); 19F NWR (376 Mz,
CHLOROFORMSd) 6 ppm -109. 44 - 109. btexmgdigte % . 15 3. |n a 100 nL
round- bottom fl ask was di ssol ved (5S, 6S, 9R) - 5- azi do-6-( 3, 5-
di fl uorophenyl)-9-(triisopropylsilyloxy)-6,7,8,9-tetrahydro-5H-cycl ohepta[b
]pyridine (70 ng, 0.148 mmol) in tetrahygruran (1 nL) to give a colorless
solution. TBAF (0.178 nL, 0.178 mmI)He‘vaEd and the resulted col orl ess
solution was stirred at 20 room teqpe .‘. for Ih. LCVS indicated conplete
n Vacuo and the residue was
~_ Ifie | ayers were separated. The
iri ed, and concentrat ed to give a

conversion. Tetrahydrofuran was
diluted with water and ethyl acets
organic |ayer was washed with brine,

colorless oil. Purification by FCC upP to -l' acet at e/ hexane afforded
the desired product (46.2nmg, 99% as g €O ess 0| | .
MS( ESI ) [ MrH+] =317. 22; 1H NWR (400 MHz,” CHLOROFORM d) 6 ppm 8.52 (d, J=3.78

Hz, 1 H 7.99 (d, J 3 6.69 -
R O SV LTk M B M T e g Ny 3 ST L AW
(d, J=10.32 Hkycl&heﬁ)a[ﬁ]p@@dz(zi%l 4%3&eﬁz%ate3 198 24mL kourd-bdttOrh ﬂaskgw% (m 3 H
1.41 - 1.59 CHLOROFORM d) 6 ppm - 109. 08 (t,

J=8.62 Hz, 2 F‘}Ssoligz&@u@@ 662 éi’&uomew&ﬂaﬁe@ﬁ #p-%-ppm 163. 16 (dd,

J=248.93, 13. In éfﬁ} } & ok 146. 24
(s 20 1338 Ciébkipt%b @rldll@gé 3—141((1%458 gC)l 5% n&ﬂ) (@(wtrépe%vfi ld]_{%b% Oel-g)lll 00
rphy

(m 2 C 102. 68t dyefsz@nﬁ%mﬁito &Ve@) hgmor@ege(@lutlzn & Ngwbagocgcidf3¥ 50. 08

10 35.2 - 0.08
was suspended 15585 oR) o dhikRyigy Glige 1o kit 2230RNE VAUALFRLPM T 85

5di f | uor oplﬁenylﬂ)ﬂg@n 7D8809rqpék %rzaﬁrly@b@cm Oyt oHeBt3ap bipfr Webiaddgl ol (46 ny,

2_ 2-421_5022?'2? 3( 3&%@%&0 HT%M’[EIQ stlélla%‘hztg rs't%) ovgﬂl%;h% ﬂft&r I%th E@MS showed

i m dazol[ 4, 5- b]prlpleth aeaversidn), biipbe ddiradprodeambox piimr eoriiGBe®. Agyas0. 175 mmol )

in dinmet hyI for r 0 -15C

(i ce-nmet hanol gﬁﬁgﬁecﬁéﬁ% %Jeglgg'é)élndnﬁ dgg&]%(é)g%éﬁ% V\B.t pgt(}:}éd dropwi se. The
resul ting tan at@stohetanetolbd’ostoiaffoetthedderd piotuo geamat 18%00C€a-wh€ f or 2h and
at room tejperat Yies &Of N = 44120,

Intermediate 17

.\\\

25
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2h. LCMS showed good conversion. The reaction was quenched with sodi um

bi carbonate solution. The m xture was diluted with ethyl acetate. The

| ayers wewe 28gpas@red and t he aqueous | ayer was extract edTwistéoesigs
acetate. The conbined organic |ayers were washed with water, brine, dried
wi th sodium sul fate, and 15concentrated to give a tan oil. Purification by
FCC up to 8% net hanol / net hyl ene chl oride afforded the desired product
(62mg, 76% as a white solid. MS(ESI)[ MrH+] =561. 20; 1H NVR (400 MHz,

LD PP s Bl by Bt e

J=7.55, 5.29 hiZQ dzJ;tha@S@ﬁlLroﬁncﬁ%t(omﬂaBkb&hs &ssb&eﬁ%s AR, B1 Hz, 1 |‘|) 5.11
(d, J=9.57 Hz, .43

2. 22 -
(m 2 H 2.02 dlﬂlg)r@L;o,_}llel(yrla 6 éycp:yxy]:@%;? 9- tetgahgﬂroﬁ,ﬁ c%clthpta&)@rﬁ'd_:\g (
CHLOROFORM d) n@trd?)léﬁﬂoa{éq82581%g,(02844nm019m46t%3/dr%ﬁf Fan (25n 6)"[6‘ §ﬁfe l@@loﬂéss

round-bottom fl ask was di ssolved (5 azid
25di f | uor ophenghfion athgumy hydsp¥idh(Peios Tapelyyyas @H@fbtﬂ@f{ %1]3 ﬁwtmlwgnqu@( 2- 0X0- 2

, 3- di hydr o- 1k} fidaznkhfe ﬁ)rléilW@Mg'l&ﬁc%fe)djebﬁbﬁ%rdomé?ﬁor; EaLbanydatie (62 no,
0 11 mmol) in tetrahydrofuran (1 nL) to give a colorless solution.

Tri et hyl phos pHivhecefate @@avapar. The Bgars Wﬁ@lsyp’c\m@d addecrquine lavexvey e was
stirred at roqmeuREHALIYIGeetdth t ?ﬁde %ﬁrmﬁ’é’ﬁ%ﬁ%g{c Zag%?s whre wQshéél%uﬁ"SHhe%]t

added, and the m xture was stirre room erature overni
showed conpl etdeie¢.and evrsegratadgo & dvitel edids @drlﬁwbldmbif FCQolp4t PYoe conponent s wer e

removed i nova i a]%”ﬁmétﬂ A ‘i"d 3 ﬁ?&’éhéﬁg%ljeé( B%‘dgét a%% hRé(c&;?% &efé’ssot(l)ﬁl dO%

met hanol in ne ena- ' chf'or as a t hat
was further dr(VBnlg ISﬁ%\)aAlfaw Onyeﬂalsbmeelﬁcldﬂy)st {ndGuny; raP A¥@cture was obtained to

o 5.ab (o as3rgt iy ot iRy SN 0 o8 R Mersfig £ %
6.92 (dd, J=7.\3dz, cEHIZ@RdaiZORM ij)és Iﬁm8244ch JAE8R B4, 1Hz)7 R H? 516(n6@ H)ti 19 J 8 81
227t 0 G e o b e A D & 3 prod o i 3%
(m 1 H Ls 9 21432 1 Hym.go2 391 (ml 9D (1@ 7814%% 2. 1GHHEOREHORM. d)706mPpm
-108.85 (br. SH)237(br 5., 1 H) 2.11 (ddd, /=14.19, 5.95, 3.97 Hz, 1 H) 1.96 - 2.06 (m, 1 H) 1.74

- 1.91 (m, 1 H); 19F NMR (470 MHz, CHLOROFORM-d)  ppm -138.91 - -138.74

(m, 1 F)-139.22 - -139.06 (m, 1 F); 13C NMR (126 MHz, CHLOROFORM-d) &

ppm 160.64 (s, 1 C) 152.00 - 150.10 (dd, J=21.42 and 254.52 Hz,1 C) 148.75 -

20 146.71 (dd, J=11.52 and 244.44 Hz, 1 C) 145.55 (s, 3 C) 139.91 (s, 3 C) 138.44 (d,

J=8.64 Hz, 1 C) 129.37 (s, 1 C) 123.89 - 124.57 (m, 2 C) 122.48 (s, 3 C) 120.84 (s, 1

C) 116.22 (d, J=17.28 Hz, 2 C) 71.79 (m, 3 C) 71.70 (m, 4 C) 44.30 (d, J=4.80 Hz, 2

C)39.65 (s, 1 C) 31.29 (5,2 C).
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Exanple 11 10

(5S6S, 9R) - 6- (3, 5-di fl uorophenyl) - 5- hydr oxy-6, 7, 8, 9-t et r ahydr o- 5Hcycl ohept a|
b] pyri di rw0-2911/046997 PCT/US2010/052433

4- (2-o0xo0-2, 3-di hydro- 1Hi m dazo[ 4, 5- hl pyri di n- 1Api peri di ne- 1- car boxyl at e.

1. To a methylene chloride (10 nL) solution of

(5S, 6S,9R) - 6- (3, 5-di fl uorophenyl)-9-(triisopropylsilyloxy)-6,7,8,9-tetrahyd
ro-5H 15cycl ohept a[ b] pyridin-5-ol (0.492 g, 1. 099 rrm)l) under nitrogen was

dded ti hyd 0.460 mL,
g. 38 rrflrgle)I gngnomgf@)&?%qjﬂwr%m#ﬁ%hy rﬁf}§ ’Fté?fég? r6e.( The reaction

was stirred fQicighddia/BperidiR3CT QP OWRS, 3@1&%&@%%2@5@}%}@% ¢hl oride and
washed with sodi um carbonate (sat). The nethyl ene chloride |ayer was

separ at ed, drlyé)alp€”§@6?6ﬁflrsbﬁf“}fl%’€°e3n angquPR-grehl Dorh Epuadiieda Hatetist o give the

crude product @Soed i69MR) % |3QM\f11QJd> hefyl §8Q9 1048 ﬂ'ﬂPLC tR=3.19 mn,
NB( ESI ) [ MrH+] =490 eéed K %R "Mz 1%5 ; tORR?rO pm 8.56 (dd,

J=4.78, 1. §1 gy clohepgayb] vynfhnec@ leJ 971 rs&02f4zren¢1&(azwtqqped7w1213drwanzegeﬁ7 81,

8 30
;_1 I:) gz s .aﬁd @%nropﬁer%/@ 4%@”0);@2 I3')d11%rdi109 14 qim1d'Az—09[4 @%&ﬂ'}%vdmll gp)plgergﬁ’neHl) S. el (grzn

- 1.98 (m 1 Hyrbmxmtem]l 5 03hy rrmql»mﬂlr@exhylmrmmm(dﬁﬁ gLMo glve(mhg(lm =7. 30
Hz, 9 , 19F 2 Hz,

By 5 aar LIyt Mty G R NS B PRThr W il o@u?an (5 m)
sol uti on of dropwise. The resulting yellow suspension was stirred under nitrogen at room

(5S, 6S, 9R) i 8, 9-tetrahyd
ro- 5Hcyc| eptthIge]r%lf}{elf%%ﬁg %ce a(g Eonélgagg 81% % gﬁ et 0In)m(glt room

t enper at ur e ungenched Wl‘th)@}el[rated' beliune ictibomatavars! dslmedmtﬂ:i cfhyt acktake. TIhEMS showed
conpl ete conv rsion ent was, renove C n rude
orbur e vas paPRr TS AR A R TR Skl A AR R RS et at
| ayer was sepahatz@d;o dodvedic(t St uqnesud phage) Thd ¢dniteieddraanit Io@noednt r at ed.

Fl ash chromato r@glh‘%/l usi nlg et hg ?d%,t ate i n. hexane fromO t 0.50% gave the
desi red produc Hoyyer. bty driedoyith sodivg wifate angsoncepiied Qe e i n
giigga): CR&BI&)C yfeﬁ%?& 038Plﬁﬁﬁtat1$ﬂyﬁfﬂd hMbl—l'OP/‘&%aﬁ?ol/meﬂHyileNB/7 8&1116A&thMd?ed tﬂ7e026 (dd,
J=7.81, 4.78 rqueﬂ pﬁ)duet <é%)1mg 60% %(Srﬁwl'é?emwéerifrcw anﬂﬂféc%ow&d Fg%9%4) 5. 92

d, J=3.78 Hz,y, : 1. 80
gs 3L ﬁtyWSﬂEﬁ?[%mN&/RS% 28 1@£3N1(/ﬁil(/g|_|éb()1va22(:?1%01&2)1:30321\&[1 1%8@ o

" Tat) At (10BINPLL. Gt BREFG ) B B K989 Ke] Sh- C5b bacs 807 b
J=248. 16, 13. 10 7H&,(, $h) 6.98 (dd, /=7.48, 5.34 Hz, 1 H) 6.03 (d, J=10.68 Hz, 1 H) 4.60 (br. .,
20 2 H)4.40 (br. s., 1 H)3.97 (d, /=14.34 Hz, 1 H) 2.80 - 3.20 (m, 4 H) 2.67 (t, J=11.75
Hz, 2 H) 2.17 - 2.40 (m, 2 H) 2.08 (t, J=12.67 Hz, 2 H) 1.89 (d, J=11.29 Hz, 2 H);
19F NMR (470 MHz, CHLOROFORM-d) 8 ppm -138.72 (d, J=15.15 Hz, 2 F).

2

Intermediate 18

25
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15 157.96 (s, 1 C 146.98 (t, J=8.86 Hz, 1 C) 146.02 (s, 1 O 133.16 (s, 1
C) 132.08 (s, 1 C 122.64 (s, 1 C 110.44 (d, J=25.43Hz,1 C) 102.14 (t,
J=24. 66 HxQ20Gy046®781 (s, 1 C) 71.11 (s, 1 C) 49.61 (s, PCT@S285/08323§s, 1 C
33.94 (s, 1 C 20.27 (s, 1 C. 3. NaHVDS (1.839 ni, 1.839 nml) was added
to a dinethylformam de (4 nlL) 20sol ution of

(5S, 6S,9R) - 6- (3, 5-di fl uorophenyl) -9- hydr oxy-6, 7, 8, 9-t et rahydr o- 5H

cycl ohept a[ b] pyridin-5-y1 acetate (0.2786 g, 0.836 mmol) and 4-nitrophenyl
4-

(2-
oxo- 2, 3-di hydro THIHR T4 5P Eo Py o r CirgpErs Y 8RR 48 Qar boxyl at e
(0. 3337 g, 0. §ctthhpavelsH-aflcloheRa[6lpyrd@rs-sli t rogen. The reaction was stirred at
-20 Cfor 3 h, and then treated with 0.1 eq of 4-nitrophenyl
4- (2-oxo0-2, 3-di hydro- 1Hi m dazol[ 4, 5-

25b] pyri di n-1-1ylp ﬁb@ﬁ%bﬂ@daﬁm%z%wmfﬂaﬁizeo@e@ §r71D gt n%olb\laHNDS The
reaction was stirred for another hour was warnmed up to -10C. LCVB

showed t he Sdeghiacei@xyredelien (%57\/@0@5%@“@% dﬁW?WWeﬂﬂﬁ‘éW&WW oss of
acetyl group) .y ];ﬁ(%‘?ﬁlﬁ@@d@@rg Yass &%@checb Wu%&br&ﬁ)tls‘?l&lox?)oé h Qweid-hya@ddi ti on

of ethyl acetate e ethyl acetate | ayer was hree tinmes by water
bef ore separ at%ﬁcych}hﬁlé@{blpélﬁdintﬁw%l?flé@ég 0.38immel) ayl Bbrogecd.Toncentrated to

gi ve the crud Pot assi um
car bonat e (78?1%?&%.ﬁ%§e W)$§n?§65§ﬁﬂ%%%ﬁi@%§§%¢ ﬁglr?;t h_1?568(rm§§1Lsol ution of
(58S, 6S, 9R) - 5- aegasexhbe®rg Beh-foi Y huordephitsogen) The solvent was mostly removed via
6,7,8,9-tetyah t

4 ( 2- oxo- ;ltO d%ﬁuug} anlal_t r%lclc 1§§§v gh@]tgci/w{ﬂgétg}ll %[;te }‘he et}e%l aa?tahtg la; erC\ga}sboxyl at e
(328 ny, O. 568vasimllxy1tlamzaterahmt1mnpbefaﬁetdr}eng (Ehfhumealcﬁatte)oﬁaltawsansltl rred at room
tenperature for f the | vent. The c

partitioned beP%@Eat%fh@?S%ﬁé 0?5?%@”;?@%“% %tﬁﬁ a‘f‘%[gte ént%‘lff?n%@ge? WZ O3%Yer was
separ at ed and gamﬂiedesagaanylamﬁ brovladteil"/@)ef}mmj 3. &dm(ssodi um sul fate),

filtered and concentrate ash chromat ogr aphy using net hanol in nmet hyl ene
chi or 1 de 11 om oS IIoR GRS it AL /a8 R 0%@59%%@ D04 (k. C
tR=2.17 mpm, Msﬁﬁﬁll)ézul\ﬁtﬁ#h?%@%s (%H1NNR 3(740;04 @)Hg ggm

10. 61 (br. s. @0323 1 H 7.9 '31)
7.58 (m 102 H)2979% (ud, JM?) -g16 (81, 2@)@;:30 -2 %(%2@ 2 046 2916 ((nn% D H 6.75
f Zt 793( ﬁ] 8;1 2. 0%3 1"121, (n% 32@8 0(5%9412(123)51, g%{g ,é).9?3 (!%*)Jggsg)ﬁ]{zﬁ oy 25199 I\ﬁ\ZR'('?r726 %1)5H% m4 gl
H 1.76 - 2. OMHmCPBLGB(bF@EM-N\ﬂR)mB%eé.W;lod%ﬁmm @) 6 ppm -108.58 (br.
S., 2 F). 15Internedi ate 19
20 2. Lithium borohydride (0.283 g, 13.01 mmol) was added to a cyclopentyl methyl
ether (15 mL) solution of (6S,9R)-6-(3,5-difluorophenyl)-9-(triisopropylsilyloxy)-
6,7,8,9-tetrahydro-5H-cyclohepta[bpyridin-5-one (1.4496 g, 3.25 mmol) at 0 °C
under nitrogen. The reaction was stirred at 0 °C for 6 h at room temperature. The
reaction was quenched by adding methanol and continued to stir for 0.5 h. The
25  solvent was removed via vacuum and the crude residue was taken up in ethyl acetate,
which was washed by water three times. Flash chromatography using ethyl acetate in
hexane from 0 to 10% gave the desired product (56%). HPLC tg=3.05 min,
MS(ESD[M+H 1=448.26; 1H NMR (400 MHz, CHLOROFORM-d) & ppm 8.44 (dd,
J=491, 1.64 Hz, 1 H) 7.46 (dd, J=7.55, 1.51 Hz, 1 H) 7.15 (dd, J/=7.55, 5.04 Hz, 1 H)
30 6.50-6.61 (m, 1H)6.41 (dd, /=8.94, 1.89 Hz, 2 H) 5.69 - 5.83 (m, 1 H) 5.21 - 5.30
(m, 1 H) 4.62 -4.80 (m, 1 H) 3.46 - 3.64 (m, 1 H) 2.84 - 3.09 (m, 1 H) 2.06 - 2.24 (m,
2H)1.79-197(m, 1 H)1.12- 1.34 (m, 3 H) 1.04 - 1.10 (m, 9 H) 1.01 (d, J=7.30
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(R 2)-6-(2,3-difluorophenyl)-6, 7-dihydro-5 Hcyclohepta |Ib] pyridine. In
an 20oven-dried 250 nL round-bottom fl ask was m xed

(6R, 9R) - w020 B/db997uor opheny1) - PCT/US2010/052433

6, 7,8, 9-tetrahydro-5H cycl ohept a[ b] pyridin-9-ol (1.93 g, 7.01 nmol) and
(et hoxycar bonyl sul famoyl )tri et hyl ammoni um hydr oxi de, inner salt (2.005 g,
8.41 mmol ) in benzene (60 nL) to give a suspension. It was heated at 85C
with stirring under nitrogen for | h (color quickly changed to deep red).
LCVS showed desired 256MNV TLC (1/1 ethyl acetate/ hexanes) showed only a
trace of SM I éf% 2 &hHal% WdRdP76 WecﬁgpépFQ&%‘d}lgﬁPm']é)gr??éhé:%\é%HF@aned in
vacuo and the mesi due was partitioned between ethyl acetate and water. The
| ayers were separated and the aqueous |ayer was extracted with ethyl
acetate. The conbined organic |ayers were washed with brine, dried and
concentrated to give a tan oil. Purifg,cajofy by FCC up 30to 80% et hyl

acet at e/ hexane afforded the desired product (0.81g, 45% as a light vyellow
oi | . MS(ESK)[ MrH+] =258. 16, 1H NWR (400 MHz, CHLOROFORM d) 6 ppm 8.45 (dd,
J=4.78, 1.51 Hz, 1 H 7.35 (d, J=7.55 Kz, 1 H 6.92 - 7.09 (m 4 H 6.77
(dt, J=12.53, 1.92 Hz, 1 H) 6.20 (dt, J¥12.59, 4.53 Hz, 1 H) 3.43 - 3.58
(m 1 H 3.22 (dd, J=14.10, 9.57 Hz, 1 .96 (d, J=14.35 Hz, 1 H 2.69
(td, J=5.29, 2.01 Hz, 52 H); 13C "R ( , CHLOROFORM-d) 6 ppm 154.90
(s, 1 C 151.94 - 149.34 (dd, J=A3. and 249.47 Hz, 1 C) 149.43 - 146. 86
(dd, J=12.33 and 247.45 Hz, 1 (s, C© 136.93 (s, 2 C 135.63 (d,
J=11.56 Hz, 1 C) 134.74 (s, 1 N H131.83 (s, 2 O 123.95 -
124.47 (m 2 C) 122.61 (t, J=3.47 A4, (s, 2 ¢ 115.15 (d,
J=16.96 Hz, 2 C) 40.28 (s, 2 C) 38. : 0137470 (s, 1 10 C; 19F NWR
(376 MHz, CHLOROCFORM-d) 6 ppm -138.3 -137.90%%Mm 1 F) - 144.07 - -143.71
(m 1 F). Internmediate 20 OH 15HO

(6S, 8R, 9S) - 6- (2, 3- IS IV Optieng 0)(3.6-diflgrapheeir &Ry drierr@ridspciibhept af b] pyri di n

e-8,9-diol. | d-.bat bom f ¢ 15,,d] ( . ) 7.
6- (2, 3-difl uo?%%ﬁ%%ﬁzdﬂﬂf’%’?‘% %WE%? g%s%f ?’E@d’é*ﬁiﬁf”s?’%%?f’%é@ﬁho my, 0.428
mol ) 20 and NNDpeidide-hgertoxg4e. hrok) oven-dicdtl6hml(Rumiotamdlagatves (0. 04 nil)
to give a ft,an | .Ut 1.Qn- i i 10 '1m') (2.5 wt-%
sol ution iltrq 2-Sﬁsg°teﬁ(§ﬂd§fbpsr%%%%‘E%égégggﬁﬁ%yﬁg&k‘%mc%ﬂ“ )r instantly changed
to very |ight Trphtmwghosphive (A3 npred Rasmel ives gldcditn anopntivempératione, | h: <5%
e o O A M e or 3, P RS s MR RBRNSHS o SAGH) 021
6,7,8,9-tetrahydro-5H-cyclohepta[b]pyridin-5-ol (493 mg, 1.101 mmol) dissolved in

1 mL tetrahydrofuran (1 mL rinse) was added via canuula to the gray suspension.

15  The resulting grayish suspension was stirred at room temperature. After 5h, LCMS
indicated little conversion. The reaction was continued at 40°C overnight for 16h.
LCMS showed complete conversion. The reaction was quenched with Sodium
bicarbonate solution and diluted with cthyl acetate. The layers were separated. The
organic layer was washed with brine, dried, and concentrated to give a dark oil.

20  Purification by FCC up to 20% ethyl acetate/hexane afforded the desired product
(386 mg, 75%, contaminated with a closely-moving peak) as a colorless oil, which
was used directly in the next step. The major peak (tR = 3.39min) was the
climination product (MS(ESI)[M+H 1=430.30) while the minor peak (tR = 3.29min)
is the chloride (MS(ESI)[M+H 1=466.22).

25
2. Ina 100 mL round-bottom flask was dissolved (5R,6S,9R)-5-chloro-6-(3,5-
difluorophenyl)-9-(triisopropylsilyloxy)-6,7,8,9-tetrahydro-5SH-cyclohepta[b]pyridine
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25total). Sodiumbisulfite (1.2g) was added and stirring continued for 30
mn. Acetone was renoved in vacuo and the residue was extracted with ethyl
acet at e twoeelttdi4s®3. The conbi ned organi c | ayers were washas2emiob4Bs i ne,
dried and concentrated to an off-white solid. FCC (a few drops of nethanol
hel ped to conpletely dissolve the solids in nethylene chloride) up to 10%
nmet hanol / net hyl ene chl oride afforded two products: a |less polar, likely
the desired trans product (61ng, 49% and a nore polar cis product (47.1ny,

38% as white i ds. E H+1 =258. 16, . 1H NMR (40Q WMHz, CHLOROFORM d
6 ;ﬁ)m 8. 46 (d,@g@g’dh%g%m@ fa%?%%‘fqrala?n If(4 Mg 10 @Y%Cﬁ&f}esas%sﬂ% 22 (dd, :

J=7.43, 4.91 HKadivk dAdeT3Bme, 407HmONWaSadded i@ he(Sixtute Ws fird@afdopc ., 1 5
H 3.35 (dd, J=11.33, 3.53 Hz, 1 H? 3.24 {i}t” J=12.97 Hz, 1 H 2.86 (d,

J=14. 35 Hz, 1 uoglerpiteggen fos 20hy e (41 pyxaneefhylNgpiate SheVRE-DYO F9se CROECRRE d) 6
ppm - 138. 07 - |ess p3Ibr RBok Empbnént Wa@ﬁx%-eﬁ&iﬁatiorﬂ-%r%d&@f&ﬂﬂth@-stfr)ing Fiappl e 12 10
(6S, 8R,995)-6-(2, 3-di fl'uorophenyl) - 8- hydr oxy-6, 7, 8, 9-t et rahydr o- 5Hcycl ohept a
[ b] pyri di n-9- ylmd the more polar minor one was the azide product). It was diluted with water and

4- (2-0xo0- 2, 3- dhify tebircl M MyRZASscpaldRY! Tl fudfPlpE W Aiasnchwaarmxy! ate. 1n
an oven-dried 100 nL round-bottom fl ask was %5d| sSol ved

(6S, 8R, 99) - 6- (Ricd-agil pongerttidenygivy 26olprigss 9ilt Burifigayien oy BH- up to 20% cthyl

Eéﬁ'zgﬂiﬁ“ 2%3] R¥EchE@nBERE aforll Phe (&Fre@Broallt ) R peall) RFGRE, NIPEHaoMel,y dry

1- (1- (1H i mi datpbes 2colarltronill YIS{ESEHMditn}=473.2):- IHNMR @6 M, 5- b] pyri di n- 2( 3H

)- one (65.4 ld in ahydr.of ur Y | orl ess

sol ution ﬁlﬁde;a{rl%%ég(z%%@rm %‘ggﬁdﬁg—%’ﬁ)‘%‘ﬁl}cfe%%%%)' 59%%‘?3@%%%18

'([j- but _OXi de (él\/ﬁl% (aﬂlm%mhwda_zqﬁlus &N 5.20 .(t7 F44.aLHz,Q. 1BA7 Ingap)98. 3nesz, adled .
ropwi se, and the tan s nsi Qn to ro rature wt

stirring. After er’@cfﬁbt@gﬂ%r@n@r]ﬁggﬁ %ggﬁgr7ggdr§3(‘6‘f ?l'%tle[qp?ﬁ(m?

1- (1- (1K i m dapa).e -1 panh R H)) PIFR@VIRAB TS ¥ty 10HLOROFORAZA] dpSn -109.44 -

b] pyri di n-2(3H)- one was added, and the m xture was |eft stirring overnight.

After 18 h thel®%dc®.8d)was quenched with sodi um bi carbonate sol ution and

di luted wijsh ethyl 25acetate. The |ayers were separated and the aqueous

| ayer was extracted with ethyl acetate tw ce. The conbined organic |ayers
wer e washed widt HnbriPhel rowrideeptipintflasls weld disrolygdl f 61 &, 9Rndazidmeéhdrated to gi ve

a yellowoil. aEﬁ{foirctﬂh&%Ilj—QﬂriBXpljgﬁsiiﬂfﬁ)ong?—@% %?/@—tetrahydro—SH—cyclohepta[b]pyridine
(70 mg, 0.148 mmol) in tetrahydrofuran (1 mL) to give a colorless solution. TBAF
(0.178 mL, 0.178 mmol) was added, and the resulted colorless solution was stirred at

20 room temperature for 1h. LCMS indicated complete conversion. Tetrahydrofuran
was removed in vacuo and the residue was diluted with water and ethyl acetate. The
layers were separated. The organic layer was washed with brine, dried, and
concentrated to give a colorless oil. Purification by FCC up to 60% ethyl
acetate/hexane afforded the desired product (46.2mg, 99%) as a colorless oil.

25  MS(ESD[M+H1=317.22; 1H NMR (400 MHz, CHLOROFORM-d) & ppm 8.52 (d,
J=3.78 Hz, 1 H) 7.99 (d, /=7.81 Hz, 1 H) 7.36 (dd, /=7.81,4.78 Hz, 1 H) 6.69 - 6.88
(m, 3 H) 5.45-6.32 (m, 1 H) 4.91 (dd, J=10.95,2.39 Hz, 1 H) 4.84 (d, /=10.32 Hz, 1
H) 2.66 (td, /~=10.70, 3.53 Hz, 1 H) 2.07 - 2.38 (m, 3 H) 1.41 - 1.59 (m, 1 H); 19F
NMR (376 MHz, CHLOROFORM-d) & ppm -109.08 (t, /=8.62 Hz, 2 F); 13C NMR

30 (101 MHz, CHLOROFORM-d) & ppm 163.16 (dd, /=248.93, 13.10 Hz, 1 C) 158.31
(s, 1C) 146.84 (t,/=8.48 Hz, 1 C) 146.24 (5,2 C) 133.88 (5,2 C) 132.76 (s, 1 C)
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met hanol / net hyl ene chl oride afforded the desired product (last peak, 16nyg,
149% as a light yellow foam MS(ESI)[ MtH+] =536. 26, 1H NVR (400 Hz,
CHLOROFORNDbdp1164pgdm™ 8. 27 - 8.59 (m 1 H) 8.08 (dd, J=5.P@T/Uk2@6/05%33 1 H)
7.54 (d, J=2.52 Hz, 1 H) 7.31 - 7.51 (m 1 H 7.22 (dd, J=7.30, 5.04 Hz, 1
H 6.93 -7.195 (m 4 H 539 - 563 (m 1H 5.18 (br. s., 1 H 4.45 -
4.64 (m 1 H 4.37 (br. s., 1 H 3.10 - 3.40 (m 3 H 2.92 (d, J=13.85 Hz,
1H 2.11 -2.88 (m 5H 1.75 - 1.95 (m 2 H 1.55 - 1.71 (m 1 H). Exanple

13, 14 10 398 (L) 10 30 1 ol L Qoo.d ) =bs b b, 4 U] 200 EERTR) © 14

Exanpl e 13
66.28 (5,2 C) 50.08 (s, 1 C)35.24 (s, 2 C) 34.74 (s, 2 C).

4. In a 100 mL round-bottom flask was suspended (5S,6S,9R)-5-azido-6-(3,5-

5 difluorophenyl)-6,7,8,9-tetrahydro-5H-cyclohepta[bpyridin-9-ol (46 mg, 0.145
mmol) (azeotroped with dry benzene) and 4-nitrophenyl 4-(2-0x0-2,3-dihydro-1H-
imidazo[4,5-b]pyridin-1-yl)piperidine-1-carboxylate (66.9 mg, 0.175 mmol) in
dimethylformamide (1 mL) under nitrogen. After cooling to -15°C (ice-methanol
bath), NaHMDS (0.393 mL, 0.393 mmol) was added dropwise. The resulting tan

10 solution was stirred under nitrogen at -10°C ~ 0°C for 2h and at room temperature for
2h. LCMS showed good conversion. The reaction was quenched with sodium
bicarbonate solution. The mixture was diluted with ethyl acetate. The layers were
separated and the aqueous layer was extracted with ethyl acetate. The combined
organic layers were washed with water, brine, dried with sodium sulfate, and

15  concentrated to give a tan oil. Purification by FCC up to 8% methanol/methylene
chloride afforded the desired product (62mg, 76%) as a white solid.

MS(ESI)[M+H 1=561.20; 1H NMR (400 MHz, CHLOROFORM-d) & ppm 11.07 (br.
s., 1 H)8.59 (d, /=3.78 Hz, 1 H) 8.11 (d, /=4.28 Hz, 1 H) 7.88 (d, J=6.55 Hz, 1 H)
7.24 -7.54 (m, 2 H) 7.01 (dd, J=7.55, 5.29 Hz, 1 H) 6.65 - 6.92 (m, 3 H) 6.12 (d,

20 J=7.81Hz 1H)S5.11(d, /=9.57 Hz, 1 H) 4.28 - 4.85 (m, 3 H) 2.51 - 3.34 (m, 4 H)
2.22-243(m,2H)2.02-2.24 (m,2H) 1.77 -2.01 (m, 3 H); 19F NMR (376 MHz,
CHLOROFORM-d) & ppm -108.89 (t, ] =9.4 Hz, 2 F).

5. In a 100 mL round-bottom flask was dissolved (5S,6S,9R)-5-azido-6-(3,5-

25  difluorophenyl)-6,7,8,9-tetrahydro-5SH-cyclohepta[b]pyridin-9-yl 4-(2-0x0-2,3-
dihydro-1H-imidazo[4,5-b]pyridin-1-yl)piperidine-1-carboxylate (62 mg, 0.11 mmol)
in tetrahydrofuran (1 mL) to give a colorless solution. Trimethylphosphine (0.332
mL, 0.332 mmol) was added. The mixture was stirred at room temperature. After
2h, water (7.97 uL, 0.442 mmol) was added, and the mixture was stirred at room

30  temperature overnight. LCMS showed complete conversion to the desired product.
Volatile components were removed in vacuo and the residue was directly purified by
FCC up to 10% methanol in methylene chloride to afford the product as a white solid
that was further dried in vacuo over three days (56mg, 90%).
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(58,68,9R)-6- (2, 3-di fl uor ophenyl ) - 5- (et hyl am no) -6, 7, 8, 9-t et rahydr o- 5Hcycl
ohept a[ b] pyri di n-9-yl 4-(2-o0xo0-2, 3-di hydro- 1H i m dazol4, 5- bl pyridin-1- 15
Api peri diwe-20tioasPoxyl at e (exanple 13) and PCT/US2010/052433

(58, 68,9R)-6- (2, 3-di fl uor ophenyl ) - 5-

(di net hyl am no) -6, 7, 8, 9-t et rahydr o- 5H cycl ohept a[ b] pyri di n- 9-yl
4-(2-0xo0-2,3- dihydro-1Him dazol4,5-b_ pyridin-1-Apiperidine-1-carboxyl ate
(exanmple 14). In a 5 nmL round-bottom fl ask was di ssol ved

(5S, 6S, 9R) - 5-an no-6-(2,3-di f]1 uorophenyl) -

6.7 8.6-t ot AN SESDEVE- D Shept LU YN GOy ROROF SR AL Spemat ) iro- 11+

20i m dazo[ 4, 5-bhiRyrd 44 @; )3y Per)isbong- A4 83 Hbox W) atie- ¢ 3R (8, 7y 692067 mmol )
(example 8) in methanol (0.5 m’gﬁ to g:qve a col orl ess sol ution. Fornal dehyde
(0.025 ni, 0. 34 /mBl.p- 3z 39 et i L)+ 42 $0 o8 kitcArdtdot oigdribde (25. 3
g, 0.402 mloomgye-rdied.and 1 e g, Yas sehiel edh Ay 2leqm temperatur e

overni ght. After , showed ‘conpl ete ¢onversion to two products. The
m xture was 25=partizt? dned3 beshémn Hi hy$ - adefmteHahf9 shPufmateld); 48di um

bi carbonate s (o198 WRR L t queous | ayer was
extracted w tﬁl\&%{{ﬁ% hé%gte%ﬂi[géﬁﬁ)ﬁe co%ﬁ?%;eng @r%ggggﬁrcg'%ggrs were washed with
brine, dried with sodiumsulfate, and concentrated to give a dense
oil/foam FCC up to 10% et hanol / net I]él enﬁ ﬁﬂ}l ori de gave no separation. The
products was separated by prep-HPLC ( ) acetate in nmethanol/water) to
af forded exanple 13 (14ny, 34%, and exanple 14 (25.5ng, 66%, both as

col orl ess solids/foans. 5 Exanpe 13: I\/@( ESI) [ MtH+] = 549.2; 1H NWR (400
MHz, CHLOROFORMd) 6 ppm 10.33 (br. s.,\1 H) 8.47 - 8.63 (m 1 H) 8.09 (d,
J=4.78 Hz, 2 H 7.49 (br. s., 2 H 7.0 7.19 (m 3 H 7.03 (dd, J=7.81,
5.29 Hz, 1 H) 6.23 (d, J=1.01 Hz, 3~E 4.77 (m 3 H 4.27 (br. s., 1
H 3.01 (br. s., 3 H 2.55 - 2.8( . 2.20 - 2.45 (m 6 H 1.74 - 2.01
(m 5 H; 19F NWR (376 MHz, CHLPRO hd) 6 ppm -137.02 - - 10136.44 (m 1
F) -142.71 - -141.48 (m 1 F). &@& 14: I\/S@ESI)[I\/HHH = 563.3; 1H NWR
(400 MHz, CHLOROFORMd) 6 ppm 10.87 4(br Nl 8.58 (d, J=4.28 Hz, 1 H
8.03 - 8.14 (m 1H 7.64 - 7.95 (W#@sﬁﬁz (m 1 H 7.28 (s, 1
H 6.93 - 7.19 (m 4 H) 6.26 (br. s. /1 4.6 r. s., 3H 3.61 -4.04
(m 2 H 2086 - 3.23 (m 2 H 2.13 -2.67 (m 10 H 1.92 (d, 15 J=14.86 Hz,
2 H 1.59 (br. s., (55 699R) 398, NNR: 3l nNHE -1y ol ORDB ORMy ahy dfo- pipm - 137. 79

BT AL M L B et bt ain I 3 Db T -dinyiabo -1 SRR ST 3 pyidin- 1

vl)piperidine-1-carboxylate. 1. To a methylene chloride (10 mL) solution of
(5S,6S,9R)-6-(3,5-difluorophenyl)-9-(triisopropylsilyloxy)-6,7,8,9-tetrahydro-5H-

15  cyclohepta[b]pyridin-5-o0l (0.492 g, 1.099 mmol) under nitrogen was added acetic
anhydride (0.207 mL, 2.198 mmol), triethylamine (0.460 mL, 3.30 mmol) and
DMAP (0.027 g, 0.220 mmol) at room temperature. The reaction was stirred for 2 h.
The reaction was diluted with methylene chloride and washed with sodium carbonate
(sat). The methylene chloride layer was separated, dried (sodium sulfate), filtered

20  and concentrated to give the crude product as a light yellow oil (0.538g, 100%).
HPLC tz=3.19 min, MS(ESI)[M+H ]=490.26; IH NMR (400 MHz,
CHLOROFORM-d) & ppm 8.56 (dd, /=4.78, 1.51 Hz, 1 H) 7.72 (dd, J=7.81, 1.26
Hz, 1 H) 7.23 (dd, J=7.81,4.78 Hz, 1 H) 6.62 - 6.76 (m, 3 H) 6.19 (d, /=9.07 Hz, 1
H)5.23-5.30(m, 1 H)3.48-3.57 (m, 1 H)3.15-3.18 (m, 1 H) 2.08 - 2.20 (m, 2 H)

25 1.92-198(m,1H)1.17-1.25 (m,3H) 1.07-1.14 (m, 9 H) 1.04 (d, /=7.30 Hz, 9
H); 19F NMR (376 MHz, CHLOROFORM-d) & ppm -109.71 (t, /=8.62 Hz, 2 F).
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Exanpl e 15Exanpl e 16

(6S, 9R, 2)-6- (2, 3-di fl uorophenyl ) -5-(hydroxyi mno)-6, 7,8, 9-tetrahydro-5Hcycl
ohept a[ b]worndinae®7yl 4- (2- oxo- 2, 3-di hydr o- 1H i m dazo[ 4 peThispywiosi4ns 1-

Api peri di ne- 1- car boxyl ate (exanple 15) and

(6S,9R E)-6-(2, 3-di fl uorophenyl) - 5-

25(hydr oxyi m no) -6, 7, 8, 9-t et rahydr o- 5H cycl ohept a[ b] pyri di n- 9-yl

4- (2-o0xo0-2,3- di hydro-1Him dazo[4,5-h 1

]E)?/;lsgl \T\/a; S\Ipls olﬂ%@% (I:ng ?%)%l atﬁ)\& g%;etﬁﬂ%@[ agy%g%lran (g’ mL) solqlt%Jnno bottom

6,7,8,9-tet rahw6995}6@3/Qdﬁh@mpﬁé@l)pw(tn@bmo&dsﬂ!;loxy) 6,7,8,9-tetrahydro-5H-
4(2 oxo0- 2, 3-di hydro- 1Hi m.daz n-1-vyl erldlnelcarboxylate

(217 ng, O. 4ofyﬁﬁ%qp}af(@&r%|5@ﬂ zcjet%t%@]ei%%&an%@mﬁ{)aP FOgMgFREIHUEINGS| ess
sol ution. Hydaoxydeam me ﬂay&mm grrfmm(ﬂ%qus sthowell dSBlele @RGerbibRi BhesBase

(0.852 n, 4.88 nmml) were ad The m xture 5was stirred at 80C under

nitrogen fd&r 4okayavas Eftmf%i’ﬁé)r’lawa%}mé\/@ﬁd]?ea%% mixfge wageREoncdbstyen y tan oi |
was left. LOMg Qéél?a@ea{nfa%n%s”fﬁeeé#hﬁ"a&%ﬂ&fay@r%slé&ra@éd%’ﬁéﬁ%&ﬁﬁﬂEdlf&?et hyl ene

chl oride) showed sone degree of conversion. The residue was partltloned
bet ween wat er fAisepdantgencenietedt & laSh'Ph-ifOIInatyéflthMérf@ o ageteteid haxrae fiem aqueous

|aver was ext iaglad i e GLAKL pAGEL R 81Ty ORI ARIRN din) BYELS Ver e

10washed with brine,” drie i'um s “concentr
col orl ess f oarim hGanef tEﬂPLﬁl}ﬁlf $&:1atn|, biS(BSD IMBEL éfrﬁd4{2ﬂepHH>|ME(4&10fMHded t he

?gg\évrs] S)I;?ni@l e%@%ﬁgﬁgoro %%%Ngw r|n’slo% 98@( :? lglggg;ald@a%?f%(%é t et rahydr
05H-cycl ohept ai[=b]8py4781lﬂ{i]-13{)a%m&6 780(rrm3>H)L6rH(a,fJ=(1538618 PR) 552 ax vdn7S- ( 2, 3-
[Zg?byr :Jgirgghe h 8 A PORLBY ST Y 98YD 1 €t 1S ST ANy P raHfy ¢! ohepta

19F NMR (376 MHz, CHLOROFORM—aO S ppm -109.62 (s, 2 F); 13C NMR (101

MHz, CHLOROFORM-d) § ppm 168.94 (s, 1 C) 162.82 (dd, J=248.16,13.10 Hz,1 C)

15 157.96 (s, 1 C) 146.98 (t, /=8.86 Hz, 1 C) 146.02 (s, 1 C) 133.16 (s, 1 C) 132.08 (s, 1
C) 122.64 (s, 1 C) 110.44 (d, J=25.43Hz,1 C) 102.14 (t, J=24.66 Hz,1 C) 72.81 (s, 1
C)71.11(s, 1 C)49.61 (s,1C)35.39 (s, 1 C)33.94 (s, 1 C) 20.27 (s, 1 C).

3. NaHMDS (1.839 mL, 1.839 mmol) was added to a dimethylformamide (4 mL)

20 solution of (5S,6S,9R)-6-(3,5-difluorophenyl)-9-hydroxy-6,7,8,9-tetrahydro-5H-
cyclohepta[b]pyridin-5-yl acetate (0.2786 g, 0.836 mmol) and 4-nitrophenyl 4-(2-
0x0-2,3-dihydro-1H-imidazo[4,5-b]pyridin-1-yl)piperidine- 1 -carboxylate (0.3337 g,
0.870 mmol) at -20 °C under nitrogen. The reaction was stirred at -20 °C for 3 h, and
then treated with 0.1 eq of 4-nitrophenyl 4-(2-0x0-2,3-dihydro-1H-imidazo[4,5-

25  Db]pyridin-1-yl)piperidine-1-carboxylate and 0.15 mL. of NaHMDS. The reaction was
stirred for another hour while it was warmed up to -10°C. LCMS showed the desired
product as well as the hydrolyzed alcohol (loss of acetyl group). The reaction was
quenched with water, followed by addition of ethyl acetate. The ethyl acetate layer
was washed three times by water before separated, dried (sodium sulfate), filtered

30  and concentrated to give the crude product. HPLC tg=2.58 min,

MS(ESD[M+H ]=578.26. Potassium carbonate (785 mg, 5.68 mmol) was added to
the methanol (5 mL) solution of (5S,6S,9R)-5-acetoxy-6-(3,5-difluorophenyl)-
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(598 ng, 1.265 mmol ) (internmediate 9) and pall adium (10% on acti vat ed
carbon) (0.504 ng, 0.474 p.nol) in ethanol (25 m) was stirred under

hydr ogen W 2atimdedoor 2.5 h. LCMS indicated that the desiPcedSecanpsasts was
formed, stirring was continued. After 5 h, the mxture was filtered, washed
t horoughly with ethanol, and 25then concentrated to give 21 (525 ng, 93%
as a colorless oil: MS(ESI)[MH+] = 447.3. Internediate 22 b5tert-butyl
(5S, 6S,9R)-6- (2, 3-di fl uorophenyl1)-9-(triisopropylsilyloxy)-6,7,8,9-

L Ay oo B Eh SRy AL LRl A By R TR S0 A T HE G

(2, 3-di f| uor ophenyd s ktridid- 89 PpipaIdisd-1-yarbay)atd(378 &e96.564 makydt RopHcycl ohep
ta[ b] pyridin-5-amne (660 ngy, 1.478 nmml) and di-t- butﬁl di carbonate (410
mg, 1.879 mmollympsietisr Thnirartionayes stuFedgt om (gapcraturg ob § h ReforgsmeYd Rper at ur e

10 overni ght. tRy QREhAMHRRIIB S a@fH8GoncaBEwEe @hyllaBet£0 FRORARL STHWRILS] I enoved
in vacuo. The residue was purified with flash colum chromat ography to

af f ord t he Sdesretelg IgypousePygehandyyasheinran vd wasrdefassdriedi(fedim syr up:

MS( ESI ) [ MrH+] sﬁlfé@)?ﬁﬁered MonRdirate Fedh cﬂr@!ﬂgograph ustiﬂ%r thetdtbVin
(5S, 6S,9R) -6-(2, 3-di fl uorophenyl) - 9- hydr oxy-6, 7, 8, 9-tet rahydr o5H- cycl ohept a
[B] Pyr | di n- 5. yiahiltwmehioade Toma e of ateatsihoflosired propuat {135(5%, 62-BRIPIE

ey, oneps at o s AP BETARRLON 3 LR o fuf. i 3

t et r ahydr of ur g@pm( 1D 1nthy). s.\NE BIORYR (N, /N3 AR plzopth AT aR14 (rayd H) 13 f V.68(mde (1.207

encti on wde Combl el haudond o URTRY cardlfad &2 Pt Hioba (5

ml) . The sol vants.owasr. Moy &d Si(a, Fasneizand) the - o172 () PHWVAS7 exeaai2d with

oLy 2 e L B T R S e

MHz, CHLOROFORM-d) & ppm -108.58 (br. s., 2 F).

15 Intermediate 19
Q\ F
N
| X F
~
N

(R,7)-6-(2,3-difluorophenyl)-6, 7-dihydro-5 H-cyclohepta[b]pyridine. In an
20 oven-dried 250 mL round-bottom flask was mixed (6R,9R)-6-(2,3-difluorophenyl)-
6,7,8,9-tetrahydro-5SH-cyclohepta[b]pyridin-9-0l (1.93 g, 7.01 mmol) and
(methoxycarbonylsulfamoyl)triethylammonium hydroxide, inner salt (2.005 g, 8.41
mmol) in benzene (60 mL) to give a suspension. It was heated at 85°C with stirring
under nitrogen for lh (color quickly changed to deep red). LCMS showed desired
25  MW. TLC (1/1 ethyl acetate/hexanes) showed only a trace of SM left and a major,
more polar component. Benzene was removed in vacuo and the residue was
partitioned between ethyl acetate and water. The layers were separated and the
aqueous layer was extracted with ethyl acetate. The combined organic layers were
washed with brine, dried and concentrated to give a tan oil. Purification by FCC up

30 to 80% ethyl acetate/hexane afforded the desired product (0.81g, 45%) as a light
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chromat ography to give the desired product (371 ng, 87%: MS(ESI)[ MtH+] =
547.4. Internedi ate 24

5- i socyamabaety@ew7hydr ospi r o[ i ndene- 2, 3' - pyrrol of 2, 3- hippyrisdénnsA3f 1 ' H) -
one. To a solution of phosgene (0.150 nL, 0.300 mml) in nethylene chloride
(1.5 10mL) 5-am no-1, 3-di hydrospiro[indene-2,3"-pyrrolo[2,3-b]pyridin]-2'(1
"Hy-one (0.025 g, 0.1 nmol) in nethylene chloride (2.00 nm.) was added at

0C. Stirring was continued at roomtenperature. After Ih stirring LCVS

i ndi cated t hat suned and the desired conmpound was forned

(MS(ESI) [ MHOV@E‘]W ol E§DJM+ Hi Feay & 18&&“&@(%0%%[61 SALPRPEORNE M xture, to

renbve the exgpasy Pﬂ@égﬁﬂ©8 ﬂ@ﬁHQrNHﬂ5§§§ﬂ9E¢3Wﬁ@IQQGﬁMﬁpﬂmﬂ®ﬁd}9nce with
met hyl ene chl oride, and dried under (g vacuum f or 5h. The resi due was
1

used directly 6f7dr(d'héxlt2 B &82 Hent ) @ (deE1259, 0 Hz, | H) 3.43-3.58 (m, 1 H)

5S, 6S, 9R) - 6- (32 t ; .
(55, o ;R -8 ii(3c2ﬁf‘§i¥féléi"§‘? %ﬁgggklyil)f%? 9(_6 (8r 111045 W CREPREPUL) /-8.29,; Bo P

2' -ox0-], 1'5, 22 B); 136 WMWI,QHWEORM -d) 8 ppm 154.90 (s, 1 C) 151.94 -
149.34 (dd, J=13.10 and 249.47 Hz, 1 C) 149.43 - 146.86 (dd, /=12.33 and 247.45
Hz, 1 C) 147.31 (s, 2 C) 136.93 (s, 2 C) 135.63 (d, J=11.56 Hz, 1 C) 134.74 (s, 1 C)
133.74 (s, 2 C) 131.83 (s, 2 C) 123.95 - 124.47 (m, 2 C) 122.61 (t, J=3.47 Hz, 2 C)
121.44 (s, 2 C) 115.15 (d, J=16.96 Hz, 2 C) 40.28 (s, 2 C) 38.53 (s, 2 C) 37.70 (s, 1
10  C); 19F NMR (376 MHz, CHLOROFORM-d) & ppm -138.33 - -137.90 (m, 1 F) -
144.07 - -143.71 (m, 1 F).

Intermediate 20

,’//
-n/©
M

X

-
N

15 HO OH

(6S,8R,95)-6-(2, 3-difluorophenyl)-6,7,8,9-tetrahydro-5H-
cyclohepta[b]pyridine-8,9-diol. Tn a 50 mL round-bottom flask was dissolved (R,Z)-
6-(2,3-difluorophenyl)-6,7-dihydro-5SH-cyclohepta[b]pyridine (110 mg, 0.428 mmol)

20 and NMO (110 mg, 0.941 mmol) in acetone (2 mL) and water (0.04 mL) to give a tan
solution. Osmium tetroxide (0.021 mL, 1.710 pmol) (2.5 wt-% solution in 2-methyl-
2-propanol) was added (the tan color instantly changed to very light yellow). The
mixture was stirred at room temperature. 1h: <5§% conversion. 0.021mL OsO, was
added. 22h: 1/3 conversion. Another 0.021 mL OsO, solution was added. 28 h (50 h

25  total). Sodium bisulfite (1.2g) was added and stirring continued for 30 min. Acetone
was removed in vacuo and the residue was extracted with ethyl acetate three times.
The combined organic layers were washed with brine, dried and concentrated to an
off-white solid. FCC (a few drops of methanol helped to completely dissolve the

solids in methylene chloride) up to 10% methanol/methylene chloride afforded two

61



2,3 -pyrrol o[ 2,3-hl pyridinel-5-ylcarbamate. To a sol ution of
5-isocyanat o- 1, 3-
di hydr ospwoapimdesye- 2, 3' - pyrrol o[ 2, 3-b] pyri di n]-2' (1 H) Pomasse@d/o524as), 0. 099
mol ) 25in Methyl ene chloride (2.000 m) a solution of tert-butyl
(5S, 6S,9R) - 6- (2, 3-
di f1 uor ophenyl) - 9- hydr oxy-6, 7, 8, 9-t et r ahydr o- 5H cycl ohept a[ b] pyri di n- 5-
yl carbamate (35.1 ng, 0.09 mmol) and Hunig's base (0.031 m, 0.180 nmol) in
met hyl ene chl ori )., was. added at OC. Stirri s, continued at
room t enper at lPrr%d%S@ zlﬁ?sd)r‘? ar, l*}‘ﬁm@ thy qdﬁs’tﬁ‘?detr%ﬂé?roﬂﬁ?t ((% qg\?f gva ARYB Bpre RiE
(gradient w tRkis3Roduot UOA%eNELHRR it @olthSOESI}PMQEN}%25$1% dENNVRG4¢y oduct
(28 ng, 46.6 % as a white 5 anorphous solid: My SI% M-HOWe+] = 668.1; 1H
NVR (500 MHz, NEbGI3JL@RGFGRM-¢) & ppam §46 (475942, IgIRH( @ld, 52.55, b2¢Hz, 1H) |
8. ‘7193gd(m3- 7.1 41{);%2 (th'),] 77439499£ﬁz IJH) ‘>5017 W%(nl’?)H) 57049(% rH74§§3(t(r”§ 61411"') 47929
(m 3H), 4581 P()s3 350, /= :1;1 834 3~5§f6m1(Hh3 22+Q)J BZ%HZZIQ)GZ ?(6nﬁd 81—11}13521258 (dd, J=
46.7, 11.3 Hz, 1 101H),
O 1153 (mH)gqu-zéX%(m?g{)l};% ]%l%lR GEMHEHLORY I-a] 5 pprh- P38 - -
(58, 68, 9R) - 5- dd7.86<16; ( R),-34294 | uadz.6phenyt)) - 6, 7, 8, 9-t et r ahydr o- 5Hcycl ohept a[ b
] pyridin-9-yl 2'-oxo-],1,2",3-tetrahydrospiro[indene-2,3' -pyrrolo[2, 3-
hl pyridine 1 -5-ylcarbamate (exanple 17). To a solution of
(5S, 65,9R)-6- (2, 3- Example 12
di fl uorophenyl)-5-(tert-butyl carbanoyl)-6, 7, 8, 9-tetrahydro-5H cycl ohept a[ b]
pyri di n-
209-y12' -oxo0-1,1', 2", 3-tetrahydrospiro[} enk-2, 3" -pyrrol o[ 2, 3-b] pyri di nejJ -
5- yl carbamate (28 ng, 0.042 ’ et hyl ene chloride (1.0 nmL) 2,2, 2-
trifluoroacetic acid (1 nm., 12. was added at OC. Stirring was
continued at roomtenperature fo oH.CMVB iondi cated that the Boc group
had been renoved. Stirring was contifued r 5 mn. The reaction m xture
was coevaporated w th 25tol uene, %N@%e Niési due was purified with
Prep. HPLC (gradient w 25 to 100% h % TFA)) to give the desired
product (19.5 ny, 51% 99% purity by anal ytic@l }rrPLC) as white anorphous
solid: MS(I@S|)[ MtH+] = 568.3; 1H NI\/R (500 M—Iz OD) 6 8.66 (dd, J= 4.9,
1.3 Hz, 1H), 811-80( 1I-97 }

(6S,8R,98)-6-(2,3-di uorophenyl —8—hydr0xy—6, 7,8,9-tetrahydro-5SH-

cyclohepta[b]pyridin-9-yl 4-(2-ox0-2,3-dihydro- 1 H-imidazo[4,5-b]pyridin-1-

vl)piperidine-1-carboxylate. In an oven-dried 100 mL round-bottom flask was

15  dissolved (6S,8R,95)-6-(2,3-difluorophenyl)-6,7,8,9-tetrahydro-5SH-
cyclohepta[b]pyridine-8,9-diol (61 mg, 0.209 mmol) (azeotroped with dry benzene)
and 1-(1-(1H-imidazole-1-carbonyl)piperidin-4-yl)- 1H-imidazo[4,5-b]pyridin-2(3H)-
one (65.4 mg, 0.209 mmol) in tetrahydrofuran (2 mL) to give a colorless solution
under nitrogen. After cooling to 0°C (ice bath), potassium t-butoxide (1M in

20  tetrahydrofuran, 0.754 mL, 0.754 mmol) was added dropwise, and the tan suspension
was warmed up to room temperature with stirring. After 2h some SM remained.
Another 20mg of 1-(1-(1H-imidazole-1-carbonyl)piperidin-4-yl)-1H-imidazo[4,5-
b]pyridin-2(3H)-one was added, and the mixture was left stirring overnight. After 18
h the reaction was quenched with sodium bicarbonate solution and diluted with ethyl

25  acetate. The layers were separated and the aqueous layer was extracted with ethyl
acetate twice. The combined organic layers were washed with brine, dried with

sodium sulfate, and concentrated to give a yellow oil. Purification by FCC up to 10%
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7.8 Hz, 1H), 7.56 (dd, J= 7.9, 4.9 Hz, 1H), 7.50 (s, 1H), 7.40 - 7.27 (m
6H), 7.25 (d, J=8.2 Hz, 1H), 7.22 - 7.18 (m 1H), 6.93 (ddd, J= 7.3, 5.4,
1.8 Hz, WP,208/@699¢dd, J = 9.1, 4.7 Hz, 1H), 5.25 (d, J2C3/B204n/05B), 3.60-
3.45 (m 3H), 3.12 (d, J= 6.6 Hz, 1H), 3.09 (d, J= 6.3 Hz, 1H), 2.38 (dd,
J=11.8, 7.0 Hz, 1H), 2.22 (d, J= 7.4 Hz, 51H), 1.99 (d, J= 18.6 Hz, 2H).
Internediate 27 Ho- 10 tert-butyl

(5S, 6S, 9S5)-6-(2, 3-di fl uorophenyl) - 9- hydr oxy- 6, 7, 8, 9-t et r ahydr o- 5Hcycl ohept a

[ b] pyridin-5-ylcarbamate. DI AD (0,356 nmi, 1.833 I s added to a
oA Py of or SRRRORTS et B Ron e et parie del aotio 856 19705 833
mol ), tert butajlght yellow foam. MS(ESD[M+H 1=536.26; I|H NMR (400 MHz,

(5S, 6S, 9R) - 6- (2, 3-di f | uor ophenyl) - 9- hydr oxy-6, 7, 8, 9-t et r ahydr o- 5H

15cycl ohept al B EyPRAFARKL Pl b aras & 57 OnasHES i (09, &6 Hrat Ho 784 The
reaction was shl £oad yovernhaht 7uhidee il 7vaRgdyRlsloy A1 M 03P 7lig T oom
tenperature. Lithium hydroxide (0.110 g, 4.58 mmol’) in 10 nl water was
added to tRe raatthdroniS8umel HYfd 3lrast | Bhd das4.64 (mrleld) 487 thsomltlnper at ure
for 5 h. Vol aty {2 AITRP t r e ha Vv e resi due
was partiti one3d10be3tc'weehggpﬁgsﬂz@’oﬁéég?g%épgxgl%a?g?w’rﬁgyle'?ﬁyI]"gg e’tezat e |ayer
was washed twdDnipYse t7lnes 1B). wat er before dried (sodiumsulfate), filtered
and concentrated. The crude was purified by flash chromatography el uting
with ethyl acetate in hexane fromO to 100% The product was contam ntated
wi th sone triphenyl phosphine oxi de HxampWwals, t4rri ed on to the next step

w t hout f rOt her purification: MS(ESI)[MtH+] = 391.15. 25 Internediate 28
Stert- but;J/'1 (5S, 6S,9R) - 6- (2, 3-di fl uorophenyl)-9- (1, 3-di oxoi soi ndolin-2-y1) -

s (e - Q-
SN \ F A \ F
W, ()
N (0] N 0]
e O
0]

Wa Wa
Example 13 Example 14
(58,68,9R)-6-(2,3-difluorophenyl)-5-(methylamino)-6,7,8,9-tetrahydro-5H-
cyclohepta[b]pyridin-9-yl 4-(2-ox0-2,3-dihydro- 1 H-imidazo[4,5-b]pyridin-1-

15 ylpiperidine-1-carboxylate (example 13) and (58S,68S,9R)-6-(2,3-difluorophenyl)-5-
(dimethylamino)-6,7,8,9-tetrahydro-5H-cyclohepta[b]pyridin-9-yl 4-(2-ox0-2, 3-
dihydro-1H-imidazo[4,5-b]pyridin-1-yl)piperidine-1-carboxylate (example 14). In a
5 mL round-bottom flask was dissolved (5S,6S,9R)-5-amino-6-(2,3-difluorophenyl)-
6,7,8,9-tetrahydro-5H-cyclohepta[b]pyridin-9-yl 4-(2-ox0-2,3-dihydro-1H-

20  imidazo[4,5-b]pyridin-1-yl)piperidine-1-carboxylate (35.8 mg, 0.067 mmol)
(example 8) in methanol (0.5 mL) to give a colorless solution. Formaldehyde (0.025
mL, 0.335 mmol) (36.5% solution) and sodium cyanoborohydride (25.3 mg, 0.402
mmol) were added, and the mixture was stirred at room temperature overnight. After
18h, LCMS showed complete conversion to two products. The mixture was

25  partitioned between ethyl acetate and saturated sodium bicarbonate solution. The
layer was separated and the aqueous layer was extracted with ethyl acetate. The

combined organic layers were washed with brine, dried with sodium sulfate, and
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6, 7,8, 9-tetrahydro-5H cycl ohept a[ b] pyri di n-5-yl carbamate. DI AD (0. 356 ni,
1.832 nmmol ) was added to a nethylene chloride (5 nmL.) solution of

pht hal i mwe 200v@¢d7g, 1.832 mmol ), triphenyl phosphi ne (@CE852@10/0324882 Mol )
and tert-butyl (5S, 6S, 9S)-6-

(2, 3-di fl uor ophenyl) - 9- hydr oxy- 6, 7, 8, 9-t et r ahydr o- 5H cycl ohept a[ b] pyri di n-5
- 10 ylcarbamate (0.358 g, 0.916 mml) at 0 C. The reaction was gradually
warmed up to roomtenperature and stirred at roomtenperature for 3 days.

Vol ati | e conponent s re.re ved and t

partitioned b&%@ﬁatm$ﬁﬁlve£c /féwaaﬁf@‘?&vto lﬂgé]m@g‘ 3? gﬁf’ré er was
washed two norg@vd hd®Rpardidnl ”I‘h@bﬁi’du&@fv@sf &pheicd gy gfep&{PL(CS@dinwfﬂLﬁrUMe&tee)
filtered and concentrated. Fl ash chromat3o(graph usi ng 15et h% acetate in
hexane from 0 't Bedgoglyacs) erEoyed praawlp} 3{%5%@@%&%}693 oS ty, 90%

for 2 steps): o¥i)Eakn dsMbldtbsssobdBodfs. | Nternedi ate 29 20
tert-butyl

(58, 68, 9R) 50- diremoe 63 (4SESHINI Gl opehyIN'GR T4 Yl iech HERYOF ORSHALR ohept al b
| pyri din-5-y1 Garbaymmt: A X g TmhY 85 3B0RE Ad 78y, Bk D45TR! ), A

tert-butyl
(58S, 6S, 9R) - 6- (7273-7di % (nu 8 O PHB (Y. )=8.8 (.15, 8- Idid. 0 X0 631 (ddBA1i0 -1 § H) 46887, 8, 9-

t et rahydr o- 5H 0 r I e inb
met hanol (5 rrL; V\(/asgﬁéat egl)lﬁgi‘ ngﬂ)e(ﬁgyfi Sq*ﬁ%ﬁﬂﬂ?gmz'g( ISHPZ %6) %é%/énm&iomed no
starting nat erH)all 74 -enceli (d, SE); IIQTENMRI (\zemM}mSHLe)mm)RMJdaSp@@ummnd t he
crude resi artiti ed b n et hyI acetate and water. The et hyl
acetate | a@ ]\\ﬁgé“ ’p]alﬁ)atl 71 ari LV\@(D ddilum sul f at e), filtered and

concentrated. ghash 1th@@§1}1&{@?¥ sE83:NgT mw@oomﬁcm@nd lor i de
fromO to 10% gave the desired product’ 10 (164nmg, 51%: MS(ESI)

390.19; 1H NVRPIUORB N 5., CH) ORSKERW 43 Ha. bHWQM&IMmH Hy7.64= Z9£>(m1z) 7.63
1H d J=7. H,

g o (U H t,5111r5337 F@?(nﬁ@ﬁk’ﬁ 91376.9%;5._1%(&,2&)ﬁz?(b‘?% g zfié’ol_g%r? ”))
2.83 (2 H br.s §I§)3(2104404~(211,24{)(2$6H32$)(m 2192.101 247 (oh, 1@H91@2|ez) 1.31 (9

(’5,836%3 8R§31%6 (P %&ﬁ%ljjg ﬁ?lln'j& ﬂﬁé%gﬁ”ﬁzgm@%ﬁ“@@m

-137.79 - -137.11 (m 1 F)-143.70 - -143.05 (m, 1 F).

Example 15, 16

W W
20 Example 15 Example 16

(6S,9R,7)-6-(2, 3-difluorophenyl)-5-(hydroxyimino)-6,7,8,9-tetrahydro-5 H-
cyclohepta[b]pyridin-9-yl 4-(2-ox0-2,3-dihydro- 1 H-imidazo[4,5-b]pyridin-1-
vl)piperidine-1-carboxylate (example 15) and (68,9R E)-6-(2, 3-difluorophenyl)-5-

25 (hydroxyimino)-6,7,8,9-tetrahydro-5H-cyclohepta[b] pyridin-9-yl 4-(2-ox0-2, 3-
dihydro-1H-imidazo[4, 5-b]pyridin-1-y)piperidine-1-carboxylate (example 16). In a
250 mL round-bottom flask was dissolved (9R)-6-(2,3-difluorophenyl)-5-oxo-
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(trinmethylsilyl)ethoxy)nethyl)-2,3-di hydro-1H i m dazo[ 4, 5- Npyri di n- 1Api per
di ne- 1- car boxam do) -6, 7, 8, 9-t et r ahydr o- 5H cycl ohept a[ b] pyri di n- 5-

yl car bamawe.2oiwm4e9970ven-dri ed 100mL round-bottom fl ask wa3/useesm524838

1- (pi peridin-
4-y1)-3-((2-(trimethylsilyl)ethoxy)nmethyl)-1Hi m dazo[ 4, 5-b] pyridin-2(3H)-0
ne 25(52.3 ng, 0.150 nmol) in nethylene chloride (5 nm.) to give a colorless
solution. Triethylamne (0.038 nL, 0.28 mmol) was added under nitrogen and

0. 100 mmol ) e Sk P SR N AHAE Pr NgX P Ay Hear rod up with

stirring to 1G&idags[4)5h)pydidid-ngl)pheradind 1-6BbEYRUSCN PhigONIDERAID (Slab@htt | Y
yel | ow. The reactlon was concentrated to dryness under vacuum tert-Butyl
(5S, 6S, 9R) - 9- %m@ha@ok@ mL)dp g}v&@pg]ﬁﬂ@ﬁqyg_l)ltlon Hydoxylamine hydrochloride (283

6,7,8 9-tetr ahﬁ{gi '21@‘75111'1&1@1 %mﬂﬁ%ﬁa@el @WSQ %Ln '453’8%@@!5 Reralged 48 Ynl)m}re 0.125

nnDI) 5and trieth anlne#i di ssolved in

t et r ahydr ofur arps epiressat 807 ur}dieh%?gend@r ‘h@fdédEﬂﬁﬁlaﬂ batheraperatad, aﬁéaﬁhfnse
t enperat ure. M;lg}ﬁlyttaﬂ &1 Wyd _rR PeMSAnERE ik defred fRd0TAN] THES 1 RFded. The

resulting faint | ow suspension was stirred under nitrogen overnight. The
reacti on was dpdt éﬂmﬂhrmmé$hyﬁdaﬁéwai%mﬁﬂ&gmﬁ§ﬁ@mVW$®h Wagt ievidychwase ti nes.
The ethyl acelghfioh @RS AR dhfdeadlt! Pt (RO UM GHIAA A 1l OF T ter ed
and concentraﬁgﬁ F asﬁM%ﬁrShatogrégh?3u5|ng H%zﬁgno a#ﬁlnéﬁ f%ne chl ori de
fromO to 10%éagesves tabier whe Skirastedpyithdulet] a(elazmThex@mﬁolneW@(gE@b)\a[ymswe}e 764. 38.
Exanpl e 18,15 t.ert

(5565, 9R) - 9~ ami HEeY hzbr?eu‘P #’%thrhgo LYt 299 GO AR g GRS ERESE ohenpt af b]
pyridin-5-y|cdhhﬁMameﬁaAmwkyﬁﬁtamépm@HﬂﬂHﬁeﬁ@ﬂaﬁh@ﬁ&@hwﬁmn@emﬂimﬂrt-

20but yl (55,6%g%ﬁ%@§ﬁﬁ§g§f?L%h&8{Ophe”y1)'9'(4'(2'0X0'342'

Intermediate 21

15

TIPSO

(58,68,9R)-6-(2, 3-difluorophenyl)-9-(triisopropylsilyloxy)-6,7,8,9-tetrahydro-
SH-cyclohepta[b]pyridin-5-amine. A mixture of (5S,6S,9R)-5-azido-6-(2,3-

20 difluorophenyl)-9-(triisopropylsilyloxy)-6,7,8,9-tetrahydro-5H-cyclohepta[b]pyridine
(598 mg, 1.265 mmol)(intermediate 9) and palladium (10% on activated carbon)
(0.504 mg, 0.474 umol) in ethanol (25 ml) was stirred under hydrogen (1 atm) for
2.5 h. LCMS indicated that the desired compound was formed, stirring was
continued. After 5 h, the mixture was filtered, washed thoroughly with ethanol, and

25  then concentrated to give 21 (525 mg, 93%) as a colorless oil: MS(ES)[M+H'] =
447.3.
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(trinmethylsilyl)ethoxy)nethyl)-2,3-di hydro-1H i m dazo[ 4, 5-b] pyridin-lyl)pip
eri di ne-1- car boxam do) -6, 7, 8, 9-t et r ahydr o- 5H cycl ohept a[ b] pyri di n- 5-

yl car bamawe 20124697 0. 016 mol ) in TFA (0.5 m, 6 5 nmolPLTMES019052488d at
room tenperature overnight. The solvent was renoved via vacuum and t he
crude residue 25was partitioned between ethyl acetate and Sodi um

bi carbonate (sat). The ethyl acetate |ayer was separated, dried (sodium

sul fate) and concentrated. The desired product was obtained by prep TLC
eluting with 10% net hanol in nethylene chl.ori ge: MS( ESI ) [ MrH+] = 534. 26;
1H NMR (400 MHz, CHLOROFORM d) 6 ppHit&rmefiate28 49 (1°H 1), 8.07 - 8.12 (1
H m, 803- 806 (1H mM, 7.60- 7.65 (1 H mM, 7.30 - 7.38 (2 H m,

7.07 - 7.18 (3 H, n), 6.96
(0]
Ly (e
o F

5 tert-butyl (58,68,9R)-6-(2,3-difluorophenyl)-9-(triisopropylsilyloxy)-6,7,8,9-
tetrahydro-5SH-cycloheptalb]pyridin-5-ylcarbamate. A mixture of (5S,6S,9R)-6-
(2,3-difluorophenyl)-9-(triisopropylsilyloxy)-6,7,8,9-tetrahydro-5H-
cyclohepta[b]pyridin-5-amine (660 mg, 1.478 mmol) and di-t-butyl dicarbonate (410
mg, 1.879 mmol) in tetrahydrofuran (10 mL) was stirred at room temperature

10  overnight. Propylamine was added, and volatile components were removed in vacuo.
The residue was purified with flash column chromatography to afford the desired

product (604 mg, 75%) as colorless sticky syrup: MS(ESI)[M+H '] = 547 4.

Intermediate 23

15

tert-butyl (58,68,9R)-6-(2, 3-difluorophenyl)-9-hydroxy-6,7,8,9-tetrahydro-
SH-cyclohepta[b]pyridin-5-ylcarbamate. To a solution of tert-butyl (5S,6S,9R)-6-
(2,3-difluorophenyl)-9-(triisopropylsilyloxy)-6,7,8,9-tetrahydro-5H-

20 cyclohepta[b]pyridin-5-ylcarbamate (600 mg, 1.097 mmol) in tetrahydrofuran (15
mL) N-butyl-N,N-dipropylbutan-1-aminium fluoride (1.207 mL, 1.2067 mmol) was
added at room temperature. After lh, LCMS showed the reaction was complete.
Aqueous sodium bicarbonate solution was added (5 ml). The solvent was removed in
vacuo and the mixture was extracted with ethyl acetate, dried over sodium sulfate,

25  and concentrated to give a colorless solid which was purified with flash column
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- 7.00 (L H m, 5.21 - 5.28 (1 H, m) 4.56 - 4.66 (2 H m, 4.33 -4.43 (2
H nm, 2.91 - 3.10 (3 H, ), 2.24 - 2 (4 H m, 1.94 - 52.04 (3 H m,

1.43 - 1.W0 206 /0699m) . PCT/US2010/052433

chromatography to give the desired product (371 mg, 87%): MS(ESD[M+H'] =
547.4.

Intermediate 24

5
° NH
7\

S-isocyanato-1,3-dihydrospirofindene-2,3"-pyrrolof2,3-b]pyridin]-2'(1'H)-

one. To a solution of phosgene (0.150 mL, 0.300 mmol) in methylene chloride (1.5
10 mL) 5-amino-1,3-dihydrospiro[indene-2,3'-pyrrolo[2,3-b]pyridin]-2'(1'H)-one (0.025

g, 0.1 mmol) in methylene chloride (2.00 mL) was added at 0°C. Stirring was

continued at room temperature. After 1h stirring LCMS indicated that SM was

consumed and the desired compound was formed (MS(ESD[M+HOMe '] =310.2.).

nitrogen gas was bubbled into the mixture, to remove the excess phosgene. The dry
15  residue was co-evaporated once with methylene chloride, and dried under high

vacuum for 1.5h. The residue was used directly for next step.

Intermediate 25

20
(58,68,9R)-6-(2, 3-difluorophenyl)-5-(tert-butylcarbamoyl)-6,7,8,9-
tetrahydro-5H-cyclohepta[b]pyridin-9-yl 2'-oxo-1,1" 2", 3-tetrahydrospiro[indene-
2,3-pyrrolo[2,3-b]pyridine]-5-ylcarbamate. To a solution of 5-isocyanato-1,3-
dihydrospiro[indene-2,3'-pyrrolo[2,3-b]pyridin]-2'(1'H)-one (27.5 mg, 0.099 mmol)
25  in Methylene chloride (2.000 ml) a solution of tert-butyl (5S,6S,9R)-6-(2,3-
difluorophenyl)-9-hydroxy-6,7,8,9-tetrahydro-5SH-cyclohepta[b]pyridin-5-
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Internmediate 32 10 tert-butyl

(58, 65)-6-(2, 3-di fl uorophenyl ) -9-oxo-6, 7, 8, 9-t et r ahydr o- 5Hcycl ohept a[ b] pyri
di n- 5- yl caphanaiea97Di net hyl sul f oxi de (0. 145 nL, 2. 049 nwro)useas/osnded to a
met hyl ene chloride (10 nL) solution of oxalyl chloride (0.768 niL, 1.537
mmol ) at -20C under nitrogen. The reaction was then cooled to -65 C and
15tert-butyl

(5S, 6S,9R) - 6- (2, 3-di fl uor ophenyl) - 9- hydr oxy- 6, 7, 8, 9- tetrahydro 5H

cycl ohepta[ b] p r|d|n 5-yl car (0. , ,0.51 ) S added to the
reaction all e(%%inﬁégﬁga IMEE%Egﬁ%%%ﬁe 0 TBCHYE ami ne
(0.428 nL, 3. Gﬂeﬂmmie)chmae @dead) tas Adired kerct lsmmg\w@subﬁmaéwattr&ﬁnreact i on
was allowed to warmto roomtenperature. The reaction was diluted with

met hyl ene chl d?mﬁféat%rﬁ@V%%bdTl\Rnn’t“ﬁt“?GV\ﬁtpéFlﬁ%W%P’tep e C (grdichey I & ne

chloride |ayeﬁomﬁﬁéﬁﬁﬂﬁﬁ&ﬁﬁdawgﬁégﬁeﬁéQ@M%Hﬁﬁwh&%bﬁﬂg,&96@25§Qwﬁﬁﬁ
concentrated. Flash chronat%%gﬁﬁh_ usi.n acetate in hexane fromO to

45% t 0 65% gavEofMeuywsidy Mg( M@L@gﬁé?% IW@MMRZQOO Mitzet REH) 8P033
(d,J=6.5 Hz, 1H), 9.39 (d, J= 5.2 Hz, 1H), 8.49 (d, J= 7.4 Hz, 1H), 7.99 (d, J=5.7

Hz, 1H), 7.97 - 7.88 (m, 1H), 7.69 — 7.33 (m, 4H), 7.25 — 6.99 (m, 3H), 6.44 (d, J =

10.7 Hz, 1H), 5.64 — 4.96 (m, 3H), 4.81 (s, 1H), 3.84 — 3.64 (m, 2H), 3.25 — 2.96 (m,

3H), 2.58 (dd, J=46.7, 11.3 Hz, 2H), 2.19 (d, J=11.7 Hz, 1H), 1.95 (d, /= 11.5 Hz,
10 1H), 1.38 — 1.21 (m, 9H).

Example 17

N
=2

15
(58,68,9R)-5-amino-6-(2,3-difluorophenyl)-6,7,8,9-tetrahydro-5H-

cyclohepta[b]pyridin-9-yl 2'-oxo-1,1', 2", 3-tetrahydrospiro[indene-2,3"-pyrrolo/2, 3-
blpyridine]-5-ylcarbamate (example 17). To a solution of (55,6S,9R)-6-(2,3-
difluorophenyl)-5-(tert-butylcarbamoyl)-6,7,8,9-tetrahydro-5SH-cyclohepta[b]pyridin-

20  9-yl 2'-0x0-1,1',2',3-tetrahydrospiro[indene-2,3'-pyrrolo[2,3-b]pyridine]-5-
ylcarbamate (28 mg, 0.042 mmol) in methylene chloride (1.0 mL) 2,2,2-
trifluoroacetic acid (1 mL, 12.98 mmol) was added at 0°C. Stirring was continued at
room temperature for10 min. LCMS indicated that the Boc group had been removed.
Stirring was continued for 50 min. The reaction mixture was coevaporated with

25  toluene, and dried. The residue was purified with Prep. HPLC (gradient w/ 25 to
100% methanol (0.1% TFA)) to give the desired product (19.5 mg, 51%, 99% purity
by analytical HPLC) as white amorphous solid: MS(ESI)[M+H'] = 568.3; '"H NMR
(500 MHz, MeOD) & 8.66 (dd, J=4.9, 1.3 Hz, 1H), 8.11 —8.05 (m, 1H), 7.82 (d, J =
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5(E) - et hyl

2-((5S,6S)-5-(tert-but oxycarbonyl am no) - 6-(2, 3-di fl uorophenyl)-7, 8-

di hydr o- SWocytlmabwpt a[ b] pyri di n-9(6H) -yl i dene) acet at e. ACEFUS2M0ASTAB3

(car bet hoxynet hyl ene) tri phenyl phosphorane (0.214 g, 0.614 nmmol) and
tert-butyl

(5S,6S)-6-(2, 3-di fl uorophenyl) -9-oxo-6, 7, 8, 9-t et r ahydr o- 5H cycl ohept a[ b] pyr
i di n-5- vyl carbanate (0.199 g, 0.512 nmol) in toluene (5 nL) was heat to

reflux for 1 l.ven eV ia_vacuu t cr.uge

resi due was I ﬁq@g 5(§(%§1f T i‘gy\%gﬁzcﬁ%uﬁgoé? ?Ié).:? I4y._r9P%?(ic‘j’T’ pg[gﬂi'%r;n(gwas
performed by e}i=U$Q<B]!2 M)tfnszhmls (apeﬂ;a%eni(dudh@*arnesmromfﬁ 119), 638qdmsaf ford
t he desired product (138ngy /% JISJA ;r& 59.22: 1H NWVR (400 MHz,
CHLOROFORM d) &b 5@(512%40‘ d)-60 15). 31603 Y (m BB A =40 827 5 Hr),
7.32 (1 H dd 1H3‘37093(d 4= %3'1;2 ,1H7 pARE (dd?]ifhébdﬁz rﬁ{) 27220(51 }5*747Hle (2 H
m, 6.39(1 H t, 1(1 nm, 9 (1 n,
4.19(2 H ¢, JH, 1199r@)J 3 ézHZ,213‘)43 (1 H, r’r), 3. 17 - 3 32 (1 H, r’r), 3.12(1
H d, J=2.3 Hz), 1.87 (2 H d, J=4.5 Hz), 1.14- 1.38 (13 H, m. 20 25

Internediate 34, 35 ----k- --j\--- 0 0 CI\NH 0.\ NH
Intermediate 27

10
tert-butyl (58,68S,9S)-6-(2, 3-difluorophenyl)-9-hydroxy-6, 7,8, 9-tetrahydro-5H-
cyclohepta[b]pyridin-5-yicarbamate. DIAD (0.356 mL, 1.833 mmol) was added to a
tetrahydrofuran (5 mL) solution of 4-nitrobenzoic acid (0.306 g, 1.833 mmol), tert-
butyl (55,6S,9R)-6-(2,3-difluorophenyl)-9-hydroxy-6,7,8,9-tetrahydro-5H-

15  cyclohepta[b]pyridin-5-ylcarbamate (0.3578 g, 0.916 mmol) at 0 °C. The reaction
was stirred overnight while it was gradually warmed up to room temperature.
Lithium hydroxide (0.110 g, 4.58 mmol) in 10 mL water was added to the reaction
mixture. The reaction was stirred at room temperature for 5 h. Volatile components
were removed via vacuum and the crude residue was partitioned between ethyl

20  acetate and water. The ethyl acetate layer was washed two more times by water
before dried (sodium sulfate), filtered and concentrated. The crude was purified by
flash chromatography eluting with ethyl acetate in hexane from 0 to 100%. The
product was contamintated with some triphenyl phosphine oxide but was carried on
to the next step without further purification: MS(EST)[M+H ] = 391.15.

25
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3435 b5et hyl

2-((5S, 6S,95)-5-(tert-but oxycarbonyl am no) - 6- (2, 3-di fl uorophenyl) -

6, 7, 8, 9- twonahyds®75H- cycl ohept a[ b] pyri di n- 9-yQacet at e P84)usand/ost4by| 2-
((5S, 6S,9R) -5-(tert-but oxycarbonyl am no) - 6-(2, 3-di fl uorophenyl)-6,7,8,9-tet
rahydr o5H-cycl ohept a[ b] pyri di n-9-yl )acetate (35). A mxture of (E)-ethyl
245S, 6S) - 5-

(tert-butoxycarbonyl am no) - 6- (2, 3-di fl uorophenyl) -7, 8-di hydr o- 5H

10cycl ohept a[ b] pyri di n-9(6H) -yl i denﬁ%taceéflat e go. 1383 g, 0.302 mml) and 10%
Pd/C (17.4 ng, 0.016 mol) in nethandf" was stirred under hydrogen (1
atm at roomtenperature for 24 h. The reaction was filtered through a pad
of celite and the crude residue was,concentrated. Flash chronatography
using ethyl acetate in hexane framé&bo 50%-+t0 85% gave t he desi red product
(35 was nore polar than 34): 34 15 §24r 0, £ ' HVB( ESI) [ MrH+] = 461.22; 1H
NVR (400 MHz, CHLOROFORMtd) 6 ppm 8.41 A m, 7.60 - 7.68(1 H,
m, 7.16 - 7.26 (2 H m, 7.04 - 7. 539-552(1H,n),4.65
-4.74 (1 H m, 4.16 (2 H d, J=7. 77 - 3.89 (1 H nm, 3.05 - 3.25
(2 H mM, 2.68 - 2.80 (1 H n, 2.09N 225 (1 H m, 1.88 - 2.06 (2 H m,
1.38- 1.50(1 H m, 1.31 (9 H s), , t, J=1.0 Hz). 35 (118ng, 85%:
20 MS(ESI) [ MFH+] = 461.22; 1H NWVR (400 20 CHLOROFORM d) 6 ppm 8.46 (1 H,
dd, J=4.8, 1.5 Hz), 7.67 (1 H d, J= , 7.17 (1 H, dd, J=7.8, 4.8 Hz),
6.96 - 7.08 (3 H mM, 512 (2 H m 0 Hz), 4.08 -4.18 (2 H m, 3.78 (1
H d, J=4.5 Hz), 3.33 (1 H, br. s), 3720 (1 H, dd, J=16.2, 7.7 Hz), 2.75 (1
H, d, J:7.0Hz) 1.98 - 2.07 (1 H m, 1.81 (2 H d, J=4.0 Hz), 1.57 -
1.69(1 H m, 33ze(rz9m!4yz (89,68, dR)261(23 %ﬂ%oﬁ&ngﬁhzu B’)dzoxo sthn%szﬁiml e 36

52- ((5S, 6S, 9S) - ‘Stert-but oxycar O)/ am no | uor ophenyl)-6, 7, 8, 9-
t et r ahydr o- 5H%GE M@ﬁr@?b‘%%b&ffma IRy iyEc YZF@F e DMH\(% BLok-832 t hi um
hydroxide (11.2, wapa%@@tom‘l—:t)l @Iﬂzckh%rifan mL) solutlon hthalimid g)270 g,
2- ((5S, 6S,99)-5-( ert ut ox car am no)-6-(2 cﬁ? oro% 1)-6,7,8,9-t
et r ahydr o- 5H- dyBRakreph, él[lﬂil]epxlphqziph'ln@)@bﬂﬁ)l &cbbB @H@D?ﬂ@tﬁg buwlowsrﬁﬁﬂf@ in

t et rahydr of ur 2T\l

tenperature f g? %%]‘{?rg@%@'l%ﬁzﬁﬁ%ﬁé\ég@rgﬁ%é Vi 3@{116}{6&&@)&@&18% and the crude
product ( NB( ESildaftiekieie] (03548 3). A P)mmels atfsEd s rea@twmwastgadvguy wsingd . upExanpl e
19

to room temperature and stirred at room temperature for 3 days. Volatile components
were removed in vacuo and the crude residue was partitioned between ethyl acetate
and water. The ethyl acetate layer was washed two more times with water before
being dried (sodium sulfate), filtered and concentrated. Flash chromatography using

15  cthyl acetate in hexane from 0 to 45% gave the desired product (0.541g, ca 80%
purity, 90% for 2 steps): MS(ESD)[M+H ] = 520.16.

Intermediate 29

20
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15 t en- but yl

(5S, 6S,95)-6-(2, 3-di fl uorophenyl) -9-(2-oxo-2-(4-(2-o0xo-2, 3-

di hydr o- IWei2ni1dagof 4, 5- Npyri di n- 1- Api peri di n- 1- yCet hyl ) PETAISB019/05H83 ahydr o-
5Hcycl ohept a[ b] pyri di n-5-yl carbamate. DEPBT (26.9 ng, 0.090 nmol) was added
to a 20di net hyl formam de (4 nL) solution of
2-((5S,6S,95)-5-(tert-but oxycarbonyl am no) -

6- (2, 3-di fl uor ophenyl) -6, 7, 8, 9-t et rahydr o- 5H cycl ohept a[ b] pyri di n-9-yl ) acet
ic acid (25.9 ny, 0

|2 61 (259,19, 0. DROITURL - oug sy i G O 000
mol ) at r00mc§/c€HMFa§TbM5/ﬁdzn$f)ﬂ&d’rbcﬁﬁdté rA ﬁgxtﬁ@rofapdrmzuﬁbatnm 8t lyhiasn mal (0. 013
m., 0.090 nmol he reaction m xture. The 5reaction was

stirred over nltﬂhPutéﬁGiSéé#M érfﬁ»érdéfih{ﬂr‘é’hel‘!?ﬂ)é9 teddioroRopeing Yt dd Wi t h et hyl

acetate and V‘@@t%?dfédstmcmeﬁtab f8ints- ﬂ@a’ibarﬂ-ﬁ@(OQQg%nO 823 AURY) ivas separ at ed,
dried (Sodium sulfate filtered and concentrated. Flash chromatography

usi ng net hanolmgthpngd H%lk)é’i‘?é hegiecypsingeansaildwihg 79 01004 BakeMStonedia ed pr oduct

53418”212 ) 5?{% SE?B lﬁérﬁa%éﬁ‘i'élnn}‘&% sgl@entjv&ks{s IN%S)V(%&QQ V%i%m M%QHQK(?;M 31) 563ppm
1.0 Hz), 7.63 res1dpem§ paqqnorpp}i betweglgeﬂlylpcgqte(agd MatemThe',ethygacet;atezlgye(r waH, m,
(711]|_'| (%H m ) paZat &égljl%d_ts?_iﬂum‘lﬁl%dté H%e)red %ég cenl‘?attu@fl P(lélsg%%ré)mat%?‘agg)ﬁ (2 ﬁ 9%
3.07 - 3.20 ( llsmlg nre}haan i7 eth@lepk Chim)de f@nzO_tO— m%ea\(ezhd-desme)d prgdes (3 H m),
1.32 (9 H 5 t

202- ( Ess 6 9&}]"_‘%3%? bnsiesh EIL%': ﬁéygfaal% %?Méz (90 3 LSRN - 6, 7, 8, 9

6ppm8.46(1H d, J= 40Hz) 7.63 (1 H, d, J=7.5 Hz), 7.18 (1 H, dd, J=7.7, 4.9 Hz),
6.92 - 7.08 (3 H, m), 5.24 (1 H, t, J=8.8 Hz), 4.50 (1 H, dd, J=9.3, 2.5 Hz), 3.18 (1 H,
br.s.), 2.83 (2 H, br. 8.), 2.04 - 2.24 (3 H, m), 1.57 (1 H, d, /=9.0 Hz), 1.31 (9 H, s),
0.68 - 0.92 (1 H, m).

15

Intermediate 31

20 tert-butyl (58,68,9R)-6-(2, 3-difluorophenyl)-9-(4-(2-oxo-3-((2-
(trimethylsilyl)ethoxy)methyl)-2, 3-dihydro- 1 H-imidazo[4, 5-b] pyridin-1-
vl)piperidine-1-carboxamido)-6,7,8,9-tetrahydro-5H-cyclohepta[b] pyridin-5-
vicarbamate. In an oven-dried 100ml round-bottom flask was dissolved 1-(piperidin-
4-y1)-3-((2-(trimethylsilyl)ethoxy)methyl)-1H-imidazo[4,5-b]pyridin-2(3H)-one

25 (52.3 mg, 0.150 mmol) in methylene chloride (5 mL) to give a colorless solution.
Triethylamine (0.038 mL, 0.28 mmol) was added under nitrogen and the mixture was

cooled to -20°C. Trichloromethyl chloroformate (0.012 mL, 0.100 mmol) was added
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t et rahydr o-5H cycl ohepta[ b] pyridin-9-yl)acetic acid. A mxture of |ithium
hydr oxi de (11.2 ng, 0.468 mmol) and et hyl

245S, 65, 9RP-2B6H1(t4e997 - but oxycar bonyl am no) - 6- ( 2, 3- di f | uor epmarsgdip/82433 8, 9-t et
r ahydr o- 5H cycl ohept a[ b] pyri di n-9-yl )acetate (118.1 ng, 0.256 nmol) in
tetrahydrofuran (3 nL) 25 and water (0.3 nlL) was stirred at room
tenperature over night. LCVS showed conplete conversion. The reaction was
dri ed under high vacuum and the crude product (NB(ESI)[N%FH] = 433.17) was

used as is in e .ne st.e ter
(58, 68, 9R) - 6- (d[éopém%ﬁ ﬁthﬁaf}l’ét “ﬁ‘é‘ﬁ;? %Td%gﬁtyzwqg%d Yp Wi (stgntB) 19°G for 1h, during
di hydr o- 1H-i mivdaaois e NaytidndieBarde ﬁ@h@;eydndwn T:he P&Etlftyﬂ YasBoiceBirfled @t r ahydr o- 5

H cycl ohept a[ b] pyri di n-5-yl car banat e. 115 0.384 mml ) was
added to a 10diSEHIFORARIN: dt-PAYHOP. 6§(ﬂRl)’[9 aémmbp 23 %fluorophenyl-

2-((5S, 6S, 9R) -&or7.§ 9%t$ah§ﬁiégm@@rohéﬁ%{b%muﬂlﬁ)5 Icarbamate (48 7 m 0.125 mmol)
6- (2, 3- dlfluoropheny ) O-tetr dro gl cIo eptak»i r|d|n 9-yl)acet
ic acid ( 0. 11:@n6 triethyJamgng e 353 mL, 0.275 mmol) dlssolve in 1 mL tetrahydrofuran (plus 2

1- (pi peri din- %ﬂﬁﬁse}k’éé 1046272 Anmralik R%Eﬂ Qhﬁe@&%&@%eﬁl@d%ﬂe 3)03@ 384 nol )

at roomtenperature. After stirring f mn, triethyllam ne (0.054 ni,
0.384 ol ) wesl.ARféanme) Wh@eadudefthhedpﬁumngtfw@ellwéu&pe@m\ms smgd stl rred
15over ni ght atunﬁé}gm% %@r Ghe élJn%%tdﬁl d\%@tﬁ eﬁﬁ?i HLBE Wi WAaREhY!
acetate and was ree tifes wt hyt acetate | ayer was
separ at ed, drn@er@@dhmmﬂgﬂsfﬁmeﬁwl&wmmdmﬁd“amdmemnﬁemuﬁdmédmlﬁﬂ%@h

chr omat ography; net chlari 0% gave the
desired pr@ducfltlél eil%gd Concg%%ed E@E‘E@f@‘%k}ﬁgﬁﬁ’” usg@éjq eg ]cllwn%l{ﬁ%?e 00 VHz
CHLORCOFORM d) cBlopigerfrah.028 10% ga@dHhe Idesned;pnodﬂct!ﬁnzn(gllm) AMS(ESBIMSH |k 5 Hz)
8.03 - 8.14 (%64B&n) 7.65 - 7.78 (1 H m,

Example 18

15

tert-butyl (58,68,9R)-9-amino-6-(2,3-difluorophenyl)-6,7,8,9-tetrahydro-5H-
cyclohepta[b]pyridin-5-ylcarbamate. A Methylene chloride (1 mL) solution of tert-
20 butyl (5S,6S,9R)-6-(2,3-difluorophenyl)-9-(4-(2-0x0-3-((2-
(trimethylsilyl)ethoxy)methyl)-2,3-dihydro-1H-imidazo[4,5-b]pyridin-1-
yl)piperidine-1-carboxamido)-6,7,8,9-tetrahydro-SH-cyclohepta[b]pyridin-5-
ylcarbamate (12 mg, 0.016 mmol) in TFA (0.5 ml, 6.5 mmol) was stirred at room
temperature overnight. The solvent was removed via vacuum and the crude residue
25  was partitioned between ethyl acetate and Sodium bicarbonate (sat). The ethyl
acetate layer was separated, dried (sodium sulfate) and concentrated. The desired

product was obtained by prep TLC eluting with 10% methanol in methylene chloride:
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7.14 - 7.41 (2 H m, 6.95 - 7.08 (4 H nm, 551 - 572 (1H m, 509 -
5,22 (1 H m, 4.81 - 4.9 (1 H mM, 455- 473 (1 H m, 4.29 - 4.47 (1
H m, 3.W02011404687(1 H m, 3.34 - 3.64 (2 H m, 3.13PCTAIS3¢10/052433

MS(ESD[M+H"] = 534.26; 'H NMR (400 MHz, CHLOROFORM-d) & ppm 8.43 -

8.48 (1 H, m), 8.07 - 8.12 (1 H, m), 8.03 - 8.06 (1 H, m), 7.60 - 7.65 (1 H, m), 7.30 -

7.38 (2 H, m), 7.07 - 7.18 (3 H, m), 6.96 - 7.00 (1 H, m), 5.21 - 5.28 (1 H, m), 4.56 -

4.66 (2 H, m), 4.33 -4.43 (2 H, m), 2.91 - 3.10 (3 H, m), 2.24 - 2.52 (4 H, m), 1.94 -
5 2.04 (3H, m), 1.43-1.74 (5 H, m).

Intermediate 32

10
tert-butyl (58,68)-6-(2, 3-difluorophenyl)-9-oxo0-6,7,8,9-tetrahydro-5H-

cyclohepta[b]pyridin-5-ylcarbamate. Dimethylsulfoxide (0.145 mL, 2.049 mmol)
was added to a methylene chloride (10 mL) solution of oxalyl chloride (0.768 mL,
1.537 mmol) at -20°C under nitrogen. The reaction was then cooled to -65 °C and

15 tert-butyl (55,6S,9R)-6-(2,3-difluorophenyl)-9-hydroxy-6,7,8,9-tetrahydro-5H-
cyclohepta[b]pyridin-5-ylcarbamate (0.2 g, 0.512 mmol) was added to the reaction all
at once. The reaction was stirred for 2 h. Triethylamine (0.428 mL, 3.07 mmol) was
added to the reaction mixture and the reaction was allowed to warm to room
temperature. The reaction was diluted with methylene chloride and washed with

20  water three times. The methylene chloride layer was separated, dried (sodium
sulfate), filtered and concentrated. Flash chromatography using ethyl acetate in

hexane from 0 to 45% to 65% gave the desired product (199mg, 73%).

25
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(1 H m, 2.56 - 2.80 (2 H nm, 2.08 -2.42 (3 H mM, 1.53 - 2.04 (5 H mM,
1.31 (9 H 5s). Example 21 1-(1-(2-((5S, 6S, 9R)-5-am no-6-(2

, 3-di f| uowophamuwdyes6, 7, 8, 9-t et rahydr o- 5H 5cycl ohept a[ bpcpyuseaions23y 1)
acetyl)piperidin-4-yl1l)-1Him dazo[4,5-h 1 pyridin-2 (3H)- one. To a

met hyl ene chloride (5 nL) solution of tert-butyl (5S, 6S,9R)-6-(2, 3-

di fl uor ophenyl) - 9- (2- oxo- 2- (4- (2- oxo- 2, 3-di hydr o- 1H i m dazol[ 4, 5- b] pyri di n-1
yl) pi peridin-1-yl)ethyl)-6,7,8,9-tetrahydro-5H cycl ohept a[ b] pyri di n-5-yl car
bamate (0.1452 g, 0.229 mol) was a?ded TEFA g% m, 12.98 mol) at room
tenperature. 10The reaction was sti rMed"Ha% 3dm t enperature for 3 h before

renoval of the solvent in
0
oLy <i;>\F
N
F

5 (E)-ethyl 2-((58,68)-5-(tert-butoxycarbonylamino)-6-(2, 3-difluorophenyl)-7,8-
dihydro-5H-cyclohepta[b]pyridin-9(6 H)-ylidene)acetate. A mixture of
(carbethoxymethylenetriphenylphosphorane (0.214 g, 0.614 mmol) and tert-butyl
(58,68)-6-(2,3-difluorophenyl)-9-o0x0-6,7,8,9-tetrahydro-5H-cyclohepta[ b]pyridin-5-
ylcarbamate (0.199 g, 0.512 mmol) in toluene (5 mL) was heat to reflux for 18 h.

10 The solvent was removed via vacuum and the crude residue was loaded onto a silica
gel column directly. Purification was performed by elution with ethyl acetate in
hexane from 0 to 65% to afford the desired product (138mg, 59%): MS(ESI)[M+H ]
=459.22; "H NMR (400 MHz, CHLOROFORM-d) § ppm 8.53 (1 H, dd, /=4.8, 1.3
Hz), 7.70 (1 H, d, J/=7.5 Hz), 7.32 (1 H, dd, J=7.8, 4.8 Hz), 7.15 - 7.24 (1 H, m), 7.05

15 -7.13(2H,m), 6.39(1H,t,J=2.3 Hz), 5.21 - 5.31 (1 H, m), 4.89 - 4.99 (1 H, m),
419 (2H,q,J/=7.1Hz),3.32-343 (1 H,m),3.17-3.32(1 H, m), 3.12 (1 H, d, /=2.3
Hz), 1.87 (2 H, d, /=4.5 Hz), 1.14 - 1.38 (13 H, m).

20
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vacuo. The crude m xture was partitioned between ethyl acetate and water.
Sodi um bi carbonate (sat) was added and the ethyl acetate |ayer was

separ at edvOBha/@699y]l acetate | ayer was dried (sodi um sulpCatuspoiohnsisser ed and
concentrated. Flash chromatography using nmethanol in nethylene chloride
fromO to 10% gave a product 15 that was still somewhat inpure. The product
was further purified by prep TLC eIuting with 10% net hanol in nethyl ene
chloride (25.9mg, 20%: MS(ESI)[ MrHt] 533. 29; 1H NVR (400 MHz,
CHLOROFORM D) 6 ppm 8.47 (1 H, td, J 4'; 8.09 (1 H d, J=5.3 Hz),
7.49 - 7.58 (1L H m, 7.27 - 734{“1“#1‘@%‘?13“3 38(1H ddd, J=15.3, 7.4,
4.9 Hz), 6.95 - 7.10 (4 H m, 4.87 (1 H d, J=13.1 Hz), 4.57 -4.76 20(1 H,

m, 4.44 (1 H d, J=13.1 Hz), 4.10 - 4.33 (2 H, M, 3.46 - 3.67 (1 H m,
3.20 - 3.40 (2 H m, 2:%52» 2.79 (3 H m, 1>é9 - 2.33(9H m. It
will be evident to one skilded in the art that “‘bhe present di sclosure is
not limted to the foregggé\g iItive exa%(es that it can be
enbodi ed in other 25specifi &H O wFt hout d NHn A the essenti al
attributes thereof It is eforé desired that ‘--\ex nples be consi dered
in all respects as illugtr arfd not rest(fi r & erence bei ng nmade

to the appended cl ai ns,
changes which conme within't

2 exanpl es, and al
P meani ng and range ef equi val ency of the

clainms are therefore intended t® be enbraced the o We claim 51 A
conpound of Fornula |  wherdg/ R¥Ts hydrogen, czé/o\/ﬁalo al kyl ,

hal oal kyl , al koxy, am no, al Kyl am no, dial kyl am n azetidi nyl,
pyrrolidinyl, or piperidinyl; 34 35

5 ethyl 2-((58,68,9S5)-5-(tert-butoxycarbonylamino)-6-(2, 3-difluorophenyl)-
6,7,8,9-tetrahydro-5H-cyclohepta[b]pyridin-9-yl)acetate (34) and ethyl 2-
((5S,68,9R)-5-(tert-butoxycarbonylamino)-6-(2, 3-difluorophenyl)-6, 7,8, 9-tetrahydro-
SH-cyclohepta[b]pyridin-9-ylacetate (35). A mixture of (E)-ethyl 2-((5S,6S)-5-
(tert-butoxycarbonylamino)-6-(2,3-difluorophenyl)-7,8-dihydro-5H-

10 cyclohepta[b]pyridin-9(6H)-ylidene)acetate (0.1383 g, 0.302 mmol) and 10% Pd/C
(17.4 mg, 0.016 mmol) in methanol (4 mL) was stirred under hydrogen (1 atm) at
room temperature for 24 h. The reaction was filtered through a pad of celite and the
crude residue was concentrated. Flash chromatography using ethyl acetate in hexane
from 0 to 50% to 85% gave the desired product (35 was more polar than 34): 34

15 (28mg, 20%): MS(ESI)[M+H ] = 461.22; "H NMR (400 MHz, CHLOROFORM-d) 3
ppm 8.41 - 8.47 (1 H, m), 7.60 - 7.68 (1 H, m), 7.16 - 7.26 (2 H, m), 7.04 - 7.14 (2 H,
m), 539 -5.52 (1 H, m), 4.65-4.74 (1 H, m), 4.16 (2 H, d, /=7.3 Hz), 3.77 - 3.89 (1
H, m), 3.05 - 3.25 (2 H, m), 2.68 - 2.80 (1 H, m), 2.09 - 2.25 (1 H, m), 1.88 - 2.06 (2
H, m), 1.38 - 1.50 (1 H, m), 1.31 (9 H, s), 1.27 (3 H, t, /=1.0 Hz). 35 (118mg, 85%):

20  MS(ESI)[M+H']=461.22; "H NMR (400 MHz, CHLOROFORM-d) & ppm 8.46 (1
H, dd, /~4.8, 1.5 Hz), 7.67 (1 H, d, /=7.3 Hz), 7.17 (1 H, dd, /=7.8, 4.8 Hz), 6.96 -
7.08 (3 H, m), 5.12 (2 H, m, J=7.0 Hz), 4.08 - 4.18 (2 H, m), 3.78 (1 H, d, /=4.5 Hz),
3.33 (1 H, br.s),3.20 (1 H, dd, J=16.2, 7.7 Hz), 2.75 (1 H, d, /=7.0 Hz), 1.98 - 2.07
(1H, m), 1.81 (2 H, d, /4.0 Hz), 1.57 - 1.69 (1 H, m), 1.33 (9 H, s), 1.21 - 1.25 (3

25 H, m).
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R2 i s piperidinyl

consisting of ANINH 'NH N YN 15R3R4 R3R4 R3RAR3R4 O\ |j R3 R4 O\

R4

WO 2011/046997

Intermediate 36

5 2-((5S, 68, 95)-5-(tert-butoxycarbonylamino)-6-(2, 3-difluorophenyl)-6,7,8,9-
tetrahydro-5SH-cyclohepta[b][pyridin-9-yl)acetic acid. A mixture of lithium
hydroxide (11.2 mg, 0.468 mmol) and ethyl 2-((5S,6S,95)-5-(tert-
butoxycarbonylamino)-6-(2,3-difluorophenyl)-6,7,8,9-tetrahydro-SH-
cyclohepta[b]pyridin-9-yl)acetate (27.8mg, 0.060 mmol) in tetrahydrofuran (3 mL)

10 and water (0.3 mL) was stirred at room temperature for 24 h. The solvent was
removed via high vacuum and the crude product (MS(ESI)[M+H ] = 433.17) was

used as is in the next step.

Example 19

-
0%\NH

15

tert-butyl (58,68,9S)-6-(2, 3-difluorophenyl)-9-(2-oxo-2-(4-(2-ox0-2, 3-

dihydro-1H-imidazo[4,5-b]pyridin-1-yl)piperidin-1-ylethyl)-6,7,8,9-tetrahydro-5H-

]

PCT/US2010/052433

cyclohepta[b]pyridin-5-yicarbamate. DEPBT (26.9 mg, 0.090 mmol) was added to a

20 dimethylformamide (4 mL) solution of 2-((5S,6S,9S)-5-(tert-butoxycarbonylamino)-

76

substituted with 1 substituent selected fromthe group

R4 1]



R3 is hydrogen, halo, cyano, alkyl, haloal kyl, al koxy, or hal oal koxy; 5R4
I s hydrogen, halo, cyano, al kyl, hal oal kyl, al koxy, or hal oal koxy; R5 is
hydr ogen,wbydriaxg9s7al koxy, hal oal koxy, azi do, am no, al legiraseeo/05283

di al kyl am no; 10R6 is hydrogen, hydroxy, al koxy, hal oal koxy, azi do, am no,
al kyl am no, or dial kylam no; R7 is hydrogen, hydroxy, al koxy, hal oal koxy,
azi do, am no, al kylam no, or dialkylam no; 15 R8 is hydrogen, hydroxy,

al koxy, hal oal koxy, azi do, am no, alkylanino or dial kyl am no; RO is
hydr ogen, hydr ., . al.kyl am no, .or
20 o kyl am nd Rt g SR kG SR re R s kS, ami no.

al kyl am no, or(2;d9 algky.beoninAv)), 1 (plperldln 4- yl) 1H-imidazo[4,5-b]pyridin-2(3H)-one
(19.64 mg, 0.090 mmol) at room temperature. After stirring for 20 min,
triethylamine (0.013 mL, 0.090 mmol) was added to the reaction mixture. The
5 reaction was stirred overnight at room temperature. The reaction was diluted with

cthyl acetate and washed with water three times. The organic layer was separated,
dried (Sodium sulfate), filtered and concentrated. Flash chromatography using
methanol in methylene chloride from 0 to 10% gave the desired product (24.5mg,
65%): MS(ESD[M+H "] = 633.36; 'H NMR (400 MHz, CHLOROFORM-d) & ppm

10 10.32-10.48 (1 H, m), 8.45 (1 H, d, /~4.5 Hz), 8.08 (1 H, dd, J=5.3, 1.0 Hz), 7.63 -
7.74 (1 H, m), 7.28 - 7.34 (2 H, m), 7.18 - 7.25 (1 H, m), 7.11 (2 H, m.), 7.00 (1 H, d,
J=2.5Hz), 5.45-5.64 (1 H, m), 4.86 - 4.98 (1 H, m), 4.34 - 4.82 (2 H, m), 3.94 - 4.13
(1 H, m), 3.22 -3.50 (2 H, m), 3.07 -3.20 (1 H, m), 2.72 (2 H, m.), 2.21 - 2.36 (2 H,
m), 1.95 (3 H,m.), 1.32 (9 H, d, J=2.5 Hz).

15
Intermediate 37
Ji
O™ <:;>\F
N
AN F
P
N -
o
o
20 2-((5S,68,9R)-5-(tert-butoxycarbonylamino)-6-(2, 3-difluorophenyl)-6,7,8,9-

tetrahydro-5SH-cyclohepta[b][pyridin-9-yl)acetic acid. A mixture of lithium
hydroxide (11.2 mg, 0.468 mmol) and ethyl 2-((5S,6S,9R)-5-(tert-
butoxycarbonylamino)-6-(2,3-difluorophenyl)-6,7,8,9-tetrahydro-5H-
cyclohepta[b]pyridin-9-yl)acetate (118.1 mg, 0.256 mmol) in tetrahydrofuran (3 mL)

25  and water (0.3 mL) was stirred at room temperature over night. LCMS showed
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25R11 i s hydrogen, hydroxy, al koxy, hal oal koxy, azido, am no, al kyl am no,

di al kyl am no, al koxycarbonyl, or benzyl oxycarbonyl; or RL and Rl11l taken

t oget her we 2011an69970H; 30provi ded that at | east one of RET/URB)1085243R8, RO,
R10, or R11 is not hydrogen; Arl is phenyl substituted with 0-3
substituents selected fromthe group consisting of cyano, halo, alkyl,

hal oal kyl , al koxy, hal oal koxy, and al kyl S02; X is 0, CH2, or NH and 5 Y is
a bond, 0, CH2, or NH, or a pharnaceutically acceptabl e salt thereof 10 2. A
conpound of cIa| 1 wher e:

o Kbyt no. Sl Ao ol it oz e g or <

pi peridinyl ; Jp‘fxE@Rlcﬂ(M@E@Bmﬁmﬂ%subﬁmstusé@g it the dexs st i tuent sel ect ed
fromthe group consisting of 0000 A is( AANH NNHNNHN

Example 20

o%

@
5 yoe

tert-butyl (58,68,9R)-6-(2,3-difluorophenyl)-9-(2-oxo-2-(4-(2-0xo0-2, 3-
dihydro-1H-imidazo[4,5-b]pyridin-1-yl)piperidin-1-ylethyl)-6,7,8,9-tetrahydro-5H-
cyclohepta[b]pyridin-5-yicarbamate. DEPBT (0.115 g, 0.384 mmol) was added to a

10  dimethylformamide (4 mL) solution of 2-((5S,6S,9R)-5-(tert-butoxycarbonylamino)-
6-(2,3-difluorophenyl)-6,7,8,9-tetrahydro-SH-cyclohepta[b]pyridin-9-yl)acetic acid
(0.111 g, 0.256 mmol), 1-(piperidin-4-yl)-1H-imidazo[4,5-b]pyridin-2(3H)-one
(0.084 g, 0.384 mmol) at room temperature. After stirring for 20 min, triethylamine
(0.054 mL, 0.384 mmol) was added to the reaction mixture. The reaction was stirred

15  overnight at room temperature. The reaction was diluted with ethyl acetate and
washed three times with water. The ethyl acetate layer was separated, dried (sodium
sulfate), filtered and concentrated. Flash chromatography using methanol in
methylene chloride from 0 to 10% gave the desired product (145mg, 90%):
MS(ESD[M+H"] = 633.36; '"H NMR (400 MHz, CHLOROFORM-d) & ppm 11.23 (1

20 H,br.s),851(1H,dd,J=4.8,1.5Hz), 803 -8.14 (1 H, m), 7.65 - 7.78 (1 H, m),
7.14-7.41 (2H, m), 6.95-7.08 (4 H, m), 5.51 - 5.72 (1 H, m), 5.09 - 5.22 (1 H, m),
4.81-4.96 (1 H, m),4.55-4.73 (1 H, m), 4.29 - 4.47 (1 H, m), 3.90 - 4.06 (1 H, m),
3.34-3.64(2H, m), 3.13-3.34 (1 H, m), 2.56 - 2.80 (2 H, m), 2.08 - 2.42 (3 H, m),
1.53-2.04(5H, m), 1.31 (9 H, s).

25
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0 "Ox' Ox\ \'-

R3 RAR4AR4 , ,

Coe NH - --- NH ---- NH 5,2 --N\)NIjljlj ../. Vo

R3 i s hydrogen, halo, cyano, alkyl, haloaikyl, al

A
koxy,

or hal oalwoxy11/@7i s hydrogen, hal o, cyano, al kyl, hal earkyskoiomabisexy, or
hal oal koxy; R5 is hydrogen, hydroxy, al koxy, hal oal koxy, azido, am no,
al kyl am no, or dial kyl am no; 10R6 is hydrogen, hydroxy, al koxy, hal oal koxy,

azi do, am no,

al kyl am no, or dial kylam no; R7 is hydrogen, hydroxy,

hal oal koxy, azido, amino, alkylamno, or dialkylamno; 15 R8 is hydr
hydr oxy, al koxy, hal oal koxy, azi do, %§£¥%Ef¥kylan1no, or di al kyl am no;

10

15

20

25

N

o)
>\NH
N
7
S I

o

1-(1-(2-((58,6S,9R)-5-amino-6-(2, 3-difluorophenyl)-6,7,8, 9-tetrahydro-5 H-
cyclohepta[b]pyridin-9-yl)acetyl)piperidin-4-yl)- 1 H-imidazo[ 4, 5-b[pyridin-2 (3H)-
one. To a methylene chloride (5 mL) solution of tert-butyl (5S,6S,9R)-6-(2,3-
difluorophenyl)-9-(2-0x0-2-(4-(2-0x0-2,3-dihydro-1H-imidazo[4,5-b]pyridin-1-
yl)piperidin-1-yl)ethyl)-6,7,8,9-tetrahydro-SH-cyclohepta[b]pyridin-5-ylcarbamate
(0.1452 g, 0.229 mmol) was added TFA (1 ml, 12.98 mmol) at room temperature.
The reaction was stirred at room temperature for 3 h before removal of the solvent in
vacuo. The crude mixture was partitioned between ethyl acetate and water. Sodium
bicarbonate (sat) was added and the ethyl acetate layer was separated. The ethyl
acetate layer was dried (sodium sulfate), filtered and concentrated. Flash
chromatography using methanol in methylene chloride from 0 to 10% gave a product
that was still somewhat impure. The product was further purified by prep TLC
cluting with 10% methanol in methylene chloride (25.9mg, 20%): MS(ESD[M+H ] =
533.29; '"H NMR (400 MHz, CHLOROFORM-d) & ppm 8.47 (1 H, td, /=5.3, 3.5
Hz), 8.09 (1 H, d, /=5.3 Hz), 7.49 - 7.58 (1 H, m), 7.27-7.34 (1 H, m), 7.18 (1 H,
ddd, /~15.3,7.4,4.9 Hz), 6.95 - 7.10 (4 H, m), 4.87 (1 H, d, /=13.1 Hz), 4.57 - 4.76
(1 H, m),4.44 (1 H,d, /~13.1 Hz), 4.10 - 4.33 (2 H, m), 3.46 - 3.67 (1 H, m), 3.20 -
3.40 (2H, m), 2.39-2.79 (3 H, m), 1.50 - 2.33 (9 H, m).

It will be evident to one skilled in the art that the present disclosure is not
limited to the foregoing illustrative examples, and that it can be embodied in other
specific forms without departing from the essential attributes thereof. It is therefore
desired that the examples be considered in all respects as illustrative and not

restrictive, reference being made to the appended claims, rather than to the foregoing
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RO is hydrogen, hydroxy, alkoxy, hal oal koxy, azido, am no, al kylam no, or
20di al kyl am no; R1 is hydrogen, hydroxy, al koxy, hal oal koxy, azido, am no,
al kyl am nwQ 20r1/db®kyl ami no; 25R11 i s hydrogen, hydroxypcaluseoy,052433

hal oal koxy, azi do, am no, alkylam no, or dialkylam no; or RL and Rl11 taken
together is oxo; 30provided that at |east one of R5, R6, R7, R8, R9, R10,

or R11 is not hydrogen; Arl is phenyl substituted with 0-3 substituents
sel ected fromthe group consisting of cyano, hal o, al kyl, hal oal kyl,

al koxy, hal oal kox ISO 2, or NH,. and a bond, O,
ot Nt o G T Y SORE AT B BTins QB of B AREBhpound o
§I5ai m 1 wth tdiehed@shgnatieerst eitaned &Mbcdnibyaced theirconmpound of claim 3 where

30



Rl - is hydrogen, hal o, cyano, am no, al kylam no, or dialkylamno; R2 is

pi peridinyl substituted with 1 substituent selected fromthe group

consi sti nyoah1iH699R3 and 20 R3 is hydrogen or hal o; R4 iPsThisdeiogss3sdr hal o;
25R5 is hydrogen or hydroxy; R6 is hydrogen; R2 is hydrogen; 5R8 is
hydrogen; RO is hydrogen or hydroxy; R16 is hydrogen, hydroxy, azido,

am no, al kylam no, or dial kylam no; 10 R11 is hydrogen;

CLAIMS
We claim:
5 L A compound of Formula I
Arl RUR R®
R? R® o
R10
R11 — X%RZ
\ | Va
R1
I
where:
10
R' is hydrogen, cyano, halo, alkyl, haloalkyl, alkoxy, amino, alkylamino,
dialkylamino, azetidinyl, pyrrolidinyl, or piperidiny];
R? is piperidinyl substituted with 1 substituent selected from the group consisting of
O O O
o]
‘A{N)J\NH ‘J{N)J\NH rrc;\N)J\NH & | NH >~NH
K(% | XN Kﬁﬁ | X 'ai/N | NS
X Uk X
15 RS R B RS R B RS R B RS R B R4 B
e O o O
0 o 0 \N_[< ‘N_,./<
>~NH >~NH yNH NH NH
/N oot - B
% Sy TNy TN EN SN
) | ) » "
/X X X X ~X
R R* R S R, R* and
Iy O
\N%
NH
| X
o InX

81



or Rl andR11 taken together is oxo; 15provided that at |east one of R5, RG,
R2, R8, R9, R10, or Rl1l is not hydrogen; Arl is phenyl substituted with 0-2
hal o subswotoam4e997X is 0, CH2, or NH, and 20 Y is 0; orca/ysh@omsnazitically
acceptabl e salt thereof 255.A conpound of claim4 where R1 is hydrogen; R2
is piperidinyl substituted with 1 substituent selected fromthe group

consi sting of R5 i s hydrogen or hydroxy; R6 is hydrogen; R2 is hydrogen;
R8 is hydrogen; R9 is hydrogen or hydroxy; R16 is hydroxy, azido, or an no;
R11 is hydrogen; or R16 and R11 taken together is,oxo; provided that at

| east one of R5, R6, R7, Rs, oR9, RIG, NOrNRL1 is I’KS{I“N rogen; Arl is phenyl
or difluorophenyl; X4{s O, ) NH;L_ape " v&#% 0; maceutical ly
acceptabl e salt thegd ‘ opgpound o | afn 1 wherelR1L\ws hydrogen,
cyano, halo, alkyl, halaalkyl, ]al Koxy, o, alkyla di al kyl am no,
azetidinyl, py;Rrekd dinyl, or pPeefidinyls of .

R’ is hydrogen, halo, cyano, alkyl, haloalkyl, alkoxy, or haloalkoxy;
5  R%is hydrogen, halo, cyano, alkyl, haloalkyl, alkoxy, or haloalkoxy;

R’ is hydrogen, hydroxy, alkoxy, haloalkoxy, azido, amino, alkylamino, or
dialkylamino;

10 Ris hydrogen, hydroxy, alkoxy, haloalkoxy, azido, amino, alkylamino, or
dialkylamino;

R’ is hydrogen, hydroxy, alkoxy, haloalkoxy, azido, amino, alkylamino, or
dialkylamino;

15
R® is hydrogen, hydroxy, alkoxy, haloalkoxy, azido, amino, alkylamino, or
dialkylamino;

R’ is hydrogen, hydroxy, alkoxy, haloalkoxy, azido, amino, alkylamino, or

20  dialkylamino;

R'%is hydrogen, hydroxy, alkoxy, haloalkoxy, azido, amino, alkylamino, or
dialkylamino;

25 R'is hydrogen, hydroxy, alkoxy, haloalkoxy, azido, amino, alkylamino,

dialkylamino, alkoxycarbonyl, or benzyloxycarbony];
or R'"’and R'! taken together is O or N-OH;

30  provided that at least one of R’ R R’,R®, R’ R" or R"is not hydrogen;
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10 9. A conmpound of claim1 where R5 is hydrogen, R6 is hydrogen, R7 is
hydr ogen, R8 is hydrogen, RO is hydrogen, Rl is hydroxy, azido, or am no,
and R11 iwohydrag®wn; or where R5 is hydrogen, R6 is hydrogars201e051433
hydrogen, R8 is hydrogen, RO is hydrogen or hydroxy, and Rl and R11 taken
together is oxo; or where R5 is 15hydrogen, R6 is hydrogen, R7 is hydrogen,
R8 is hydrogen, R9 is hydroxy, Rl is hydrogen or hydroxy, and Rl1l is
hydrogen; or where R5 is hydroxy, R6 is hydrogen, R7 is hydrogen, R8 is

compound of ol TR e B uRgr et ere Y et U PHvpea e of

20subst i t uent ssyanolﬁalo A0 MaRERA, ko), BdlNAIREyWIRINEy0,; | S
2, 3-di fl uorophenyl. 12. A conpound of claiml where Xis 0. 25 13. A

conmpound of claim1l selected fromthe group consisting of (6R,

9R) - 6- ( 2, 3- Dfﬁgqymﬂe&m ~-f@ghydr oxy- 5-oxo-6, 7, 8, 9-t et rahydr o- 5Hcycl ohept a|
b] pyri di n- 9 y1l 4-(2- oxo- 2, 3-di hydro- 1H-|mdazo[4 5-b] pyridin-1-

30yl )p| peri’di ne-1 - car boxyl ate;

(9R) - 6- (2, 3- divf |sudAR e L) srvi@x0- 6, 7, 8, 9- t et rahydr o- 5H-cycl ohept a[ b] pyri di
n-9-yl
4- (2- oxo- 2, 3-di hydro-1Hi m dazo[ 4, 5-b] pyri di n-1-yl ) pi peri di ne- 1- car boxyl at e

; or a pharmaceutically acceptable salt thereof.
10 2. A compound of claim 1 where:

R'is hydrogen, cyano, halo, alkyl, haloalkyl, alkoxy, amino, alkylamino,
dialkylamino, azetidinyl, pyrrolidinyl, or piperidiny];

15 R’ is piperidinyl substituted with 1 substituent selected from the group consisting of
O O O
o]
‘J{N)J\NH rrJ‘N)J\NH & NH

e{N)J\NH | >~
Kﬁﬁ | XN Kﬁﬁ | AN 'zi/N | N
xS AWK AKX x
RS R, R* , R

1_\i‘,\.r @] H\,\\r @]
O,
%NH >\NH >~ H N’/<NH N’/<NH
'S n %:ﬁ HP“’O’ A A
/X X X X N,
R R R* and
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(5S, 6R, 9R)-6-(2, 3-di fluorophenyl)-5, 6-di hydroxy-6, 7, 8, 9-tetrahydr o-5H
5cycl ohept a[ b] pyri di n-9-y14- (2- oxo- 2, 3-di hydro-1Hi m dazo [4, 5-b] pyridin-1-
yl ) pi periwoneti/ie99car boxyl at e; PCT/US2010/052433

(5S, 6S,9R) - 6- (2, 3-di f | uor opheny1l) - 5- hydr oxy- 6, 7, 8, 9-t et r ahydr o- 5H

cycl ohept a[ b] pyri di n-9-y14- (2- oxo- 2, 3-di hydro-1Hi m dazo[ 4, 5- b] pyri di n- 1-
10yl ) pi peri di ne-1-car boxyl at e;

(5R, 6S, 9R) - 6- (2, 3-di f | uor opheny1l) - 5- hydr oxy- 6, 7, 8, 9-t et r ahydr o- 5H

cycl ohept a[ b] pyri di ng 9- y14- (2- oxo052, 3-di hydro- 1Hi m dazo

[ 4, 5-b] pyridi n- lyl)f;l di ne- 1--marboxylate; 15 (5 S, 6R 9R)-6-(2,3

-di fl uorophenyl)-5 -h O dr o- 5H

dro- 1Hi m dazo

[ 4, 5-b] pyri di n- 1y|)p| -@ ne- 1 -ca boXyl at e;

20(5S, 6S, 9R) - 5 azido- 6- - di fruor ophefyl)-.6, 7, 8, 9-t et r ahydr o- 5H

cycl ohept a[ b] pyri di n-9-y14- (2- oxo- 2, 3-di hydro 1H-| m dazo[ 4, 5-b] pyridin-1-yl
) pi peridi ne-1-carboxylate; (5 S, 6S, 9R) 5 -amno-6-(2, 3

- di f1 uor ophenyk);s @d?og%n %aIOeE);a%an%gﬂ'léid'aﬂcyl alkoxy, or haloalkoxy;

250yc| ohept a[ b] pyri di'h-9-yl14-(2- oxo- , 3-di’hydro-1Hi m dazo

[4,5-b] pyridin-1- yl)piperidi ne- -car boxyl at e;

((:S(?I gﬁ)ep'?a(ﬁg] %4?% @&%Rm%ﬁ)n%%‘%oxo%q%%%ﬁpémo% Eﬁﬁa%ag@%{jzosg]- pyridi n-1-

30yl ) pi peri di ne-I| -car boxyl at e;

R’ is hydrogen, hydroxy, alkoxy, haloalkoxy, azido, amino, alkylamino, or
dialkylamino;

10 Ris hydrogen, hydroxy, alkoxy, haloalkoxy, azido, amino, alkylamino, or
dialkylamino;

R’ is hydrogen, hydroxy, alkoxy, haloalkoxy, azido, amino, alkylamino, or
dialkylamino;

15
R® is hydrogen, hydroxy, alkoxy, haloalkoxy, azido, amino, alkylamino, or
dialkylamino;

R’ is hydrogen, hydroxy, alkoxy, haloalkoxy, azido, amino, alkylamino, or

20  dialkylamino;

R'%is hydrogen, hydroxy, alkoxy, haloalkoxy, azido, amino, alkylamino, or
dialkylamino;

25 R'"is hydrogen, hydroxy, alkoxy, haloalkoxy, azido, amino, alkylamino, or
dialkylamino;

or R'"’and R'! taken together is oxo;

30  provided that at least one of R’ R R’,R®, R’ R" or R"is not hydrogen;
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(5 S,6S,9R) -5 -am no-6-(3

, 5-di f |l uor ophenyl) -6, 7, 8, 9-t et rahydr o- 5Hcycl ohept a[ b] pyri di n-9-y14- (2- oxo- 2
, 3 -di hydwo-20H/(4m39dazo [ 4, 5- b] pyri di n- 1yl ) pi peri di ne- 1Pcrashaxypsrte;

5(5S, 6S, 9R) - 6- (3, 5-di fl uor ophenyl) - 5- hydr oxy- 6, 7, 8, 9-t et r ahydr o- 5H

cycl ohept a[ b] pyri di n-9-y14- ( 2- oxo- 2, 3-di hydro- 1Hi m dazo[ 4, 5-b] pyridin-1-y1l
) pi peri di ne-1-car boxyl at e; (6 S8R9 5)-6-(2,3

-difluorophenyl) 8 hydr oxy- 6, 7, 8, 9-t et rahydr o- 5H

E-gCyCLi) Bglp;[ gl[ glljyg F\g)égtlumd &&réth%x? t@é&%gﬁ%g{cégl %rlai-ml tﬂ‘el: gr%lzl]g consisting of

(5S, 6S, 9R) - 6- (cgar?er #i16, ugi, ophemyil ) k&xy( byl 8, 9- t et rahydr o- 5Heycl
ohepta[b]pyridln-9-y14- 2-oxo-2,3-dihydro-lH—inidazo[4,5-b]pyridin-1-

15yl ) pi peri di ne-1 -carboxylate; (5 S,6S,9R)-6-(2,3

- di f1 uor ophenyd)s-»-dri sratiydn@n no) - 6, 7, 8, 9-t et r ahydr o- SHcycl ohept a[ b] pyri di
n- 9-y14- (2- oxo-2, 3 -di hydro-1H i m dazo [4, 5-b] pyri di n-1yl ) pi peridine- 1

- carboxyl ate; 20 (6 S,9R 2)-6-(2,3

-d|f|uoropheny@%aﬁmg@xﬁkgﬁy&qwgo) 6, 7,8, 9-tetrahydro-5Hcycl ohept a[ b] pyridin
-9-y14-(2-0x0-2,3 -di'hydro-1Him dazo [4, 5-b] pyridin-1yl)piperidine- 1

- car boxyl at e;

25(6S, 9R E) - 6- oxyi m no) -6, 7, 8, 9-t et rahydr o- 5H
cyclohepta[b]6£§P§mghgkﬂ%{g?gﬁg%%%fégﬁ%%gfdro 1H—|n1dazo[4 5-b] pyridin-1-y1
) pi peridine-1- carboxylate (5 S,6S,9R) -5 -am no-6-(2,3

-di fl uor ophenyl) - 6, hydr o 3 oh yr|d|n 9-y1

> - oXOo L. gﬂ& 2y3 A L %W%%lﬁcgésﬁcﬁr%q[ iy dd# des%%gn%& stel%géhl%lnl?s}lg

b] pyri di ne] - 5-yl car bamat e;

4, A compound of claim 3 where
15
R'is hydrogen, halo, cyano, amino, alkylamino, or dialkylamino;
R? is piperidinyl substituted with 1 substituent selected from the group consisting of
UM R h A
NH NH Yo _O
Z/NI\N%‘/NPJN o T
)iS RfA%ﬂ K%ﬂand :
20

R’ is hydrogen or halo;

R” is hydrogen or halo;

25  R’is hydrogen or hydroxy;
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tert-butyl

(5S, 6S, 9R) - 9- am no- 6- (2, 3-di fl uorophenyl) -6, 7, 8, 9-t et rahydr o- 5Hcycl ohepta[ b
] pyri di n-\soybrzub@mat e; tert-butyl PCT/US2010/052433

(5S, 6S, 9S5)-6-(2, 3-di fl uorophenyl) - 9- ( 2- oxo0- 2- (4- ( 2- oxo- 2, 3-di hydr o- 1H5i m da
zo[4,5-b] pyridin-1-yl)piperidin-l-yl)ethyl)-6,7,8,9-tetrahydro-5H

cycl ohept a[ b] pyri di n-5-yl carbamate; tert-butyl

(5S, 6S,9R) - 6- (2, 3-di fl uor ophenyl) - 9- ( 2- oxo0- 2- (4- ( 2- oxo- 2, 3-di hydro- 1H i m da
zo[ 4, 5-b] pyri gjrn- 1-%1!#? peridin-1-yl)ethyl)-6,7,8,9-tetrahydro-5H

10cycl ohept a[ B} pyM4i925- yI car bamate; and 1-(1 -(2 -((5 S, 6

S,9R)-5-am no-6-(2,3 -difluorophenyl)-6,7,8,9 -tetrahydro-5H cyc | ohepta
[b] pyridin-9-yl,)ac etyl)p iperidin-4-yl)-1Him dazo [4,5-b]pyridin-2 (3H)-
one; 15 or a phar WeE¥SE: cal |y acceptabl e salt thereof 14.The conpound of
claim1 20(5S, 6S, 9R) - 5- am no- 6- (2, 3-di f | uor ophenyl) -6, 7, 8, 9-t et rahydr o- 5H
cycl ohept a[ b] pyr.i di n-9-y14-(2-oxo-2, 3-di hydro-1Hi m dazo[ 4, 5-b] pyridin-1-y1l
) pi peri di né- 1-Fdy bksgeat e; 25 or a pharmaceutically acceptable salt

t hereof WD 2011/ 046997PCT/ US2010/ 052433

R’ is hydrogen or hydroxy;
R'%is hydrogen, hydroxy, azido, amino, alkylamino, or dialkylamino;
10
R'! is hydrogen;
or R"and R'" taken together is oxo;
15  provided that at least one of R®>, R®, R7, R®, R®, R', or R is not hydrogen;
Ar' is phenyl substituted with 0-2 halo substituents;
X is O, CH,, or NH; and
20
Y is O;

or a pharmaceutically acceptable salt thereof.

25 S A compound of claim 4 where R' is hydrogen; R” is piperidinyl substituted

with 1 substituent selected from the group consisting of

Q H
’ o O r!_\-"\
oy >‘N N—4 N
— 0._.0
PN N-H Y

—N |
zi @ = Br | N NH
/ 2 Br 2 2 and / N ;

R’ is hydrogen or hydroxy; R® is hydrogen; R” is hydrogen; R® is hydrogen; R’ is

hydrogen or hydroxy; R'? is hydroxy, azido, or amino; R'! is hydrogen; or R'and
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15. A conposition conprising a conpound of claim1l1, or a pharnmaceutically
acceptabl e salt thereof, and a pharnmaceutically acceptable carrier. 16.
The conposot2oom4edo7cl ai m 15 where the conpound of cl ai MPETIUS2¢15856% 9R) - 5-
5am no-6- (2,3 -difluorophenyl)-6,7, 8,9-tetrahydro-5 Hcyc | ohepta [Db]
pyridin-9 -yl4 -(2- oxo0-2,3 -dihydro- 1Him dazo [4,5 -.1)] pyridin- 1
-yl ) pi peridine- 1 -carboxyl ate. 17. A nethod of treating a condition
associated with aberrant |evels of CGRP conprising the adm nistration of a

t her apeuti cal | fective.anmount ound 8] . 1
pharnaceuticaﬂ?y %@U@%ﬁ%ﬁﬂsm%%P?vﬁﬁﬁﬁﬁ ﬁ@nﬁogét%’ﬁ{akﬁ§8I{TﬁEﬁ’ t hod of
claim 17 wher gs hdi@y&opdh; IAlr]QE\phe‘hyIBrQlﬁiﬂloP@henyl%1s-m@HEEI)ﬂN)H Al Yls@®;® 17 wher e
t he conpound of claiml1l is (5S,6S, 9R)-5- 15am no-6-(2, 3
-d|f|uorophen9@§m@ﬂﬁm“@”@”F@ﬂW?ﬁWﬂ%@@?@lcyc | ohepta [b] pyridin-9 -yi14
-(2- ox0-2,3 -dihydro- 1Him dazo [4,5 -.1)] pyridin- 1 -yl)piperidine- 1

-carboxylate 20. The net hod of cIa|n118 where the conpound of claim1l
is (58S, 6S, éR) 65. A compound of claim 1 where R' is hydrogen, cyano, halo, alkyl, haloalkyl,

fﬂn ?g 6- (2, 3- didokonBRNaRY LR, dinfkyBntif) LABYAY OpRFbIRYSY, QP EREALIPY T i di n-9-y
200x0- 2, 3-di hydro- 1H-i m dazo[ 4, 5- b] pyri di n- 1-yl ) pi peri di ne- 1- car boxyl at e.

7. A compound of claim 1 where R? is N-piperidinyl and is 4-substituted.
o O
0 \N_j<
%NH NH

E/N
| =
8. A compound of claim 7 where the substituent is or

10
9. A compound of claim 1 where R is hydrogen, R® is hydrogen, R’ is
hydrogen, R® is hydrogen, R’ is hydrogen, R is hydroxy, azido, or amino, and R'" is
hydrogen; or where R is hydrogen, RC is hydrogen, R’ is hydrogen, R is hydrogen,
R’ is hydrogen or hydroxy, and R'® and R'" taken together is oxo; or where R’ is

15 hydrogen, R® is hydrogen, R” is hydrogen, R® is hydrogen, R’ is hydroxy, R'" is
hydrogen or hydroxy, and R'' is hydrogen; or where R is hydroxy, R® is hydrogen,
R’ is hydrogen, R® is hydrogen, R is hydrogen, R'® is hydrogen, and R"" is hydrogen.

10. A compound of claim 1 where Ar' is phenyl substituted with 2 halo
20  substituents.

11. A compound of claim 10 where Ar'is 2,3-difluorophenyl.

12. A compound of claim 1 where X is O.
25

13. A compound of claim 1 selected from the group consisting of

(6R, 9R)-6-(2,3-Difluorophenyl)-6-hydroxy-5-0x0-6,7,8,9-tetrahydro-5H-
cyclohepta[b]pyridin-9-yl 4-(2-0x0-2,3-dihydro-1H-imidazo[4,5-b]pyridin-1-
30  ylpiperidine-1-carboxylate;
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(9R)-6-(2,3-difluorophenyl)-5-0x0-6,7,8,9-tetrahydro-5H-cyclohepta[b]pyridin-9-y1
4-(2-0x0-2,3-dihydro-1H-imidazo[4,5-b]pyridin-1-yl)piperidine-1-carboxylate;

(58, 6R, 9R)-6-(2,3-difluorophenyl)-5,6-dihydroxy-6,7,8,9-tetrahydro-5H-
cyclohepta[b]pyridin-9-yl 4-(2-0x0-2,3-dihydro-1H-imidazo[4,5-b]pyridin-1-
yl)piperidine-1-carboxylate;

(5S,6S,9R)-6-(2,3-difluorophenyl)-5-hydroxy-6,7,8,9-tetrahydro-5H-
cyclohepta[b]pyridin-9-yl 4-(2-0x0-2,3-dihydro-1H-imidazo[4,5-b]pyridin-1-
yl)piperidine-1-carboxylate;

(5R,68,9R)-6-(2,3-difluorophenyl)-5-hydroxy-6,7,8,9-tetrahydro-SH-
cyclohepta[b]pyridin-9-yl 4-(2-0x0-2,3-dihydro-1H-imidazo[4,5-b]pyridin-1-
yl)piperidine-1-carboxylate;

(5S,6R,9R)-6-(2,3-difluorophenyl)-5-hydroxy-6,7,8,9-tetrahydro-5SH-
cyclohepta[b]pyridin-9-yl 4-(2-0x0-2,3-dihydro-1H-imidazo[4,5-b]pyridin-1-
yl)piperidine-1-carboxylate;

(5S,6S,9R)-5-azido-6-(2,3-difluorophenyl)-6,7,8,9-tetrahydro-5H-
cyclohepta[b]pyridin-9-yl 4-(2-0x0-2,3-dihydro-1H-imidazo[4,5-b]pyridin-1-
yl)piperidine-1-carboxylate;

(5S,6S,9R)-5-amino-6-(2,3-difluorophenyl)-6,7,8,9-tetrahydro-5H-
cyclohepta[b]pyridin-9-yl 4-(2-0x0-2,3-dihydro-1H-imidazo[4,5-b]pyridin-1-
yl)piperidine-1-carboxylate;

(6S,9R)-6-(2,3-difluorophenyl)-6-hydroxy-6,7,8,9-tetrahydro-5H-

cyclohepta[b]pyridin-9-yl 4-(2-0x0-2,3-dihydro-1H-imidazo[4,5-b]pyridin-1-
yl)piperidine-1-carboxylate;
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(5S,6S,9R)-5-amino-6-(3,5-difluorophenyl)-6,7,8,9-tetrahydro-5H-
cyclohepta[b]pyridin-9-yl 4-(2-0x0-2,3-dihydro-1H-imidazo[4,5-b]pyridin-1-
yl)piperidine-1-carboxylate;

5 (5S,658,9R)-6-(3,5-difluorophenyl)-5-hydroxy-6,7,8,9-tetrahydro-5H-
cyclohepta[b]pyridin-9-yl 4-(2-0x0-2,3-dihydro-1H-imidazo[4,5-b]pyridin-1-
yl)piperidine-1-carboxylate;

(6S,8R,98)-6-(2,3-difluorophenyl)-8-hydroxy-6,7,8,9-tetrahydro-5H-
10 cyclohepta[b]pyridin-9-yl 4-(2-0x0-2,3-dihydro-1H-imidazo[4,5-b]pyridin-1-
yl)piperidine-1-carboxylate;

(5S,6S,9R)-6-(2,3-difluorophenyl)-5-(methylamino)-6,7,8,9-tetrahydro-5H-
cyclohepta[b]pyridin-9-yl 4-(2-0x0-2,3-dihydro-1H-imidazo[4,5-b]pyridin-1-
15  yl)piperidine-1-carboxylate;

(5S,6S,9R)-6-(2,3-difluorophenyl)-5-(dimethylamino)-6,7,8,9-tetrahydro-5H-
cyclohepta[b]pyridin-9-yl 4-(2-0x0-2,3-dihydro-1H-imidazo[4,5-b]pyridin-1-
yl)piperidine-1-carboxylate;

20
(6S,9R,Z)-6-(2,3-difluorophenyl)-5-(hydroxyimino)-6,7,8,9-tetrahydro-SH-
cyclohepta[b]pyridin-9-yl 4-(2-0x0-2,3-dihydro-1H-imidazo[4,5-b]pyridin-1-
yl)piperidine-1-carboxylate;

25  (6S,9R,E)-6-(2,3-difluorophenyl)-5-(hydroxyimino)-6,7,8,9-tetrahydro-5H-
cyclohepta[b]pyridin-9-yl 4-(2-0x0-2,3-dihydro-1H-imidazo[4,5-b]pyridin-1-
yl)piperidine-1-carboxylate;

(5S,6S,9R)-5-amino-6-(2,3-difluorophenyl)-6,7,8,9-tetrahydro-5H-

30  cyclohepta[b]pyridin-9-yl 2'-0x0-1,1',2',3-tetrahydrospiro[indene-2,3'-pyrrolo[ 2,3-
b]pyridine]-5-ylcarbamate;
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tert-butyl (5S,6S,9R)-9-amino-6-(2,3-difluorophenyl)-6,7,8,9-tetrahydro-5H-
cyclohepta[b]pyridin-5-ylcarbamate;

tert-butyl (5S,68S,95)-6-(2,3-difluorophenyl)-9-(2-0x0-2-(4-(2-0x0-2,3-dihydro-1H-
imidazo[4,5-b]pyridin-1-yl)piperidin-1-yl)ethyl)-6,7,8,9-tetrahydro-5H-
cyclohepta[b]pyridin-5-ylcarbamate;

tert-butyl (5S,6S,9R)-6-(2,3-difluorophenyl)-9-(2-0x0-2-(4-(2-0x0-2,3-dihydro- 1 H-
imidazo[4,5-b]pyridin-1-yl)piperidin-1-yl)ethyl)-6,7,8,9-tetrahydro-5H-
cyclohepta[b]pyridin-5-ylcarbamate; and

1-(1-(2-((58S,6S,9R)-5-amino-6-(2,3-difluorophenyl)-6,7,8,9-tetrahydro-SH-

cyclohepta[b]pyridin-9-yl)acetyl)piperidin-4-yl)- 1H-imidazo[4,5-b]pyridin-2(3H)-

one;

or a pharmaceutically acceptable salt thereof.

14. The compound of claim 1

(5S,6S,9R)-5-amino-6-(2,3-difluorophenyl)-6,7,8,9-tetrahydro-5H-
cyclohepta[b]pyridin-9-yl 4-(2-0x0-2,3-dihydro-1H-imidazo[4,5-b]pyridin-1-
yl)piperidine-1-carboxylate;

or a pharmaceutically acceptable salt thereof.
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15. A composition comprising a compound of claim 1, or a pharmaceutically

acceptable salt thereof, and a pharmaceutically acceptable carrier.

16. The composition of claim 15 where the compound of claim 1 is (5S,65,9R)-5-
amino-6-(2,3-difluorophenyl)-6,7,8,9-tetrahydro-SH-cyclohepta[b]pyridin-9-yl 4-(2-
0x0-2,3-dihydro-1H-imidazo[4,5-b]pyridin-1-yl)piperidine- 1-carboxylate.

17. A method of treating a condition associated with aberrant levels of CGRP
comprising the administration of a therapeutically effective amount of a compound of

claim 1, or a pharmaceutically acceptable salt thereof, to a patient.

18. The method of claim 17 where the condition is migraine.

19. The method of claim 17 where the compound of claim 1 is (5S,6S,9R)-5-
amino-6-(2,3-difluorophenyl)-6,7,8,9-tetrahydro-SH-cyclohepta[b]pyridin-9-yl 4-(2-
0x0-2,3-dihydro-1H-imidazo[4,5-b]pyridin-1-yl)piperidine- 1-carboxylate.

20. The method of claim 18 where the compound of claim 1 is (55,6S,9R)-5-

amino-6-(2,3-difluorophenyl)-6,7,8,9-tetrahydro-SH-cyclohepta[b]pyridin-9-yl 4-(2-
0x0-2,3-dihydro-1H-imidazo[4,5-b]pyridin-1-yl)piperidine- 1-carboxylate.
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