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 CORP rel ated di sorders including

ther mal i njary, 1561 reul at o QHERRC EFORAHERGUSEERG: co' i th menopause.
airway inflammatory di seases such as asthma, and chronic obstructive
pul nonary di sease (COPD). Cal citonin gene-rel ated peptide (CGRP) is

a naturally occurring 3IRESH-REACRENOEND RELATESAPPdEOATIONS 10 1982 (Anar a,
S. G et al, Science 1982, 298, 240-244). 20 Two fornms of the peptide are

expressed (aCGRP and | 3CGRP) which differ by one and three am no 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 from
the cell, CORP binds to specific cell surface G protein-coupled receptors
and exerts its biological adfiAGRGROEIGhORIRIH WVENHON vat i on of
intracel lul ar adenyl ate cycl ase (Poyner, D. R et al, Br J Pharnmacol 1992,
105, 441-7; Van Valen, F. et al, Neurosci Lett 1990, 119, 195-8.). Two
classes OflO SORP The disclosure generally relates to the novel compounds of formula I,
including pharmaceutically acceptable salts, which are CGRP-receptor antagonists.
The disclosure 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).



30 receptors, CORM and CGRP2, have been proposed based on the antagoni st
properties of the peptide fragnment CGRP(8-37) and the ability of |inear
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Inhibitors at the receptor level to CGRP are postulated to be useful in

pathophysiologic conditions where excessive CGRP receptor activation has occurred.
Some of these include neurogenic vasodilation, neurogenic inflammation, migraine,

20  cluster headache and other headaches, thermal injury, circulatory 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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m graine drugs returns CGRP | evels to normal coincident with alleviation of
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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 [



The invention enconpasses a series of CORP antagoni st conpounds 25i ncl udi ng
phar maceutical ly acceptable salts, conpositions, nethods of naking them
and met hoat® 20f1/04699Mg t hem i n t herapeutic treatnment. Oneprasasea1onsdshe
invention is a conmpound of formula I R1 where: 5RI is hydrogen, cyano,

hal o, al kyl, hal oal kyl, al koxy, am no, al kyl am no, di al kyl am no,

azetidinyl, pyrrolidinyl, or piperidinyl; R2 is piperidinyl substituted
with 1 substituent selected fromthe group consisting of 15123 is hydrogen,
hal o, cyano, alkyl, hal oal kyl, al koxy, ,or hal oal koxy; R4 is hydrogen,

hal o, cyano, al kyl, hal oal kyl, al kox R Rhal oal koxy; R5 is hydrogen,

hydr oxy, al koxy, hal oal koxy, azi do,R° Ral loyl am no, or dial kyl am no;

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



5 R6 is hydrogen, hydroxy, al koxy, hal oal koxy, azido, am no, alkylam no, or
di al kyl am no; R7 is hydrogen, hydroxy, allcoxy, hal oal koxy, azido,

am no, alwglanvmaey97or 10di al kyl am no; Rg i s hydrogen, hydrasgiiomasiseoxy,

hal oal koxy, azido, am no, al kylam no, or dial kylam no; 15l e is hydrogen,
hydr oxy, al koxy, hal oal koxy, azido, am no, al kylam no, or dial kyl am no; R

i s hydrogen, hydroxy, al koxy, hal oal koxy, azido, am no, alkylam no, or

di al kyl ami no; RIA is hydrogen, hydroxy, al koxy, hal oal koxy, azi do, am no,

al I cyl am no, aI kyl am no, al ko ben carbonyl; or R1 and
R | taken todot r?@“&a@rcﬁn kYE &aﬁ% @ﬂ’éﬁo %"X‘Pail?fgﬁ’ one of R5, le, R7,

Rg, R9 R, or R' i's not hydrogen Arl is phenyl substituted with 0-3
substituents sel ected fromthe group consisting of cyano, halo, alkyl,

hal oal kyl , al kRox@hydﬁ%%eea{wﬁ%wlk%ﬁdw&alk@gmeéléo agyiao. gTkyleppno. g NH, and VY is
a bond, 0, CHgialglaNEH; Or @ pharmaceutically acceptable salt thereof.

Anot her aspect of the invention is a conpound of formula |I where:

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;

1% is hydrogen, hydroxy, alkoxy, haloalkoxy, azido, amino, alkylamino, or
dialkylamino;
20
' 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;



5RI is hydrogen, cyano, halo, alkyl, haloal kyl, al koxy, am no, alkylam no,
di al kyl am no, azetidinyl, pynolidinyl, or piperidinyl; 15le is

hydr ogen,wbabnyo46ypano, al kyl, hal oal kyl, al koxy, or hal ealrkiszy/0R433 s

hydr ogen, hal o, cyano, al kyl, hal oal kyl, al koxy, or hal oal koxy; R5 is
hydr ogen, hydroxy, al koxy, hal oal koxy, azido, am no, alkylam no, or

di al kyl am no; R6 i s hydrogen, hydroxy, al koxy, hal oal koxy, azi do,

am no, al kyl am no, or 5dia|ky|anino R7 is hydrogen, hydroxy, alkoxy,

hal oal koxy, azido, am nq, alk or dial kylam no; 10Rg is hydrogen,
hydr oxy, aIIcd&?phﬁﬁpﬁﬁp%ﬂgﬁw&?§¥h5alﬁﬁ?ﬁ al kyl ami no, or dial kyl am no;

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

5 Rlis 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

NH \ NH ;”\ NH >~NH
o % aRRe
e ka9 |

0 o O

4 2 4
10 , , , ,and
| X
N 7,
O/+\§\
R4.
2
RANY Sy
NH | N NH
or R?is or N ;

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

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



RO i s hydrogen, hydroxy, allcoxy, hal oal koxy, azido, am no, alkylam no, or
di al kyl am no; 15 Rmis hydrogen, hydroxy, alkoxy, hal oal koxy, azido, am no,
al kyl am w0 20r1/db®F7kyl am no; R1' is hydrogen, hydrexy/usadéieozs33

hal oal koxy, azi do, am no, al kylam no, or 20dial kyl am no; or Rm and R taken
together is oxo; provided that at |east one of R5, R6, R7, Rg, RO, R o,]l

or Ris not hydrogen; Ari is phenyl substituted with 0-3 substituents

sel ected fromthe group consisting of cyano, halo, alkyl, haloal kyl,

al koxy, hal oal |scoxy, an |1 cyl1S02; Xis O, CH2, ar -.and Y is a bond, O,
CH, , or NH orA a 9%3@3{%@ %‘Y’al@ﬁéﬁ?é%laéldgﬂa?ﬂm% 'F\}IEP’EB?“O’ °"  Anot her
aspect of the dgiamggahinen is a conpound of fornmula | th the designated
stereochem stry. 5 Another aspect of the invention is a conpound of

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

5 dialkylamino;

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

10 R®is 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;
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;

25
Ar' is phenyl substituted with 0-3 substituents selected from the group consisting of
cyano, halo, alkyl, haloalkyl, alkoxy, haloalkoxy, and alkylSO,;
X is O, CH,, or NH; and

30

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

or a pharmaceutically acceptable salt thereof.



Rl is hydrogen, halo, cyano, am no, allcylamno, or dialkylamno, 10R2 is
pi peridinyl substituted with 1 substituent selected fromthe group

consi sti nyoabi4bd7 \- R3 , and R3 is hydrogen or hal opCTAR4010851a93r ogen
or halo; R5 is hydrogen or hydroxy; R6 is hydrogen; 20 R7 is hydrogen; Rs
I s hydrogen;

Another aspect of the invention is a compound of formula I with the

designated stereochemistry.

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
r’-‘,\\r O

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;



25R9 i s hydrogen or hydroxy; R is hydrogen, hydroxy, azido, am no,
al kyl am no, or dial kylam no; R11l is hydrogen; 5or RlOand Rl1l taken together
i s oxo; pwoendadéddnat at |east one of re, R6 7 R, R3, ROT/UBNI00624B8 | i

not hydrogen; Al'' is phenyl substituted with 0-2 halo substituents; 10
Xis 0, CH2, or NHL and Y is O0; 15or a pharmaceutically acceptable salt
t her eof Anot her aspect of the invention is a conpound of fornula I

where Ri is hydrogen; R2 is piperidinyl substituted with 1 substituent
sel ected fr Omﬁlhl% h%r%‘g"?n, ﬁy(/) rg)liy? Elzligl] , ar%flno,oalgyllajmlzn%,_ oNr'\c¥i\!£ll:<L3;1§'milr\1loH;

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.



20Br, andN R5 is hydrogen or hydroxy; R6 is hydrogen; 12.2 is hydrogen; R8
is hydrogen; R9 is hydrogen or hydroxy; RIOis hydroxy, azido, or am no;
RI A is hywtoegam46dr Rimand , Rs, R9, - K10, R taken t @geiuser0i0s246xo0;

provi ded that at |east one of R5, R6, R7or R is not hydrogen; Ari is
phenyl or difluorophenyl; Xis O, CH, or NH; and Y is 0; or 25a
phar maceutically acceptable salt thereof Anot her aspect of the

invention is a conmpound of forrmula |I where Rl is hydrogen, cyano, hal o,

al kyl , hal oal kyl, al kox al |l cyl.am no, | am npo, azetidinyl,
oyrtolidinyl. or p%&?‘%ﬂwf o infen s iouib & S L R BE R o T s a

conpound of f giggitiyl anshies-eutRtuted. NpitRe bigdttvrkheanebntion #aSURBbUdWed.

Anot her aspect of the invention is a conpound of rlcrO NH 1, 9997JHN formul a
| where the substituent isor 5Anotheryaspect e¢_%~e invention is a conpound
of formula | where R5 is hydrogen, QL% dJhydroggenmyyR7 is hydrogen, R8 is

hydrogen, R is hydrogen, Rl is hydr%6 zido,\ or Jamno, and Rl | is
hydr ogen; or where R) is hydrogen, drog R7 is hydrogen, R8 is
and aken together is oxo;

hydr ogen, R
y g [ So POfe f%ﬁéltﬂysg{u%ﬁ(%r ogen, R7 I's hydrogen,

or where R5 is hydrogen,

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,
1% 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



10l e is hydrogen, R9 is hydroxy, Rimis hydrogen or hydroxy, and Rlt is
hydr ogen; or where R5 is hydroxy, R6 is hydrogen, R7 is hydrogen, R8 is
hydr ogen,wB2oi1g4b99dr ogen, Rimis hydrogen, and RH i s hy@#Cogmsno10/052433

Anot her aspect of the invention is a conpound of fornula | where Arl is
15phenyl substituted with 2 hal o substituents. Anot her aspect of the
I nvention is a conpound of fornula I where Arl is 2,3- difluorophenyl.
20Anot her aspect of the invention is a corrpound of formula | where X is O.

The scope of a i nstance of a variahl.e 9.R39 R19 Rs, R69
Prry Rersing oy St idea b HuRe R A ohe ik ope of

R79 R99 RR),
any ot her otheR &k Gah 0 utRtidoakdiaddyl ﬁloﬁs@hﬁ&mamratght s bsaul@hed itdmgerd Nnventi on
i ncl udes conbi nations _of 25the different asp | ess specjfied

ot herwi se, the&SBPPSHRE! I erhgietany foplie ﬁ&ng}ﬁanEalO&wlwm “hatogkexy

straight or brignshed h@io%é‘ﬂate@lﬁ%rscf%m%ﬁ@ham su%stit@ce@alﬁﬁﬁ@@é}ﬁalo preferably 1
to 3 carbons. "Al ken(%/ nmeans a strai ght or branched al kyl group 30conposed

of 2 to 6 Jar bubritwgd Akt “Arhsinclugss cerBeyric YuWgterocgslic Benaigmereans a

”Drlocyd icori @gstéﬂsﬁ ARifOMTROSEL iRfuds hOmdry CREARBS: anddLP¥hANd CYI "
al | COoX and
Y 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.
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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 primaiy,
secondary, and tertiary amne noieties. "Carbonyl" neans CO "Oxy" neans
-0-. "Am nocarbonyl” neans N(R)C(=0)-. "Oxycarbonyl" neans -0C(=0)-.

“Met hyl enecar bonyl " neans CHYDROGENC(0),-. "Am no(cyano)i m nonet hyl" neans
-NHC(=NCN) -. 10Parenthetic and nul t apakgnkhetic terns are intended to
clarify bonding rel ationships to thj t-Rfed in the art. For exanple, a
termsuch as ((R)allcyl) neans an &F tuent further substituted
with the substituent R The inventiRin )€l udesk?al | pharnaceutical ly
acceptable salt forns of the 15conpou d%ﬂ Phar maceutically acceptable salts
are those in which the counter ions d-|n6t contribute significantly to the
physi ol ogi cal activity or toxicity of tdie conpounds and as such function as
phar macol ogi cal equival ents. These salts can be made according to comon
organi ¢ techni ques Tesmiventiongs BRANEIE irkludy aRWaichaklfatoneageuttisy inJdre ani oni ¢
salt forns include acetate, acistrate, besylate, brom de, 20chl ori de,
citrate, fumarPs§ent cgmpatidr-oaieees wakledhise ATorms havipethe NGRS WUAVEY oi odi de,

i odi de, | act atRy difeleah&Rs nIBEM. AL waP bit Jcab8l cxRAPRILE witRNR SiRfk@li&, succi nate,
sulfate, tartrate, tosylate, and xinofoate. Sone catignic salt fqrns

i ncl ude andoniktfigpPeapiiridimgas s deurivg andjtdimgpnlsotepgsaf gaporHeluish eC

di et hyl ami ne, .di e4NanRl A IPSabelel LB IndTBARERL 4ion ML MEbe prepared |
4- phenyl cycl ohexyl am ne, piperazi ne, potassium 25sodium tronetham ne, and
zi nc. by conventional techniques known to those skilled in the art or by processes

Q

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



Some conpounds of the invention may exist in stereoisoneric forns, one
exanpl e of which is shown bel ow. The invention includes all stereoisoneric
and t aut owernt/d4e9ns of the conpounds. The i nvemrCirars2018/06238&8nded t o
include all isotopes of atons occurring in the present conmpounds. |sotopes
i nclude those atons having the same atom ¢ nunber but different nass
nunbers. By way of general exanple and without limtation, 5isotopes of
hydr ogen i nclude deuteriumand tritium |sotopes of carbon include 11C and

"C. l|sotopically-Iabel ed conpaunds of the jnvention can generally be
or epty o0 by ednYEiST BN uRR B e hsabn B ToeB e el Y ohe art or by
processes analipg@ts hb® tb hakesaesT tickethpb@ide bhthe UkMdpnan appropri at e

i sotopically-1abel ed reagent in place of the non-|abel ed reagent otherw se
enpl oyed. Such conpounds nmay have 10 a variety of potential uses, for

exanpl e as standar dgbR0HEH5RAG&EITH $hd O GeL SERBrNyTEIRT BbRe AL uRald kty. I'n
the case of stable isotopes, such conpounds nmay have the potential to

favorabl y rRodiflyChiniFdgbrayiatigon asadae e spiceeptionandshampack defied as

properti es. 151§1Y5wsh@§\1'aﬁ1vﬁ®§”*}91ds%diumbis(tr_iTH&h&QQ%%{a‘é;S"ﬂmw fenmade by net hods
known in the art including those described below and including variations
Wi t hi n t he skidimethylfarmamyle: “MeStefor ethemls N fornNdreraetueaiimidgs Eliddown i n
the art. Qhergrg LS dphepnediatl 6, h Y < known in
the art using ?ééggﬁe(gsg?ﬁ%bpe ngﬁg#@gﬁs}ﬁ%ﬁ% ?ﬁ%ﬁ%&ﬁ%&?ﬁe?ﬁgggqgﬁe for
illustrative plimgbhgedfoanld; ‘4 domoursi frit"dndedmttempdratine or hetengion pae ¢fontehie

i nvention.  t wl.l , Leci , t.ho kKilled ipthe art that there
are a nunﬁgr a%hﬁ%¥$?dﬁgﬁvgﬁﬁﬁﬁﬁ%’3%PA?h§$§§W1%§§?% ﬁ#ﬁtﬁése conmpounds and
that their syntthwbgdsfurs; NEBIDTAT for ethglehalidnnectoetaboddsicidr Eu@efdr dinthyhe

ol 0. el Spuee o 0 BhulGpe e R B B BROAEA o510
vari abl es desdui fttogitgef@NE” fi I QatimetabxyeonnyFHOBANr feat ures in the

VAri abl es 1 n IR EIeRHRI R Qoo S5 oRBRURPY RE o Miase vari abl es
are meant @nl YCH@H,);$0s! drat-e MW thotrifRkS 13@0R @it he conpounds of the

I nventi on.

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.
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Abbrevi ations used in the schenes generally foll ow conventions used in the
5art. Chem cal abbreviations used in the specification and exanples are
defi ned asofollmae®s "NaH M DS* for sodi um bi s(trinet hyl eciryRBamomsz433 DM F"
for N, Ndi methyl fom am de; "M eOH' for nethanol; "NBS' for

N bronosucci ni m de; "TFA" for trifluoroacetic acid;, "LAW for |ithium

al um num hydride; "BOC', "DMSO' for dinethylsulfoxide; "h" for hours; "re
for roomtenperature or retention time (context 10wl dictate); "mn" for
m nutes; "EtOAc" for ethyl acetate; 'THF" for tetrahydrofuran; "EDTA" for
et hyl enedi ani net et raacetic acid: " ECSB SN et hyl et her; "DMAP" for

4- dlnethylanlnop r|d|ne " 2 di chla t hane; at

ine, "NI' for
15CF3( CE2) 3S02- ; \ p \, /' Some Formul a
| conpounds can b synthesi&ed t hrowgh t he f ol lrowi ng geneLaI schenes.

Previ ous known structure, |bs could bqoary ted With vari ousmasyl brom de to
generated ILL (' od}g b pﬁgg ged>~and furtjher processed to keto

anal ogs of 20ft® x|, Y one off oeprII coul d bg_al phga- hydroxyl at ed
to VII, which cogl gv be=Furd hpr Gﬁﬂverted to oxyl ket o and._gi ol
derivatives of forfrula |I. ternativery, th@ ’:‘oﬁé:gfdﬁp of 111 could be

reduced to the al &ohol IV, Which coul & be eitK r,
hydr oxyl anal ogs FIFUP br mul 5T 'or convérted t o ﬁalogenateo_analogs V. V
coul d be converted to hal ogenated i nt er nedi at es, V 25Thro§gp azi de

i nt er nedi at es VI,1var|ous azi dg, amne derivatilyes could prepared The
ket one group of th eylgusly Ky Il coul® transposed to ketone

i nternedi ates VI s ogr oups obe added to generate

i nternmedi ates DC, ymh courd t hén be convert { o hydroxyl anal ogs of
fornmula I. PreV|ous|y known struclures X coul e dehydrated and

di - hydr oxyl at ed tmméﬂbnternedlate§ XI', which caeuld be converted to

positional OH analo of formula. As shown i Schene 1, after
deprotection of a V|gysly di ¢ eda\
HoN R,R4N R®
N =
\ Va
|1 |1
Fgrmula | Fgrmula |
ar. O arl OH o
OoP — X>\\R2
1
v Formula |
O
z‘ ; )LRZ
EH EH IJ
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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5conmpound, internmediate | was generated, which under standard coupling
conditions, generated two conpounds, exanples | and 2 (the hydroxyl group
was | i kelwogenenedsed t hr ough aut o- oxi dation of enol for RCRiUSkowASI4dIal
oxygen). The ketone groups of | and 2 were reduced to generate exanples 3-6
after careful separation, purification and characterization. Schenme 1. The
stereochem stry of exanple 4 was proved and its stereospecific synthesis
5was achi eved by experinents shown in Schenme 2. Sinple reduction of the

ket one wi th sodi um bor ohydri de pr oducgq two conpounds, 2 and 3. Treatnent
of the mixture with TBAF at room t enpgf rlé only deprotegted the major
conmponent 2 to conmpourfd\4. uhich.\yas easfly separated BL@F Single
crystal s were obtai ped={or 2ecray anal ysi$X whére"t hegpst'dilol was
confirmed. Treat fF3 wt]y, TBAR [0el evat ef per at ur e gener at ed

the trans-di ol 5w gse structure waé at'so confirned by x- yﬁnal ysi s.
Di ast er eosel ecti vies¢ educti on of the k& che group was acm@dv id after
acetate protection and TIPS deprotecti @ the VAt di atg 7 gzal d be
converted to exanple 4, whose spectrageopi c properties matche hat from

previ ous non-stereospecific synthgsi 15 Schene 2: Di aSP®Pedsel ective
Reduction (previous patent) 5As s I n Schene 3, corrpou2 coul d be
converted to the chloride 8 in 83% y?ﬁl,\g__gw Geat nent Wt h/"F

tri phenyl phosphi ne ang, NGa.iJhe chl ored | d be cspiverted to the azide
intermediate 9. Conpoggémd@wand 9 are HB&th Yisgle st sonerg and the
reactions |ikely went fotiaarn&btgfa doubl e Exaw@e¢3i on at the R vg@\LINAL%ari ng
carbon center. After deprotection with TBAF, conpound 1@ ?:it(ai ned.
NaBH4 29% \ /N
/ Example 2
HO QF Hg Q\F HO F

F F F
L. L. L
N )Oj\ N )Ok N )Ol\
07]—-N/\:>—N NH o\”—N/\:>—N NH 077—-N/\:>—N NH
(o} — [o} — o —
Yield N AN N AN \ AN
(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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10Then foll ow ng a standard coupling reaction, exanple 7 was obtained in
good yield. Treatnent of the exanple 7 with triphenyl phosphine in THF

af f or ded wbeoram4ss7anal og, exanple 8. Schenme 3: Exanpl e PBTAScHONE243R
illustrates an alternative synthesis of exanple 8. Scheme 3a: 10As shown in
Scheme 4, a previously known (S)-hydroxyl ketone was converted to the
chiral epoxide 11 in 4 steps with 50% overall yield. Hydrogenati on opened
the epoxide to the alcohol 12 in 97%vyield. Swem oxi dation afforded ketone
13, which reacted with 2,3-difl uorophg%l I%t hiumto generate the tertiary
al cohol 14 in 79%yield with sone rec f starting material. After
deprotection by TBAF,_the trans- d was con erted to the cis-diol 17 under
M t sunobu conditign Fough ﬁ@n Rr |%er liate 16. Single crystals of

17 were obtaine e reI .n tereqc (ry of the cis-diol in 17 was
confirmed by |-r Iy,+ ch d 17 was converted to exanple 9
under standar d ¥o | nglam}ondY tyons in qUa tative yield. 10Schene 4.

Exanple 9 Vari d&tPFFdn of the d g?roups T'%s°exerm"’l ified in Shenme 5.
| nter medi ate 18 was 155ynt hesi 28 pBg pr®97%usl y described conditions.

Synt hesi s of examggeifrting. .11 9“’ rt, 2h
Q\ TBAF
Q F(25equw)
50°C, 18h
N

TIPSO 4 Separated 11750
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

A F A F
| | 2. K,CO4/MeOH

N
P P (o] )k
87% W—N/\:>‘N NH
N for 2 steps N H

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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were achi eved follow ng procedures described for exanples 8 and 4,
respectively, which are described in detail in the experinental section.
Schenme 5:wo020BA86%epi cted in schene 6, conpound 19 was @bTAisa@d/052463n t he

al cohol shown by treatnment with Burgess Reagent. Standard di-hydroxylation
afforded two separabl e diastereoneric diols, of which the | ess polar trans
conpound 20 was converted to the exanple 12. 10Schene 6: Coupling As shown
in Schene 7, nmono- and bi s-net hyl at edam ne anal ogs were sinply made by
treating the am no anal og exanple 8 w'b(t;ht%nl‘e%r.rral dehyde and NaBH3CN.

PhP (2.2equiv.) _
F Phs F F
HQ Q\ NCS (2.2 equiv.) Cl ) NaNj; (6.0 equiv.) Na A
F

— N F F
THF, rt, 5h | DMF, 50°C, 15h ||
N/ N/
83% 0
TIPSO TIPSO g (90%) TIPSO

RHP (1.2 equiv.) Q\
TBAF (1 2 equiv. ) NaHMDS (2.7 equiv.)
THE, 4, 150 DMF, -15 - rt, 4h
(90%) N j])\
° (90%)
. O
73% for 3 steps
average 90%/step N
HA \
PMe;, THF /water

Example 7

rt, 4-5h

85%

Example 8

5 Scheme 3a illustrates an alternative synthesis of example 8.

Scheme 3a:
N N
A F i. NH3, Ti(O/Pr), | X \ F IPA/Water
/ (-]
N ii. Pd/C, H, N 70°C
TIPSO TIPSO 2HCl
o

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



Scheme 7: NH ONONO )-NALINHCL77-NI\NNHa-71-11 0 O -tO -t 4,N\\ Exanple
8Exanpl e 13Exanple 14 Treatnent of exanple 2 with hydroxyl am ne
af f or ded wbeomi4s®7pr oduct s as shown in Schene 8. 10 Sclhremars8010/052433

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
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
® F———
n-BuLi 72% N/ - F 18%
TIPS :
(79% + 21% SM) HO

F
< QF Coupling HO‘Q\
= F LiOH | = F
| P
N 86% 100% N o]

o :

O\H——ND*N)LNH

X-ray 0 —

o
\ AN

Example 9

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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ONONO -NANH 0)--N > NHO)--NNH O (0 O Exanple 2Exanpl e 15Exanpl e 16 15The
azide group of internediate 9 could be reduced to am ne 21 and protected
wi t h Boc wie 28hinaworn Schene 9. After deprotection, the acralsediogsm@p can
react with isocyanates such as 24, which was prepared in one step from
known aniline 26, to afford carbamate internediate 25. Upon deprotection,
exanpl e 17 can be obtained. Schene 9: 2624 5As shown in Schene 10,
internediate 23 was converted to 27 through

Scheme 5:

F
(o] Previous Previous
conditions conditions HO F
X —_— —_— N
| —_— —_— N
P A
N | (for example 4) |
TIPSO )0]\

(>98% ee) TIPSO OW—ND—N NH
l l Previous (o] —
diti
conditions \ /N
F

fi le 8
(for example 8) Example 11

(o]
PO
o
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:

QF Or O
Burgess 0s0, S S
F NMO | = F | = F
45% N N NN\,
OH s OH

19 HO 20 HO
49% 38%
Less polar More polar
L Coupling

@F

~

N OH [o]
)L

N NH

Example 12
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M t sunobu reaction. The second M tsunobu reaction reversed the al cohol
chiral center to give 28, which after treatnment with hydrazi ne, afforded

t he nono-woavaoed7di am ne 29. Through previously know Peaatscan/osm8sli ti ons
and reaction with known reagent 30, conpound 31 was obtai ned. Exanple 18
was obtai ned after deprotection 100f the Boc group. 5As indicated in
Schene 11, internediate 23 could al so be converted to the ketone

i nternedi ate 32 through Swern oxidation. The ketone was converted to the
unsaturated ester 33 Wttjg reaction. Lnternediate 33, after.

ydr ogenat o af f A aba b A Tdsher S CAR A B RS MG 35 was
hydrol yzed by raeepuSatloig@ drtin@hiaiothxbipleigrtiar foRakl@&hedegiddap3sCcand 37,
respectively. After 10standard coupling conditions, internediate 36 and 37
were converted to exanples 19 and 20, respectively. Exanple 20 was
converted to exanple 21 by treatnment WieheFA- Schene 11: 0

5
O
R .
o}
OW—ND—NJ\NH
o) —
Q)
Example 8 Example 13 Example 14
Treatment of example 2 with hydroxylamine afforded the oxime products as
shown in Scheme 8.
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. 5Tissue Culture. SK-N-MC cells
were grown at 37 Cin 5% CO as a nonolayer in mediumconsisting 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 ni M NaCl, 3.3 nmM Na2HPO4,
1.1 ni M KHYDROGENPO4, pH 7.4), and incubated for 5-10 min. at 4Cin

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 pelleysywere resuspen in col ot opir¢ | ysi s buf f er
with 0.21% manmal i amsp@ﬁlse i nhi bHNor) tail ( ) Fassayed for
protein concentra N Fhe SK-Bb- ) nate-—was ot ed—and stored at -
so 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 compound serial dilutions were further diluted™25 fold into assay
buffer (50 MM Tris-Cl1 pH 7.5, 2 0. 005% Trifpn P0) and
transferred (vo 50 1) Fassay pl at eé 51] -CGRP (CGE
Heal t hcare or PerXki M'E el to 72 pM | s§ay buf fer and a
vol une of 50 pi @@o : - MCaerbrpt Ht hawed,
diluted in assay Y with fres ey
cocktail (Sigma), aggl Le-honpgeni
added in a volunme of 100 pl. The as8a

|nto

g
| ates were then incubated at room

tenperature for 2 h. Assays were stoppéd addi ti on ofExaexieess cold wash
buffer (50 30 ni M Tris-ENipH 7.5, 0.1% BSA™ mmedi ately fol | owed by
filtration over gl as NflltersA GSE) previously soaked in 0.5%
PEI . Non-speci fi ci¥i ng s def msd "W 1t bet a- CGRP (Bachen). Protein
bound radi oactivity wasz 2

5 As shown in Scheme 10, intermediate 23 was converted to 27 through

Mitsunobu reaction. The second Mitsunobu reaction reversed the alcohol chiral

center to give 28, which after treatment with hydrazine, afforded the mono-protected
diamine 29. Through previously know reaction conditions and reaction with known
reagent 30, compound 31 was obtained. Example 18 was obtained after deprotection

10 of the Boc group.
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determ ned using a ganmma or scintillation counter. The resulting data was
anal yzed using a four paraneter conpetitive binding equation (XL:fit v2.0)
and t he IwWbQomesewdefi ned as the concentration of a conpeamasedioiomsnt i on
required to displace 50% of radioligand binding. Final assay concentration
of [1251]-CGRP was 18 pM The nmean 5Kd for [1251]-CGRP is 25.4 pM Al |
conpounds of invention were evaluated in at | east two separate experinents.
See table 1 for data summary. Phar maceuti caI Conposi tions and Met hods of

Tr eat ment The conpounds of Sff?j‘ g inhibit the CORP receptor. As
such, they are useful for treating cofdfPfd%s or disorders associated with
aberrant CORP | evel s or 5where nodul ati ng vel s may have therapeutic
benefit. cordi ngly, another aspect of Hé nve on |s a

phar maceut i cal—8orposifTyn_ conpki §i ng orrpoundo with a
phar maceut i cal | yooac ' adj udva H _

¢ rier, ~dlHgen 10
Conpounds are gette y given ag c|=eu |cal |CO/I t—|—ens conprised of a
t herapeutically ef/ i ve anoun conmpound ofN la |, or a
pharmaceutical ly Nac eptable salt, N and a phar maceli aI | y acceptable carrier
and may contain colven®® onal exi pl'ént 7 A therapeytifcally effective anount
is the anmount needed to 15provide a neani ngful pa ntogbenefit as
determ ned by practitioners in that ard. Pha maceu cally acceptabl e
carriers are those conventi on;l_{y nNNg acceptable safety
profiles. nposi ti ons encorrp @FNCO'}‘mDn 8o | H fiquid forns
i ncl udi ng cap t ts osengeﬁnd ponders. as wel |l as liquid
suspensi ons, syrd SNH Z@‘e and %ol ons. @ conposi tions may by
formed in 20 tines \ sust ai r mil g ons. C;iositions are
made usi ng commuin | ati on techni ques and cdﬁ‘v»e.rm ©XREY pi ents (such
as binding and wett gzgagents) and vehicles (such a and al cohol s) .
Sol i d conpositions™are normally for wl@ﬂgl n dosage un \t sNproviding from

25about Ito about 1000 ng of the aedi vg redi ent per dose. Sone exanpl es
of solid N

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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dosage units are 0.1 ng, 1 ng, 10 ny, 100 ng, 500 ng, and 1000 ng. Liquid
conpositions are generally in a unit dosage range of 1-100 ng/nt. Sone
exanpl es wb 2igusd7dosage units are 0.1 ng/ni, 1 ng/ nl, pCO/UséNI052425 ng/ ni,
50 ng/nm., and 100 ng/nmL.. 30 The invention enconpasses al

conventi onal nodes of adm nistration including oral, parenteral,

i ntranasal, sublingual, and transdennal nethods. Typically, the daily dose
will be 0.01-100 ng/ kg body weight daily. Generally, more conpound is
required orally and | ess parenterally The gpeC|f|c dosi ng regi me, however,
shoul d be determ ned by a phyS|C|an nd nedi cal judgenent.

I nhibitors at the receptor level to CCRP are postulated to be useful in
S5pat hophysi ol ogyc,condi tions re excessi JFCR eceptor activation has
occurred. Sone LLLm ;nclu gl he gni c vas fon, neurogenic

i nfl anmation, m pel cl ust er headache an r rfheadaches, thernal
injury, circula Q; hock—*neh 1=bmaf ftush nd asthma. CORP receptor
activation has b&ejg1 nplicatedVi

t he pat hogeneési.s of m grai ne headache
(Edvi nsson L. CNS"Bruwgs 2001, 15?1@9 745 53; 10WM7iamson, D. J. Mcrosc.
Res. Tech. 2001, 53, 167- 178 G ant D. Br|t33J Phar macol . 2002, 135,
356-362.). Scru vels of are eIeva%é@ during m graine (Gbadsby P. J.
etal. Ann. Neurol 28 4@8 and tpgat with anti-mgraine drugs
gl &kf dviation of headache

returns CGRP Ievelsmﬂ or mal 'Faol Fblent Wi

(Gallai V. et aI %£E§i§§5F 8 .FM graineurs exhibit

15el evat ed basal IeveI ared t to Yol oIs Ashina M et al., Pain

2000, 86(1- 2), 133¢8) Intravgg?us CORP i nfs si o oduces | asti ng headache
N

in mgraincurs (Las nvt H et Cephal al gifa 1) 54-61).
Preclinical studies |n dog and” .
. >\'~NH
=z N

N\
er T

Example 20

K; R
| Q
36 Example 19 N Y NH
= N
e ¢
O \

Example 21

N
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rat report that system c CORP bl ockade wth the peptide antagoni st
CGRP(8-37) does not alter resting system c henodynam cs nor regional bl ood
fl ow (Shewo 2vtifode®r 20al . J. Pharmacol . Exp. Ther. 2001pC2A8201653248) . Thus,
CGRP-receptor antagonists may present a novel treatnent for m graine that
avoi ds the cardiovascular liabilities of active vasoconstriction associ ated
Wi th non-sel ective 5-HT1B/ 1D agoni sts, "triptans" (e.g., sumatriptan).
25Anot her aspect of the invention is a method of inhibiting the CORP

receptor conprising contacting the Pr tor with a conpound of formula
| or a pharnaceutically acceptableféé§%0¥ﬁ%ﬁggf Anot her aspect of

the invention is a nmethod for treating conditions associated 30with
aberrant |evels of CORP conprising the adm nistration of a therapeutically
ef fective anodRVUSIPhE45A188Und of formula Ito a patient. Another aspect of
the invention is the use of a conpound of fornmula Tin the manufacture of a
medi cament for the treatnment of conditions related to aberrant |evels of
CGRP. 5Anotherliggpertref SKREM e tetsrerpwn g IefHBd dfOr B 8dPNeEY#i 1Br ai ne or

headache. Anoth&hReRR&En LI NI JiVEDRT QI £laal Sk ATVRESES Of treating
inflammtion (particularly neurogenic inflammation), pain, thermal injury,

circul atory shoRikemeiitedheithe)% fRéa) Ravide serwy dayisagen).peri pheral arteri a
i nsufficiency, subarachnoid/ cranial 10henorrhage, tunor growth, fl ushing

associ ated w th nmenopause and ot her conditions
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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the treatnment of which can be effected by the antagoni smof the CCRP

receptor

conpoundswof20Hanasra (1) as defined herein.

by the adm ni stration of pharmaceuti cal

conposi tions conpri sing
15Anot her agpeatS2ai/osiIa3

invention relates to nethods selected fromthe group consisting of (a)
i mmune regul ation in gut nucosa (b) protective effect against cardiac

anaphylactic injury (c) stinulating or

preventing interleukin-Ib(lL-1b)-

stinmul ati on of bone resorption (d) nodul ating expression of NKL receptors

in spinal
obstructive p

neurons a
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epartment of Neuroscience, Universigy of |[Mngggota] M nneapolis, M nnesota
55455, and Departnent of Phar mpcology, 5Foxicology, and Therapeutics,
Uni versity of Kansas Medical Center Kansas %l?y Kansas 66160 (e)
Attenuation of antigen-induced aiTwgy hyperrgsponsiveness in CGRP-deficient
m ce. Aoki-Nagase, Tonoko; Nagase, Takahide; GCh-Hashi, Yoshio; Shindo,
Takayuki; Kurihara, Yukiko; Yamaguchi, Yasuhi®®; Yamanoto, Hiroshi; Tonmta,
Tetsuji; Onhga, Eijiro; Nagai, Ryozoy Kuriharg,;HToki; Quchi, Yasuyoshi.

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

2

5



10Department of Ceriatric Medicine, Gaduate School of Medicine, University
of Tokyo, Tokyo, Japan. Anmerican Journal of Physiology (2002), 283(5, Pt.

1), L963-wh2éDyo4¢d9y Cal ci toni n gene-rel ated peptide as iPofflsecomeer493

medi ator. Springer, Jochen; Gcppetti, Pierangelo; Fischer, Axel; Goncberg,
David A. Charitc CampusVirchow, Departnment of Pediatric Pneunol ogy and

| mmunol ogy, Division of Allergy 15 Research, Hunbol dt-University Berlin,
Berlin, Germany. Pul nonary Pharnacol ogy & Therapeuti cs (2003), 16(3),

121-130; and (g) Phar ol ogi cal, targets for nhi.bi ti on of neurogenic
i nfl ammation. Hel yes, n%i’ﬂ?’?gﬁ‘ﬁ’ﬁal é‘i‘?ﬂ%é?lonsl'—frnfll&hh rorgjlrrﬁa §BY sef :  Szol csanyi ,
Janos. Departnent of Pharmacol ogy and Phar macot her apy, Facul ty of Medicine,

Uni versity of Pecs, Pecs, Hun% Current Medicinal Chem s
20Ant i - | nfl ammat or Y PRCHRPRIUIGY g épapul%b@mbg thelggRY recoptoy ASlsgﬁh Shy are

Anot her aspectys@fy fohirstih V@iﬂhlo‘ﬁ@o{ Bl @SaskRiAe RN dareBi-08aty Usi ng
conbi nati ons of Formul a g:Qﬁkripoun s with one or nore agents selected from

the group Sonsthstq Aglutin leyfhs Bt v therapputichsnetyspiri n, acet ani nophen,
triptans, 25ergotam ne and caffeine for the treatnment of m graine.

"M graine," "headache,"” and related terns are as understood by nedi cal
practitioners. M gp’%&i:qxémelmcmﬁ@w@gctaﬂhe@wa@ty@ss ophaginggeaiigabcorprasitigh ng

common, classi gmpﬁélh'gfﬁ &%_nﬁpefuﬂél M&&h{&?miﬂ%@h&h&%ﬁmngp&cb {]B‘Peoia‘fﬁgﬂaﬁv and

opt homal m c. rapeutically effective ans ere

meani ngf ul patceenst, obéiehi.t as under st ood by nedical practitioners.
"Patient” jgeans a person who may benefit fromtreatnent as determ ned by
medi cal practitioners. DESCRI PTI ON OF SPECI FI C EMBODI MENTS 5

Abbr evi ati ons geneCahﬂpyurfdghﬂecgan@dmmﬂaspharummliti'cai cothpositiohs cdyeivedafl

ol ove. . N “HreoeReY SRR b GTbFFralyn Ty TP aR G Bpetsiedh
di net hyl f oi manicegtablelveldHnd & pharnietdadcudly accchBbic chivier Mdatigymoautci ni m de; " TFA"
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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10 for trifluoroacetic acid; "LAH' for lithium alum num hydride; "BOG',
"DVBO' for dinethylsul foxide; "h" for hours; "rt" for roomtenperature or
ret enti orwoi2og/gewnt ext will dictate); "mn" for m nut epCT/USR@A®S248Dr et hyl
acetate; "THF" for tetrahydrofuran; "EDTA" for ethyl enedi am netetraacetic
acid; "Et20" for diethyl ether; "DVAP' for 4-dinethylam nopyridine; "DCE"
for 1,2-dichloroethane; "ACN' 15for acetonitrile; "DVE" for

1, 2-di met hoxyet hane; "HOBt" for 1- hydroxybenzotriazol e hydrate; "D EA" for
di i sopropyl ethyl am ne, "NE  f GE3( CF2) 3S02- ;. .and " » for

e ot hyl ot & hoPBPHHIGS ey B g 1SS BEUISE HER OPSFIOISIgSHEd as
follows: "1 X"hofveverQyh6@d be detdrmihcdrby2Phykicien usid sound MEditd fudgementC' for
degrees Cel sius, "eq" for equivalent or equivalents, "g" for gramor grans,
"mg" for mlligramor mlligrams, "L" for liter or liters, "nmL" or "m" for

mlliliter or m |l igdhidiRFsSat theBbceploPlovdts COIRIPLSE pRIuldBLH Bk uic@kisa "N’ for
normal, "M for nmolar, "nmmol" for mllinble or mllinmoles, "mn" for mnute
or minutes " prthophysiokpgisrcopditipgsyylere excpssive §IGREgseRptas AgfsREeRE ocoued. f or

retention ti momedfesd ARl MRENE €48 dilatiBR neulo@éniCRRR RG] REHIAL i nch,
"“conc." for concentrate, "sat" or "sat'd "for saturated, "MAN Tor nolecul ar
wei ght, "np" febpterbdadpahg apdpther headaghesf hermahmpiry.sirelpteryevheds srenongBsal or " Mass

Spec" for mas OO y Lo LON mass

spect roscopy. MERFEPRIREHEL: CORBccah Gl ookl AR RIPIRF IO RALEHACT, 1501 mass
spect ronet ry, palheym@esif of migrage Itadachoiely wgroaph ¢ NvaBs1g800Gp &Yl 0)oHetBy, " HPLC'
for high pres 2 | i QUi .0 g h " oL nhexes se; phase HPLC,
et O B Wity 4 g/l%(r) c ‘?SoJrfr%f%o%(’roép%; ,lgjfh&?'ér?‘%tr ABREH nagnet i o
resonance spedthemscap002; 139, 35@362pr Geim leV@s off GER Rl edetelyateddurfngr si ngl et ,

"d" for doublet., "t" for triplet, "o for a 'm, fo ltiplet" "br"
for broad.  romEp (aRbyy P pan eyl 1SS Tia7) fa.oRimeitivi Byf o

st er eochenm calmidesicgings iramss C&RPl levats tb aooie cdkdiddnedith alldvivgioant . SPr ot on
magneti ¢ resonance ( NVR) spectra were _record a. Bruker. AC 300 or AC
500 Al | spectitaigs Gulbrarhinea e so ot D R T chon cal
shifts aL ellsrelwvbteai%gl) @Gugilqtvﬁlsdwymd t@lcdntidl?)(rnshimeM.r@t &, rain 2890@dar d i
tetranet visil ane an |nterprot-on coupl 1 ng onstants .are reporte 1IN
Hertz (Hz). SpViltfifhg FaYeerisURy & ibees B PEReiED misTo kY ot ; d,
doublet; t, tripk&ir Hlet MURphAE1EiaM002, 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

20  al. J. Pharmacol. Exp. Ther. 2001, 298, 551-8). Thus, CGRP-receptor antagonists
may present a novel treatment for migraine that avoids the cardiovascular liabilities
of active vasoconstriction associated with non-selective S-HT1B/1D agonists,

“triptans” (e.g., sumatriptan).

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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10nmul tiplet; br, broad peak. Low resolution nmass spectra (Ms) and the
apparent nol ecular (M#) or (MH + was determ ned on a Mcromass platform
El emrent alwanaliyge®7are reported as percent by wei ght. TireTpSodoosBI3Ner €
purified by Prep HP LC using the colum Y MC S5 ODS (30 x 100 nm at a flow
rate of 40.0 nL/mn and gradient tine of 8.0 mn. starting from sol vent
conposi tion of 40% net hanol - 1560% wat er-0. 1% TFA and ending with sol vent
conposition 95% net hanol - 5% wat er-0. 1% TFA. The products were anal yzed by a
H PLC i nstrunment using an XT colum . (3.0 x 50 mm S7) .starting from

S0l vent A (1006 et ARG SBs Syt BReniom 1o profa SpOREEHL FAEhl TR ) and
reachi ng sol vednuRBc®% ywatddicam@0Aoimaé fedimbnt o0 cdfitibhéelMaa0 aBer@inadi ent time
of 2 mn. The flowrate is 5 nL/mn. 20 and retention tine (RI) of product
was measured dtVeh28 (GiRfnavel ength. Internediate | HO

25(6S, 91V-6- (2, 3-DU ti orophen. 31) - 9- hydr oxy-6, 7, 8, 9-t et r ahydr o- 5H

cycl ohept a[ b] pyridi n-5-one. In a 250 nL round-bottom flask was di ssol ved
(9R) - 6- 5 Another aspect of the invention is a method of treating migraine or headache.

(2, 3-di fl uorophenyl)-9-(triisopropylsilyloxy)-6,7,8,9-tetrahydro-5Hcycl ohep
ta[ b] pyridin-5-one (0.218 g, 0.49 mmol) in tetrahydrofuran (5 nL) to give a
col orl ess sol uti onAnafheaspesp of thpgrvension 1gatey fo@angteadrd shtinganfgmmaiwer

Vel | our sol ut GFruatt 8y TroadhiG e, FE (OGRS B B ohed wth
sodi um bi car bohbties, Selyutuide nyminend penither! witrial imsii¢icry etvhtrechn@ldecthriyler s wer e
sopar 2t g LHGARSEHT, L. R SRRSO DT U AEBER TS,
give a tan oi lthe tR@Endn2 6Hwhich cancbegéliectedbyutim hntugpnison DY 6RAydceptoetat e/ hexane
afforded the gﬁesédgtﬁ%sé{a&@g%ﬁ@m&l%z 1 829 . AH CEIVIE .gﬁgoo M_i%lp&sq)}“‘mm d) 6
ppm 8. 53 (dd, JEAGLMT JArpaqE e gEMOY O L7 PEE e OB RS 'L H) 7. 34
(dd, J=7.68, &obhulklzl) adddfhedhdd@n- 7.16(m 3 H) 5.32 (s, 1 H 4.94 - 5.04(m
1 H 4.48 (dd, J=11.83, 3.02 Hz, 1 H 2.14 -2.48 (m 4 H); 19F NWR (376
15 Another aspect of the invention relates to methods selected from the group
consisting of (a) immune regulation in gut mucosa (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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10 MHz, CHLOROFORMd) 6 ppm -138.24 --138.07 (m 1 F) -140.70 --140.50 (m
1 F). Exanple 1, 2 (6R,

9R) - 6- ( 2,800 fllerophenyl ) - 6- hydr oxy- 5- oxo- 6, 7, 8, 9-t et r 20yarSee 15652433

cycl ohept a[ b] pyri di n-9-yl 4-(2-o0x0-2, 3-di hydro- |

H i m dazo[ 4, 5- hi pyridin-lyl)piperidine-1 -carbavlate (exanple |I) and

(9R)-6- (2, 3-di |  uor opheny0- 5- oxo-

206, 7, 8, 9-t et whydr o- 5H cycl ohept a[ b] pyri di n-9-yl 4-(2-o0xo0-2, 3-di hydro- 1H

i dazol 4, 5 e rAPLRarL AL ne L SRR A S AP (7 2"
(6S, 9R) - 6- ( 2, 3retliohd. SeyRRITESWNIGCHsIANDE, WX3mBIstéindR @ -Groth RD, Abrahams LG.

t etrahydro- 5H cycl ohept a[ b] pyri di n-5-one (112.45 ng, 0.389 nmol)

(azeot r oped Wth ]ﬁGIHQVI.b%}Q g Qﬁ: léﬁ,}é—lﬁzﬁi qgagglﬁ%trﬁﬂ\leurosmence, University of

4- (2- ox0- 2, 3- diianebR; UireBota2@inflesdta 55455, and Department of Pharmacology,

25b] pyridi n-1-yl) pi peridi ne-|-carboxyl ate 24prrg 0 3 mmol ) was

2 :
suspended iSn dioselegy-ral Asrrrfatigs3 Urvprsitnpt Ié%nswdﬂpdi??é Cegfer K@ag (€% met hanol
bath), NaH MDK,n(ak-c8P%0 @l-attdrurton JFRfidenWRR cALLRLy I PRV Sshsidks3am . The

resulting yell ow solution was stirred under nitrogén at -15C for I b (warmed
up to -10C, t dreRitdeficianemyser é@ks}iﬂg@@@,Jﬁrn@ls@;é\@ﬁ@ﬁeo%akahlm;t@rH@ﬁhotlealoso mn

o e, SIS e US4 a0 ariqughe =0 1t
| ayer was ext riaotiedlesduihObgdhiireidédzat, Byoas Kerihara, Hiroki; Ouchi, Yasuyoshi.
10  Department of Geriatric Medicine, Graduate School of Medicine, University of
Tokyo, Tokyo, Japan. American Journal of Physiology (2002), 283(5,Pt. 1), L963-
L970; (f) Calcitonin gene-related peptide as inflammatory mediator. Springer,
Jochen; Geppetti, Pierangelo; Fischer, Axel; Groneberg, David A. Charite Campus-
Virchow, Department of Pediatric Pneumology and Immunology, Division of Allergy
15  Research, Humboldt-University Berlin, Berlin, Germany. Pulmonary Pharmacology
& Therapeutics (2003), 16(3), 121-130; and (g) Pharmacological targets for the
inhibition of neurogenic inflammation. Helyes, Zsuzsanna; Pinter, Erika; Nemeth,
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.
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The conbi ned organic | ayers were washed with brine, dried with sodi um

sul fate, and concentrated to give a yellow oil. Purification by FCC up to
10% net hawol2bmabyprene chl ori de af forded the desired preduatS2¢iexsasps e 2,
60mg, 29% a m xture of diastereonmers) as well as an oxidi zed product
(example 1, 25.5ny, 12% a 10single diastereoner), both as white solids.
Exanple 2: MS(ESI)[ M+1-11] = 534.40; 1H NWR (400 MHz, CHLOROFORMId) 6 ppm
11.35 (br. s., 1 H 8.76 (br s., 1 H 8.00 - 8.17 (m 1 H) 7.88 - 8.00(m
1 H 7.29 -7.55 (m, 58 (br.
s., 1 H 4.24 - 4, 5%%1651? “?a'il-i)aﬁfrsfﬁ“( m@i?%?ﬁq?tw%t%nt%dféﬂm?ei?y(m 2 H)
2.02 - 2.68 (MmedalPradit®RerdS(br. s., 2 H. Exanple 1. My( ESI)[I\/HH+] =
550.43; 1H NWR (400 MHz, CHLOROFORMtd) 6 ppm 10.77 (br. s., 1 H) 8.72 (br.
S. 1H)806(d1504Hz 1 H 7.75-7.88 (m 1H 7.32 -7.53 (m 3 H)

7.07 -7.23 (m 2 H 6.99 Iﬁ]@SCRI@TIOﬁdﬁ)SP@CaﬁIdEMB@IMENT@) 4.40 (br. s., 4
H 2.94 (d, 1=17.88 Hz, 2 H) 2.66 (t, 1=14.35 Hz, 2 H 2.10 -2.52 (m 4 H)

1.89 20 (dg J=11.33 Hz, 2 H); 19F NVR (376 Mz, CHLOROFORMd) 6 ppm - 135. 79

- -135.42 (m 1 F) -138 22 (d, 1=18.96 Hz, 1 F). Exanple 3 25 (5S,
6R, Abbreviations generally follow conventions used in the art. Chemical

OR) - 6 (23 di {6 OGN R g gg,llﬁ&aﬁbﬂ HVERmp1e8 ud-deRbdaH¥SH Qs 5Hey ¢l ohept a[ b
] pyridin-9-yl 4- 52 at o-

Hi m dazo[ 4, 5- N@ﬂMQﬁ”rfot gpld}u;m lpje(utmmkrﬂmésmyl)amakbaDMEE eforNelN-a 100 nlL
round- bottom f » NTEA
6-(2, 3-difl uordorgﬁhﬂ% %1(% oxy %ﬁsoxoaéd’?‘]\g3 ﬁtogflrbr%mocfuwlg]lzf%eyg 6Ahept a[b]p

yridin- 5910y14‘91(tﬁﬂ00¢0ac2t1<3acdd W ABG-faHithimmddaaihdm hydride; “BOC” “DMSO” for
S-b] pyridin-1 I Ngs, ar box I 46 nmol )
" et hanol. { o RRE bR s KGRUAT BB B BRP s nfuty By R0 TE
ng, 0.093 mml\))lll\dﬁ&t@ﬂ‘dﬁd” famdndtéve "BIOWcU f@ chigrbacetate; I'EF"afor r oom terrper ature
for 30 mn. C e version to P npound.
The mixture wdSEUREBRET SHRGRaR: Cr EER PR Ba0y RprBtE
10Sat ur at ed s agictiDh AR foondinetivyaemiasiseidint 0 Dasi by 1,2 ehiebtianon ANt t he
volatile 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”
or “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
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conponents were renoved under high vacuum The remai ning solids were
repeatedly washed with nethylene chloride and filtered. The sol ution was
concent r aveadotion4gi9ve a white solid (12.2ng, 45% . The ceopaseadowssi3n singl e
di astereoner, but the rel ati ve stereochenm stry was not established.
MS(ESI) [ M+111] 15 = 552.44; 1H NWR (400 MHz, CHLOROFORM 60 6 ppm 10.36 (hr.
s., 1 H 8.49 - 8. 61 (m 1 H 805 (d, J=5.04 Hz, 1 H 7.71 (d, J=7.30 Hz,
1H) 7.31 -7.50 (m 2 H 7.24 - 7.30 (m 1 H 6.91 -7.18 (m 3H) 614(br.

s., 1 H 4.96 (br. . 5 Sop L H 4 4L 71 -

3. 94 (rknl) 1 HS g&é ?bforjdg‘@l“ Fﬁ)r%m%%s or qé}';p‘etfl% émélé‘P%b b §° 3 H 1.90
(br. s., 5 H) brde@FEVRo(IRA6 Mirlze @Elmwm)a&‘ﬁpmest&&éﬁémgﬁ -138. 16.
Exanple 4, 5, 6 (5S, 68, 9R

| uor opheny0- 5 qﬁiﬁ}al?aélf?l}&f@m?h%to@n@é ifled mﬁsﬁ%ﬁ 5Hcycl ohept a[ b] pyri di n- 9-yl

4- (2- oxo0-2, 3-di hydro-1H-i m dazo[ 4, 5- hi pyridin-1- yOpi peridi ne-I|-earbavl ate

(exanpl e 4) , (5R 6S,9R)-6-(2, 3-di fl uorophenyl) - 5-

hydr oxy- 6, 7, 8, 9- t ePradn/mpgnctt-reegnenes{ & NVER) petiadvere gecgtded on a Bruker AC

4-(2- oxo- 2, 3- - i 4, 5-hi j 6 S i i dine- 1- gar bavl at e
(exanpl e 5): %ﬁg%gég%g‘;égﬁﬁcﬁmle de?erllﬂlnBX i tﬂé Qo'llfen}/s%?dhpa%d ﬂldr&ﬁelﬂ'lcﬁ

(2, 3-di f | uor ophetayutd-rbpdmed iroX yrits, déw8{iQd fretnrthdnmchnml Shhdaptteodrepbdiibhpyri di n- 9-

yl 4- (2-oxo- - di hy. olH-lm azo[ 4 pyri

T i ber i ATV bl c oG Sl T B e A s di ssol ved

(gR) 164( (223 diph{tagggpﬁ@ggh&beilss X005 6, Sudet! Gldoablyelt, @it ¢ yadredaapt al b] pyri din
-9-y 0X0-2,.3- ro- - .

10i mi dazo['4, 5-B tf%ﬁ heogd w? bevirgohEon mesyspesti(MSa apdithe PRt 0. 083 nmol )

(exanmpl e 2) 'HndI&iﬂha(MHJrﬁér(M-H)Ir wagaa@me@@h@mh@@mawwdrﬁm ElcpRgtaim

bor ohydride (6.30 ng, 0.166 mvl) was .added, and the m xture was stirred at

r oom t enper at PRI 2s PRt l?}hwlélat dhe e@fﬂr\aﬂtwge@%@@r@ O to three
conponent s ( priggyRblymdiashe RATES SDS @bkm«) %5{15@%@%4&6%@536) The
m xture was concentrated 15and directly puri pr

(0. 199 FA- net haneBradisneimesgist Gryn. @tértlagfr@motquté@m@ﬁm@mipdgmwh@wl-of

el ution: exa %&g&@l%q@wane%&n%mﬁﬁ?l@ﬂﬁSg@%&m@@% m@ha{n%ps%

concentration aci di c sol uti on um gave sone econp05| tion
(by LCVB and NwRs)0. 177 REx. Wibe prodmds Wﬁlﬁ@afili’%?dfob’@éiPé@ Wwittumesbehingranbi car bonat e

and XTERA column (3.0 x 50 mm S7) starting from solvent A (10% methanol — 90%
water — 0.1% trifluoroacetic acid (TFA)) and reaching solvent B (10% water — 90%
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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concentrated to dryness. The residues were repeatedly washed wi th net hyl ene
20chl oride to obtain the individual free bases. They were then individually
purified WQ 2p0046®@79gr adi ent up to 10% net hanol / net hyl enecthiseriomsdd3s o
afford the products exanple 4 (6.7ny, 14%, exanple 5 (5.5ny, 12%, and
exanple 6 (3.0ng, 6% as white solids. The relative stereochem stry was not
strictly assigned. Exanple 4: 1H NWMR (400 MHz, CHLOROFORMd) 6 ppm 10.21
(br. s., 1 H 852 25 (d, J353Hz 1H) 7.97 - 8.16(m 2 H 7.47 (br.

b 5 an (a 2y @adonf. 8 g v Sgien. dhodie beng diehy BT O8R5 1 2. 18

- 2.49 (m 4 Ehﬂred?atOYSOC 18r ﬂh7(112 W0prd). H) wids @@nched W s¢dium bidahbonkOFoliddr (376
MHz, CHLOROFORM: 137.26- -136.84 (m 1 F) -142.46 - -142.13 (m 1
F). 30 Exanpl é‘nédllwﬂmﬁkﬁhﬂm@awhe @Lﬁrﬁwemt% ang thepquegisdarer pes 5., 1
H) 8.60 (dd, eZtrébteZl&mtﬁlet@ﬁ ab&ate 1T1'F4)co§}b%d @gamc?fa ,erslvd'i)waZhe@Qw{thrmé 6.55 Hz,
1 H 7.31 (dd, 1=7. 3 H 17(m 1) 6901 -7.03 (m 1
H 6.25 (d5 151r1y@aqx&conq_enﬂyte@ft08g3ve( gtan 91-1@(%(2@2 s111$a g{)l cgflugpg up‘@ IQ@%( m 3 H)
3.38 -3.58 (met}%l Eé)eta%/l%%al(edaffoédeﬁﬂ?e%eﬁkd &odﬂ):t%i%ﬁié %@@Jﬁﬂﬁwﬁ%ﬁ 2 H 2.05
-2.45 (n, 3 3 H); 6 ppm
138.28 (m 1M§lzﬁ3L@&@EQRM @)6pp@<&ﬁ%>(dé 6=4 ! NMiZ(hHaﬂ REdd, EE. ORM d)
m 9. 47 (br 2 J=5. 16,
R o l(_l) L6 1%{)?)534%@9 5&?%791%?,_1 _ 1(%)(7%6‘@1 lgl)h)?bozg ,?1?3,)?95‘47 =
29 Hz 1H 6(131811( lth)4848 (ddL JH) 1.28, 8@2(@,IE)BD144261$(1¢1b4H)519F1\B\/IPd)(37§ 36 (br.

Cy 2 0P 1. 57 -
B0 (n 4% MEGORRRRdR e i i dkertredy T ppa a0 et © 7
_144. 30 (m 1H§) 10 Intermediates 2, 3 TI PSOTI PSO (Mpjor) (M nor)

15(5S, 68, 9R) - 6- 12, 3- A uor ophenyO0- 9-(t rilsopropylsilylo,9)-6,7,8,9-teerahydr
O_

PO RO !

Example 1, 2

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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5H cycl ohept a[ b] pyri di n-5-0l and (5R, 68, 912)-6- (2, 3-d(fl uoropheny0- 9-
(triisopropylsilyhvg)-6,7,8,9-tetrahydro-5H cycl ohepta[b]pyridin-5-61. In a
100 nL rowmodetiausdm f | ask was di ssol ved (9R) - 6- (2, 3-di f IPaoruspiienyp3 O-
(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 roon1tenperature for it LCVS indicated conplete

conver si on. ved | vacuo Sld artitioned
bet ween mater(ngy@ih§?§ HOBPHES @ gdﬁgygﬁg?€é¢@5 gﬁ%?ﬁ?&ﬁgwiwg or gani c

| ayer was washemltivd was d@l&ﬂemandeelhit@gen anrk°23somaeainatpdo tmogltuﬁle@-td i ght
yell ow oi |l (492ny, f% Interneg&ate 4 éSS 68, 9R) - 6- g 0

| uor ophenyo- ed?elgreésw ARREPY oA FiSE gRathsk %W@%ﬂ% §>9t area?tlom n a 100

L round- bot t gpasfgharked\@sh Hdasobi¥adoda®l8tution and d1luted w1th ethyl acetate. The
6- (2, 3- dlfluorophenyl) 9-(triisopropylsilyloxy)-6 tetrahydro 5Hcycl oh

ept a[ b] pyr di rasroyere ﬁﬁp%tat%lénéfhe@ﬁw@%@mrézfaé@mz%&ﬁdvl‘él efipyd acgtaigytwies. 501 ol )

in tetrahydr OfTh'é%QmﬁlﬂeJ%rkaﬁlé)lagéry%eﬁ WRhQI W RS inR 0 itdivAl sodBRFsulfle fpd M., O
752 mol ) was added, and the mxture was stirred at roomtenperature for

2h. LCVB 10 |rvdnf@atr@qdt@cgmae)teHOW@ﬂvBursﬁ@ﬁomby fef op tetponent whil e the
m nor one did rﬁlé?ﬁansf?lﬁ&gﬁg c%ﬁJrﬁl@XﬁSﬂEd"{h@ges%ﬁ fo‘a{IRYSQ faszg And,the
et et hy

resi due was part It1one ween water an acet at ayer S were
separ at ed and mlhelread@@qgwgeohayséas well as an oxidized product (example 1, 25.5mg, 12%, a

10  single diastereomer), both as white solids.
Example 2: MS(EST)[M+H"] = 534.40; 1H NMR (400 MHz, CHLOROFORM-d) §
ppm 11.35 (br. s., 1 H) 8.76 (br.s., 1 H) 8.00 - 8.17 (m, 1 H) 7.88 - 8.00 (m, 1 H)
7.29 -7.55 (m, 2 H) 6.82 - 7.19 (m, 4 H) 6.20 (br. s., 1 H) 4.58 (br. s., 1 H) 4.24 -
4.51 (m, 2 H)4.12 (q, /=7.22 Hz, 1 H) 2.75 - 3.17 (m, 2 H) 2.02 - 2.68 (m, 6 H) 1.89
15  (br.s., 2 H).
Example 1: MS(ESI)[M+H ] = 550.43; IH NMR (400 MHz, CHLOROFORM-d) &
ppm 10.77 (br. s., 1 H) 8.72 (br. s., 1 H) 8.06 (d, /=5.04 Hz, 1 H) 7.75 - 7.88 (m, 1 H)
7.32-7.53 (m,3 H) 7.07 - 7.23 (m, 2 H) 6.99 (br. s., 1 H) 6.22 (br. s., 1 H) 4.40 (br.
s.,4H)2.94 (d, /=17.88 Hz, 2 H) 2.66 (t, /=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, /=18.96 Hz, 1 F).

Example 3
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was extracted wth ethyl acetate. The conbi ned organic | ayer was washed
with brine, dried with Sodium sulfate, and concentrated to give a tan oil.
FCC up t owbos1lEedonyl acet at e/ hexane af forded i nt er nedi ate/B2unobmbsed
(38ng, 17% as a white crystalline solid, and internediate 4 (95ny, 65% as
a colorless oil (solidified upon standing). Internediate 4 was further
ciystallized and single crystals were obtained. Its relative

stereochem stry was proven by x-ray studies. Interrredi ate 3: My( ESUI\/Hll] =

445,45, "1 N (300, b LIRS 008 DO, 54 1 BB (L 1 T 02

3-267 - 6. 8% 5(9 g’lcyéloﬁ})m@b@ﬂmfzb@—yl $~(2 0,10 biB- ﬁk}ﬁﬂo fozmzd&za[él 3 H]})yr@zrﬁﬁ- (d i ﬁl) /8

213 - 2 25 ( r’(‘f) ziyeipgmgl (ggrbox)jatg_ 2In(an{ 00 Jnll zpugéybot-yon@ ﬂaskwva@ -yilss@v%gqqz()R)

1.85 - 2.01 " ) . 1_100
(m 9 H. 35 ﬁtzfra‘n%]d?rg%%nyl%ﬁg& 53)M+bbl—6|f718 Salv 8 sHTyc o ig]ggédn

CHLOROFORMA) 98y ldprog 0253 -difigiro-j 20f52@pﬂzdm nlq})fpsﬂqlee (gabgwhagl Hz, 1

- d,
W 18 (%3 HZ7 3%}&1%1611 bl 5@&1%6 046 Zm;&) 1(1%6‘[1%&)1)(1 %Lézo glvgaéﬁm(léﬂ‘ solut%@n 5.08 (1

2.17 - 2. 3830(imn @rmvdlzd@@ SJ me, Q@% mmcl) s atldgl and the wtprmwai suuf,red 19i: NVR
E %761'\/';)2 ?;égﬁg%m%gératgrquxgg %%@Slgglcétégcpo%ﬁ)lég&m% \Jf:l)on tO]aA'%) 1%15_0_ égz_ 13
152.35 (dd, J pelat Qorﬁpqalndi Tigombiture waG)ongehfra®d and dirk@tIB purifeed by prep-HBLO and 197
19 e b o ATy s s i 18 oyl (5 015
115.75 (d, J= b6m96nelnim wete €novdd lﬁﬂiel(lﬁgh lac@m7Thd@mamingo@s Wie 21 (br. s., 1
O 35,70, e Sl S bk SRR, 27 don v
concentrated to give a white solid (12.2mg, 45%). The compound was a single
diastercomer, but the relative stereochemistry was not established. MS(ESI)[M+H ]
15 =552.44; 1H NMR (400 MHz, CHLOROFORM-d) 8 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, l 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. s., 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) & ppm -
20 135.86, -138.16.

Example 4, 5, 6
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cycl ohept a[ b] pyridine-5,9-diol. In a 100 nmL round-bottom fl ask was

di ssol ved

(5R, 6S, 9Ryo@0(1214899di f | uor ophenyl1) - 9- (trii sopropyl silyl orgrAB20MMYB5A3% et r ahyd
ro- 5Hcycl ohept a[ b] pyridin-5-ol (91 ng, 0 203 mmol) (internmediate 3) in
tetrahydrofuran (2 15nth) to give a colorless solution. TBAF (0.407 nth,
0.407 mml) was added, and the m xture was heated at 50C overni ght for 16h.
LCVS showed conpl ete conversion. The m xture was diluted with ethyl acetate

and water. The |ay e separ aqueaqys | s extracted
with ethyl acetateﬁgiﬂﬁﬁéﬁﬂéﬁ' ‘Kﬂ%ﬁﬁﬁg5%&ﬁgﬁégmgge?hgéﬁéh ith brine,
dried with sodibn eﬁtﬂ[nﬁ@pﬁmnaqﬂm%@@msr@ﬁﬁﬁb 18- ngiaw@[aﬁbmrwl 1- 20FCC up to
50% et hyl acet ate/ hexane afforded the desire 949 as a

white cryst al PYR@CEGN-d-carbabdehbarape 45 %zéSPGﬁéﬁ%? dtéiugwéﬁ? mfaz%d and singl e

crystals were ;pBlogi-Be®. 9-lbrgn a%@iil &oRkdp&] REmost by %& @Satz }4-ghed by
X-ray studi es@ (} )[QMfI;ﬂ )I Cy 0@% [% 93;] i % ORM 60 6 ppm

8.37 (dd, J=5. lmniazw éibJWl lrﬂwplpe@éné{ &éarbgjﬂffafséﬁmmpl%i) Hfd (35,68 9R)-037 - 7. 49
(m 1 H 7.19 (ggfa%wm%fh&g@% }éﬁir% ﬁé’ 9]tetl7»hy(?rooﬁ-l c;%io%gptgtmép)%dlﬁi) 9- ?Z 49 6 (br.
(m 1H

s., 1 H 5.23 (dd,” J

3.10 (br. s., - H)-Zé’ -djlydro- QHsgzd(rmMI b»lgyrzimzz}y()merdimeﬂ:wb@cylat% 111@ 2. 77,
2.64 Hz, 6 (376 MHz,
CHLOROFORM d) léomrou%dsg‘;tt?%{maSﬂf’%d%s‘)%d (QR) (é 4 mlﬂ}4‘ld§hen}8§4%3 (m 1F);

13C NMR (101 M,&%,%H@ﬂ@mms@ﬁmm h@@ip}wu@o 9735 4(@ 0x@-2Q)dihviio-14- 151.82 (dd, J

", 4,0 8002 S S ol M B 1 G 1403

123. 79- 124. 3Qe;(amplel2)ﬁi) mtthﬁndi 81 n$) tolgi®@a doZ@leR:Osotllsl,on 1S&)iurh bBIOBﬂdr(cﬁ 1 16. 96

I(-lg, i‘ 8 . 93? éﬁ Hjéd? §%6 mglo w dde:(ll Qd the mlx%uré Whs s]ﬁrre)i af3 room%en(lpe’ratl}rec) 26. 81

(5S, 68, 9R) - 64Zo&mﬂmommhtﬂawmat9d éctrﬁpletsomv@mdnso thydcaompofignts, (BreSurhably ahydr o-

é?s?c_)ll- Sggl ohep 1as[ere]0%r55 a'll w1t§1 (%sue%cl\%{?&ﬁé\%rH %38) gmrg(_turreo#arg%or?c%%raggg flask was

(5S, 6S, 9R)156- (add 3Héﬂtl§/|pUQﬁ&ﬂ$mMQH9LCT((D 1963 B AERANANSI-Wite DY emb toatBhr®-
tetrahydro- SFFcycIohept égln 5- ol &1 004 g, 2.243 nnoli i n_nmet hyl ene
chloride (20 rife %nreﬁue @rdeb@ utiQasexagp it ol OA@é)&lrecfraéHﬂwP lefeedp0. 423 nd,

4.49 mmol )  anditdei @nbabt@fdm@ci(R sSiBBod und @ hich vAFRIM ¢ M8 Emaddeslpoditnl owed by
DM A P (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, 4 H) 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, 3 H) 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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15 (0.055 g, 0.449 mmol). The m xture was stirred at room tenperature under
nitrogen. 2h: LCVMS showed conplete conversion. It was quenched with Sodi um
bi car bonawe 28olu46990n and diluted with ethyl acetate. ThecCragers/s=Bse
separated. The organic |ayer was washed with brine, dried and concentrated
to give a colorless oil (100%, which was directly carried onto next
reaction wthout further purification and 20characteri zation.

MS(ESI)[ MtFI 1] = 490.26. Internediate 7 HO 25 (5S,68,9R)-6-(2, 3-dif

acet at o 1n a B0 GRSt Bobad bR had Sar saor i S0l (/2635

(5S, 6S, 9R) - 6- (i, Qmizfdgq@rﬁmhe@m)zﬂﬂwuzwpﬁcaomj BH3 r.aXB)H)BL9F NMR- t et r ahyd
ro-5H cycl ohe ta[HJZp r|d|n 5- acetate gé) n? 2.243 mol ) (azeotroped
with dry 5benz( %@P\Qﬁ? ® BRI ¢ 262800, 1 6) 3% @ ddDor | ess sol uti on.

TBAF (2. 69 rrL,Exa gg c?”WH'I\)M @o%ﬁ@chﬂ@ﬁog rl\fz.gfs(ﬁ}a@%ggmrg{}t § 5w

solution was stir terrperat ure i ndi cat ed
conpl et e conveddi/oh78, Texorkdy dt) @ Wdr(dd Srado rlekﬁﬁred H)y.3facu® @nd H)ed4r-esi due

o gani c | ayer WadHANITR U EH Tt aes Tag i o kR e e b gi ve o

col orl ess oil .s.,Bubidicqat. s oh HYR.5ECC. 1dgmt & HY Q%6 €brhy) 1 H;cﬁt%at eohéxane) af f or ded

t he desired pro uct (64 79 e Iess

MS(ESI ) [ M+H ] L 314802( Q%ﬂ? N%Q{%dé&@ @ﬁi@gé%@? BPIBpH%z?bz(l?r

(dd, 1=4. 78, 1551dz|z144@0+@n 7Ff9 (d,1=7.30 Hz, 1 H) 7. 28 (dd, 1=7.81, 5.04
Hz, 1 H 6.94 -7.10 ( 6.20 (d, J1032Hz 1 H 5.95 (br. s., 1 H
4.95 (dd, 9=11. 21, 15164Hz 1 H 3.16 - 331(m 1 H 227 -2.41 (m 2
H 2.06 - 2.19 (m 1 H 1.80(s, 3 H)lte}mé&ate}z@ (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, .1=
12.6 and 199 Hz, 1 C 147.21 - 149.29 (d, J = 13 and 198 Hz, 1 C 146.00(s,

2C) 133.43 (s, 1 O 132.23 (d, J= 6 Hz, 1 O 9 (s, 2 O 123.90-
124.24 (m 2 C) 122.89 (br. sHQ 1) 66 HS, 2 E5. 36 20(d, J=16.95
Hz, 2 O 72.77 (s, 2 O 71. & > A" 1 C 35.66 (s, 2 O
32.68 (s, 2 C 20.28 (s, CHLO?G:O?M-d) 6 ppm -
138.20 --137.93 (m 1 F) ).
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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Exampl e 4 25

(5S, 68, 9R) - 6- (2, 3-di f

| uor ophenyl) - 5- hydr oxy-6, 7, 8, 9-tetral | ydro- 5Heycl ohept a[ b] pyri di n-9-yl
4- ( 2- oxo-wpedidayro- | H-im dazo[ 4, 5-hi pyridin-1- yQOpi perius2oe/032433

-earbavl ate (exanple 4).

suspended (5S, 6S, 9R) - 6- (2, 3-di fl uor ophenyl) - 9- hydr oxy-6, 7, 8, 9-
5t et rahydr o- 5H cycl ohept a[ b] pyri di n-5-y1 acetate (96.7 ng, 0.290 mmol)
(azeotroped with dry benzene) and 4-nitropheny|

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

b] pyri di n- 1-yl ) pi peri di ne- 1- carboxyﬂﬁ?@“fﬂ%?“%g 0.435 mmol) in

di net hyl foi mam de (3 nL) under nitrogen. A coollng to -15C
(i ce-net hanol bath), NaH MDS (0. 870 Mo O Dl ) was added dropvv-ise.

The resulting dark- 10 red sol ution
OC for I h. LCM5 showed desired prg

d pbssi bl e over-hydrol ysed

In an oven-dried 100 nL round-bottom fl ask was

as 3 rred under nitrogen at -15C -

product. After another | h at roomlepperature, conplete hydrolysis was not

yet achi eved.

and vol atiles were renmoved. The m XtR3@ was diluted with ethyl
| ayers were separated and the aqueous | ayer was extracted twice with

The reaction was quenthej

15et hyl acetate. The conbi ned organic | ayers were washed with brine,

Wi t h sodi um sul f at eSS R B Seditluav@dntlp 6,gis\deteaakydld-oki+ oi | .

wi th sodi um bi car bonat e sol uti on
acetate. The

dri ed

Purification by

product (2nd. Beak e BaHg oy e Bt LRk RO i PERE Tl lBhel (3

peak, 20ng, 13@/62 3-diflu@opte@y Inh-(triopebphieily ox0) 6l 72& K- tat@By dro-5SH-

(5S, 6S, 9R) - 5- ac
206, 7, 8, 9-t et r'¥

10

15

20

25

in tetrahydrofuran (4 mL) to give a colorless solution. TBAF (0.752 mL, 0.752
mmol) was added, and the mixture was stirred at room temperature for 2h. LCMS
indicated complete conversion of major component while the minor one did not
change. Tetrahydrofuran was removed in vacuo and the residue was partitioned
between water and ethyl acetate. The layers were separated and the aqueous layer
was extracted with ethyl acetate. The combined organic layer was washed with
brine, dried with Sodium sulfate, and concentrated to give a tan oil. FCC up to 50%
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)
dppm 8.34 - 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).

Intermediate 4: MS(ESI)[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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i m dazo[ 4, 5-b] pyridi n-1-yl)pi peridi ne-1-carboxylate (51 ng, 0.088 mmmol)
(acetate protected product from above) in nmethanol (1 nL) to give a

col or | essweabuti46e»7 Pot assi um carbonate (122 ny, 0.883 mumiys2e@®sAdsied, and
the m xture was stirred at roomtenperature for |it LCVMS indicated conplete
conversion. Methanol was 25renpved in vacuo. The residue was partitioned
bet ween water and ethyl acetate. The | ayers were separated (no product in
aqueous |ayer by LCMS). The organic |layer was washed with brine, dried, and

concentrated t S f 0

met hanol i met hﬁg%g\@h}l&@r ﬁjeg}%’f”ﬁé# g%e@“ﬁh@ L@WSBX&&%CC@%%“% as a
light yell ow %?Blpgm 1@'7"5@@1@55@\%1 m%t(a@ JAETES Qi@ltl@m?{%dl andset ched 30t hat
of exanple 4. Internediate 8 5R, 65, 9R) - 5- chl or 0- 64
2, 3- dOI uor ophdA§87 d; { rilp- O%éﬂébvkull(y)l W;ﬂﬁi@l@l@@ (s,1C)133.15(s, 1 C)
St et r uhydr o- 5'139)6@'((1(909?1%"6{1*?} 1@’{1‘2@'3@6124*79@91(@’)61@3@'1 (5% 258 1P A4qund- bot t om

fl ask was suspende in tetrahydrofuran (15 nL).
Tri phenyl posghilaé78§ 4d, 4783%ﬁH5 162 T3, 1\/@571dé(ﬂ%d O)ApLébrss.i ¥ €) Hg’Under
ni trogen for

(5S, 6S, 9R) - 6- E(%51lr\c)dq'zfgﬁLg%rlo(:p;heny1) -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
one 10portion to the gray suspensi 0Nt 'ml%dmg%l ting reddi sh suspension was
stirred at roomtenperature. The soli ds gracfually di ssolved to give a tan

solution. After 5h, LCMS indicated conpl ngnver sion. Tetrahydrofuran was

renoved i n vacuo and the remai ni Ng r edb oi s-Fdi rectly purified by |SCO
agetAt &/ hexane. Pure ethyl acetate

duEt

((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-

(240g silica colum) up to 60% et hy
el uted the non pol ar conponent ang

10

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) 6 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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15was el uted by 10% net hanol (with 2. OM NH4OH) in Methyl ene chloride. The
product fractions were conbined and re-purified by FCC up to 50% Et hyl

acet at e/ woana/meaf f ord t he desired product as a col or lpesasedio/ogREONY,
83% . MS(ESI)[MtH+] = 466.22; 1H NWMR (400 MHz, CHLOROFORMd) S ppm K55 (d,
J=3.53 Hz, 1 H 7.63 (br. s., 1 H 7.20 (dd, J=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
1H 540- 556 (m 1 H 3.96-4.33 (m 1 H 2.33 (br. s., 3 H 2.09 - 2.20
(m + L1 36T Fs T @alft 1a buddodsTz, I Fhadadtdehes dT530d% 9 9
(5S, 68, 9R) - 5- aail dot Bz,(120 3rdi 1B sar@pbBeny &) 1 €5 (39.45 sopcy Pl i (ly~ab3y- 6, 7, 8, 9-
t et ruhydr o- 5H cycl ohe tuNPZyri dine. In a 100 nth round-bottom fl ask was

di ssol ved HZ, 1 C)123.79 - 124.30 (m, 1 C) 123.38 (s, 1 C) 122.20 (s, 1 C) 115.24 (d, /=16.96

(SR, 6S, 9R) - 5- qly, 9197694 &, I briar PRNYapyd)s; D) 8662 BOPTIPY KBS YCOXY) -
6,7,8,0-tet rahyc’:lroC?SI—I- cg/s'él ﬁept a?ﬁ] lg?;ri di %é (CgGG ngs,’ ?.?214 gmolt?) in

5di met hyl f érmarmide (5 nl) to give a colorless solution. Sodium azide (474
mg, 7.29 mmol) was added, and the mMpxidmeawass stirred at roomtenpeiature
under nitrogen for 2.51]. LCM S indicated only partial reaction. The

m xture was heated at 50C overnight. After 151], LCMS indicated conplete
conversion with some elimnnation product. Jhe nmixture was diluted with

wat er and ethyl acetate. The | ayers Xeg e ‘@u- ated. The organic | ayer was
washed with brine, dried, and concentrqted=t0 give a colorless oil. The
crude product was carried onto theRe \eacki on without further
purification and characterizati on.!| Sne scale purification afforded an
anal ytical sanple: MS(ESI)[M(111] N 4¥3727; 1H NVR (400 MHz, CHLOROFORM d)
6 ppm8.52 -8.63 (m 1 H 7.75 (d, flpgo81 Hz, 1 H 7.23 -7.36 (m 1 H 6.95
- 7.17 (m 2 15 H _6.89 (br. s., 1 H 528 (d, J=4.03 Hz, 1 H) 4.90 (d,
J=9.07 Hz, 1 H) 3. PR I=LE Jadiflugyorhenylyd-{triggpropylsiydopir). 74 Hyralder- 1. 30
(m 3 1) 0098 srioikbibill/phfrid s UeI 376 Mlhou @i GRRTREME 6 ppm

-137.68 --137. ¢ r’g -141.78- -141.54 ((m 1F..
dissolved (5S,6S,9R)-6-(2,3-difluorophenyl)-9-(triisopropylsilyloxy)-6,7,8,9-

tetrahydro-5H-cyclohepta[b]pyridin-5-ol (1.004 g, 2.243 mmol) in methylene

chloride (20 mL) to give a colorless solution. Acetic anhydride (0.423 mL, 4.49
mmol) and triethylamine (0.938 mL, 6.73 mmol) were added, followed by DMAP

15  (0.055 g, 0.449 mmol). The mixture was stirred at room temperature under nitrogen.
2h: LCMS showed complete conversion. It was quenched with Sodium bicarbonate
solution and diluted with ethyl acetate. The layers were separated. The organic layer
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

39



I nternediate 10 N3 HO

(5S, 68, 9R) - 5- azi do-6- (', 3-di | luoropheny0-6, 7, 8, 9-tetrahydro-5H 25

cycl oheptwphkppymsedzn- 9-ol . In a 100 nL round- bottom f| apkTwesg01diosses ved
(5S, 6S, 9R) - 5- azi do-6- (2, 3-di fl uorophenyl)-9-(triisopropylsilyloxy)-6,7,8,9-
t et rahydro-5H cycl ohepta[ b] pyridine (0.732 g, 1.549 mmol) (crude) in
tetrahydrofuran (8 nL) to give a colorless solution. TBAF (1.859 nL, 1 859
nmol ) was added, and the resulting |ight yellow sol uti on was sti rred at

roomtenperature f h in t rs

Tet r ahydr of ur an mgf%@lﬁﬁ?éJZQ%@%%@%@z gf?m& 62”8 Lffté y&m Wwat er and
ethyl acetate.qd h@pk@&]@pﬁmwrﬁa&e@armaem n:ﬁhfbuﬁ’d[ PaRine flhsk ek dwesvasashed with
brine, dried, and concentrated to %lvea i }/ellowml Purification by

FOC up to 60%&%AHPR )y defuespheny a%%&sagapxlw B0V 8-ty o>t ( cr ude

wei ght: 480NY)cy@8hdpt Eﬁidl@%%l@ée'tate 0% Inl'2 0380 wzbétfd@@awaﬂd@ffor ded an
anal yti cal sanpl e: MFH 1 17.2 1H NM ,  CHLORCFORM d)

6 ppm 8. 51 5( ddPenzpag) iy etraliy gupp (201mp) tozige qipriegspluy en FEBAE (369 mL35

(dd, J=7.81, 5. %ﬁ%ol&%a@dd@d 084 he- rngllt(ng'h Rt 10\@ sglﬂtlon w%%tlﬁr@a at]roé)'l!)l 5.91 (br.
s., 1 H 5.03 (d, 2.84 -

3.02 (m 1 H termeprezu@for-2h2849<rm LﬁM{; n@hczsd corzpls*@(cmve_n_sl% 2 07 2 17 (m
G crercrn d 8 et Rafemotad g iyt dlfhed SRESMBAS DT
1 O 149.72- x#hyl a2tafeddlhe JayeB.v8Tec sparad 9 ThizorganiClay ardéis 1Wa@slied with hD)ne,133 67
§ a5 120G s aga%zn%mﬂa?e% Sigglequatdpf ety BT IPpandt2: 0% o
Hz, 2C) 70. 94 atgate/Bex@he 6or6ad the desire@rodﬁct@&%(ﬂgr 87% fqr 2kteBy) 435 c@l])rléss 30
33,0505, 2,9 oSl R - 5% L G SREAME) R BB A3 o3 20 (1
(dd, J=4.78, 1.51 Hz, 1 H) 7.69 (d, J=7.30 Hz, 1 H) 7.28 (dd, J=7.81, 5.04 Hz, 1 H)
6.94 - 7.10 (m, 3 H) 6.20 (d, /=10.32 Hz, 1 H) 5.95 (br. 5., 1 H) 4.95 (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
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20

(5S, 68, 9R) - 5- azi do-6- (2, 3-di | | uoropheny0-6, 7, 8, 9-t et rahydr o- 5Hcycl ohept a[ b]
pyri di n- Sv0Rot/0E99avo- 2, 3- di hydro- 1 H 1 m dazo[ 4, 5- b] prri ¢CmAB2018652433

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

4- (2- oxo- 2, 3-di hydr b ridin-1-yl) eri di pe-1-
car boxyl ate (0. 713(589&1%1?9}3%‘8}770@}?{4%’(9%@ TP ?%ga?orff}g@y(i’é’ %} to give a
l'ight yellow &y&@l@w[@]@ywa@ryz m(tzrosa@@ra dzlé}w&mc;@%mgﬁ@pmb@ﬁz(i ce- et hanol

bath), NaH M DS (4.18 , nmol added dropwi se. The resulting tan
sol ution was S9PPFidine- éﬁﬂ@rﬂ%ﬂ? (@@@ﬂleéf Infeeven éf@dflé?P nglproxadbefont 5om

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 hmﬁltd}ybelﬁ&?et)@ﬁ& nitf3fh ?ﬂb@% D5 QG- 1HRYETS.0 Pﬁe washed with
water, brine, dried with sodiumsulfate d concentrated to give a 10tan

oi | . Purificath pidpy 1 -Foaperplincol Wb@f@ialﬁﬁa(d&ﬂ#e@ﬁ%@mél)@hl oride afforded the
foam eﬁ'/s?rE‘%?)C R R R G L S e L
(br. s., H) tethpaNatdVID3 4B3708mHA). 87D rifpolg wad adddd drobwir4. Hag requltd)g dl%%gl (d,

J=7. 30 HZ 1 2
' 6.10 (4 J'%d Syt W sgunterde ] 578, Y 17, LS5 BSucp dyi 1 (m ")
2.46 - 3. 34( mprdﬂub{)anﬁ p@@lbléovibﬁhfdrplyéhdl-ﬁyocﬁlcﬂ]AfteZ ad@herrih atlrobin tdmSatd,
J=12.34 Hz, 3

(m 1 F) 1 42 98 plei% ﬁg%%@loﬁﬁqh%%%ig%wgs El%r&ﬁe:(ll%v?lth%gdlumle’? 01
bicarbonate solutlon and volatiles were removed. The mixture was diluted with ethyl
acetate. The layers were separated and the aqueous layer was extracted twice with

15  cthyl acetate. 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%
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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(5S, 68, 9R) - 5- am no- 6- ( 2, 3-di 7uor opheny0-6, 7, 8, 9-t et rahydr o- 5Hcycl ohept a[ b] p
yridin-9:11 4-(2-avo-2, 3-di hydro-1 H | m dazo[ 4, 5-b] prridin-1- 25

yQpi peri dvoeelvmeadboxyl ate. In a 100 nlL round-bottom f | ash/usas00ssSpl ved
(5S, 6S, 9R) - 5- azi do-6- (2, 3-di fl uorophenyl) -6, 7, 8, 9-t et rahydr o- 5Hcycl ohept a[ b
] pyridin-9-y14-(2-oxo- 2, 3-di hydro- 1Hi m dazo[ 4, 5- b] pyri di n- 1-

yl ) pi peri di ne- 1-carboxylate (620 ng, 1 106 mmol) (exanple 7) in
tetrahydrofuran (5 nth) to give a colorless solution. Trinethyl phosphi ne
(3.32 nm, 3.32 mvol, 1.0 Mntol uene) was @idgtegg. The m xture was stirred at
room tenperature. After 2h, LCVE shoWEE™§3 2% ting material. Water (0.080
m., 4.42 mol) was added, and the 5m xtur s stirred for another 3h. LCMS
showed conpl ete conversion to the desgr ed@é@.t. Vol atil e components were
removed in vacuo and the residue was dires purified by FCC upto 10%

met hanol in nethylene chloride to P 1370 { heF product (510ng, 85% as a
white solid. MS(ESI)[MH = 535. 23;0_1H R (400 MHz, CHLOROFORMId) 6 ppm
10.39 (br. s., 1 H 8.52 (d, J=3.78NHz71 H) 8.09 (d, 101=5.04 Hz, 2 H)
7.46 (br. s., 1 H 7.26 - 7.38(m ITrg0o7.06 - 7.20 (m 3 H) 6.94 - 7.05(m
1H 6.06 - 6.23(m 1H) 4.31- 478 (m 4 H 4.05 (spt, J=6.13 Hz, 1 H)
2.57 - 3.25 (m 3 HR X 9R)-5-cl2ard 8 3-BflidyrofhehDl)-92trBsbpropy Biltyxy) -8 IR, NVR (376

e, LR 8 BB 1A%, B, o bt Rl SO FINT e o
flask was di sselsvepedle®NCS-(0.751 g, 5.62 mmol) in tetrahydrofuran (15 mL).
IR AT U L T E R e
to OC, TIPS-O0Tbr 5min, (5S,6S,9R)-6-(2,3-difluorophenyl)-9-(triisopropylsilyloxy)-6,7,8,9-
tetrahydro-5H-cyclohepta[b]pyridin-5-o0l (1.007 g, 2.250 mmol) was added in one
10 portion to the gray suspension. The resulting reddish suspension was stirred at room
temperature. The solids gradually dissolved to give a tan solution. After Sh, LCMS
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
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(4.84 nL, 17.83 nmmol) and triethylam ne (4.97 nL, 35.7 mol) were added via
syringe, and the mxture was stirred at OC for 111. LCMS indicated conplete
conver si oNO 2Volmab997e conponents were renoved in vacuo amrdTiuseomwmsiddie
partitioned 25between sodi um bi carbonate solution and ethyl acetate. The

| ayers were separated and the organic |ayer was washed with brine, dried
and concentrated to give a tan oiI. The crude product was directly used in
the next reaction. MS(ESL)[Mr1l+] = 334.28. 2. In a 250 nL round-bottom

L0686 Lot s ahyar e s é%%Daf%f’%@rpf%(??:y(%{h@p(@?%yla{y)-fi:88% ol )

(crude)in met h@tﬂﬂzb/dr(o5ﬁ1 Bjte)ohteﬁagi]pgezdaaet arna $00 Mt ir@umd-b3ach ymibwiohydr i de
(0.675 g, 17.83 added, an he m xture was stirred at room

t enper at ur e f&wsplﬁed {5&9@ R dhdred- @érﬁﬁﬂ%@ph@@ﬂi/%ﬁ%lﬂsaﬂmpwmw was

removed in vagiog a@&rahmofsﬁsay%ﬁepeq@l?ﬁﬁamé €5|6@ﬂ%d19?4 warn iat er and et hyl
acetate. The layers were sefarate e organic layer was washed wi th

brine, driéd ﬁlmﬁhgléﬂmawd% de & Shsicdgeeytion e dodivmgride (44 mmgan 28 | |

whi ch was _car rj@gl) gal &Hd@(@&hd {h%%ﬁh'u%é’éﬂ shHQd’&t rboth Ee%%raﬁfﬂé lifdef Aitbgin B d
characterization. NMS(ESI)[ M-H+] LCMS showed two di astereoners).

3. In a 250 m2YeoLeaNSiadicsed (fquagqm%ggactlon The mixture was heated at 50°C

suspended( 9S) i r

cuspended(95) 90615l SABTARUSHEI cappios copepionyitsome igioaon .
10( met hoxycar trowdpeis dihe antytei wasiddtitag vathmwater emd ﬁbrsdmgemtdeThq lmmesfwsral t (6.37 g,
26. 7 ol )10I n a?gtgc{] el“h(ejo an{p'lg er \-I;lhse wgghxé 1tﬁb¥@t—$ dﬁga‘g%&g (i_o%trg ldlflg( %}(79 reheat ed

oil bath a h SOIFrin rogen conpl ete
conver si on. V@kaknks(nbﬁmanemesmMmM&msannub@uoﬁmmaﬁmﬂwﬁ@ﬂwﬁhnnﬁmmmdue was

partitioned bet en wat er, an eth rated. The
P oan o 1 ayer Al R BRRF Iy SRR Sk el Emi el SRy ve 4
tan oil (6. 39)sampli BBRAFMHH BEuty2UIENVR (ﬂ(U(EMmﬁXCHLQROFO(RM-\A@ bpddt
further purification and characterization.

2 L round- bot tSor T3&<®k \dB "aldd&d~d Sditlam ﬁ%&éhﬁééu({nel E%EQ%L 17@?42 rrrml ).

15 H)6.89 (br.s., 1 H) 5.28 (d, /=4.03 Hz, 1 H) 4.90 (d, /=9.07 Hz, 1 H) 3.79 (t, /=9.44
Hz, 1 H) 1.86 -2.23 (m, 4 H) 1.16 - 1.30 (m, 3 H) 0.98 - 1.15 (m, 18 H); 19F NMR
(376 MHz, CHLOROFORM-d) & ppm -137.68 - -137.36 (m, 1 F) -141.78 - -141.54
(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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20Sodi um phosphate (bibasic) (3.04 g, 21.40 mmol) was added. After cooling
to 0C, (S,2)-9-(triisopropylsilyloxy)-8,9-dihydro-7H cycl ohepta[ b] pyri di ne
(5.66 g, Wo.288/mmw7) (crude) and manganese(l 1) 6, 6" - ( PCT/US2010/052433
E,|"E)-(1R 2R)-cycl ohexane-1,2- diyl b
s(azan-1-y1-1-ylidenei bi s(nmethan-1-yl-1-y1 iden
eibis(2,4-di-tert-butyl phenol ate) chloride (1.359 g, 2.140 mml) dissol ved
in nethylene chloride (140 nL) was added 25dropvv-ise over |lit The dark
reaction m xtur |.0 to s omA o t enper at nd stirred
bverni gnt 't or sonLCRENa S ot bha ke R F AT e PGt B ai - The
m xture was dirkdihiRvadidilite ViR fvafth ehaedting beetalh ETHeAYRESWHR kat@@arat ed and the

aqueous | ayer was extracted with ether tw ce. The caonbined organic |ayers
were washed wiF$ilREF Wabppyhed Wik PHER diiech spbqneantraerl fiq @V%@hgléﬂaﬂovgo

concentrated tf) BhMRaBorlB HCOLD 1o 40U bthy 16BN e FESPddRhE QesROTp kLY |
acet at e/ hexane afforded the desired product as a Ilght yel l ow oi | (2.98g,

50% for 4 Step&yde weighiiBGnees arplorlestpibrRadRis@le rarifgitiog affgrded gn 44 (m 1 H)
7.81 (d, J=8.3%,Hon =7 494-516 1
5%, 3(38 A 0%& 156 1§anl@1e KA%QSQEWH% 319@2 ﬁ{ﬁ%ﬁéﬂ«oo%\ﬂ@ it _(rzn 5
(m 2 H 1.11 CHuomF@erai)prmS 62(dd1J=14391¢ 38 Pl P@{)79%(Cbr]ﬁ%&i®HZel Hp 5

6S, 95)-9-(7ri o) | ro; b ridin
661 1 a 500 T g et BT b Vil O SO D R NI RAREbES LPYs ¢
8.93 10 rrrml) 1i ) 5@ (lasral0. 3060, irH) 4190 (dd, \IellazlyéBDd){M sen)msnen 02n, {HO% O. 475

0. 447 d i xt d t t
Poom tempabat (i Pob BhT Heg S S sonversr i P BePatp 111
the m xture wasHfidger. @Ld(nand{)/m(hsmw(ﬂommﬁ faﬂijoFf(bRngrmjpﬂﬁpbmsgani c
sol ution was concentrate ive a lig and further dried

over 3 days tdsdﬂ$@5§19réﬁfgﬁ efﬂédp§%1zﬁ» 21§16“’§7ﬂﬁ74ﬁﬁWﬁﬁrﬁﬁ% used in
'I[\/E?Ega(MSHE-]epf%QMHE if &y 14886 (LU B §8Y (00 gk ENAr et e12 &atl 210.79
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



I nternediate 13 20

(S)-9-(triesopropylsilyloxy)-8,9-di hydro-5H cycl ohept a[ b] pyri din-61711) - one
. I'n an owerredrisex7250 nL round-bottom fl ask was di ssol ved/uszabpb246hl ori de
(9 54 nL, 19.08 nmmol) in nethylene chloride (40 nL) to give a colorless
solution at -55C 25under nitrogen. DVSO (2.71 nL, 38.2 mmol) was added
dropwi se slowy over 2 min. After the solution was stirred for an
additional 30 mn, (6S,9S)-9-

0P O B R OB SRR o o' 5 e
net hyl ene chl eaibdeylfplnB138:, NiskY hinMigEh dwashyadaasnide &8 saMowive Ogt 5 nin. The

reaction m xture was stirred at -50 to -55C for an additional 40 m n.
Tri et hyl ami ne YCBODAURENS AN NS v Beraaelts 0k SYicPmydaae! P28 C and t he

reaction m xt N£1MBS (JI2puad. hym\m)rwg Al dt Ropva QC TThe FresdRinBtdd-sollikibn whowed
conpl ete conversion. Water and ethyl acetate were 5added, and the |ayers

wer e separ at edtimqhendspisegs arewe@ \ﬁ)a@ fenefand pgoMiteIPCErHY forgBet &MS  The

conbi ned or ganGyd AYRpRt & Gerdbh. eﬁh%&éﬁo§%& §H@dfvﬁﬁ1%0dlﬁﬂl%l&%9§t@t rated to
give a tan oil. Purification by FCC up 0% et hyl acet at e/ hexane afforded

t he desired prsé](!m@lt Hip raixfurqjies Cﬂﬂeltelfidwhcﬁthyl e@t@%gTheﬁ%@ISOVeWE(pESteﬁ[aMHl =

207 a9 (ai 1o CRLARRIMELA SRR rEce fbingTpalE s |1
1=4. 78, 2.27 Heere vasipd #ith9ated, brmﬂmw@‘s'ylthlzodulm bylfee, 20d ¢acenteated t@SVeZ, 1 H)
T o 06105 ELIR paRgtondy ¥l o ooty ?@eéﬁga&ﬁéﬂ% by iy i a1
1.01 (d, 1=7. 3Qletird podelit (BraR® peakD6g( 3% For Bostdps)t @rartiatli wadlow Fdam.
MS(ESD[M+H'] = 561.27; 1H NMR (400 MHz, CHLOROFORM-d) & ppm 11.50
(br. s., 1 H) 8.58 (d, J/=3.78 Hz, 1 H) 8.11 (d, J=5.04 Hz, 1 H) 7.91 (d, /=7.30 Hz, 1
H) 7.33 (br. s., 2 H) 7.07 - 7.19 (m, 2 H) 6.92 - 7.06 (m, 2 H) 6.10 (d, J=9.32 Hz, 1
15 H)5.23(d, /~10.07 Hz, 1 H) 4.26 - 4.84 (m, 3 H) 2.46 - 3.34 (m, 4 H) 2.20 - 2.43 (m,
3H)2.01-2.13 (m, 1 H) 1.94 (d, J=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-



20(6S, 95)-6-(2, 3-di fl uoropheny0-9-(triisopropylsilylary)-6,7,8,9-tetrahydro
-5H cycl ohepta[b] pyridin-6-0l. In an oven-dried 250 nL round-bottom fl ask
was di ssowvoeedliy@eémrf | uor obenzene (0.680 i, 6.90 muol) PaTIUSRe@YABDT ur an
(12 nlL) under nitrogen. After cooling to -65C, n-BuLi (1Min hexanes, 2.208
m., 5.52 mmol) was added dropwi se via syringe. After the m xture was
stirred between -65 25and -60C for 30mn, it was cooled down to -78C. A

sol ution of (S)- 9-

iy, 2. 76, ol Y PROSOHE bAoA LD 2R Atk HPRY Y T DS HRLE) vas

added vi a syrlﬂﬂlg)aogtvuraraeldrlm syletid0 Wringstich IS HYEpHIRAG 13D QUL BBS nshdll r.edrat - 78C
for Ih (yellow color), and at roomtenperature for 30 mn (red color). LCMS

i ndi cat ed goodHEH BRsIHRd. @Gmﬁ@r?@wwrsﬁakﬁa%mm&ﬁ@a 69%%& bFMSd” NHac1

sol ution. Tet rabyell Rf etk M@t@mﬂemv&@) editnt. st @il WRis Wk dPaltid | oned
bet ween wat er and ethyl acetate. The gers wer e separated. The organic

| ayer was WasHe§U v SHFFhEr amtheééhvwfﬁ shvadrreginletepopvergeitodbdetitd at ed to
give a tan oily, thr '\fdlaﬁﬁé édﬁﬁ)oﬁéfntﬁ%e%&v@dﬁﬁ/&% M‘th@&%h@é@éshﬁ?&@ﬁsﬁ af f or ded

t he recovered SM r& as a yellow oil as well as 5the desired
product s (977mgr1ﬁ¢®b;foF u@toda%omtb@@l mlnnethwl@@@@[lﬂmﬂ dfford theyprodmet 1H NWVR

400 MHz, CHL 3 1=6. 42 Hz,

1) 736 (0, 190 ) o AGSyg s eI sy i fbolln = 47 63

(d, J=13.85 HzCHI:LOlk@FGRMZaGS@mZH) §ndor. 5., H)H)X. 5&](d(£lc3 7\$:le41H)8l62 (d1 H 2.34

d, J=4.0 15 7 5 1. 06-

(1. 19 (m 13194 6’7%0% 9[5696@37 7113}57@%8151351(;&87708 7}5’%&1 3%(@& H)0.84 .

0@32795(3?1 69(!2—I) 705r(hgnmcg@mteszsf(m %52431 4t78 (m, 4 H) 4.05 (spt, Jl 6.13Hz, 1 H) I
) - 6- oro ra ro- c ridi ne6,

g diol. In a %5% L% 3%8%]'(07 grﬁ (F’aglﬁ)a/a _g_y gg@ ]{9%&%@ %26[% 3

dlfluorophenybﬁl%mpom RSBk Yo 5., 165)71&&1¢nmh r1Q3)5Hcyclohepta[b

165
] pyridin6-ol (977 ng, mol) in tetrahydrofuran (1 |nL) to give a

col orl ess sol uti on.
15 Intermediate 11

NS
o

N -
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)

46



20 TBAF (4.80 nmL, 4.80 nmol) was added, and the m xture was stirred at 50C
overni ght for 16h. LCMS indicated good conversion with sonme SMleft.

Anot her Ow® 2enui4e996f TBAF was added and the reaction comCirruseaoas2439C f or
2h. Tetrahydrofuran was renoved and the residue was partitioned between

wat er and ethyl acetate. The |ayers were separated and the aqueous | ayer
was extracted with 25ethyl acetate. The conbi ned organic | ayers were washed
with brine, dried wi th sodium sul fate, and concentrated to give a tan oil.
Purification t 0% et hanol / et hyl ene chl or ] f.o ded t he

Gosi r ed pr oductesassey B G mGdi 3y S8sHgT ovBUTORALRET PAEERS PUSSEb 5T 11
NVR (400 MHz, c@iﬂb@:&%ﬁﬂ‘ﬁwﬁ Metpiol §adRnobled ih5dcubBinlizhe rdsidde whs 37 (d 1=7. 55
Hz, 1 H 7.06 -7, (m 6.81 -7.05 ( 303 H) 5.63 gbr s., 1L H 4.82
-4.97 (m 1 H)paéltleged beﬁveﬂ W@Fﬁr and @Bylgc%e 10 Igyofywers sqparated. (Jhe orepmic ¢
J=10.58 Hz, 1 lzﬁ)er %as]-v??as@léd wﬁl?ﬂ)ﬁnez &rléﬂzwnﬁl-so'd)urr;—s@%te and: c@ﬁceﬁﬁ&tecﬂ-to@ivela 69 - 1.86
(m 1 H; 19F NMR (3 MHz, CHLOROFORMrd) 6 ppm -137.37 (b F)

-137.99 (d, 5  tapagh wllqzch was F:;rrleal; PP BE¥ERRcHeeW g ut further purlﬁcatlon and
(6S, 910- 6- (2, IpgbbHaron h@@é@s)[y[ﬁﬁhygle @3‘6/286@61\@5 s%o‘iw%& LahyidQecthirs).

locyclohepta[blpyrldln 9 nitrobenzoate. In a 250 nL round- botton1f|ask
was di ssol ved

6S, 95) - 6- (2, fa - Qr . ridine-6
Coodiol (48 o o e e D QAR E R RLPL Y
tetrahydrofurdﬁ7%84ME@wﬂ@5§&%@k@ﬂﬁdghwﬁ@néﬁdéig&&dﬂﬁﬁnmnd)throbenzoic acid
(394 ny, % 35 h i 9- 3 er e added
under 15n|trogg%HBf%?§%gl 15#@5§%ﬁ@,83§g§£ a@%&?ﬁ. g%%hfﬁéayﬁgé%nnnl) was
added dropmnsemnmheﬂmmxmﬂ(ﬂmwwg ambnmadmmmwébmmiﬂwﬁththmudmmMmﬂ&ﬁ h, LCVS

Tt vas coneentPArRRTLETA gt s Bt | CESAna S EomiS e GrTTRh by Roc (5w
et hyl acetate |\P‘tﬂa¢ﬂmﬁﬁnﬁoﬁer&@®9ﬁa rémovall irovadud hel tleskidedw iy @ditvhed B2bem, 18%
as a white 20 v?a?érlagd ethy (alczgge Mltﬁe l%yerglé%re%eparated 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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Internediate 17 HO 25

(6S,9R) -6-(2, 3-di |  uorophenyl)-6, 7, 8, 9-t et rahydr o- 5H cycl ohept a[ b] pyri di ne6
, 9-di ol Iwoa0R%d699iz r ound- bottom fl ask was di ssol ved (68CIRIS2@G0(022433

di f | uorophenyl) - 6- hydr oxy-6, 7, 8, 9-t et rahydr o- 5H cycl ohept a[ b] pyri di n-9-y1
4- nitrobenzoate (125 ng, 0.284 mml) in tetrahydrofuran (2 nL) to give a
col orl ess 5solution. Lithium hydroxide (0.568 nmol) was added, and the

m xture was sti rred at roomtenperature for 2h. LCM S indi cated conpl ete

conver si on. ilu Wi yl et nd ter The | rs were
separ at ed and <th'2§‘agd§oé§§|<’ayi;?‘>$§§-8%3?%?%‘31 't’ﬁ' {y] H&Q‘E?é?ég(ﬂi*he

conbi ned orgamid)l ayers were washed with brine, dried, and concentrated to
a white solid. Purification by FCC up to 6% 10net hanol / et hyl ene chl ori de
afforded the desired product as a white crystalline solid (7 Ing, 86%. A
few crystals were picked out and anpxefmadiskhipcture was obtained to confirm
the cis-diol stereochemstry. MS(ESI)[MA-1+] = 292.21; 1H NWR (500 MHz,
CHLOROFORMPd) 6 ppm 8.44 (d, J=4.58 Hz, 1 H) 7.38 -7.51 (m 2 H 7.19 (dd,
J=7.48, 5.04 Hz, 1 H 7.04 -7.16 (m 2 H 50 (br. s., 1 H 4.90 (dd,

J=11.29, 152.14 Hz, 1 H 3.80 -3. 91 2.92 (dd, 1=14.65, 2.14 Hz, 1
H 2.57 - 2.70(m 1 H 2.37 (br. s. [ 1 11 (ddd, J=14.19, 5.95, 3.97
Hz,lH)196-206(m1H)174- m 1 H; 19F NVR (470 Mz,

CHLOROFORM d) 6 ppm - 138. 91 - - 138. 74 5%6 =1 F) -139.22 --139.06 (m 1 F);
13C NVR (126 Mz, CHLOROFORM d) 6 ppm'180.64(s, 1 C) 152.00- 150.10 (dd.

152122 and 254, Spdl %zsoﬂpﬂgvyé@y%Vg%g%ge}m@;ﬂa%-5;@%;0%,t%ﬂpy;i%-. 44 e, 1

6-ol. In a 500 mL round-bottom flask was dissolved intermediate 11 (2.98 g, 8.93

10 mmol) in methanol (60 mL) to give a yellow solution. Pd/C (10%, 0.475 g, 0.447
mmol) was added. The mixture was stirred under hydrogen (1 atm) at room
temperature for 2h. LCMS showed good conversion. After another 1h, the mixture
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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1=8.64 Hz, 1 C) 129.37 (s, 1 O 123.89 - 124.57 (m 2 C) 122.48 (s, 3 O
120.84 (s, 1 O 116.22 (d, J-17.28 Hz, 2 C 71.79 (m 3 C 71.70 (m 4 O
44. 30 (d,w0=2411806492, 2 C) 39.65 (s, 1 C 31.29 (s, 2 C) pczARx@opPbH3®
(6S,9R)-6- (2, 3-di fl uorophenyl)-6- hycl nay-6, 7, 8, 9-t et rahydr o- 5Hcycl ohept a[ b]
pyridin-9-yl 4-(2-ato-2,3-di hydro- | Himdazo[4, 5-Npyridin-|-

ylj pi peridine-1 -carbavlate. In an oven-dried 100 nL round-bottom fl ask was
di ssol ved (KOR)-6-(2, 3-di fl uorophenyl) - 6 7, 8 9-tetrahydro-5H
gg%ggggfp;ﬁgbkﬁ’ §%§dl e \?'asdaldgéd acanrrgla over mm ezeaét?oznerr%(truréaed with dry

4- (2- oxo- 2, 3- Cﬂ;tlhycﬂitOS(ﬂ-ﬂd- 55?@&32@{&&;15@&4%% nTﬁetyﬂl)rmnp@as 04inne43l4 neaipboxyl at e
(121 ng, 0.317 mmol) in di netlk_%bfornamde m) to give a Ilght yel | ow
suspensi on undé® aﬁﬁletdrvefg%fﬁmgm 36 apg thg sepctipn mpxtigo wyapgayallyg@rieufo

dropwi se. The _p@gubt 3078liny ElLlCOWo R US BSRNES BoMRBioh! WHEAnY BHEIachthkRaen at
room 10t enperature for 3.5h. LCMS showed conpl ete conversion. The reaction
was quenchéd it aukthe eyes wstsdrpaitted: cEicserete aypiav aticriiacesd Wit dthydt hy |
acetate. The |a@%§t€STH‘@Eo?nb%%%?@ahﬁqa}%ﬁdwérQ@rléﬂx’v‘ﬁpéb?hdnﬁé{%te"‘@rﬁ extracted with
ethyl acetate (LCMS showed no product |left in the aqueous phase). The

combi ned or garsoacentigted & aneractameid heutifigpticn iy up tori0becthyd epesate/igane sodi um
sul fate, and V. o ign by FCC up
o 10% et hanal Pt Bt S By et a bt E AR T S R E rg
100% as a whi3Bé3poMtiEMR (4OVBIHn CHHPIROEMRMed 5p90808. 33uidi F55.04NB( ES)) [ MFH | =

050 (m 10 AOG8 Hhsst LH oy a1 SRG. TS0l Pag 2l
6,98 (dd, J=7.HBLOKUIAHES L, H) 62081 (d14 35 10,108 ¥ (a1 2180.0r . s, | 202

|(-|%,4:]fl(])-1'(l;r5_ %04 . P 27 A o TH I Fas & 280 0253204 13 ¢35 H) 2 67

5.98,2.39 Hz, 1 H) 1.06 - 1.19 (m, 3 H) 1.01 (d, /=7.30 Hz, 9 H) 0.89 - 0.97 (m, 9

H).
15
Intermediate 14
G
‘\\\
s F
or
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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Hz, 2 H 2.17 - 2.400m 2 H 2.08 (t, J-12.67 Hz, 2 H 1.89 (d, J=11.29 Hz,
2 H; 19F NWR (470 MHz, CH LOROFORMd) 6 ppm -138.72 (d, 1=15.15 Hz, 2 F).

| nt er nediwoeoi@468¥7 25TI PS PCT/US2010/052433

(5S, 6S,9R)-6-(3,5-di fluorophenyl)-9-(triisopropylsilyloxy)-6,7,8,9-
tetrahydro-5H cycl ohepta[ b] pyridin-5-o0l. 1. A m xture of sodium

2- met hyl propan-2-ol ate (0.827g. 8.61 nmmol ), 5di acetoxypal |l adium (0. 057 g,

0. 255 mmol ), dicycl ohexyl (2'-nmet hyl bi phenyl-2- yfl phosphine (0.093 g, 0.255

nmol ), . ..

(R)-9-(triisopFBpYrend fressidue graypativoned brayiomy g8y EWbS B B ]/FFdi n- 5- on
e (2.12649. 6.va% fp@hkdambe drehfiORDer3vadwadidilwiorehe nzraeithQo@8d silfate, 7. 65
mol ) was heated at 80C in toluene (24 nm, degassed before use)) for 18 h
under ni t r ogerfid FPRSCUEGdR £IVRAL ]stﬂui?ﬁi”é‘t‘?ﬁ\l?légc\(fi"é’tﬁé@/é@ﬁwn and the

reaction was dicdibtbBekant hifor@bdhb rREREAL OV (1978nged P41 asaGRIG) 8illad¥ el avas washed
with water three tines before dr i um sul fatgﬁ)@ﬁfl |tered and

| ing (so 5 |
concentrat éd. th deskicdampdieist(B G 9/%8@Siarf‘g>l<ék6mﬂﬂ- NESE 1 redddd 1 to 35%
to 50% gave t ' i ]8 - il
R o Wi ) SR8, SRRSO e S LR g
Hz, 1 H) 7.35 (d, J=7.30 Hz, 1 H) 6.99 - 7.13 (m, 3 H) 5.16 (br. s., | H) 4.63 (d,
J=13.85Hz, 1 H) 3.02 - 3.28 (m, 1 H) 2.71 (d, J=14.10 Hz, 1 H) 2.34 (d, /=4.03 Hz,
1 H)2.02 -2.15 (m, 2 H) 1.75 (d, /=13.85 Hz, 1 H) 1.06 - 1.19 (m, J=14.67, 7.27,

10 7.27,7.05Hz, 3 H)0.97 - 1.07 (m, 9 H) 0.84 - 0.97 (m, 9 H).

Intermediate 15

OH
.\\\
[ j
P F
N

H

O,

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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15 J=4.91, 1.64 Hz, 1 H 7.89 -7.95 (m 1 H 7.37 -7.43 (m 1 H 6.65 -
6.75 (m 3 H 529 -5.35(m 1 H 4.40 - 4.46 (m 1 H 2.30 - 2.37 (m 2 H)
2.04 -2. 02mu@eddy 1.02 - 1.11 (m 3 H) 0.95 - 1.02 ( mpCP/udp0o10/0S33% d,
J=7.30 Hz, 9 H); 19F NWR (376 MHz, CHLOROFORMd) 6 ppm -109.94- -109.73 (s)
, 111.37 (s). 202. Lithium borohydride (0.283 g, 13.01 mmol) was added to a
cycl opentyl nethyl ether (15 nlL) solution of

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

6, 7,8,9-tetrahydr.o- lLohep ridin-5-o0 4 , mmol) at 0
C under ni trogéﬁ)fﬁgf%gégﬂénf %2]@% #‘ﬂé&@{z Bﬁé(lgggr 32)961%6& 13[? ig?n
tenperature. Thg Gt BF NAR @uenEhedHbyRAFGRAG B HRaNPI7 BNer. 60Nkl nued to
stir for 0.5 h. The 25sol vent was renoved via vacuum and the crude residue
was taken up i-BEtHyll /HééLatzel Fivhi ch was washed by water three tines. Flash
chr omat ogr aphy using ethyl acetate in hexane fromO to 10% gave the desired
product (56%. H PLC tR=3.05 min, MS(ESH Mt11+]=448.26; 1H N MR (400 MHz,
CH LOROFORKt d) 6 ppm 8. 44 (dd, J=4. btermeddage6, 1 H) 7.46 (dd, J=7 .55,
1.51 Hz, 1 H) 7.15 (dd, J=7.55, 5.04 Hz, 1 H) 306.50 - 6.61 (m 1 H 6.41
(dd, J=8.94, 1.89 Hz, 2 H 5.69 - 583 (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 -3.99\\m 1 H 2.06 - 2.24 (m 2 H)
1.79- 1.97(m 1 H) 1.12 - 1.34(m 3 -F1. 10 (m 9 H 1.01 (d,1=7.30
Hz, 9 H); 19F NWR (376 Mz, CHLOR V&) S ppm -109.90 (t,1=8.62 Hz, 2 F).
Exanmple 10 5 H2N NH 0 | F
(5S, 68, 9R) - 5- am no- 6- ( 3, 5- di 7uor oplex 6,7, 8,9-tetrahydro-5Hcycl ohepta[ b] p
yridin-9:yl4-(2-avo-2, 3-di hydro-1 H | ddazo[ 4, 5- b] pyri di n-1-
Api peri di ne-1-carboxylate. 1. In an & en-edN&ZOO mL round-bottom fl ask
was

o]

(6S,9R)-6-(2,3-difluorophenyl)-6-hydroxy-6,7,8,9-tetrahydro-5H-

10 cyclohepta/b]pyridin-9-yl 4-nitrobenzoate. In a 250 mL round-bottom flask was
dissolved (6S,95)-6-(2,3-difluorophenyl)-6,7,8,9-tetrahydro-5H-
cyclohepta[b]pyridine-6,9-diol (458 mg, 1.572 mmol) (azeotroped with dry benzene)
in tetrahydrofuran (8 mL) to give a light orange solution. 4-Nitrobenzoic acid (394
mg, 2.358 mmol) and triphenylphosphine (619 mg, 2.358 mmol) were added under

15  nitrogen. Diisopropyl azodicarboxylate (0.464 mL, 2.358 mmol) was added
dropwise. The mixture was allowed to stir overnight. After 15 h, LCMS showed
complete conversion, but the desired product was a minor component. It was
concentrated to a light yellow oil and directly purified by FCC (5% ethyl
acetate/hexanes to 100%) to afford the desired product (125mg, 18%) as a white

20  solid. MS(ESD[M+H "] = 441.20.

Intermediate 17

25
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10suspended NCS (324 ng, 2.423 mol) in tetrahydrofitran (4 ni).

Tri phenyl phosphine (636 ng, 2.423 mmol) was added in one portion. After
stirring woderi/masg9rogen for 5mn, PCT/US2010/052433

(5S, 6S,9R)-6-(3,5-di fluorophenyl)-9-(triisopropylsilyloxy)-

6, 7,8, 9-tetrahydro-5H cycl ohept a[ b] pyri di n-5-o0l (493 ng, 1.101 mol)
dissolved in 1 nL tetrahydrofuran (1 nL rinse) was added via canuula to the
gray suspension. 15The resulti ng grayi sh suspensi on was sti rred at room

tenperature. After I itt nver ea tion was

continued at 40C o@%ﬁ)&%f SR ke dﬁ%ﬁ%]"é‘f dhebier s The

reaction was quemehad awbo ﬁm@dnwmttbnp@dsbwra@a@somumsm @@pB-diluted with

ethyl acetate. The | ayers were separated. The or qlanl c_layer was washed with
?

brine, dried, BHrBRYBhE-Pudren 668G igEahydipattieys! ept?@’ﬁﬁ}’ﬂdfq t4t4on by FCC up
to 20% et hyl ageiRiRAReXBNE: A famdsd) inh@tréﬁ?&ﬂoﬁ@gl @S bive 386loNEks 75%

contam nated with a cl osel y-novi ng as a colorless oil, which was used
directly i tweluﬁ@kthgtl%hydr%d%@}iég Hﬁé%lkwewded 3NBHEIHY UGS pHged at

el i mnation per&iH?etmp(eMﬁfrggr)Z[l l\ﬁdi/[k Mteﬁ%mﬁmelc%n%f'ﬁorm I'E‘QIES dﬂﬁ@éﬁ\’% =
3.29min) is the chloride (MS(E ?[MFH+] =466. .

r ound- bot t om fethabeetgsssandiveras] VbllayGRWES, Sgﬁ)fa@i @ldlthﬁr@uan@@ystwas

difl h t : . | oheptal b
0o oohen) Sl oL PN oL R st e oner

col orl ess sol uiricdrand @U@ﬁl&tfﬂtealzpde'h(t%@ldnﬁuﬂm@@n by Lwa@6%dded and the

m xture \M;L?O naartlga%gl/lg%thglgr% clﬂrpq?%g Eﬁﬂlrtdgcf 9§ Iaesu%{i gl%guct a;rl(r wh te é%stglﬁﬁgl&%/get hyl

acet at e)
elimnation pr(@tinngt%%b omfexherysmhMeirmlgckmmatarﬂlan x&amtdlctdn@wamwtmanpmiltar m nor

one was the a2| d uct [t was di it th.w ) h acet at e.
The | ayers wer’ @rgﬁté?glfél&}l Stfﬁgc}g%séﬁ’r W%IW ﬁ%%@%éé%@ﬁ%bﬁ) ne, dried,
and concent ratMHzt@{mN@F@RNpMﬁ@ssw(d J= P@E;Hinqamgm hy1 {C My 190 20%
et hyl acet at e/ hexane afforded the peak

Thor 1555t or - a0gyengs Nl TG Teae i 2 TRSCREDS AL R FoR e 25T VR (400

Mz, 10 CHIsSOROHGRAM, q!)H)@ W@ﬁ @91@%92{&%91146512614}{%21}13)2@)7 N@étm 17.72 (m
1H 7.26 7.36(m 1 H 2 (m 3 H 5.27 1'H 4.71

(d, J=8.31 Hz,HP. 3H)(be 557 H)?, liidf{dmf lﬂ 19) 523, ﬁcW(Iélz 1 41 9§3 2H>46 (m@,l%) 197472 -
éH 8Z O(Qg: O%QM sz)-% 69]1316%% _Hibbg@g%i\_aﬁ (ho O29CHLORSFORM- 18 plbth - 13591 -NMR 14376 Mz,
(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 (3, 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 (s, 2 C).

25 Example 9




109.27 (m 2 F). 15 3. In a 100 nL round-bottom fl ask was di ssol ved

(5S, 6S, 9R) - 5- azi do- 6- (3, 5-

di f | uor opwerzygiyo4899¢t ri i sopropyl sil yl oxy) -6, 7, 8, 9-t et r ahpdrars2¢HooynBodhept a[ b
]pyridine (70 ng, 0.148 mml) in tetrahydrofuran (1 nmL) to give a color ess
solution. TBAF (0.178 niL, 0.178 nmol) was added, and the resulted col or ess
solution was stirred at 20roomtenperature for |h. LCVS indicated conplete
conversion. Tetrahydrofinan was rem)ved in vacuo and the residue was

diluted with water \ cet e were se ated. The
organi c | ayer was @%f&% Qig%é Jyﬁa’%cgotﬁté%iﬁflfdo%d to give a

col orl ess oi | .cybukdpfd/Bbiigm-9ny 4F(926x(up st@hﬁw/qghﬂwbz@wwﬁﬁlatmmne af f or ded
the desired product (46.2ng, 9999 as a colorless oil

VS( ESH M+1- 1] ﬂ/ﬁwe'z@ne iﬂawl@% A S-SNICHROERIVEY- be“%ﬂ?% 5(d, .7=3.78

Hz, 1 7.99 ved/i ; 1sg4. 78 Hz, 1 6. 69
6 a8 '(")m 3 H)cﬁs@@l ed ('Bg 9&%61@3 dlﬂlkoroﬁergﬁ)éd@ﬁ tet?ai‘hgdt% 5H2 30 . 1 lI:?) 4 82

(d, J=10.32 Hz:y019hqﬂja pﬂfedneecw dyoT)(hl mgMﬁM mrgolk@zwm@ wifh dryenzene) 38 (m 3
1.41 - 1.59§ 0. , .k09. 08 (t,

'J")8 5oty %)&E! tiloth wl%%fowsm&%@%ﬂﬁ Q%%?‘%@}#dﬂﬁl 91{%@&1&1{%19 (

J=248.93, 13. r@rbplzylati(@)l msQ. 33111(11301) ln@)mqhbéfoma e (Jmg wglxt@zahgbt C) 146. 24

20 100 68 (oo pBorlonfpiderfiedetn, hpng P Rl oG il 5 5s (el M
C 35.24 (s zir 184 .Thd rgsglting ydjow spispensromwa0oirretl undundrogert atgpanii | ask was
suspended

5di f | uor op eny ‘%pegﬂ}r gorg'zih ? %S( glbweqsf-?mcp letf %nve]iSIOflb]The 5 lon n-6% ol (46 ng,

0. 145 nmol ) (amaﬁﬂlecbwehisammﬂad dwdyurinbmmmw)e :aldcliﬂdtedmnnh@myéamptate The

4-(2- oxo- 2, 3- 4, 5- 1 ridin-1-yl) R, i din boxyl at e
(6629 m, 0. 175 et SFardeTend S et it B o B e ARy Lo
cooling to - 156bwédoe-preddoalenlin thahdil)epud\iﬂiabdyl D {dnbaed olngamc(la}&%vmol ) was
200 - 00 For anheleuEE o itk LABEP T G B Eenen ebEa o
conver si ons Thellswaltt P@ificaBén wmbp% M4 Methadhlintyicaatilongt Lfoslid on. The
m xture was di ted th ethyl acetate. e Iafers wer e Cnggara ed and the

Th
aqueous | ayer dRHEdPR] %‘dﬂ%]dngmlf)@/)ﬁsmh%?éf"g?r Chivernd SH; gaibc | ayers
were washed widyRWRISRESTRIALE = 586 b&d IR @06 8l oRSEo@RY) § ppm

11.31 (br. s., 1 H) 8.35 - 8.50 (m, 1 H) 7.97 - 8.11 (m, 1 H) 7.31 - 7.60 (m, 3 H) 7.02
- 7.18 (m, 3 H) 6.98 (dd, /=7.48, 5.34 Hz, 1 H) 6.03 (d, J/=10.68 Hz, 1 H) 4.60 (br. s.,

20 2 H)4.40 (br. s., 1 H)3.97 (d, J=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, /~12.67 Hz, 2 H) 1.89 (d, J=11.29 Hz, 2 H);
19F NMR (470 MHz, CHLOROFORM-d) § ppm -138.72 (d, J=15.15 Hz, 2 F).

Intermediate 18

25
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15concentrated to give a tan oil. Purification by FCC up to 8%

nmet hanol / net hyl ene chl ori de afforded the desired product (62ngy, 76% as a
whit e solwo.20NBuESr) [ MEHI | =561. 20; 1H NVR (400 MHz, CHLERTRSRM0®AM3IES ppm
11.07 (br. s., 1 H 8.59 (d, J=3.78 Hz, 1 H) 8.11 (d, J=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(m3|—|)612(d 20J=7.81 Hz, 1 H 5.11 (d, J=9.57 Hz, 1 H)
4.28 - 4.85 (m 3 H 2.51 334(m4H)222 2.43 (m 2 H 2.02 -2.24 (m

2" S.1;:1717H-Z,2 (2)ng Mo D cLoE MR, (376, Moz, HLCROEGRM ). 6 ppm - 108. 89 (t,

(5S, 6S, 9R) - 5- aztledB-5H3¢y_tohepta[b]pyridin-5-ol.
25di f | uor ophenyl) -6, 7, 8, 9-t et rahydr 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-y1) pi peri di ne- 1- car boxyl ate (62 ny,

0.11 nmml) init Qiﬁl@@%@%?iddﬁﬁ‘lﬂ2%t%§roﬁaﬁ 29b1¥E (@’182?73& Qrd1 @sRorgol ut i on.
Tri met hyl phosphl ne (0.332 The m xture was

stirred at Sroctaceterpetadivp . Oﬁﬂf&érﬁéﬁm ﬂ@yel@lwxgl@'meth%iolmyln%m|) was

added, and t hgghihhing RS gtsb.'25§ {%%o%t (K)mellséﬂoﬁﬁ@@%&?} &y % ONEIkght . LCVE
shomed conplete conver si on desired product |'e components were

renoved in vadhbcysideptiidlnyadinduenco(dd 26 &éc%l%@lmﬁlﬁl b@n@;ﬁ FCC up to 10%
met hanol 1N ki RRzG0l 898 a6 ol ﬁ@mgra@gw% %atau@nev{ahhﬁ solid that

was fiwther dri I n vacuo over fhree days
V5( ESH[ M+1- 1115%S®$ef01wwwﬁ01(lzﬁdoummtrm%md aﬁnpqmlmrdmowa vidbr. s., 1

H) 92 ?g d( dl’O 7%@111%1 %ﬁlé]éel ﬁﬁl%_l)tloﬁ w%%d lﬂ%dzwgh 4th}%3c t8 Af?_ggth)g %Qat%Yaé/ m 2 H
7 8.81, 2. 27 wdghedlwitf) w@eiQlire¢ dohes Betdi® dying Gocﬂimlslzl;fat@ filferdd @8 - 4 77 (m 4

T N N L TP
-108. 85 (hr. smaye the Bysired Ey@iiph prodidct (51%). HPLC tg=3.55 min,

MS(ESD[M+H"1=446.26: |H NMR (400 MHz, CHLOROFORM-d) & ppm 8.64 (dd,

15  J=4.91, 1.64 Hz, 1 H) 7.89 - 7.95 (m, 1 H) 7.37 - 7.43 (m, 1 H) 6.65 - 6.75 (m, 3 H)

5.29 -5.35 (m, 1 H) 4.40 - 4.46 (m, 1 H) 2.30 - 2.37 (m, 2 H) 2.04 - 2.16 (m, 2 H)

1.02 - 1.11 (m, 3 H) 0.95 - 1.02 (m, 9 H) 0.93 (d, /=7.30 Hz, 9 H); 19F NMR (376

MHz, CHLOROFORM-d) 8 ppm -109.94 - -109.73 (s) , 111.37 (s).

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(ESI)[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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100

(5S,68,9R)-6-(3,5-07ti orophen. 31) - 5- hydr oxy-6, 7, 8, 9-t or ct hydr o- 5Hcycl ohept a
[ b] pyri diwo2e113l#6997 ( 2- avo- 2, 3- di hydro-1 H I m dazo[ 4, 5- b] pgriuseer0bs52433

Api peri di ne-1-carboxylate. 1. To a nethylene chloride (10 nL) solution of
(5S,6S,9R)-6-(3,5-di fluorophenyl)-9-(triisopropylsilyloxy)-6,7,8,9-tetrahyd
ro-5H 15cycl oheptal[ b] pyridin-5-ol (0.492 g, 1.099 nmol) under nitrogen was
added acetic anhydride (0.207 nth, 2.198 mmol), triethylamne (0.460 ni,

3.30 Mol ) and DI\/AP_](0.027 g 0. 220 ng:O?F at pﬂ\ogmtﬁgferat ure. The reaction
was stirred fdiz 2t FIMRAAL Mblz GHEOROFQRM AP prm nEPRYI (B et EhHEr de and
washed wi th sqgdi um carbonate (sat). The nethyl ene chloride | ayer was
separated, dried (sodiumsulfate), filtered 20and concentrated to give the
crude product as a light yellow oil (0.538g, 100%9. HPLC tR=3.19 m n,

M5( ES M+-H+] =490. 26; 1H NWVR (400 Mz, g Gl ORV d) 6 ppm 8.56 (dd, 1=4.78,
1.51 Hz, 1 H 7.72 (dd, 1=7.81, 1.26 Hz, 1 H 7.23 (dd, .7=7.81, 4.78 Hz, 1
H 6.62 - 6.76 (m 3 H 6.19 (d, .7=9.07 Hz, 1 H 5.23 -5.30 (m 1 H 3.48
- 357 (m 1H 3.15-3.18 (m 1 H 2.8 -2.20 (m 2 H 251.92 - 1.98 (m 1
H 1.17- 1.25 (m 3 H 1.07- 1.14 (m 9 1.04 (d, .7=7.30 Hz, 9 H); 19F
NVR (376 MHz, CHLOROFORMta') 6 ppm -10 (t, 1=8.62 Hz, 2 F). 2. TBAF
(1.319 n, 1.319 nmmol) was added t'&Na tetya Mdrofuran (6 nL) solution of
(5S, 6S,9R) - 6- (3, 5-di fl uor opheny x9-¢tyi i sopropyl si l yl oxy) -6, 7, 8, 9-t et rahyd
ro- 5SHcycl ohept a[ b] pyri di n-5-y1 facef (0.538g. 1.099 mmol ) at room

t enper at ure under nitrogen. The™y&aegtion Wa&-t Hred for 1 h. LCVM5S showed
conpl ete conversion. The 5sol vent 5/;@,@& pa, vacuum and the crude

m xture was partitioned between ethy etate fandybrine. The ethyl acetate
| ayer was separated, dried (sodiumsyglfate), frixtered and concentrated.

Fl ash chromat ography using ethyl acetate in hexane fromO to 50% gave the
desired product (O BSEHR) -57B/o-6((RP-diftor@phe® - h7.80% ethifio- HEet at e

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

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

10 suspended NCS (324 mg, 2.423 mmol) in tetrahydrofuran (4 mL).
Triphenylphosphine (636 mg, 2.423 mmol) was added in one portion. After stirring
under nitrogen for Smin, (5S,6S,9R)-6-(3,5-difluorophenyl)-9-(triisopropylsilyloxy)-
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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in hexane). HPLC U{=1.88 mm MS(ESI)[M-H+]=334.21; 1H NMR (400 Mz, 10
CHLOROFORM-d) 6 ppm 8.38- 8.49 (m 1 H) 7.67 (d, J=7.81 Hz, 1 H) 7.26 (dd,
1=7. 81, AWOR0HM46MTH) 6.60 -6.78 (m 3 1-1)6.17 (d, 1=10CTAISk/0%248) 5. 92
(d, 1=3.78 Hz, 1 FO4.89 (m 1 F) 2.80 (m 1 H 2.28 -2.13 (m 3 FO 1.80
(s, 3 H 1.47 (m 1H): 19F NMR (376 Miz, CH LOROFORMId) 6 ppm -109.62 (s, 2
F); 13C NVR (101 MHz, CHLOROFORM:d) 6 ppm 168.94(s, 1 C) 162.82 (dd,
J=248.16,13.10 Hz,1 C) 15157.96 (s, 1 C) 146.98 (t, J=8.86 Hz, 1 C) 146.02

\(Ji12514g-|21§3C)](?§(g§g’f)4 ol gty dca mlg t¢ e icgﬂéﬁigoi‘f&@sd e

49.61 (s, 1 C)Soaﬁmﬁe&lc(ef(3231m§)4 9373111%61) @V&s acﬂde@)anaﬁleaﬂlx(u&, wis stired atB0°®NaH M DS
(1.839 n, 1.839 muol) was yl forniam de (4 nL) 20sol ution

of (5S, 6S, 9R) uedirgnt@gail fqraeh o%%ﬁ‘&/ ?e@nwa}d&&?}a@ spoged o 985199%8& &H-
Z y? Izohept a[ b] pyk blamBoydondfeBtthas (HR-cBh8hiti6h pBd &3 GofMRY starBiEmdrRAlt r opheny
0x0- 2, 3- di ﬁyd ragd thamaefs aelgopimosens) Ry thedizidle pragugty Ihaies diluied wit wpteand at e

(0.3337 g, 0.8¢f 5@76941&9 e 1ay2R vgéré’ %te@' ﬁ“ﬁ@&%ﬁnc D& wRIGLhQRviMARins! | rred at
-20 C for 3h and then treated w eq of 4-hitrophenyl

4- (2-0xo0-2, 3- djrm@@p@,cq_r}qemtm‘tqglgg CINCE a@olorless oil. Purlﬁcatlon by FCC up to 20% ethyl

25b] pyri di n-1- aXétAtQ)h%&?-E dirts saésﬁeé %&' <ﬁfaﬁmﬁ orf? %7% NasMDS,, e

reaction was stirre or anot up to -10C. LCVB
showed the de§tqpe)cﬁSplcoldchB o8 sMEISD [bis H' ]ﬁfé%?ﬂﬂ@llyh@omaﬂ) Ydtrol (I oss of

I d
of ethy oot LTORREBEMAS MRty BT AE g rEL RLa ot Rrad B MRL 2 et or
bef or ehsepar gt g6 (e 1 e 6(6&2%1&2!(1115%15612&)(1; JE4, 4IEH£ el;H)?xO"ﬁln(d ﬁ;grm&m réa{)gglsf Sm
the cru c
g:a\r/gonate (78%%3 %8 ﬁh&rl)%@\?%égggg}?% Mﬁ I%ﬁgt({’?wi:gﬁll g ﬁrLi%g ution of
(5S, 6S, 9R) - 5- apat YT B (318 10! fdFuaVIRREBEWILL) - CHLOROFORM(DES% pm -109.44 -
6, 7,8, 9-tetrahydro- 5H—c%clohepta[b] pyri di n-9-y14- ( 2- oxo- di hydr o- 1H m da

zo[4 5- b] pyri di-27-Gegifperi di ne- 1- car boxyl ate (328 ng, 0.568 nmol) at room
tenperaturg. The reaction was stirred at roomtenperature for 1 h before

renmoval of the solvent. The crude was partitioned between ethyl acetate and
wat er. The et Bylln8dg@matreundadypttomitisk wepdissatved (HEned Wisherddagél.r wi t h wat er

before dried (d?t?tg)iréf)%nyl)ﬂ—(triisopropylsilyloxy)—6,7,8,9—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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sulfate), filtered and concentrated. Flash chromat ography using nethanol in
nmet hyl ene chloride fromO to 10% gave the desired product (135.3ng, 42%.
HP LC t RARO2#11m46997 VS( ESI ) [ MtH+] =536. 26; 1H NVR (400 MHPCT@SROROFEBRM d) 6
ppm 10.61 (br. s., 1 H 8.52 (d,1=3.78 Hz, 1 H 7.97 - 8.14(m 2 H 7.23
-7.58 (m 102 H 7.02 (dd,1=7.81, 5.29 Hz, 1 H 6.80 -6.90 (m 2 H 6.75
(n, 1=8.84, 2. 23 Hz, 1 H 5.94 (br. s., 1 H 5.15 (d, J=9.57 Hz, 1 H 4.31
- 479 (m 3 H 287-326(m2 2.68 - 2280 (m 1 H 2.03 - 2.55(m S
H 1.76 - 2.00 3 ( L 8.58 (br.
s 2'F). 15 &@é%?@é“ﬁ& MRl 38 Mihs 6L A1) %0 8P 5 &

(R, Z) - 6- (Z3- dich281 QR ®F0:6s, Z{gl3lsmr(@25zbk3ayml(pae;gt a[b] pyridine. In an
20oven-dried 250 nmL round-bottom fl ask was m xed

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

6,7, 8, 9-t et r ahydp @160 meyshRORRbALTLPYE Gkpmledlss 63, 99&59md3 d4%,50mol ) - and

(rret hoxycarbon Isulfam)yl tri et hyl ammoni um hydroxi de, inner salt (2.005 g

8.41 mol ) 5 eyl Bo %tew%lyng%{ w%@mmy@ﬁm 4ol tasen@afed at 85C
wWith stirri ng rh'rﬂ&i?(azéﬂntok/%}vg@ﬁh Ell?frbeﬁéené)caghqrmt%ﬂh&wm (SRangadiitRisiegp red).

LCVS showed desired et hyl acet at'e/ hexanes) showed only a
trace of SM | emidageid.5Ipsujdor1 thlp@fl%@ﬂ hﬁarb@ﬁm@ﬁﬁ mBO7emenclbis r enoved in

vacuo and the dgahdhEnRRcRREL) LARARDSE WBeN GHAKL, ASE! ALenpithyater. The

| ayers were separate queous Fayer was e trac e ‘
acetate. The d@ﬁlblN?éiMBS@faﬁﬁana@@Bsnmlb wanaklaédropivish. bhé reeyltingy eed and

concentratgd tg, aiy @&Eﬂﬁgg%r hitro gé fil fRELS %Ejgé%@cgdgg%ﬁglttgmg%/ ul%tfpyy ol | ow

acet at e/ hexane a esir product
oi . MS(ESH Melhl+1L(312[5&hdx6ed g‘bbldbme(sttﬁio TMHze,actElﬁb@R@EéﬂRMcbwgth gpimn8. 45 (dd,

. 7=4.78, 1.51 Hz, 1 d 9 4 H 6.77
(dt, J=12.53 bicabt?“ﬁ%H?SOh_‘L“ T% E‘B”“t‘rc?twas il %’éhHéi‘yg%ceél? h %}’ “%% - 3.58
(m 1 H 3.22 séldﬁiated %ﬁllﬂe a'kﬂeou@ ldﬂr\kﬁs exfiradthd QLtlQ&hfldlpeta@ =THe Gnbiized 1 H 2.69
(td, .7=5.29, 2 H: i t%101 Mz, CH M d) 6 ppm 154. 90
(s, 1 C 151. Q)Efgamclwrss‘ﬁer?&’& eﬁ‘Wi “fLa(Ser e d it |%2 “‘TS 1348443 - 146.86
(gdllJSézl—g?’ %ﬂ%eﬂﬁecﬂ?fﬂ?eat&i C)Pllﬁglc&%;ﬁbi(i FCZ vp)to Q%g?-&gan()?meﬁ}é@)ce) 1?23635(&
. S, S o S, . -
124. 47 (m 2 ejﬂOfQQaé%dﬁ(qt,‘*e deﬁggdar?gqui@?gdé/ﬂzaf whﬂ(eéoh O 115.15 (d,
J=16.96 Hz, 2 \g3r401MBu(ss6220 H3IRI4bPME2, @ILBROEORMN 1) §ppm 11.07 (br.
5., 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, 1 H)5.11(d, J=9.57 Hz, 1 H) 4.28 - 4.85 (m, 3 H) 2.51 - 3.34 (m, 4 H)
2.22-2.43 (m, 2 H) 2.02 - 2.24 (m, 2 H) 1.77 - 2.01 (m, 3 H); 19F NMR (376 MHz,

CHLOROFORM-d) 0 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%).

57



10 ©); 19F NWR (376 M1z, CHLOROFORM 60 6 ppm -138.33 --137.90 (m 1 F) -
144.07 --143.71 (m 1 F). Internediate 20 15

(6,5, 8R, 98P-2611(@¢B7di f | uor ophenyl) -6, 7, 8, 9-t et r ahydr o- SiFcyaisehepsapd] pyri d
ne-8,9-diol. In a 50 nL round-bottomflask was dissolved (R, 2)-

6- (2, 3-di fl uor ophenyl) -6, 7-di hydr o- 5H cycl ohept a[ b] pyri di ne (110 ng, O0.428
nmmol ) 20 and NMO (110 ng, 0.941 mmol) in acetone (2 nL) and water (0.04 nl)
to give a tan solution. Gsmumtetroxide (0.021 nm., 1.710 nop (2.5 w-%
solution in 2-n€%h IZ-B;gganoL) was added (the tan col or instantléjchanged
to very light M%ESWT e Wikt HMRASOKYHE QALQROFOSM ¢ edpep dt dr & | h: ~<5%
conver si on.. 0.03%nls As47-1as e s @20/-1/53 EONUEN I ONas A0S heptoB. 021 L
0504 solution was added. 28 h (50 h 25btotal). Sodiumbisulfite (1.29) was
added and sti rffd.dg7-8brmt3%led Hé823d. 094 Hre 2HO RS \Wiks/~B ShA/&dH%A Rlacuo and
the residue wagQulraeh s auiridy, ekulracehihes HneR bi Ieen) 788 (&Oondi ned

organic | ayers were washed w rine, dried and concentrated to an

of f-white ol i/d2.5F82 1 H) £a¥- 338w, D) kit hadblmheHpbad t b9¢onpl BL:dPY di ssol ve
the solids in C J % I t hyl ene chl oride

af forded two 6§§§Rﬁ?ggﬁﬁﬁgg@§k§§p§$?d}?Eéﬁyﬂﬁﬁéqﬁggiégﬁ trans product
(61mg, 499 and a nore polar cis product (47.1ng, 38% as white solids.

M5( ESH M FH1] =258. 16, 1H NWVR (400 NP%Z Cﬁ%gﬁgFCRN#d) 6 ppm 8.46 (d, 1=5.04
Hz, 1 H 7.50 (dd, 1=7.55, 1.26 Hz, TP 22 (dd, J=7.43, 4.91 Hz, 1 H)
7.01 -7.120 (m 3 H 5.04 (s, 1 H 4.43 (br. s., 1 5H 3.35 (dd, .7=11. 33,
3.53 Hz, 1 H 3.24 (t, .7=12.97 Hz, 1 2.86 (d, .7=14.35 Hz, 1 H 2.30 -
2.44 (m 2 H); 19F NWR (376 MHz, CHL ORMd) 6 ppm-138.07 - - 137.86 (m
1 F) -142.98 --142.63 (m 1 F). Exanpl 10

10
(58,68,9R)-6-(3, 5-difluorophenyl)-5-hydroxy-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-
vl)piperidine-1-carboxylate. 1. To a methylene chloride (10 mL) solution of
(58,6S,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(ESD)[M+H 1=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, 3 H) 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, J/=8.62 Hz, 2 F).
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(6S, 8R, 95)-642, 3-di fl uor ophenyO- 8- hydrayy-6,7,8,9-tetral | ydro-5Hcycl ohept aN
pyridin-9-yl 4-(2-o0xo0-2, 3-di hydro-1Him dazo[ 4, 5- Npyri di n=1-

yOpi peri dvoeslii@eadbal yl ate. In an oven-dried 100 nth roeodAisetiom4eBs ask was
15di ssol ved (6S, 8R, 9S)-6-(2, 3-di fl uoropheny0-6, 7, 8, 9-t et rahydr o- 5H

cycl ohept a[ b] pyri dine-8,9-diol (61 ng, 0.209 nmol) (azeotroped with dry
benzene) and 1-0 -(1H -im dazo | e-I|-carbonyl )piperidin-4-y1)-1 H -im dazo
[4,5-b]pyri din-2(3 H)- one (65.4 ng, 0.209 mmol) in tetnthydrofuran (2

m) to give a.c S under ni.t oI|n toOC(lce
bat h), pot ass@uﬁ{ Abﬁ%g)% “g[eLf I?P%\‘;S"E%@ﬂ%f%@%ﬁ?ﬁ%Y%ﬁ‘ 8 1R &5 4" o) )
was added dr opss 68 9RAGMS, 5hmubwph@w@@eaﬁis@giomlymw@d 8ls>ptettrﬂ1yafa>om
tenmperature with stirring emaj ned. Anot her 20ng of

1-(1-(1Him da?z%ipléepiaﬂaa}%ww b?e&éff qoeﬁsﬁg41 9919) mppl) [ahiogE ppergure undet

b] pyri di n- 2( 3H)ireRe YRSreaAddE das anbdtibiel 1M XEMERhWASI doftbletSdontdrtibgl Prer ni ght .
After 18 h the reaction was guenched with sodi um bi carbonate sol uti on and

di | uted wi th ephgnt voas supqvad sia vapan addhecrygerpixgishyparasiioapdbemecnaqueous

l'ayer was ext rafj ﬁ‘éita‘f\@ 4 b?ih@ﬁh@&l%ﬁ @ée@até W G8vas TR 4TI RE L REH dNk&)| ayers
were washed with brine, dried with sodiuni sulfate, and concentrated to give

a yell ow oil. fﬂﬁqreudfand;mncgﬁraw Etsh dpom@togl@p}emmg@ﬁryﬂ Aqetatchip hexpac Eleor | de
e ored L1, donanodue e i oeis Sl ol el el o oam
H 8.08 (dd irBexang). HP2E tiizl. 88Lml) MB(BSI) M#H 3482, I-HNMRH)OONHZ, 7.51 (m
1722 00 ool o A s T B3 T 0B A P g 5,09
(m 3 H 2. 92 JEA 81, 478113z 85{)|1i260—]6 +$)(n231ﬂ;6172(d88=10r58f5 1—&{)197501 J= &785 (m 2
B 155 171 Mo 4 X RTG53t 1928 0N &Y N1 26 M i) NN, 110

19F NMR (376 MHz, CHLOROFORM-d) & 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, J=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, 1 C) 3539 (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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\aN11-Nl .)-)L NH\ O 40 4 Exanple 14

(5S, 659R) - 6- (2, 3-dpcl uar aphenyl ) -5- (et hyl am no) -6, 7, 8, 9-t et mhydro-511-
eycl aheptwpRbpyms®7n- 9- yl  4- (2- axo- 2, 3-di hydro-1 H i m daeajus&obbpgs i din-/ -
15 yppi peri di ne-|-carboxyl ate (exanple 13) and

(58, 6S9R) -6- (2, 3-dl fl uorophenyl) - 5-

(di met hyl am no) -6, 7, 8, 9-t et r ahydr o- 5H eycl ohept a[ b] pyri di n- 9-y|

4- (2-oxo0-2, 3- di hydro-1Hi m dazo[ 4, 5- 1gpyri di n-1 -Api peri di ne- 1- car boxyl at e

(exanmpl e 14). 5 r d- bot t i S

(5S, 6S, 9R) - 5- M%gﬂ%f-ag‘r@r%gg?“rylcﬁg?%%% %1' MUEIY Affro- 111

6,7,8, 9-tet rahmd:ra@o[%l:tqpseid@hapl)@baldaryerl BBl B2§ argoots6g2mamqlahMﬁp 1H

20i m dazo[ 4, 5- b] pyri di n- 1-yf| pi peri di ne- 1-car box%ll ate (35,8 067 mmol )

(exanpl e 8) i rCTHREHURoIhe rfaglqw;as ST a6 g0 eEpeRfuEsior & |baioreorﬁm07’:@dr0ﬁa| dehyde

(0.025 inL, O.R3Q VDI Dhe CRRie 3% palitidc@ BtwBetBAALMUI eXARAROITARYAK] de (25. 3
ng, 0.402 mml) wer e added, and the m xture was stirred at roomtenperature

over ni ght . SAf ta¢tatg gyer weENEPaHehey s gl aerie vabrvaerdeie disded R oduct s.  The

mxture was 23,4k ﬁftér@d‘ﬁﬁl BEINERDI. S1RY khr@&%gﬁaﬁh&%ﬂlgﬁﬁ&wﬁf g&d sodi um
bi carbonate soluti'on. The |layer was separated an he aqueous | ayer was

extracted wit imasiyigie chlogtatrem 0Th et th@desefﬁ@awd@ctl(w&m ok ed with

brine, dried
oi | /foam FCCW%J ﬂﬁfgﬁo@%ﬁ t&e ‘n%?%?/ﬁgffr:@ 466?&{} %gg‘giﬁ%ﬂ?slg\ga ation. The
products was s;nepa]nﬂaﬁle{dr by 1 pln 8 32 KHEL/E3 Q&Bﬁthmmaeéﬂa(m 1H) net haﬁﬁ)trhwat er) to

2]:){8;?'223 gmg /%@a‘r(?éél}% 8%5%%@2’1 )f/é?g@ f&;@‘gé g§§4/‘)ﬁg|3 (400

MHz, CHLOROFORM)4 (6r. pp MG, 133d(b957$12,1ﬂ1)ﬁ'|)318447(m83 B32.6M, 3.26kh, B. 09 (d,

J=4.78 Hz, 9 (b 7.0 9 J=7. 81,

5 20 (% m%a@iﬂ%éoﬁ%;g%fﬁz%%i@éﬁ 256%2@?2 ?QF%?f&(S%l(%. 1
r s - m . - 2.

(m S H: LOF VA (37% M—IZRM%%O@&%N% 6 ppm 137.02-- 10136.44 (m 1

F) -142.71 --141.48 (m 1 F). Exanple 14: MS(ESI)[MH = 563.3; 1H NVR (400
MHz, CHLORGFORM d) ppm 10.87 (br. Slnteﬁn&\)ﬁat§1§8 (d, J=4.28 Hz, 1 H 8.03

-8.14 (m 1H 7.64 - 7.95(m 1 H 7.37 - 52(m 1H)728(s 1 H 6.93
-7.19 (m 4H 6.26 (hr. s., 1 H 4.60 (br. s., 3 H 3.61 -4.04 (m 2 H)
2.86 -3.23 (m 2 H 2.13 -2.67 (m 10 H) (d,
F
\\\

AN \ F

P

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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15 J=14.86 Hz, 2 H 1.59 (br. s., 2 H); 19F NWR (376 MHz, CHLOROFORM- d) 6
ppm -137.79 --137.11 (m 1 F) -143.70 --143.05 (m 1 F). Exanple 15, 16
Exanpl e Nsaxanpl469916 PCT/US2010/052433

(6S, 9R, 2)-6-(2, 3-d( ! uorophenyl ) -5-(hydroxyi m no)-6, 7, 8, 9-t et rahydr o- 5Hcycl o
hept a[ b] pyridin-9:y1l

4- (2- oxo- 2, 3-di hydro-1H |1 m dazo[ 4, 5- 11pyri di n-1 Api peri di ne- 1- car boxyl at e
(exanpl e 15) and (68 9R, E) - 6- (2, 3-dl f Luorophenj . 1) - 5-

25Dy r oot 1 e o kst P A5 1 UGk P AL LYk BeBidi Y

di hydro- 1H i mgdazolsaa- phpyri i Az kP3P 94755@ 1oy @i @ Hyexanpl e
16). In a 2501%1_ rosa(nd bot t om IZ kHﬁ71 (d%osso l'ved ) @ H)

(9R) - 6- (2, 3- di%T7Uét dp}Qeﬁ{yyif)2§IzokH)62O (dt, /=12.59,4.53 Hz, 1 H) 3.43 - 3.58 (m, 1 H)

6,7,8,9- te”a@yﬂr(ﬁa@'ﬂlﬂ@'ﬁ’re}@ @[Pﬁb%r(tldf—nzt 95 I‘I%4r1({)?2 @9(@62#%26'?0@]!:19 1H m da
zo[4 5-b] pyri di n-1-yepi peri di ne- 1-car boxyl at e 0. 407 ol ) "(exanpl e

2) in ethadol 1) 43§ NMR Gioy Midz, @d{mR@E@RMecDL&pp@nlﬂk%@d@)dy@)aldﬂﬁé

hydr ochl ori de . I
w)ére addedI Thgg%)((({%‘r]eﬂ&maggg?% )rwrgl d“{,—%%(%% %%% f}a%ﬁ%éé%%%ﬂﬁ%d?f )
Et hanol had ewapoatién31 an2iCaldedsse,2 6) i3ghil(y, ans5eHL, wWasld4ehit(s, ILKOMS showed

the desired pr 1 |/ net h hl o shawed sone
degree of con\}ggz%ﬁﬂgaﬁg_&éé %éﬁ%@arﬁ% 4%m 2’&??52 (’CI(I fgﬂ%z ?8
121.44 (s,2 C) 115.15 (d, J=16.96 Hz, 2 C) 40.28 (s, 2 C) 38.53 (5,2 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
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partitioned between water and ethyl acetate. The | ayers were separated and
t he aqueous | ayer was extracted with ethyl acetate. The conbi ned organic

| ayers wewe 200veed¥ed with brine, dried with sodi um sul f @Ce/usand/052433
concentrated to a colorless foam Careful purification by FCC and prep-HPLC
af forded the shown exanples 15 and 16: MS(ESI)[ MtH+] = 549.07. Internedi ate
21 15

(5S, 68,91?)-6-(2, 3- difluorophenyl) 9- (triisopropylsilyl 0Xj)-6,7,8,9-tetrahy

dr o5H-cycl oheptal b xt ure of 5-azi do-6- (2, 3-
20di | uorophelﬂlofg” % %V%%S.Hoga&ﬁ%% @qsw 4P Disduclgs g 40 Aﬁ%%orgﬂ@p@w ohept a
[ b] pyri di ne (a%rmjmt (11726}‘@ mﬁa)s(Wh%@dSlﬂEdM&@ESI)?M%ﬁzww agiNVR (46196 on
activated carhbon) 504 in ethanol (25 m) was stirred

under hydr ogeM{l% IFQR@E@ M ’@ arPPHL&ﬁ)@(q Adi-¢hted Hhato tde/desi FédHeonpound
was formed, Sty ) RgRR700t bNHSCh 1A bEr7 5o [, 11es B it HEG4URE({ |t er edl

washed thoroughl y W hanol , and 25t hen concentrated to give 21 (525 ny,
93% as a dol ﬁ)l3e3§s(dd»iﬁ=:11&®(3&5§IHZ[ VR34 (44712397 He,dtler hdidat 432 Hzpi en- but |

(5S,6S,912) - 642 3y & [4 LB RT3 54 M-S CREBRAFIIN S Bp- 137 2

137.86 (m, 1 F) -142.98 - -142.63 (m, 1 F).

Example 12

e

NQ Ko

(6S,8R,95)-6-(2, 3-difluorophenyl)-8-hydroxy-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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t et rahydr o- 5H cycl ohept aThi pyri di n-5-yl earbamate. A m xture of

(58S, 6S, 9R) - 6-

(2, 3-di f Iwonopimasget) - 9- (trii sopropyl silyl oxy)-6, 7,8, 9-t ecralsganos&Ebkycl ohep
ta[ b] pyridin-5-amne (660 ng, 1.478 mol) and di-t-butyl dicarbonate (410
ng, 1.879 mmol) in tetrahydrofuran (10 nL) was stirred at room tenperature
10overni ght. Propyl am ne was added, and vol atile conponents were renoved in
vacuo. The residue was purifi ed with flash col unm chronmat ography to afford
t52$ gESI:LI‘SadO prn?etua%%][/%gtgﬁslgatg orlde affgr%ieci: t%l E:sllr% Is)ro uct%lag/t peXk lllgmg,l\ﬁg/%SI ) [MeH =
(5S, 65, 9R) - 64&1fghdy&1bmmhami)whﬁd]&aw2@m,mﬁamumaydr05H cycl ohept aTh

i pyridin-5-ylearbuntate. To a solution of tert-but |592<9§S’ %l
(2, 3-di f | uor ofHERRPEORM-¢)i 3§ ¥ py B3P (4 lohy§-0% (e, é b@?éﬁayb b6kt
20cycl ohept a| lzlipjséblsém 5&&%@@%@(& { 9925044, %ﬁﬁ?s@ﬁ@izhm@@t Ralydr of uran

(15 nL) N-but yI'-'N, N-di pr opyl but an-I'-am ni um f ' uori de ( m., 1.2067 mmol)
was added at r(mof*rﬂt)ériﬁeriiéﬁlﬁmel HASt18(br1st, 1 HOAMES sﬁéé\éﬂ 1tH)34 6’éébclftS| driiwas
conpl ete. Aqueoys [Noe=Y ¥ elo) I n r sol vent
was renoved |n vacuo an PBng% ijt]ﬁggs\;\ﬁgsﬁel ?rlla\(l:\?égl%queﬁ) %;}'ba I;eq%te

dri ed over sodDum3sdul. Tla(uTe,l HZ:Sand concentrated to give a colorless solid

whi ch was purified with flash col um chronmat ography to give the desired
product (371 mg, 87%: MS(ESI)[MHL = 547.4. Internediate 24 5

5-i socyanat o-/, 3-di hydr ospi r of i nden@&xample-§3yt4 ol o[ 2, 3-b] pyri di nl -21/ one.
To a sol utlioon of phosgene (0.150 nL, 0.300 mmol) in nethylene chloride (1.5

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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10m L) 5-amno-1,3-di hydrospiro [in dene-2,3 -pyrrol o[2,3

-b] pyridin]-21(1"'H)y-one (0.025 g, 0.1 mmol) in nethylene chloride (2.00 nlL)
was addedwetoD@468ri rri ng was conti nued at room t enper aParAaIS2040062433 h
stirring LCVS indicated that SM was consuned and the desired conmpound was
formed (MS(ESI)[ MFHOVe = 310.2.). nitrogen gas was bubbled into the

m xture, to renove the excess phosgene. The dry 15resi due was co-evaporated
once with nethylene chloride, and dried under high vacuum for 1.5h. The

resi due was used dijrect nex Inter te 25 0 )
(52 68 om o et el foghveunrart S B bt TR G Bty i e e ghigride
t et r ahydr o- S5H-gaychohpph@ind ]y @tdﬂhﬁs Qaé@eparated by prep-HPLC (ammonium acetate
21-oxo0-1, 11, 21, 3- tetrah¥dros?|rof|n

2,31- pyrrol of 2N BBy EigHOBT f91rd€%?’ﬁérr?éﬁt@<l4ﬂaga34§64 iR 16(35s%08s anat o- 13-

d|hydrosplro[uﬁd@q%HQBQQRPM@@ghghgmﬁg14yr|d|n] 2'(17-1)-one (27.5 ng, 0.099

mmoi ) 25in Met hyl'ene chlorid &2 m) a solution of tert-butyl
(5S, 6S, 9R) 56- (Exampe 13: MS(ESDH[M+ 549 2; 1HNMR (400 MHz, CHLOROFORM-d)

610t opheny g Rulgerys BTl Sahopt siwdogy 8t euelghem v iy o

ykar bamat e ( 35.
met hyl ene chl c7r07dc-7 9200 HW)OMQ@» Jadded. &H@@H)ﬁﬂr(di»ﬁg OhetEz, d:(bﬁt4i3|8ued at

t t i
Coradi ont ot it B0 S0 g00 e TnEREh Bl iy By PS4 ey e 2 PRl
(28 my, 46. 6%H)AST4a 2l (e 5 1B, wrommc(e%sﬂm dHLm(ﬁaR)MMw@m 137.0968. 1; | FI

N MR (500 M 13) 6.9, 56 = 6.5 Hz, 1H), 9.39 (d, J = 5.2 Hz,
1H), 8(49 10, 156% ')f—?zl%lﬂ)"(lgl éé(ftlle)J = 5. 7H)Hz 1H), (7 97 - 7.88 (m

1H), 7.69 - 7&%@1@1441401)5@% KB 55893(mN§hi)(40@1vﬁ4z (:@ILOl&)FkSkM , 1H),
5.64 -4.96 (m 3H), 4 3.25 - 2.96 (m 3H),

2.58 (dd, J =npperip87ybr. 8, ﬁ-lii) 82§|)(d J24 Z@H(Zdl H1&0§18 14, 1 I:IIH7 0641785(d, J =
11.5 Hz, 101H), s $8-7 3 ad 10 7.8Hk; 1 H) 6.93 - 7.19 (m, 4 H) 6.26 (br. 5., 1 H) 4.60 (br.
5., 3 H)3.61 - 4.04 (m, 2 H) 2.86 - 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. 5., 2 H); 19F NMR (376 MHz, CHLOROFORM-d) 6 ppm
1137.79 - -137.11 (m, 1 F) -143.70 - -143.05 (m, 1 F).

Example 15, 16

~ P
N (0] N (0]
OW—ND—'N NH OW—ND—N NH
(0] — (0] —
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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Exanmple 17 15

(5S, 68, 9R) - 5- am no- 6- (2, 3-di fl uorophenyl) -6, 7, 8, 9-t et rahycl ro- 5Hcycl ohept a|
b] pyri di wo-2911/@6990x0- 1,1 ', 2', 3-t etrahydrospi r o[ Mlene- PCTRIS2@@nsnBd[ 2, 3-
b] pyri di ne] -5-ylearbanmate (exanple 17). To a solution of

(5S, 6S,9R) - 6- (2, 3-

di fl uorophenyl)-5-(tert-butyl carbanoyl)-6, 7, 8, 9-t et rahydro-5H cycl ohept a[ b]
pyridin- 209-y1l

2'-oxo-1,1", etr r rroI 3-b ridine]->5-
yl ca;(bamat e (%87%% et’@ 5%@08%%%@ ?/‘P&P’el 4&%10691 gz’['(ﬁt‘ﬁdr?f]lﬁ{)l 2I 2, ]2
trifluoroacet iigmidagd[d5{blpyHdin- L21)FiBeritify- )-caBscydaded alg, 047 ﬁhior)r(mglpms

continued at roomtenperature forl0 mn. LCVS indicated that the Boc group
had been r erovadh U} Wy (haeesArTFTeturgr Bulonylamirefedroetetded?®in xt ur e
was coevapor atgd 4\@7tnlﬂnc21§£rmlmﬁﬂ§slsa@@@ @bingd 4 gkhEm bl %Q%@dé@aqhawtﬁfeed with
Prep. HPLC (gradient w 25 to 100% net hanol éo 10 to give the desired
product (19.5 W Stimabat 89%opnear pitrgeasyorthdavyt Feanol me%rgtveléda%rphous

sol i d: MS( ESB[sNgkﬁg,]tarro@@@s Bit. WB{s(s'ﬁQ@eMﬂé desl}fléﬁ)a)zodgctgn@@L@gfb"/ 1= 4.9, 1.3
Hz, 1H), 8.11 - 1H), (dd, J= 7.9,

4.9 Hz, 1H), meg@negmetm}qyne chlo;@e)shqwgdzso@m degiegy of cpnggm@m Tlg]e:regdlze W, 1H),
7.22- 7. 18 dd, = 9.1
47 H ( %%? c?eoe%eegg\g%r AT etﬂyl:ﬁcetée 4’5he]1age é_%erf %@ara}_{ﬂ a%g tl(lez (d, J =
6.6 Hz, 1H) Slq@@)uﬁ tyervas estr®tddzmth1dﬂ)yl aQeth@ Tlwcbombined dreBpic Tay@rs Mzere 1H) 2.22
(d, J = 1‘6 asl?e]dl_\thh l;rin% gdr{eq ’w1f%1 SOdll:III% st lfi_t%,’ang lc_%ﬁcellltparte%rtgggbl%l;lgss %oam

Careful purification by FCC and prep-HPLC afforded the shown examples 15 and
16: MS(ESD[M+H ] = 549.07.

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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10 t en- but yl

(5S, 68,95)-6-(2, 3-di fl uorophenyl)-9-hycl roxy-6, 7, 8, 9-tetrahycl ro- 5Hcycl ohep
t a[ b] pyr iwonret/osbwar bamute. DI AD (0. 356 nl, 1.833 nmol ) peagisaddes24d a
tetrahydrofuran (5 nL) solution of 4-nitrobenzoic acid (0.306 g, 1.833
mol ), tertbutyl

(58, 68,9R) - 6- (2, 3-di fl uor ophenyl) - 9- hydr oxy-6, 7, 8, 9-t et rahydr o- 5H

15cycl ohept a[ b] pyri di n-5-yl car bamat e (0 3578 g, 0.916 nmol) at 0 C. The
reaction was stirred overni ght mhili nas gEaduaIIy war med up to room
tenperature. Lithium hydroxide (0. 114¢geU2%8&%mpl) in 10 L water was
added to the reaction mxture. The reaction was stirred at roomtenperature
for 5 h. Volatile conponents mere renoved via vacuum and the crude residue
was partitioned between ethyl foe anter The ethyl acetate |ayer

was washed two nore tines by water ad (sodiumsulfate), filtered
ash chromat ography el uting

with ethyl acet ate in hexane from 0 Ahe product was contam ntated

wi th sonme triphenyl phosphi ne oxi del b carried on to the next step
wi t hout further purification: MS(ESIN M = 391.15. 25 Internediate 28
5ten-butyl (5S, 65,910-6-(2,3-difluoropdenyl)-9-0, 3-di oxoi soi ndol i n-2-y0-
6, 7,8, 9-tetrahydro-5H eycl ohept a[ bl pyri di n- 5 yI earbanate DA D (0.356 ni,

ot hal i m o8 (0. 2704 4SRN E U BRls R G2k e 67 4% 832 o
and tett-but yItet(cﬂ@drﬁS’)',l-B@)d(ﬁzepta[b]pymdzn 5 ylcarbamate A mixture of (5S,6S 9R) 6-
( 2, 3-difluor OpEI gndzlf]i}oro%hg}/yq) & >((t}lllsof)rof)yglé1?yloxy5 6,%!@/9(?{682_11153/'&';0%/1&] ohepta[ b] pyri din-5
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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10yl carbamate (0.358 g, 0.916 mmol) at 0 C. The reaction was gradually
warnmed up to roomtenperature and stirred at roomtenperature for 3 days.
Vol ati | e worepomasg9s were renoved in vacuo and the crudePrediSdue/ 05m33
partitioned between ethyl acetate and water. The ethyl acetate |ayer was
washed two nore tines with water before being dried (sodiumsulfate),
filtered and concentrated. Flash chromatography using 15ethyl acetate in
hexane fromO to 45% gave the desired product (0 5419, ca 80% purity, 90%
I glr,]_ guts ;leps) ch\l/sgnatog)ral;pll\l/l*- ive tha aesueg prollectt %ﬂ‘e %B‘%) %\%S(E%%'[_ETNH
(5S, 68, 9R) - 9- aqo- 6- (2, 3-di fl uor opheny0- 6, 7, 8, 9-t et r uhydr o- 5Hcycl ohept aNpy
ridin-5-ylearbamate. A mxture of hydrazine (1 nm., 31 9 mmol) and
tert-butyl (5S, 6S,9R)-6-(2,3-difluorophenyl)-9-(1
, 3-di oxoi soindolin-2-yl)-6,7,8,9- [ntermediate 24
t et rahydr o- 5H cycl ohept a[ b] pyri di n-5-yl carbamate (0.428 g, 0.823 nmmol) in
S5met hanol €5 m L) was heated using an oil bath (70 C) for 4 h. LCMS showed
no starting material remaining. The sol verg. was renoved via vacuum and t he
crude residue was partitioned between ethyl etate and water. The et hyl
iy e), filtered and
concentrated. Flash chromat ograp NS i n nmethyl ene chl oride
fromO to 10% gave the desired product (164rrg, 519 : MS(ESI)[ MtH+] =
390.19; 1H NWR (400 MHz, CHLOROFORMd) 6 ppm 8.46 (1 H d, J=4.0 Hz), 7 63

1 H d, J=7.5 Hz), 7, 4 H,
E:,_ 24(1 H, t, J-8. 235 ké%"}‘%fgo 6§| (’Tgiqi’”pc]ic?ﬁ”ﬁ’e’? Zkg)p%b{%g %Wﬁd%%%] @ . 2. 83 (2
H br. s.), 2. 0@4 To 2 s@dtiqndfHyhosgepe . BP(ndL, 6,306 mndel Jlﬂmbih}'],enéLcl&irld(eQI M, s),
0.68 - 0. 91%) ]l:)| 5 rr;'mn01153 d1hy8 ros“pﬁr% 1?1'aene?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

N
=2

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-

67



20t ert-butyl (55, 6S, 9R)-642, 3-di f Luor ophenyO0- 9- (4- (2- oxo- 3- (( 2-
(trimethylsilyOet hwo)ni et hyO-2, 3-di hydro-111-i m dazo[ 4, 5- Npyri di n-1 Api peri d
i ne- 1- carwoxanideds76, 7, 8, 9-t et rahydr o- 5H- cycl ohept aNpyr ipdirns2e10pF4as bamat e.
In an oven-dried 100m round-bottom flask was di ssol ved 1-(pi peridin-
4-y1)-34(2-(trinmethylsilyflethoxy)nmethyl)-1Him dazo[ 4, 5-b] pyri din-2(3H)-on
e 25(52.3 ng, 0.150 mmmol) in nethylene chloride (5 nL) to give a colorless
solution Triethylam ne (0.038 nL, 0.28 mml) was added under nitrogen and

the m xture wa ool e Trichl.or omet hyl |, or.o mat e (0.012 ni,
0,700 mmol ) valees (i Sy Je e e e Re O T B LT RE Ba up w b
stirring to 1Qﬂétﬁﬂéne|chLorld¢l(21 00 MWRIa€ iddell BE)°Ch StisflgUids @BnthaedstBogh i ght | y
yel |l ow. The reaction was concentrated to dryness _under vacuum tert-Butyl

(5S, 6S, 9R) - 9- depsatee (ozergl_ga‘i fmﬁélinﬁtﬁf?ewwnﬁed with Prep HPLC (gradient with 30
6,7,8,9-tetrahydsms 516'&1‘&&61'119@@@2% n%&@ﬁfe'd@éﬁéd%rdﬂh@tgﬁ@ﬁh@m% ‘(/§§s od wHi% 0.125

mml) 5and triethyl am ne i ssol ved

t et r ahydr ofur dlﬁlo(ﬁﬂoﬁ%so?dnpﬂsﬁsﬁgwfme éa@é%il MEAG00 M He CP@&MS 9.56
tenperature. Npre §xigt hyj anype (05 38 b, 8 % €d7§ —Mply), 19857 esded- shhe

resulting faint yellow sust on was stirred under ni tr%gnen overni ght. The
reacti on was di2 dded Wit h3emhyH).ac®tat &3 andHiashedo-RP (m. efdthree times.

The et hyl acet; r S r d oqgi S He), | tered
and concentr at gﬁ%:?g@ﬁ- égﬁr%?f(g oé’?it phy 5 ﬁ’sﬁﬁ 3480 ﬁaééo %J[Jrll)f ér;é?h 2I%6$eﬂ chl oride
fromO to 10%3F853 tld, bedd.7.eld podtiot2. 1(91(21n:t§1, 113%2 1B BSKJ, meq HZ64. 38.

10 1H), 1.38 - 1.21 (m, 9H).

Example 17

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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Exanmpl e 18 15 tert-butyl

(5S, 65, 9R) - 9- am no- 6- (2, 3- 07uor opheny0-6, 7, 8, 9-t et ruhydr o- 5Hcycl ohept aNpyr i
di n- 5- yl cwphamui4e997A Met hyl ene chl oride (1 nl) sol uti onprofi/usesmw/os2A8but yl
(5S, 6S,9R) - 6- (2, 3-di fl uor ophenyl) - 9- (4- ( 2- oxo- 34( 2-

(trinethyl silyBethoxy)nethyl)-2,3-di hydro-1Hi m dazo[ 4, 5-b] pyri di n- 1-

y1) pi peri di ne- 1- carboxam do) -6, 7, 8, 9-t et rahydr o- 5H- cycl ohept a[ b] pyri di n- 5-
ykarbamate (12 ng, 0.016 mmol) in TEA (0.5 m, 6.5 mMmmol) was stirred at

Crude. + 51 duo BEiEd Bt ohed *bet Heoh et A 1~ KabiaPe T saHmy (@

bi car bonat e (S]a:tf)zH-EhH{)eU hyl 781(86{hﬁ11€!) b@g@ddd/\@s 7S3epar aseﬁ' nqi)' 6ed(<{dsgdl um
sul fate) and concentrat ed by6prep TLC

duc
LUt ng with TOW ek Hadeh: 53 et hyiocie 1B g dbiS G th s 150,

égil/ 04%%?;5%@15’582@91 gg%‘?ﬁ[@z W%QSJ@[AMTFHIW 5/3)4HZQH|}"‘Q?22(({10ﬁ’ |’>7’|2||21P1é 03 - 8 08
) 1H)pfo99 dJ= 1é6Hz 2H) Hom )

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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(1H m, 7.60 - 7.65 (1 H m, 7.30 - 7.38 (2 H m, 7.07 - 7.18 (3 H,
6.96 - 7.00 (1 H mM, 521 - 528 (1 H mM, 456 - 466 (2 H m, 4.33
-4. 43 (2 W0 20)1/0429991 PCT/US2010/052433

10

15

20

Intermediate 28

tert-butyl (58,68,9R)-6-(2,3-difluorophenyl)-9-(1,3-dioxoisoindolin-2-yl)-
6,7,8,9-tetrahydro-5H-cyclohepta[b]pyridin-5-ylcarbamate. DIAD (0.356 mL, 1.832
mmol) was added to a methylene chloride (5 mL) solution of phthalimide (0.270 g,
1.832 mmol), triphenylphosphine (0.481 g, 1.832 mmol) and tert-butyl (5S,6S,9S5)-6-
(2,3-difluorophenyl)-9-hydroxy-6,7,8,9-tetrahydro-5H-cyclohepta[b]pyridin-5-
ylcarbamate (0.358 g, 0.916 mmol) at 0 °C. The reaction was gradually warmed up
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
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

o
S
X F
L.
N

HoN

70
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- 3.10(3 H mM, 2.24 - 2.52 (4 H mM, 1.94 - 52.04(3 H m, 1.43- 1.74(5
H m. Internediate 32 10 tert-butyl

(5S, 68) - 6Ww0,28110Ae7 opheny0- 9- oxo- 6, 7, 8, 9-t et ral | ydr o- 5HegTush@ptoadMpyri di n- 5
-yl curbamute. D nethyl sul foxide (0.145 nL, 2 049 mmol) was added to a

met hyl ene chloride (10 nth) solution of oxalyl chloride (0.768 nth, 1.537
mml ) at -20C under nitrogen. The reaction was then cooled to -65 C and

15t ert - butyl

5S, 6S, 9R) - 6- (2, 3-di f] uor 1)-9-h -6,7,8,9-tetrahydro-5

f:ycl ohept 231[ b] éyri di’eﬁf:)%‘-”&l@%%%‘%W%‘?@%ﬁ@%ﬁ@eﬁﬁhﬁ?8\/82’5%%@6{6%9% t he
reaction all alciompe,bphedinSatidr-RimiNasA slixthfed hi@azige (1.m1T 3l Strhybiaride
(0.428 nm_, 3.07 pmol ) was added to the reaction mxture and the reaction
was al | oned t dCHaHH ©8-0P I8Pt drpsketiuprepheny el 3-dioxei RGP Utdet wi t h
met hyl ene chl Qét}a%drars@{-&@ﬁulﬂgﬁampg/hdi%OsAﬁEa%arﬁﬁé 1RigNe 23 Ahe)Rt hyl ene

chloride |layer was separated, dried (sodiumsulfate), filtered and

concent rat 6d. "tsRl € Mlomes degttehnansi dlgatt (RY f Culeet t BCMS shexah#o from 0 to
45% t o 65% gavgfilpenHas t@thifh® dtielsoh LANWMW renfo¥ @ viadRcuum and the crude

residue was partitioned between ethyl acetate and 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

10 (164mg, 51%): MS(ESD[M+H "] =390.19; "H NMR (400 MHz, CHLOROFORM-d)
d ppm 8.46 (1 H, d, /=4.0 Hz), 7.63 (1 H, d, /=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, /=8.8 Hz), 4.50 (1 H, dd, /=9.3, 2.5 Hz), 3.18 (1 H,
br.s.), 2.83 (2H, br. s.),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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Internediate 33 5(E)-ethyl

245S, 68) - 5- (7ert - but arycar bonyl am no) - 6- (2, 3-di f | uor ophenyl) -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

(58, 68)-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- ykarbanate (0.199 g, 0.512 nmol) in toluene (5 nL) was heat to
reflux for t 10The sol vent was renoved via.vacuum and the crude residue
s | oaded ot [THE SV A G TREEH Yo Nk SERRE ks o et BEor rred by
elution with ety timedt aélatldnrbebﬁﬂeasl@hﬂy @dnoGJ mhe %%dncxwafct)ﬁ)dedtrat&etodem red

pr oduct (138ng, 599 : MS(ESI)[ MtH = 45 g VHz, CHLOROFORM d) 6
ppm 8. 53 (1 Hdrgygssiungergracyuny t%?uwb@%@f&)ﬁ 3amn<1 642.3-difuoropperydl 1 1

dd, 1=7.8, 4.8 g9 9-telrabiro-5A-dlohegth[b Pl ridif-503cak®matel 38 G nd10.10¥ mnR139(1 H,
t,1=2.3 Hz), 5. 21 raﬁn( %meﬂf&%ﬂl%c ae]<rr)‘44 in ﬁq J=7.1
Hz), 3.32 5 3. az;étr(ej_hyﬂqm1m (O 033, 0.235 ggnc(l)ldwqolv 1n l\rgmi:z?tg_ahyﬂro@raniglzls 3 Hz) ,
1.87 (2 H 0 defud) 883 gdald ook bl o &Lturez%gl@tljié?ﬁsﬁidﬁﬁg jBgR 34, 35
5et hyl 2-1158, 6S, 573 -(tert-blawcycar bonyFam no) - 6- di | 7uor ophenyl) -
6,7,8,9-1et rahﬂgllelr()o2 5rmrecy}twwéls@fh[H]egsr&uitmgrfalgtwgwmp@lc(nw stfell et hyl 2-

((58 68, 912) - ﬁm ér%‘i&o[gg[il]g%gllﬁa?‘g?}’% an’@s dﬁut%%éutg'e{hk %8{%@%8%%11(3? 7,8,9-1et

r ahydr o5H- cycl ohept a pyri acetate m xture o E)-et hyl
24(5S, 6S) - 5- with water three times. The ethyl acetate layer was separated, dried (sodium sulfate),

(tert-but q)éyc%{lt%%g%hg anragr}tr-a%d.( F1a2h gﬂr]z)I&lgtgér(a%eu%}/n:lg)niezha%bﬂin Weq{y?e-ngl_l-
chloride from 0 to 10% gave the desired product (12mg, 13%): MS(ES)[M+H "] =
764.38.

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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10cycl ohept a[ b] pyri di n-9(6H) -yl i dene) acetate (0.1383 g, 0.302 mmol) and 10%
P&G (17.4 ng, 0.016 mmol) in methanol (4 nL) was stirred under hydrogen (1
atm at rwormtiempwrature for 24 h. The reaction was fil reras24eionsaagh a pad
of celite and the crude residue was concentrated. Flash chromatography
using ethyl acetate in hexane fromO to 50%to 85% gave the desired pr oduct
(35 was nore polar than 34): 34 15 (28ng, 20%: NB(ESI)[NHH+] = 461. 22; 1-H
N MR (400 MHz, CH LOROFORM - d) 6 ppm 8.41 - 8.47 (1 H, , 7. 60 7. 68(1 H,

, 7.16- 7.2 7. 74 4. 65 -
? 74 (1 H, m)%ﬁ(E?@ @Fﬁ 276 %ﬁgé}a‘)@%’? %%ﬁéﬁ‘(gpéﬁl“(@ﬂb@?%{%? 3.25 (2
H m, 2.68 - gug Hln)kizomg@(ﬁg m) 80258()&(1-H ﬁlf),76b 885 (121,06, (2 H m,
1.38- 1.50(1 H 1.(9 ’\% 2&) 35 (118my, 859 :
20 |v5( ESI) [ M-H® (_th? 729 71!—31\5 %)4éd6wﬂ|£0(bﬂL’@héﬁéRm )(1 &L gprd-80 46( 1 H,

gdgé g 01 541‘(576)(2 H7n§74 (1 M3@H111?)7231H3)10)(37H11¥1) (2124H2 QCtAiF?n)&ngA g ?28%1
H d, 1=4.% Hz2)Q4(ér%31)(1143+1E4(51§)m)3 20(1 H dd,J=16.2, 7.7 H). 2.75 (1
H d 1=7.0 Hz), 1.98- 2.07 (1 H ), 1.81 (2 H,d, J=4.0 Hz), 1.57 - 1.69
(1 H m, 1.33(9 H s), 1.21 - 1.25 (3 25H, nm. Intermediate 36 O

524(58,68,98)-5-(tert-butoxycarbonyl@ﬁﬂﬁ%ym63%2 3-dal ti orophen. 0-6, 7, 8, 9-

t et rahydr o- 5H cycl ohept a[ b] pyri di n-9-.31)aceac acid. A m xture of i thium
hydroxi de (11.2 ng, 0.468 nmol) and ethyl

2- 458, 6S, 99) - 5- (tert-but oxycar bonyl/aniyno) - 6- (2, 3-di f |l uor ophenyl)-6,7,8,9-te
t rahydr o- 5H cycl ohept a[ b] pyri di n- 9- giﬂgcet, (27.8nmg, 0.060 mmol) in
tetrahydrofuran (3 naL) 10and water (0.7 ni\ wels stirred at room
tenperature for 24 it The sol vent w qved\vi a high vacuum and t he crude
product (MS(ESI)[MtH | = 433.17) as 1s in the next step. Exanple
19 15

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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tert-butyl (5S, 68,95)-642, 3-di fl uoropheny0-942- oxo- 244-( 2- oxo- 2, 3-
di hydro-111-i m dazo[ 4, 5- Npyri di n-1 - Api peri di n-1-Aethy0-6, 7,8, 9-tetrahydro-5
Hcycl ohepwvaNpyri4edon- 5- yl car bamat e.  DEPBT (26.9 ng, 0. 09@cmruskyiomssi3added to
a 20di nmet hyl f ornaam de (4 L) sol ution of
2- USS, 6S, 9S) - 5- (tert-but oxycar bonyl am no) -
6- (2, 3-di fl uorophenyl)-6, 7, 8, 9-t et rahydr o- 5H cycl ohept a[ b] pyri di n-9-yfl acet
ic acid (25.9 ng, 0.060 mmol),
1-(piperidin-4-y1)-1H—inidazo[4,5-11q¥rid}n-sgBFD-one (19.64 ngy, 0.090
mmol) at roomtenperature. After stitFiRYg#%r320 nin, triethylanine (0.013
m., 0.090 mmol) was added to the reaction m xture. The 5reaction was
stirred overnight at roomtenperature. The reaction was diluted with ethyl
acetate and washed with water thLe%EIbnes. organi c | ayer was separat ed,
dried (Sodiumsulfate), filtered ang—to
usi ng nmet hanol in nmethylene chloride fr
(24.5my, 65%: MS(ES1)[ MFH+] = 633. 36%
10 10.32 - 10.48 (1 H m), 8.45 (1H
1.0 Hz), 7.63 - 7.74(1 H n), 7.28 -N7. (2 H mM, 7.18 - 7.25 (1 H m,
7.11 (2 H m), 7.00(1 H d, J=2.5 k&),/5.45 - 564 (1 H m, 4.86 - 4.98
(1H m, 4.34 - 482 (2H m, 3.94 - HAX(L H m, 3.22 - 3.50 (2 H m,
3.07 - 3.20 (1 H m, 2.72 (2 H m), 2.¢1 - 2.36 (2 H m, 1.95 (3 H m),
1.32 (9 H d, J=2.5 Hz). 15 Internediate 37
202- ( (55, 65,9R)-5-(tert-butoxycarbonyl am na)-6-(2, 3-di | | uoropheny0-6, 7, 8, 9-
5 (E)-ethyl 2-((5S,6S)-5-(tert-butoxycarbonylamino)-6-(2, 3-difluorophenyl)-7, 8-

dihydro-5H-cyclohepta[b]pyridin-9(6 H)-ylidene)acetate. A mixture of

e . Fllash chromat ogr aphy

10% gave the desired product
MR- (400 MHz, CHLOROFORM-d) 6 ppm
4.5 Hz), 8.08 (1 H, dd, J=5.3,

(carbethoxymethylene)triphenylphosphorane (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

25
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t et rahydr o- 5H cycl ohept a[ b] pyri di n-9-.31)aceac acid. A mxture of |ithium
hydr oxi de (11.2 ng, 0.468 mmol) and et hyl

2- 45S, 6S,WARob/MUt®rt - but oxycar bonyl am no) - 6- ( 2, 3-di f | uoPophseyPsHEIY, 8, 9-t e
t rahydr o- 5H cycl ohept a[ b] pyri di n-9-yfl acetate (118.1 ng, 0.256 mmol) in
tetrahydrofuran (3 nL) 25and water (0.3 nL) was stirred at roomtenperature
over night. LCVMS showed conplete conversion. The reaction was dried under
hi gh vacuum and the crude product (MS(ESI)[ MrH+] = 433.17) was used as is
in the next step. Exanple 20 5 tert-butyl

(5S, 65, 9R) - 642, 3- di f 1uor opheny1) - 9f‘tt%‘-"b‘“§'8¥t%=”‘t’é-5( 2- 0X0- 2, 3-

di hydro-| Him dazo[ 4, 5- Npyri din-1-yOpi peridin-l-yQethyl)-6,7,8,9-tetrahydro
-5H cycl ohept a[ b] pyri di n-5-. 31carbanmate. DEPBT (0.115 g, 0.384 mmol) was
added to a 10dinethy|foqg§§ide (4 mL) solutionlef

24(5S, 6S, 9R) - 5- (tert - butoxysar bonyl am no) -

o
6- (2, 3-di fl uorophenyl)-6 8, 9-4 ahydro-5kL9¥Qloh [ b] pyri di n-9-yfl acet
Ao F NH F

ic acid (0.111 g, 0.256
1-(piperidin-4-yl)-1Him 4 53b] pyri di n- 2(3H¥<qfie {0.084 g, 0.384 mol)
rifg for 20 nfn, { hyFami ne (0.054 ni,

at roomtenperature. Affe
0.384 mmol) was added t 6 gaction m xture, A eaction was stirred

150verni ght at room tenper at The reaction was diluted with ethyl
acetate and
o_ \W/o\//
(o] o]
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), 5.39-5.52 (1 H, m), 4.65-4.74 (1 H,m), 416 (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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washed three tines with water. The ethyl acetate |ayer was separated, dried
(sodiumsulfate), filtered and concentrated. Flash chromat ography using

met hanol Wo 2oatdagdeene chloride fromO to 10% gave t he desirrsdoypnsdast
(145ng, 90%: MS(ESI)[MtH = 633. 36; 1HNWR (400 MHz, CHLOROFORM-d) 6 ppm
11.23(1 20H, br. s), 851 (1 H dd, J=4.8, 1.5 Hz), 8.03 - 8.14 (1 H m,
7.65 - 7.78 (1 H m, 7.14 - 7.41 (2 H m, 6.95- 7.08 (4 H m, 551 -
5,72 (1 H m, 509 - 522 (1 H mM, 4.81- 4.9 (1 H m, 4.55-4.73 (1 H,

m, 4.29 Intermediate 36

-

0
O%NH Q\F
N
\ F

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-5H-
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

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-
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)-
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4.47 (1 H m, 3.90 - 4.06 (1 H m, 3.34 - 3.64 (2 H m, 3.13 - 3.34 (1

4
m, 2.56 - 2.80 (2 H m, 2.08 - 2.42 (3 H m, 1.53 - 2.04 (5 H m,
1

H1 )
1 (9 HVO2P11/046997 PCT/US2010/052433

.3

6-(2,3-difluorophenyl)-6,7,8,9-tetrahydro-SH-cyclohepta[b]pyridin-9-yl)acetic acid
(25.9 mg, 0.060 mmol), 1-(piperidin-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™ Q\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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Example 21 1-0-12-1(5S,6, S, 9R)-5-am i no-6- (2, 3-07uor opheny0-6, 7, 8, 9-t et
rahydro-5H 5cycl ohepta[b] pyridin-9-.31)acetyppipe ridin-4-.31)-1Him

i dazo[ 4, 5Swblkyriidse72( 3H) - one. To a nethyl ene chl ori de @ETrASpo1®®E2483 on of
tert-butyl (5S,6S,9R) -6-(2, 3-

di f1 uor ophenyl) - 9-(2- oxo- 2- (4-(2-oxo- 2, 3-di hydro- 1H i m dazo[ 4, 5- b] pyri di n-|
y1l) pi peridi n-1-ypethyl)-6,7,8,9-tetrahydro-5H cycl ohepta[ b] pyridin-5-ylcarb
amate (0.1452 g, 0.229 nmol) was added TFA (1 m 12. 98 rrm)l) at room
tenperature. 10The reacti.on s stirred at e er at 311 before
rembval of t hEORBICEERIVTON abGd e L ey it v s ined bor ween
ethyl acetate pa(stdlcu@/thsD@q){ii{qmdgggay‘bggngé@as(@a;tme n&sstgslded and t he et hyl
acetate | ayer was separated. The ethyl acetate |ayer was dried (sodium
sulfate), filtered and concentrated. Flash chronat ography using nethanol in
met hyl ene chloride fromO to 10% gavep@nipi©fipct 15that was still sonewhat

i npure. The product was further puyrified by prep TLC eluting with 10%

met hanol in nethyl ene chloride (2 ng, 209 : MS( ESI ) [ MIH 1= 533.29; 1H NWR

(400 MHz, CHLOROFORMid) 6 ppm 847l H, td, J=5.3, Hz), 8.09 (1 H, d,

J=5.3 Hz), 7.49 -7.58 (1 H m) 7,;\27 -@(1 H, m) 7 18 (1 H, ddd,

J-15.3, 7.4, 4.9 Hz), 6.95 - 7.19 (AnH g.87(1 H d, J-13.1 Hz), 4.57 -

4.76 20(1 H, ), 4.44(1 H, d, J- 10 - 4.33 (2 H, m), 3.46 - 3.67

(1LH m, 3.20 - 3.40 (2 H, ), 2\ 7§ (3 H m, 1.50 - 2.33 (9 H m.
>\\NH

5 O

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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It wll be evident to one skilled in the art that the present disclosure is
not limted to the foregoing illustrative exanples, and that it can be
enbodi ed wo 20tia69925speci fic forns wi thout departing frecTiuseoiessassi al
attributes thereof It is therefore desired that the exanples be considered
in all respects as illustrative and not restrictive, reference being nade
to the appended clains, rather than to the foregoing exanpl es, and al
changes which cone within the neaning and range of equival ency of the
clains are therefore intended to be gg%raieg therein. CLAIMS W claim A
compound of Fornmula where: Rl is hy %yano, hal o, al kyl, hal oallcyl,
al koxy, am no, alkylam no, diallcylam azetidinyl, pyrrolidinyl, or

pi peridinyl; R2 is piperidinyl suhgii tth 1 substituent selected from
the group consisting of 0000 D

>\NH

o

1-(1-(2-((58,6S,9R)-5-amino-6-(2, 3-difluorophenyl)-6,7,8, 9-tetrahydro-5 H-
5 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.

10 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

15  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

20 (1H,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
25  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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A AAAA)-LisCL NNHNNHNNH 15R3RAR3RAR3R4 0 )--NH R3 R4 R is

hydr ogen, hal o, cyano, allcyl, haloal kyl, al koxy, or haloallcoxy; 5R4 is
hydr ogen,wbabny/o469ano, allcyl, haloallcyl, al koxy, or haCoalSb@ony243R5 i s
hydr ogen, hydroxy, al koxy, hal oal koxy, azido, am no, al kylam no, or

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; 122 is hydrogen, hydroxy, al koxy, hal oal koxy,
azi do, am no, al kylam no, or dial kyl am no;

examples, and all changes which come within the meaning and range of equivalency

of the claims are therefore intended to be embraced therein.
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15 Rs is hydrogen, hydroxy, al koxy, hal oal koxy, azido, am no, alkylam no,

or dial kylam no; R9 is hydrogen, hydroxy, allcoxy, hal oal koxy, azido,

am no, alwglanoaey97or 20di al | cyl ami no; R16 i s hydrogen, Paydrsecay/,0saBkoxy,

hal oal koxy, azido, am no, al kylam no, or dial kylam no; 25R11 is hydrogen,
hydr oxy, al koxy, hal oal koxy, azido, am no, al kylam no, dial kylam no,

al koxycar bonyl, or benzyl oxycarbonyl; or Rimand R12 taken together is 0 or
NOH , Rit, Rs, RO, - KlIs, 30provided that at |east one of R5, Rsor Rll is
not hydrogen; Arl is phenyl substi t;&edm)g th 0-3 substituents sel ected
fromthe group consisting of cyano, h IdA kyl , hal oal kyl, al koxy,

hal oal koxy, and al kyl SO02; Xis 0, CH2, or NH and 5

We claim:
5 L A compound of Formula I
8
Al AR Re
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(ﬁ L, gh L el
X Uk X
15 R3 R , R3 R R3 R R3 R R4

e O o O
O \ \
T U S T

NH NH
o Sy B e SRS S
/X X X X, N
R® R* R4 R4 R4 R*
2 2 2 2 7a'nd

: O
L
NH

o
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Y is a bond, 0, CH2, or NH, or a pharmaceutically acceptable salt thereof.
10 2. A conpound of claim|l where: Rl is hydrogen, cyano, halo, alkyl,

hal oal kylwoabkiaxggs7am no, al kyl am no, di al kyl am no, azetCwuiusgd10/052433
pyrrolidinyl, or piperidinyl; 15R2 is piperidinyl substituted with I
substituent selected fromthe group consisting of Rl is hydrogen, hal o,
cyano, allcyl, haloallcyl, alkoxy, or haloallcoxy;, 5R4 is hydrogen, hal o,
cyano, allcyl, haloallcyl, alkoxy, or haloallcoxy, R5 is hydrogen, hydroxy,
al koxy, hal oal koxy, azido, am no, al kylam no, or djal kylam no; 10R6 is

hydr ogen, hydroxy, al koxy, hal oal koxXyN"azj do, am kyl am no, or
di al kyl am no; 122 is jfydrogeg Rpdr ox ! DE?{ hal Qal '%gfoazido, am no,
al kyl am no, or di al QN @@ is hy , hydr ox hkoxy,

~N

hal oal koxy, azi do, ani na, y|éﬁNno, al kyl ani nd
or R* is , or

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;

82



RO i s hydrogen, hydroxy, allcoxy, hal oal koxy, azido, am no, alkylam no, or
20di al I cyl am no; R16 is hydrogen, hydroxy, al koxy, hal oal koxy, azido,

am no, alwglanvmaey97or di al kyl am no; 25AlI1 is hydrogen, Rganusze10/0ad4koxy,

hal oal koxy, azi do, am no, alkylam no, or dialkylamno; or R and R11 taken
together is oxo; 30provided that at |east one of R5, Rs, R7, Rs, R9, K10,

or R11 is not hydrogen; Arl is phenyl substituted with 0-3 substituents
sel ected fromthe group consisting of cyano, halo aIkyI hanaIkyI

al koxy, haloalk@x and al. ond 0,
CH2, or NH, orfa’® g}%@éﬁ%& 1%;9 ﬁ%@é%‘?% gl 0SB0 coshindor”

cyano, halo, alkyl, haloalkyl, alkoxy, haloalkoxy, and alkylSOy;

X is O, CH,, or NH; and

5
Y is a bond, O, CH,, or NH;
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

r"{N)J\NH | >\
AnERATRAERARES
X X AR X )
R RY 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, N
R R R* and
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103. A compound of claiml1l with the designated stereochem stry. 4.A
conpound of claim3 where 15 Rl is hydrogen, halo, cyano, am no, al kylam no
or dial kywermnoe®2 i s piperidinyl substituted with 1 seostiscuens243el ect ed
fromthe group consisting of p NH | , and 20 123 is hydrogen or halo; R4
I s hydrogen or hal o;

or R* is or ;
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, or
dialkylamino;

or R'"’and R'! taken together is oxo;

30 rovided that at least one of R°, R®, R”, R®, R®, R'®, or R"' is not hydrogen;
p ydrog
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25R5 is hydrogen or hydroxy; R6 is hydrogen; R7 is hydrogen; 5Rs is

hydr ogen; R9 is hydrogen or hydroxy; R19 is hydrogen, hydroxy, azido,

am no, alwoybam4s®; or dial kylam no; 10 Rl | is hydrogerCTars2005a88 Al |
taken together is oxo; - 7 -- 10 15provided that at |east one of R5, tc.6 ,
R, tc. , RO, tc. , or RI1 is not hydrogen. Ari is phenyl substituted with
0-2 hal o substituents; Xis 0, CH2, or NH, and 20 Y is O; or a
pharmaceutically acceptable salt thereof.

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

X is O, CH,, or NH; and

5
Y is a bond, O, CH,, or NH;
or a pharmaceutically acceptable salt thereof.
10 3. A compound of claim 1 with the designated stereochemistry.
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
5
Q M Q \N rr’s\
NH NH N Yo O
— —N
S SR
R, R® R* R® and :
20

R’ is hydrogen or halo;

R” is hydrogen or halo;

25  R’is hydrogen or hydroxy;
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255. A conmpound of claim4 where R is hydrogen; R2 is piperidinyl
substituted with 1 substituent selected fromthe group consisting of RS is
hydr ogen wo 2oydriedey; R6 i s hydrogen; R7 is hydrogen; 12@crashyidnsmen; RO is
hydrogen or hydroxy; R29 is hydroxy, azido, or amno; R | is hydrogen; or
Rl and R12 taken together is oxo; provided that at | east one of R5, R,
R7, Rs, R9, R112, or Rl11l is not hydrogen; Arl is phenyl or difluorophenyl;
Xis 0, CH?, or NH, and Y is 0; or a pharmaceutically acceptable salt
t hereof 56. A &g gund of claim1l where Rl is hydrogen, cyano, halo, alkyl,
hal oal kyl , al KolyYU9E Mo, al kyl ani no, di al kyl am no, azetidinyl,
pyrrolidinyl, or piperidinyl. 7. A conpound of claiml1l where R2 is
N-pi peridinyl and is 4-substituted. NHO NH \ AN 8. A conmpound of claim
7 where the sdbdtMdREE: is 10 9. A conmpound of claim1 where R5 is
hydrogen, R6 is hydrogen, R7 is hydrogen, Rs is hydrogen, R9 is hydrogen,
Rimis hydroxy, azido, or amino, and R21 is hydrogen; or where RS is
hydrogen, R6 i ihhx¥eg§en, R7 is hydrogen, fe is hydrogen, RO is hydrogen or
hydroxy, and Rth and | e taken together is oxo; or where R5 is 15hydrogen,
R6 is hydrogen, R7 is hydrogen, Rs is hydrogen, R9 is hydroxy, Rimis

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®, R’, R®, R’ R, or R'!is not hydrogen;
Ar' is phenyl substituted with 0-2 halo substituents;

Xis 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
O

H
. ~ O
QM \N’(N,H N 0._.0

>\N/ E/N | SN \|¢

/N

zi @ Z Br | X 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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hydrogen or hydroxy, and fel is hydrogen; or where R5 is hydroxy, R6 is
hydrogen, R7 is hydrogen, Rs is hydrogen, R9 is hydrogen, R mis hydrogen,
and R11 iwohydragen. 10. A compound of claim1l whece/useoeioios2aphenyl
substituted with 2 hal o 20substituents. 11. A compound of claim 10
where Ari is 2,3-difluorophenyl. 12. A compound of claim1l where Xis
0. 25 13. A conmpound of claim1l selected fromthe group consisting of
(6R

oL ovet it noooy 14 Dk ony kg i p R ond phR SRE T Ao SrRYe! oneptal

30yl ) pi peri di nénck hy@l@%I GOAY! iapRsnyl or difluorophenyl; X is O, CH,, or NH; and Y is O; or
(9R)-6-(2, 3-difluoro 1 -5-0x0-6,7, 8, 9- tetrahydro 5H—cyc|ohepta[b] pyri di

n-9-y1 apharmaceutlcaly acceptable salt thereof.
4- (2- oxo- 2, 3-di hydro- 1H i m dazo[ 4, 5 b] pyri di n-1-yppi peridi ne- 1- car boxyl at e;
(5S, 6R, 9R) 6- (2, 3-di fl uor ophenyl 6-di hydroxy-6 9- tetrahydro 5 H

8
5cyc 1o hept a[fb] py i @ipogn 4:laer2ld%@rezRgshYdrhgﬁ‘arwa&0 yalo |ﬁi<sdalzab>al yl,

[4, 5-b] pyri di Ny Vi, RES JabHi e dda kG ARRRX ¥2ehi@t &, plrpolidinyl dinyl.
L oa oY g () My Yk, BGOSR =gl plrsolidingl, or igeridinyl,

cyc I o hepta[b]pyridin-9-yl4-(2-oxo-2, 3-di hydro 1 H-imdazo

[4,5-b] pyridin1- 10

R R o ] S
o
W

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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cycl ohept a[ b] pyri di n-9-y14- (2- oxo- 2, 3-di hydro-tH i m dazo[ 4, 5-b] pyri din-1-
yl ) pi peri di ne- 1-car boxyl ate; 15

(5S, 6R, 9Ryo@0(124899di f | uor ophenyl) - 5- hydr oxy- 6, 7, 8, 9-t et Pamy$e@0H52433

cycl ohept a[ b] pyri di n-9-y14- (2- oxo- 2, 3-di hydro-1H i m dazo[ 4, 5- b] pyri di n- 1-
yl ) pi peridi ne-t-carboxylate; 20(5

S, 6S, 9R) - 5- azi do- 6- (2, 3-di fl uor ophenyl)-6, 7, 8, 9-t etr ahydr o- 5H

cycl ohept a[ b] pyri di n-9- y14 (2 oxo 2 3 di hydro 1H i m dazo [4, 5-b] pyridin-1-

yfl piperi dine- ( R g )é ) X ’78 yrrrI %?i—?ick%’e&é[%ﬁpyridin@—yl
f I uor opheny1) Ot oS % Et%‘ firg
hept a[ b] pyri d|4n(29crxwz4% ﬁlBydMQHZdeECZ'b 4r5qupgaqcﬂinJrLy1)pmeﬂala@[1 ZaBolfipyr i di n- 1-

yl ) pi peri di ne- 1-carboxyl ate; (6S,9R)-6-(2,3 -
i fl uorophenyl) - 6 hydr oxy-6, 7, 8, 9-t et r ahydr o- 5H—

%c: ?hept al 3] RYS, I16¢k 9R§36 )(zlétd(fﬁw%ﬁe@)% Sy doy-& sl gtiedazQrd-f1.5- b] pyri di n- 1-
i peridi ne- car OX
S, %s BRﬂO 5SamicheloBntagb] syrenlm Ptyéf‘zs é@r%)dl@dw sigmidaral &RPdMELIBEEY cl ohept a[ b]

yridin-9-yl4- (2,0%Rdige-3 Cglubg}y)qgtg 1Hi m dazo [4, 5-b] pyridin-1-
yf | pi peri di ne- I-carboxy ate; 5(5 S, 6S,9R)-6-(3,5-difluoroph

enyl) - 5- hydroxy-6,7,8,9-tetrahydro-5 H - eye | o hepta[b]pyridin-9-yl
4-(2-o0xo0-2, 3- ‘%‘Iss By 9%52%2%Iz-E%ﬂed_ompﬁéliy%[ﬁh%r&lypé{f,k,@lt&fﬁayam-sfl-

yl) pi peri d| ne-T-"car ;
cyclohepta[b]pyridin-9-yl 4-(2-0x0-2,3-dihydro-1H-imidazo[4,5-b]pyridin-1-

10  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;

15
(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;

20 (55,6S,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-
25  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-
30  ylpiperidine-1-carboxylate;

88



(6S, 8R, 9S5)-6-(2, 3-di fl uor ophenyl) - 8- hydr oxy-6, 7, 8, 9-t et r ahydr o- 5H -

10cycl ohept a[ b] pyri di n-9-y14- (2- oxo- 2, 3-di hydro- 1H i m dazo[ 4, 5- b] pyri di n- 1-
yl ) pi periwonetiln4e®@rboxyl at e; (5 PCT/US2010/052433

S, 6S, 9R) - 6- (2, 3-di f | uor ophenyl) - 5- (et hyl am no) - 6, 7, 8, 9-t et r ahydr o- 5Hcycl oh
ept a[ b] pyri di n-9-y14-(2- oxo- 2, 3-di hydro- 1Hi m dazo [4, 5-b] pyridin-1-

15yl ) pi peri di ne-1-car boxyl ate; (5

S, 6S, 9R) - 6- (2, 3-di f | uor ophenyl) - 5- (di et hyl am no) -6, 7, 8, 9-t et rahydr o- 5Hcycl

ohept a b)pyr iy, 44 (2 ox 2, L Nl <t 1 Sz, L, S- ol pyr -1

yl) pi peri di ne

(6S, 9R, Z) - 6- ( 2ydokkiptd[bipyapheny 1)2-bx4-bpdhigxyd-mHna)dabo[ 7,5 B ridet r-ahydr o- SHeyc
| o hepta[b]pyridin19-y14-é2-oxo-2,3-di hydro-1 H -imdazo[ 4, 5-b]pyridin-1 -
yl ) pi peri di neYDPWsFBSky-cpRp@ilates(6 s 9 R

E)-6- (2, 3-di fluorophenyl)-5-(hydroxyimno)-6,7,8,9-tetrahydro-5H -

cycl ohept a[ b] pyri di n- 9- 14g{2-0x0-2,3-dihydro-lkkinidaz%{4,5-b]pyridin-1-
yl ) pi peri didne S,Q%Pﬁbﬂiéﬂ ,uO{qphenyl)—S—hydroxy—6,7,8,9—tetrahydr0—5 -

S, 6S, 9R) - 5- am \Eo Rspkalo 3y, Mih-b YO H QRRBLNY B)dilfdfo- B ImidaL @B iRt
300yc|ohepta[éip?rfé%gﬁﬁ-§l-ﬁgt?ahydrbsgg?a)[inﬁéneii %ﬁ@g§rrolo [ 2, 3-

b] pyri di ne] - 5-Wrtari¢iaerdtcarboxyletet - but yl (5S, 6S, 910- 9- ani no- 6- (2, 3

-di fl uor ophenyl) -6, 7, 8, 9-t et rahydr o- 5Hcycl ohept a[ b] pyri di n- 5-yl car bamat e;

(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,9S)-6-(2,3-difluorophenyl)-9-(2-o0xo0-2-(4-(2-o0x0-2, 3-di
hydro-1 H5i m dazo [4,5-b]pyridin-I|-yl

) pi peri diwol2eyiHasdyyl ) -6, 7, 8, 9-t et rahydro-5 H cyc | o hepcajuspyins24ds n- 5-y
| carbamate; tert-butyl (5S,6S,9R )-6-(2,3 -di fluorophenyl
)-9-(2-0%x0-2-(4-(2-0x 0-2,3 -di hydro-1H - imdazo [4,5-b]pyridin-|-yl
)pi peridin-|l-yHethyl)-6,7,8,9-tetrahydro-5 H

10cycl ohept a[ b] pyri di n-5-yl carbamate; and 1-( 1 - -((5 S,6S ,9R) -5

oy ) acet yIbPHet RERRSEY TR A S E“ré%ﬁ"’@?cérahyé}e BELI

a phar maceut i ggtlbyepagsppiabbsl@aatmatcher eof 14. The conpound of claim 1 20(5
S, 6S, 9R) - 5- am no- 6- (2, 3-di fl uorophenyl) -6, 7, 8, 9-t etrahydr 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-

%’L' pi p?” di ne-tr-6@yh8x%slo8s-652, ?@1ﬂuo%ph&1yﬂbtm(2n&€oezlt4 eadby, Aghenbalkl-e salt
ereo
5  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-1H-
imidazo[4,5-b]pyridin-1-yl)piperidin-1-yl)ethyl)-6,7,8,9-tetrahydro-5H-
10 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;

15

or a pharmaceutically acceptable salt thereof.
14. The compound of claim 1
20 (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;

25

or a pharmaceutically acceptable salt thereof.
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15. A conposition conprising a compound of claiml, or a pharmaceutically
acceptabl e salt thereof, and a phanniat-eutically acceptable carrier.

The conposition of claim 15 where the conpound of claiml is (5S, 6819R)-5-
am tio-6-(2,3-di fluorophenyi)-6,7,8,9-tetrahydro-514-cycl ohepta[b] pyridin-9
-yl 442- oxo-2, 3-di hydro-1TH m dazo[ 4, 5-bjpyridin-I-yilipiperidine- 1

- ear boxyl at e. 17. A use of a therapeutically effective anount of a

compound of gbal Myl oo o Ri ANBLIREENL ERlNASPEREAT! & SRldmblictieaty 10 the

manuf acture of" a anen eati'ng a condition associated with

aberrant | evet&pabléd@RRhereof, 4 a Phemaseutiehllg haieprable cahésre the condition is
mgraine. 19. The use of claim 17 where the conpound of claim1l is
(.58,6S,9R)-5-am no-6- (2,3-dill

uor opheny0- 6,7, 8, -B5%-1- | fH s Q- vi 52, 3-
di hydro-1111 165 ﬁ‘é’%%{’@ﬁﬁﬁﬁ?%ﬁ%’h?? %‘?. St?%g‘%%%[d%{cghér %%?ﬁtg SR,
The use of chaiino-882 BhefleorbpleengrpdBridteatihydraisi-tydsheptS) 1§81 ARYS-5l afd-no- 6-

2,3-dititioropheny-1)-6,7,8,9-tet - ycl. i di n-9-
El- (2-oxo0-2, 3 pxg-@d’i-gihyziro-iH-1m1<glzo[e4,5r-gﬂ)%fglﬁ%- -lglli)gﬁ)%lrlglfr]lgplt-(:aelrgclygﬁa{tgl n-9-34
hydro-111-i m dazo[ 4. 5-b] pyri di n-1-yfl pi peri di ne-1-car boxyl at e.

17. A use of a therapeutically effective amount of a compound of claim 1, or a
pharmaceutically acceptable salt thereof, in the manufacture of a medicament for

10 treating a condition associated with aberrant levels of CGRP.
18.  The use of claim 17 where the condition is migraine.
19.  The use of claim 17 where the compound of claim 1 is (5S,6S,9R)-5-amino-6-
15  (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.
20.  The use of claim 18 where the compound of claim 1 is (5S,6S,9R)-5-amino-6-

(2,3-difluorophenyl)-6,7,8,9-tetrahydro-5H-cyclohepta[b]pyridin-9-yl 4-(2-o0x0-2,3-
20  dihydro-1H-imidazo[4,5-b]pyridin-1-yl)piperidine-1-carboxylate.
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