- | - 5-11T3 RECEPTOR MODULATORS, METHODS OF MAKI NG, AND USE THEREOF

[ 0001] This application clains the benefit of U S. Provisional Patent
Application 5Serial No. 61/057,014, filed May 29, 2008, which is hereby
incorporated by reference in its entirety. FIELD OF THE | NVENTI ON

10[ 0002] The present invention relates to serotonin type-3 (5-HT3) receptor
modul at ors, conpositions, their use in thé-treatnment of diseases in which
the 5-11T3 receptor is inplicated, for exanple, in the treatnent of
Irritable Bowel Syndrone (IBS), chenotherapy-induced nausea and vomting
(CINV), and post-operative nausea and vomting (PO\W), and the use of the
conpounds i n conbi nai-Hdn REGERFYR MO UMATSRS, METHYM OFMAKING; el ates to

met hods of synthesis of the 5-HT3 hgﬁf:%grﬂg@egﬁ%tors. BACKGROUND OF THE
| NVENTI ON 100031l rritabl e Bowel rome (1 as a mmjor inpact on the
heal t hcare 20systemin that |IBS managenent in the U S. is estimated to cost

8 billion doll annuall.y_in diregct di.cal.. car st s d _as, high. as 25
i 11 1 on dor 1 et e adefledioh Shm{BE bER it G008 Ap T soad Bt %po"r'ﬁg)%‘l?ﬁds

t hat al t er 5t h€cadNovb1/¢50014¢ Bletl dlay 29e2@Bowhinh iseherpy Orcsrparag:ditiyecforthye in
approved pharnaceutical treatnments for IBS. To that end, the only U S. drug
currently appro¥&i*%or diarrhea predonminant 1BS is al osetron, a scrotonin
type-3 (5-HT3) 25receptor inhibitor. This drug was introduced by G | axo,

wi t hdrawn by the FDA due to rar urrence f lschemc colitis, and then
reinstated by the FDA because tﬁ‘ﬂéggé@ﬁﬁﬂ%&@g@ﬁ t for a treatnent for
this disease, In 2002, the US Food and Drug Adm nistration approved

al osetron hydrochl ori de (LOTRONEX(r)) tablets under restricted conditions
for patienfs i¥0%%hom t nEMCREsEREANV B EBIE|aS [otRRiRM Y PERdS sk §certs] 0005] 5- HT3

_receptor modub iRk rdeddpdsTRRO VIR Bafahy 1ridiabii e 8is@k& ih Ral@iRy 21 ghl y
desired for the treatnent of IBS. A 5-HT9 receptor nodul ator is an agent
whi ch receptor is implicated, for example, in the treatment of Irritable Bowel Syndrome (IBS),
chemotherapy-induced nausca and vomiting (CINV), and post-opcrative nausca and
vomiting (PONV), and the use of the compounds in combination therapy. The present

15 invention also relates to methods of synthesis of the 5-HT4 receptor modulators,
BACKGROUND OF THE INVENTION

[0603] Irritable Bowel Syndrome (IBS) has 4 major impact on the healthcare

20 system in that IBS management in the U.S. is estimated to cost 8 billion dollars annually
in direct medical care costs and as high as 25 billion dollars in indirect economic costs,
[0004] At present, compounds that alter the activity of certain serotonin receptors
are the only approved pharmaceutical treatments for IBS. To that end, the only U.S. drug
currently approved for diarrhea predominant 1BS is alosctron, a scrotonin type-3 (5-HTs)

25  rcceptor inhibitor. This drug was introduccd by Glaxo, withdrawn by the FDA duc to
rare occurrences of ischemic colitis, and then reinstated by the FIDA because the demand
was so great for a treatment for this disease. In 2002, the US Food and Drug
Administration approved alosetron hydrochloride (LOTRONEX™) tablets under restricted
conditions for patients in whom the medical benefits outweigh the risks.

30 [0005] 5-HT3 receptor modulators with improved safety profiles are therefore
highly desired for the treatment of IBS. A 5-HTa receptor modulator is an agent which

can either inhibit (e.g., an antagonist) or partially activate (c.g., a partial agonist) the 5-



can either inhibit (e.g., an antagonist) or partially activate (e.g., a
partial agonist) the 5- - 2 - HI3 receptor. Indeed, a nunber of 5-HT3
receptor nodul ators are progressing through clinical trials for thc
treatment of |IBS. Exenplary conpounds include ranosetron, renzapride,
DDP225, and DDP733. [0006] Nausea and vom ting caused by chenptherapy remain
anmong the nost 5distressing side effects -for patients under goi ng treat ment
for cancer. Dependi ng upon the chenot herapy agents or reginmens given, up to
90% of patients may suffer from sone form of chenot herapy-induced nausea
and vomting (CINV). Synptons from CINV can be severely debilitating and
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have been discharged.
[0008] Compounds that target 5-HT5 receptors are currently the most effective
20  anti-emetics; they constitute the single greatest advance in the management of nausea and
vomiting in patients with cancer. Blocking the 5-HT}3 receptor signal in the CNS or
periphery appears to prevent acute emesis. All approved 5-HT; receptor modulators,
except palonosetron (ALOXI®), are approved to prevent acute CINV. Palonosetron is the
only 5-HTj receptor modulator currently approved for the prevention of delayed CINV.
25  In addition, the combination of the ncurokinin antagonist aprepitant (EMEND@), aS5-HT:
receptor modulator, and the corticosteroid dexamethasone has been shown to be highly
effective in preventing both acute and delayed cisplatin-induced emcsis.
[0009] Palonosetron has received recent approval for the treatment of post
operative nausea and vomiting (PONV). Therefore, 3-HTs receptor modulators may be
30 useful for the treatment of PONV,
[0010] Clearly, there is a need for improved therapy for IBS, CINV, and PONV,

The present invention is directed to achieving this objective.



30useful for the treatnment of PONV. 100101C early, there is a need for

i nproved therapy for IBS. CINV, and PO\V. The present invention is directed
to achieving this objective. - 3 - SUMVARY OF THE | NVENTI ON 100111The
present invention relates to conpounds of formula I: \ X 5( RlL )pR2
formula wherein: 10Q is a saturated, bicyclic, heterocyclic amne, wherein
the saturated, bicyclic, heterocyclic am-Ae conprises at |east two atons
bet ween the am de nitrogen of the conpound of fornula | and any am ne
nitrogen of Q and wherein the saturated, bicyclic, heterocyclic amne is
optionally substituted with from1l to 3 substituents independently sel ected
at each occurrence thereof fromthe group consisting of C-C3 al kyl,

hal ogen, - 15 CN, -0127, and N i ' N, J is selected from
the group consisting of a d|régﬁ%§§ﬂ5¥(%§sﬁﬁlhgﬁggERﬁEO each Rl is

i ndependently selected fromthe group consisting of H, hal ogen. - ON -

G- 0o’ al kyl . ABIRL o kori e e RS gl TR G0 s
cycl oal kyl al kyl, aryl, and heteroaryl @?ereln each of C I-Co al kyl,

C. 2- Coal kenyl, C2-C6 25a|kyny|, CB-Cchq oal kyl, C4-Cr7 cycl oal kyl al kyl ,
aryl, and heteroaryl is optional&y

formula I

wherein:

10 Q is asaturated, bicyclic, heterocyclic amine, wherein the saturated, bicyclic,
heterocyclic amine comprises at least two atoms between the amide nitrogen of the
compound of formula | and any amine nitrogen of @ and wherein the saturated, bicyclic,
heterocyclic amine is optionally substituted with from | to 3 substituents independently
selected at each occurrence thereof from the group consisting of C;-C; alkyl, halogen, —

15 CN, —OR’, and —NR'R?;

X isCH, CRY, or N

J 15 sclected from the group consisting of a direct bond, C=0, and SO,
20
cach R is independently selected from the group consisting of H, halogen. -~OR", —
NR'R®, —NR*C(O)R’, —NR*C(0),R’, —NR’C(O)NR’R®, —S$(0)R*, —CN, —C(O)R®,
mC(O)NR R, C1-Csalkyl, C,-Cg alkenyl, Co-Cy alkynyl, Cs- Ceocycloalkyl, Cy-Cy
cycloalkylalkyl, aryl, and heteroaryl, wherein each of C,-Cgalky!, C5-Cg alkenyl, C»-Cq
25 alkynyl, Cs-Cs cycloalkyl, C4-Cq cycloalkylalkyl, aryl, and heteroaryl is optionally



- 4 - substituted with from1 to 3 substituents independently sel ected at
each occurrence thereof from Cl-C3 al kyl, halogen, -CN, -0127, -NR7R8, and
phenyl which is optionally substituted 1-3 tines with hal ogen, Cl-C4 al kyl,
Cl-C4 hal oal kyl, Cl-C4 al koxy, -CN, -ON or -NR7R8; 5 R2 is selected from
t he group consisting of H halogen, -0124, -NR4R5, -NR4C(0)R5, -NR4C(0)2RS5,
-NR5C(0) NR5R6, -S(0)1115, -UN, -C(0)RS5, é(O) NR4AR5, Cl-C6 al kyl,

C2- C6al kenyl , C2-C6al kynyl, C3-Cé6cycl oal kyl, C4-C7 cycl oal kyl al kyI , aryl,
and heteroaryl, with the proviso that when J = S, Ris not H and wherein
each of Cl-C6 10al kyl, C2-05al kenyl, C2-Cc, al kynyl, C3-Cé6cycl oaLkyl, C4-C7
cycl oal kyl al kyhbstigag withgitem fda éﬁl{batrltwnt‘i @dmndwﬂmdlgﬁt@l@b%@tomuexstnw th from

lto 3 substlthﬁ({pgoqrﬁoglc@gﬁnﬂﬁ&_}%@ Ie@Ned 7 e(m{v %&léﬂﬁpﬁ%‘w%r eof from

Cl- C3 al kyl, ogen and phenyl > whi c

substituted 1-03tl®naﬁlasuiwimt¢d hed togasnyithChio@dn, &1, KlajkyCTH €4 hhlahlrball E)FIC,; al@bx A

al koxy, -CN, - OfgR? g?l%@-f 45 R3 is selected fromthe group consisting
of H, hal ogen, ]}\I R4C( 0) R5, - NR4C(0)2R5, -NR5C(0) NR5R6,

-S(0) 425, -CN, C(O) R5, -C(0)NR4R5, Cl1-C6 al kyl, C2-05al kenyl, C2-05 al kyl,

C3- Cocycl oal kyl,. Cr.c oaI k | al k |, and er |, i3 each
o oote sttt i Bottsingarl M&%ﬂm@ﬁ TR R, B GR,
E:yclg)oal lI;y![ a![ K yHINRET(),R andJRt"lté((E)N@éllt‘y L—S(@)ﬁﬁt%M@(@ﬂbs&C(@b{NﬁdRWGf.h?f rom 1
(0] sSupsti ue ependade sel e ccurr er.eo rom
SN R oM ed U RT3t R A A

s:th)stl tuted 1hau,iddmewmt;%ba%gimheﬁﬁ%ﬁkkyhot PChn@&hé}@th@&#K?f'Cll(%l o2

al Koxy, - I S al Oa

c-c4 al kd)anIa%Y C?ﬁaaléfs'&s'p&‘zo%ﬁaiéwyl @CWC@?W@QFnQy pealqaliylalkydyapy! wady phenyl ,

or benzyl, V\'hQEt@io@ryPh%PMJmaﬂ? slhﬂf"tm(:H with fﬂi% i Wﬂdbmltﬁmhaépuﬁ&qﬂ 03 tedta mES
wi t h hal ogen, Cl - hal oal kyl, or oxy; 30R5 is

H, Cl-C4 al kyleac C‘@ZF“PFatIh’éfﬁPﬂfm Ci- @:saléé! %lwsayaﬂ%l—%a Tﬁ%‘?e?@aﬂhﬁwl

Ca- C7 cycl oal l@mhkafamnammmwl %%ywhms% | @, -eheryl cLs hanay. )Hs.
optionally substituted t1mes V\ét cyano, Cl1-C4 alkyl, Cl-C4
hal oal kyl , or Ceptkoxy, a‘r@ny‘OR or5—NR'R

15
R* is selected from the group consisting of H, halogen, —OR?, —NR'R®, —NR*C(O)R®,
—NR*C(0),R’, —NR’C{ONR’R®, —S(O)R®, —CN, —C(O)R?, —C(O)NR’R?, C,-Cs
alkyl, C2-Cgalkenyl, C;-Cgalkynyl, C1-Cs cycloalkyl, Cy4-C7 cycloalkylalkyl, aryl, and
heteroaryl, wherein each of C,-Cg alkyl, Co-Cy alkenyl, Cy-Cg alkynyl, C3-Cj cycloalkyl,

20 C4-Cy cycloalkylalkyl, aryl, and heteroaryl is optionally substituted with from 1 to 3
substituents independently selected at cach occurrence thereof from Cy-Cjy alkyl, halogen,
—CN, —OR’, —NR'R?, and phenyl which is optionally substituted 1-3 times with
halogen, C,-Cy alkyl, C,-Cy haloalkyl, C;-Cy alkoxy, —CN, —OR’, or —NRR%;

25 R%is H, C;-Cy alkyl, C;-Cq haloalkyl, C;-Cq alkoxyalkyl, Ci-Cs cycloalkyl, Cs-C;
cycloalkylalkyl, —-C(O)RE, phenyl, or benzyl, wherein phenyl or benzyl is optionally
substituted 1 to 3 times with halogen, cyano, C,-C,4 alkyl, C,-C4 haloalkyl, or C,-Cy
atkoxy;

30 RYisH, C)-Cy alkyl, C;-C4 haloalkyl, C)-C4 alkoxyalkyl, Cs-Cg cycloalkyl, C4-Co
cycloalkylalkyl, phenyl, or benzyl, wherein phenyl or benzyl is optionally substituted 1 to

3 times with halogen, cyano, C;-Cy alkyl, C,-C4 haloalkyl, or C)-C,4 alkoxy;



R6 is CI-C4 alkyl, C-C4 haloal kyl, or phenyl; R7 and R8 are each

i ndependently 1-1, Cl1-C4 al kyl, Cl-C4 hal oal kyl, Cl1-C4 al koxyal kyl, C3-
5C6cycl oal kyl, C4-C7 cycl oal kyl al kyl, -C(0)R6, phenyl, or benzyl, wherein
phenyl or benzyl is optionally substituted fromlto 3 tinmes with a
substituent selected independently at each occurrence thereof fromthe
group consi sting of hal ogen, cyano, Cl-Ca3alkyl, Cl-C4 hal oal kyl, and Cl-C4
al koxy; 10nis 1, 2, or 3; pis 0, 1, 2, or 3; and gqis 0, I, or 2; 15 or
an oxide thereof, a pharmaceutically acceptable salt thereof, a solvate
thereof, or prodrug thereof. [0012] The present invention also relates to a
nmet hod of treating a disease or condition which is susceptible to treatnent

with a 5-HT; @@qq@t@réﬁﬁqylémﬁmmﬁipbg gggthpd invol ves sel ecting a patient
us

wi th a di sease or con ptible to treatment with a 5-HT3
receptor nodul ator and adm nistering to the patient a therapeutically

:ELZSE;gﬁeagg¥?t?ﬁer%%%&Tdﬁ%ﬁT]%3'f @gé %é@qéﬁigﬁmakyésé%% At enyﬂéﬁ'
rel ates tosa i opdstkydfCp-epabilkgalkel, Qﬁqﬁmﬁbpmﬁybbrmmzﬁywmﬂhaphmwlﬁ- Thi s
process i nvol yeg £ 83ty SubiiRh dol FLTRMA S nS R Qleclar mil a 11:

independently at each occurrence thereof from the group consisting of halogen, cyano,

C1-Cq alkyl, C|-Cy4 haloalkyl, and C-Cy alkoxy;
10 nisl, 2, 0r3;
pis?, 1,2, 0r3; and

qis0, 1,0r2;

15
or an oxide thereof, a pharmaceutically acceptable salt thereof, a solvate thereof,
or prodrug thereof.
[0012] The present invention also relates to a method of treating a disease or
condition which is susceptible to treatment with a 5-HT; receptor modulator. This

20  method involves selecting a patient with a disease or condition which is suscepltible to
treatment with a 5-HTz receptor modulator and admunistering to the patient a
therapeutically effective amount of a compound of formula I or a pharmaccutically
acceptable salt thereof.
10013] Another aspect of the present invention refates to a process of preparing a

25  compound of formula la:




(R1)1)Izz wherein Mis H or a counterion, under am de bond formation
conditions effective to produce the product conpound. 5[00141A further
aspect of the present invention relates to a process of preparing a
conpound of forrmula Ib: This process involves treating a first internediate
conmpound of forrmula Ill1: 10wherein Mis H or a counterion, under am de
bond formation conditions effective to préduce the product conpound.
1001511t has now been found that conpounds of fornula | are 5-HI3 receptor
nodul ators. This invention provides conpounds that bind to the serotonin
type-3 (5-HT3) receptor with high affinity. Menbers of this class have been
denonstrat ed tldusmegeps invalBs dcetng i tHstiieed wicmeagyeuradifamui i ce. This
pharmacol ogy is consistent with the effects of other reported 5-HT,

receptor nodul ators, several of which K& aam approved to treat human

di sease including IBS (e.g. alosetron setron), CINV (e.g. ondansetron,
pal onsetron, granisetron), and PONV ( ‘ron). The conpounds provi ded
by formula I are useful for the treatpment Wf irritable bowel syndrone,
nausea, enesis 20(vomiting), and ot H&f» di s&ders described herein. - 7 -
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to conpounds of fornula
produce the product compound.

5 [0014) A further aspect of the present invention relates to a process of preparing a

compound of formula Ib:

Q

N.
(CH 2}11

10 wherein M 1s H or a counterion, under amide bond formation conditions effective to
produce the product compound.
[0015] It has now been found that compounds of formula I are 5-HT; receptor
modulators. This invention provides compounds that bind to the serotonin type-3 (5-HT3)
receptor with high affinity. Members of this class have been demonstrated to inhibit

15 serotonin-induced bradycardia in mice. This pharmacology is consistent with the effects
of other reported 5-HTs receptor modulators, several of which have been approved to
treat human disease including 1BS (e.g. alosetron, ramosetron), CINV {e.g. ondansctron,
palonsetron, granisetron), and PONV (palonosetron). The compounds provided by
formula I are uscful for the treatment of irritable bowel syndrome, nausea, emesis

20 (vomiting), and othcr disorders described herein.



5fornmula 1 wherein: Qis a saturated, bicyclic, heterocyclic am ne, wherein
the saturated, bicyclic, 10heterocyclic am ne conprises at |east tw atons
bet ween the am de nitrogen of the conpound of fornula | and any am ne
nitrogen of Q and wherein the saturated, bicyclic, heterocyclic amne is
optionally substituted with fromlto 3 substltuents i ndependently sel ected
at each occurrence thereof fromthe group Tconsi sting of Cl-C3 al kyl,

hal ogen, - CN, -Ore, and -NR7R8; 15 Xis CH, CR3, or N, Jis sel ected from
the group consisting of a direct bond, CO and SO2; 20 each RI is

i ndependent|y selected fromthe gr con5|st| of H, hal ogen, -OW
NR4125, -NR4C(0)R5, - NRABEFWILED, DENEB 30 Q("d)?NTF@N CN, - 0) R5,
-C(0) NR4R5, Cl-C6 al kyl, C2-C6 al kenyl, C2- aIkynyI C3- C6eycl oal kyl

C4- C7 cycl oalLkyl al kyl , aryl, and heteroaryl, wherein each of Cl-C6 aIkyI,
C2- Coal kenyl , [@R6C6 al Kifreyrgset3n@8ugroiehitds kytomman@af dyroubdt kyl al kyl , aryl,
and heteroaryl is optionally 25substituted with from21 to 3 substituents

i ndependently sel ected at each occurrendt - 8 - thereof from Cl-C3 al kyl,
hal ogen, -CN, -NR7128, and phenyl which is optionally substituted 1-3 tines
wi th hal ogen, Cl-C4 al kyl, Cl-C4 Cl- 4 al koxY, CN, OR7, or
-NR7128; 5 R2 is selected fromthe group cae@ishsting of H, hal ogen, -O0R4,
-NRAR5, -NR4AC(0)R5, -NR4AC(0)2R5, -NR5C(0)NRBR6, -S(0)9R5, -CN, -C(0)R5,
-C(0) NR4R5, CJ-C6 al kyl, C2-C6 al ke al kynyl , C3-Cé6cycl oal kyl

C4- C7 cycl oal kyl al kyl, aryl, and ith the proviso that when J =
S, Ris not H and wherein each lof Cl - al Kyl , C2-C6 al kenyl,

C2- 05al kynyl , C3-C6cycl oal kyl, C4-'C7; C ylal kyl, aryl, and 10
heteroaryl is optionally substituted, th frgmlto 3 substitucnts

i ndependent |y sel ected at each oc@ilrence theheof i rom C1-C3 al kyl,

hal ogen, -CN, -0127, -NR7128, and phenyl mhlch |s optlonally substltuted
1-3 times with hal ogen, Cl-Ca al kyl, Clfefiauthhl oal kyl, Cl- C4 al koxy, -CN,
-OR, or -NR7R8; 15 123 is selected fromthe group consisting of H,

hal ogen, -ON -NR4AR5, -NRAC(0)R5, NR4AC(0)2R5, -NR5C(0)NR5R6, -S(0),IR5
-CN, -C(0)R5, wheiefl) NRARS, Ci -C6 al kyl, C2-C6 al kenyl, C2-05al kynyl,

C3- C6eycl oal kyl, C4-C7 cycl oal kyl al kyl, aryl, and heteroaryl, wherein each
of C-Co al kyl, C2-C6al kenyl, C2-C6al kynyl, C3-Cé6cycloal kyl, C4-C7

cycl oal kyl al kyj is aasﬁwkatec@mdyémt wit@aslic hrﬁm@m’}ie@d}ﬁme)&at&tﬁbﬂt blwzmed with from
Ito 3 20substituents indep endentlylselected at each occurrence thereof from
[+

Cl-C3 al kyP, HeiFogusHc amg compuises at lepgkirrepatonh BEtRRA)E SR aHro2en ogbs onal I y

Z szt ituted 1t%ril§zduﬂ'§§ffﬁﬂfﬁ]ﬁlamﬁﬁd)egﬁrrh;m:@m@geﬁlokﬂ and Ghefeln RakRabiy | vicyile, CA
Xy, - , -

heterocyclic amine is optionally substituted with from 1 to 3 substituents independently

selected at each occurrence thereof from the group consisting of C,-Cs alkyl, halogen, —
CN, —OR’, and ——NR'R?;

15
X is CH, CR’, or N;

J 1s selected from the group consisting of a direct bond, C=0, and SOa;

20 eachR'is independently selected from the group consisting of H, halogen, —OR", —
NR'R’, —NR*C(O)R*, —NR*C(O),R’, —NR’C(O)NR’R®, —S(0),R*, —CN, —C(O)R",
—C(O)NRR’, C-Cg alkyl, Co-Cg alkenyl, Co-Co alkynyl, C1-Cg cycloalkyl, C4-C5
cycloalkylalkyl, aryl, and heteroaryl, wherein cach of C,-Cg alkyl, Co-Cg alkenyl, C»-Cq
alkynyl, C4-Cg cycloalkyl, Cs-C5 cycloalkylatkyl, aryl, and heteroaryl is optionally

25 substituted with from | to 3 substituents independently sclected at cach occurrence



R4 is H Cl-C4 al kyl, C1-C4 hal oal kyl, Cl-Ca al koxyal kyl, C3-C6cycl oal kyl
C4- C7 25cycl oal kyl al kyl, -C(0) R6, phenyl, or benzyl, wherein phenyl or
benzyl is optionally substituted Ito 3 tinmes with hal ogen, eyano, C-C4

al kyl, Cl-C4 hal oal kyl, or Cl1-C4 alkoxy; R5is H C-C4 alkyl, -4
hal oal kyl , Cl-Ca al koxyal kyl, C3-C6 cycl oal kyl, C4-C7 30cycl oal kyl al kyl ,
phenyl , or benzyl, wherein phenyl or benz$l- is optionally substituted Ito 3
times with hal ogen, cyano, Cl-C4 alkyl, Cl-Ca haloal kyl, or Cl-C4 al koxY;

- 9- RBis C1-C4 alkyl, C-C4 haloal kyl, or phenyl; R7 and R8 are each

i ndependently H, Cl-C4 aIk |, C1-C4 haloalk I, Cl-¢CA al koxyal kyl, C3- C6
cycl oal kyl , C4WE$ﬁ@@61Gaﬁk9kﬂJm$kﬁn-f%ﬁ)#&? "o R/R., ﬂ@@P%@mg hich sher ei n

phenyl or Sbe i t f o}

ubst it uent sorugthl FRHLRAT LR B b, CaML G HaRY, & Elaffory,

gr oup con5|strﬁ§N0%4h&1 geﬁﬂ{Byano Cl-C4 al kyl, Cl-C4 haloal kyl, and Cl1-C4
al koxy; nis 1, 2, or 3; 10 pis O, 1, 2, or 3; and g is O, 1, or 2; 15or
an oxi de thereof, a pharmaceutically acceptable salt thereof, a solvate

thereof, ors pridds w@:cteldémmﬂle 0P dohkibsng st halbgane—GRIG—NR BIGHOWR' CEOIR’,
cesor L Pt on, o ARECIMENt niDo(d Rkl LSKe, LeRre:cessomtigt pecy o
term "al kyl " nighsC,an abdkenyphatCollyyd O6aF bohalyh Cp-Onbyodda tiybk heryl, and

heteroaryl, with the proviso that when J = SO,, R is not H, and wherein each of C,-C¢

alkyl, Co-Cg alkenyl, Cp-Cg alkynyl, C2-Cg cycloalkyl, Cy4-Cq cycloalkylalkyl, aryl, and

10 heteroaryl is optionally substituted with from 1 to 3 substituents independently selected at

each occurrence thereof from C;-C alkyl, halogen, —CN, —OR’, —NR7R8, and phenyl

which is optionally substituted 1-3 timcs with halogen, C,-Cy alkyl, C;-C, haloalkyl, C;-

C, alkoxy, —CN, —OR’, or —'NR7R8;

15 R?isselected from the group consisting of H, halogen, —OR*, —NR*R®, —-NR*C(O)R,
—NR'C(O)R’, —NR’C(O)NR’R?, —S(O),R®, —CN, —C(O)R’, —C(O)NR'R?, C,-C;
alkyl, C-Cg alkenyl, C3-Cgalkynyl, Ca-Cg cycloalkyl, C4-C7 cycloalkylalkyl, aryl, and
heteroaryl, wherein each of C;-Cgalkyl, Co-Cs alkenyl, C-Cgalkynyl, C3-Cs cycloalkyl,
Cy4-Cy cycloalkylalkyl, aryl, and heteroaryl is optionally substituted with from 1 to 3

20 substituents independently selected at each occurrence thereof from C-Cs atkyl, halogen,
—CN, —OR’, —NR’R?, and phenyl which is optionaily substituted 1-3 times with
halogen, C;-C4 alkyl, C1-Cy haloalkyl, C)-Cq alkoxy, —CN, —OR’, or —NRR®;

RYisH, C-Cy alkyl, C,-C¢ haloalkyl, C,-C, alkoxvyalkyl, (:-Cg cycloatkyl, Cs-Cs

25  cycloalkylalkyl, —C(O)R®, phenyl, or benzyl, whercin phenyl or benzyl is optionally
substituted 1 to 3 times with halogen, cyano, C,-C, alkyl, C-C, haloalkyl, or C;-Cy4
alkoxy;

R’ is H, C,-Cy alkyl, C,-C4 haloalkyl, C,-C, alkoxyalkyl, Cs3-Cq cycloalkyl, C4-C5
30 cycloalkylalkyl, phenyl, or benzyl, wherein phenyl or benzyl is optionally substituted 1 to

3 times with halogen, cyano, C,-Cy alkyl, C,-C; haloalkyl, or C;-Cy alkoxy;



straight or branched having about 1 to about 6 carbon atons in the chain.
Branched neans that one or nore | ower al kyl groups such as nethyl, ethyl or
propyl are attached to a linear alkyl chain. Exenplary alkyl groups include
met hyl, ethyl, n-propyl, i-propyl, n-butyl, t-butyl, n-pentyl, and
3-pentyl. 25[0019] The term "al kenyl" neans an al i phati c hydrocarbon group
cont ai ning a carboncarbon doubl e bond and®shi ch nay be straight or branched
havi ng about 2 to about 6 carbon atonms in the chain. Preferred al kenyl
groups have 2 to about 4 carbon atons in the chain. Branched neans that one
or nore |ower alkyl groups such as nethyl, ethyl, or propyl are attached to
a linear al keiylis €hGi fkyl Exehphadnakyhiok pieplyl: gr oups i ncl ude 30et henyl ,
propenyl, n-butenyl, and i-butenyl. [0020] The term "al kynyl" neans an

al i phatic hydrgcarbon group contai ning a carbon-carbon triple bond and

whi ch may be & and Bhare eachiindenertienthdye nG: Aladut: - Qs taboalleyl, 15-C. atliosytikyd. Gar bon
atons in thc i r I . n atons
'n the chai n. el G B R, O R Gatoa PRIl ERTBET 2
met hyl , et iyl bemayl popgpyiall psubs@uted doed! tod tandsiwitar subdthyemyselekdi n. Exenpl ary

al kynyl groups_jnclu t hynyl ropyn n-but ynyl . . 2- bugyn
3 ot by bt yngteePa et KRB rart o ol o BEAEREen e mat f
nonocycl i ¢ or Gnudlitalkyt; Yo, halohlRg, sdst ety Ofox§; t 0 about 14 carbon at ons,
preferably of 6 to about 10 carbon atons, and includes aryl al kyl groups.
Representative aryl groups include phenyl and naphthyl. 100221The term
"heteroaryl" mgang,am;aromati c nonocyclic or nmulti-cyclic ring system of
about 5 to_.about 14 ring atonms, preferably about 5 to about 10 ring atons,
in 10whi cH%ne or more of the atoms in the ring systemis/are el enent(s)
ot her than caphom.1, & 3ex@npl e, nitrogen, oxygen, or sulfur. In the case of
mul ti-cyclic ring system only one of the rings needs to be aromatic for
the ring systemto be defined as "hetcroaryl"”. Preferred hetcroaryls
contain about (34,9, & i ng atons. The prefix aza, oxa, thia, or thio before
heteroaryl neans that at |east a nitrogen, oxygen, or sulfur atom
respectively, is present 15as a ring atom A nitrogen atomof a heteroaryl
is optiongkly | & i i ive
et or oary 2 | B B e B ey
pyrazinyl, trpepiodiypi thefagf.anyl , pyrrolyl, thiophenyl, pyrazolyl, inidazolyl,
oxazol yl, iso yl, thi | YA i I g L. i azol yl,
t hi adi azol yl, ~ e?Lazo|i%fﬁﬁﬁﬁ%wﬁféﬁﬁggﬁﬁéﬁﬁ¥%?”@@%@ﬁﬁﬁ?ﬁﬁygéﬂg“ﬁ%
benzot hi ophenydllowingdeimsnyiiess 2theRGioxinilinatod,ishatl be whiderydpd wenzofhgfaioping
di hydr obenzot hi ophenyl , indazolyl, benzi m dazolyl, benzooxazolyl,
benzothiazolyF?dlgﬁioisoxazolyl, benzoi sot hi azol yl, benzotriazol yl,
benzo[ 1, 3Rdi oxwilg] , quiTieltermytalkyi’Soepns mohliphylic hgluicadpo lgicay hidhinmydlei nyl ,
,ptz?gi ? f: 232/: hyF ?Ai&?é%xlagc}ﬂeﬁ hz%}ig’g egalonyldlrooabguet Zc?a[b%h%]o%!s?% Ithré)(:héin .bgpa%lgl[eld

means that one or more lower alkyl groups such as methyl, ethyl or propyl are attached to

a linear alkyl chain. Exemplary alkyl groups include methyl, ethyl, n-propyt, i-propyl, n-
butyl, t-butyl, n-pentyl, and 3-pentyl.

25 [0019] The term “alkenyl” means an aliphatic hydrocarbon group containing a
carbon—carbon double bond and which may be straight or branched having about 2 to
about 6 carbon atoms in the chain. Preferred alkenyl groups have 2 to about 4 carbon
atoms in the chain. Branched means that one or more lower alkyl groups such as methyl,
ethyl, or propyl are attached to a lingar alkenyl chain. Exemplary alkenyl groups include

30 ethenyl, propenyl, n-butenyl, and 1-butenyl.

[0020] The term “alkynyl” means an aliphatic hydrocarbon group containing a

carbon—carbon triple bond and which may be straight or branched having about 2 to



benzo[ 1, 2,4]triazinyl, 4H chronenyl, indolizinyl, quinolizinyl,
6all-thicno[ 2, 3- 25d]im dazolyl, 1H pyrrolo[?2, 3-b]pyridinyl,

i mdazo[1, 2-c] pyridinyl, pyrazolo[1l,5- c]pyridinyl,
[1,2,41triazol o[ 4,3-c]pyridinyl, [1,2,4]triazolo[1,5-c]pyridinyl,

t hi eno[ 2, 3- b]furanyl, thieno[2,3-b]pyridinyl, thieno[3,2-b]pyridinyl,
furo[ 2, 3-b] pyridinyl, furo[3, 2- b]pyridiny?; t hi eno[ 3, 2-c¢/] pyri m di nyl,
furo[ 3, 2-4/1 pyri m di nyl, thicno[2,3-1ThyrazinyI, i mdazo[ 1, 2- cdpyr azi nyl
5,6, 7, 8-tetrahydroi m dazo[ 1, 2- c]pyrazinyl 6, 7- di hydr o- 4H

30pyrazo|o[5 1-c][1, 4] oxazi nyl, 2-o0xo0-2, 3-di hydrobenzo[ d] oxazol yl ,

3, 3- di met hy1- 2bowoiarheslatomplin thzsb% Brefprred Hymybgmppbmaw dloogboutzt qarheyr i di nyl |

benzo[c][1, 2, i | |
3, 4- di hydr o- 2EJI-[ alq“%zﬁﬂw Br oxgééﬁi]ﬁ%ﬂ]a%ném %%qb\g%%é groups such as mthyl,

[1 2, 4] triazoldy, Uspeo})pwwm d to p lin@r alkyyil aheh. olﬁﬂf:ﬂ@l%] @iyyrafiglrwpb include
0x0- [ 1,2, 41 30 b GANL bhdf Sl Af hE LRy, 100231 The erm

alkoxy means gro on a ht, branched, or
cyclic confi gupélion and@hetermbi amit’ mearss ahhemsoit namb@ch@d rmdtx{ch@lcp'a]gesmtem

structure ¢ ougl. Al PRYIR o FATBLER G YR TF DK o SLORKY naRlgPOXY.

refers to growp;galkgdryualpm Rgalemmdm@ dmtgrowamlomne;pheﬁplrdnﬂh\@mwd poses of the
resent patent i cat X ,so includes neth

Bt byt oned owy IFE8AT ch E&0RrD e BielsERnbDa TRUoRE Srbi Ceffive o
ring from whi csbastérhefmmhyloememlzaxmg@ronex my&&m@@bbmﬁyo g Po Heg @e.maamt SO
10as to form a ring. £0024 The term] ¥ rrieans non- ar o nono-
or multi-cycl .‘@“?*\% Jorsethiyratypbiehes ftg&yzmwal%eewﬁ ot c fiut BF abl y
of about 5 to cahapt, nzn@gaﬁbﬁ@g@t; mlfuﬁx@fﬁalcafcmfmmo@eﬁb kifig e%fehoahl Yoh&of

i ncl ude cycl opentyl , @dyd ohexyl , cycl ohep and the |jke. 15[0025] The

term "cycl oal KA &igsppeds f&%ﬁm@oaﬁlccf9fcqhaap&§m¥a1 RyF definsd gs iMstaprdh E’rﬁEm'cd

cycl oal kyl andicaldaihs @mtisbodes loastheh@ine Minc BXERREALY, & P alikidralky!
groups i ncl ude cycl opropyl net hyt ang cycl opentyl methyl’. [0026] Aryl al kyl

means an al kyl CW&‘D&IU@%‘%‘?%@H@@‘ £ BItERCTR PYYECP.| 0 §u! FUER o FRsBeCHY &Y e presant
phenet hyl ,jsand§ g, laﬂolﬁe A %%Qé%%?c]ﬂbxea KBy NRb AR 0x1mn§ ROt h branched

and straight-chain al kyl substituted Wltﬁr] one or nore hal ogen, wherein the
al kyl group i $oHesphedieg N Odéi@cRﬁMé@ntd[IGﬂ%i]erﬂélltcéhdpriﬂyrsih’bs?rtmotmfédm%r

st UL o L POLERTS b 900,25 5, ST, e
t he desi gnat edmatdmwlsoxa@mlmia[sowblerh(dydaOiyl nethisotdadedlyl, oxadiazolyl,
thiadiazolyl, tetrazolyl, indolyl, isoindolyl, benzofuranyl, benzothiophenyl, indolinyl, 2-

20 oxoindolinyl, dihydrobenzofuranyl, dihydrobenzothiophenyl, indazolyl, benzimidazolyl,
benzooxazolyl, benzothiazolyl, benzoisoxazolyl, benzoisothiazolyl, benzotriazolyl,
benzo[ 1,3]dioxolyl, quinolinyl, isoquinolinyl, quinazolinyl, cinnolinyl, pthalazinyl,
quinoxalinyl, 2,3-dihydro-benzo[1,4]dioxinyl, benzof1,2,3]triazinyl,
benzo[1,2 4]triazinyl, 4H-chromenyl, indolizinyl, quinolizinyl, 6aH-thicno[2,3-

25  dlimidazolyl, | H-pyrrolof2,3-b]pyridinyl, imidazo[1,2-a]pyridinyl, pyrazolo[1,5-
alpyridinyi, [1,2,4]triazolo[4,3-a]pyridinyl, [1,2,4]triazolo[ ,5-¢]pyridinyl, thieno{2,3-
bifuranyl, thieno[2,3-bpyridinyl, thicno[3,2-b]pyridinyi, furo[2,3-b]pyridinyl, furo[3,2-
blpyridinyl, thieno{3,2-d]pyrimidinyl, furof3,2-dJpyrimidinyl, thicno[2,3-b]pyrazinyl,
imidazo[1,2-a]pyrazinyl, 5,6,7,8-tetrahydroimidazo{ |,2-a]pyrazinyl, 6,7-dihydro-4 -

30 pyrazolo[5,1-c][1,4]oxazinyl, 2-0x0-2,3-dihydrobenzo[djoxazolyl, 3,3-dimethyl-2-
oxoindolinyl, 2-0x0-2,3-dihydro-1H-pyrrolo[2,3-b]pyridinyl, benzo[¢]{1,2,5]oxadiazolyl,
benzo[¢][}.2,5]thiadiazolyl, 3,4-dihydro-2H-benzo[b][1,4]oxazinyl, 5,6,7 8-tetrahydro-



25[ 0029] "Unsubsti tuted"” atons bear all of the hydrogen atons dictated by
their val ency. Wien a substituent is keto (i.e., =0), then two hydrogens on
the atom are repl aced. Conbi nati ons of substituents and/or variables are
perm ssible only if such conbinations result in stable conpounds; by

"stabl e conpound” or "stable structure' is neant a conmpound that is
sufficiently robust to survive isolation tl a useful degree of 30purity
froma reaction mxture, and fornulation into an efficacious therapeutic
agent. [0030] The term "hal ogen” neans fluorine, chlorine, bromne, or
iodine. - 12 - [0031{ The term "corrpounds of the invention", and equival ent
expressi ons, dk@4humeiolt gainvinzack [baflioumpst. bilyeaeyh - ~cixor hdi4diriazoindd,3-

her ei nbef ore ression includes the prodrugs, the

phar maceut i ca?’ﬁéﬁgfgtggg@aﬁwéﬁhh l;(l% t he oxi des, and the solvates, e.qg.

hydr at es, whel@28he coriTlextrnstlpeyhintas g&iups d)fafrdnyJ tr $febanatens of a straight,

5i ntermedl ate t hey th ant to
enbrace thei r%ra %Yhe% (bxcl){dlc cop?é%r tion’an gggﬁﬁ%}no%?th%{c%f%\lag%éﬂgggthﬁ]p%aemaFor t he
sake of cl ari tsyyctyparird@hlaaoxygest Emnmsewvhemddlhah@qnetewty, sEpPEeL, rsnp:s»pca«rye
sonetinmes indicated in the but |nst

st rac i ve SieTeGonSfohi et b BRo o ae SRFe <R BB Rt ne
context so pewnt tofourk@fHdns ZEIoTIft& Immoﬁas"olﬁﬂtehxﬁﬂemfpdtene@phmon mﬁ@m also
anelioration or relief fromt synptons and/or effects asso th the
G Sor der s des BB ALY St o S TEHEREY RV BF srba et hgTon Paside Moot
patient is intenfdeshit,or iRg bdevhidhopaeBXietedid-G@B3 AhGRrRNeKYASobES prdbRdo

her ei n may contain one or nore asymetric centers and may thus give rise to
enanti oner'd, & 9PEPeYARrs, and other stereoisoneric fornms. 15Each chiral

center may begiehj ned, TH 8] PHclodikADaRhM AL LSHRAR MRIHoSbIT Hulti Zc!(c'?)rrg or
(S)-. The present invention is neant to include all such possible isoners,

as wel | as ni xystreel Reierboyt dcrihan ﬁf@mﬁaﬁ%fﬁﬁaélwﬁab%ﬁfwow FRIP H YRS .
Optical 'y act ipygmpiRy- m@i'agycﬁug):% olodlkyls maﬂﬁic c(y'EDopa:ntﬁr clePhexANde (}Ht)p‘tyl' SAMRS S nmay

be prepared using chiral synthons ‘or chiral reagents, or resolved using
conventi onal tisehni ques. Wen the conpounds descri bed 20here| n contain

ol efinic dqubl nds ) ; | ess
(P2BPNAS. Ofnc QALY GEILARRYIO T BRANRL LB ASYETIBLL in SAALL D

speci fied oth rwse, it I°s"i'nt & t he conpoun e both E and Z

geometric i s onpiealkyll ickalkd ere éaldbﬁm@ddmmn'erﬁmmmcm&&}f&lﬂ@bgwnlﬂ@nde@b to be

i ncl uded. cyclopropylmethyl and cyclopentylmethyi.

[0026] Arylalkyl means an alkyl residue attached to an aryl ring. Examples are
benzyl, phenethyl, and the like.

20 [0627] The term “haloalkyl” means both branched and straight-chain alkyl
substituted with one or more halogen, wherein the alkyl group is as herein described.
[0028] The term “substituted” or “substitution” of an atom means that one or
more hydrogen on the designated atom is replaced with a selection from the indicated
group, provided that the designated atom's normal valency 1s not exceeded.

25 [0029] “Unsubstituted” atoms bear all of the hydrogen atoms dictated by their
valency. When a substituent is keto (i.e., =0), then two hydrogens on the atom are
replaced. Combinations of substituents and/or variables are permissible only if such
combinations result in stable compounds; by “stable compound” or “stable structure” is
meant a compound that is sufficiently robust to survive isolation to a useful degree of

30 purity from a reaction mixture, and formulation into an efficacious therapeutic agent.

10030} The term “halogen” means fluorine, chlorine, bromine, or 1odine.



[ 0034] As used herein, and as woul d be understood by the person of skill in
the art, the recitation of "a conpound” is intended to include salts,

sol vat es, oxides, and 25i ncl usion conpl exes of that conpound as well as any
stereoi sonmeric form or a mxture of any such fornms of that conpound in any
rati o. Thus, in accordance with sone enbodi nents of the invention, a
conpound as described herein, including i¥the contexts of pharnmaceutica
conpositions, nethods of treatnent, and conmpounds per se, is provided as
the salt form 30[0035]The term "solvate"” refers to a conmpound of formula I
in the solid state, wherein nolecules of a suitable solvent are

i ncor porated il#Xhe cryBtcdtmt ‘Grmpewmds Af hainvetioa”, sod vpmaldbexpréseipagpent i c
adm_ nistratio it tBQXIEIlQQ% ) %?ﬁcln%f &81' &l ?ol?{nﬁla?ths B{} 1nlgqut%%§scrlbed1§’hlch

adm ni st er ed. anpl'es 0 S Ul "e=g6l ven erapeutic adm nistration
are et hanol aredpmatc&rinc Weﬂlewaidergs,l tge plaensehvwhy acct:ﬂ!tebls sllgaheoxidesy afder r ed
to as a hydra sol Lvat.es ving the conmpound

in the appropr kamgﬁV%n¥rmﬁH ?8I (mnéxvﬁém”mf g%n£b§ mh% |ng or using an
anti sol vents. Tﬂfl@m&ﬁia\b@,’[\&leﬁl&r bmm thal lhym@lnfltr@dlManﬁmad,e@menpexbmmdenheﬁmbl ent

dit 0036] 1 | d Th
O g RS e B A e S s A AT

i ncor por at ed bystanedserirA@e dofitekitss pamlisrdﬁibwmemhe, iAisite CianmOekty bie fipkoy ed

i ncl usi on conpl exes are those cl odextri clod xtrin
conpl exes, naﬂwaaFebéﬁ%Plgi)ﬁﬂlﬁlé&r%fwc a"adr'«{‘béﬁé‘é’fef’?‘ing |L<y3a%éﬁwﬂa§§%eéavwm n the
cl ai ns. [0037k3mgﬂggbahﬁ@harnaceut|calIy acceptable salt" refers to salts
prepar ed fron1 har maceuti cal |y acceptabl e non-toxic acids or bases

i ncl udi ng 'nod g@ﬁi c aci o tefy rﬁ%@%’féﬁﬁﬁ”‘ér garsemslipraionpidelish §ee thei nce t he

conpounds of fgﬁ Pl ahd/GQMe & BssBoifleBh fh T lI-OMIBR defBbEShIBY. BSuRpERRIed from
phar maceuti cal acceptabl e non-toxic acids including 15i norganic and

organi c aci ds. rof Signecdp [ Ecagnet nefeaatisré & intgnded cepeBe Rroaliakiaddi ti on salts for
the conpounds @33} he pr@éﬁﬁ&n&s’h‘ég’dﬁbb&’ﬂor&lﬂ% g@gnt%%& SPmQ%'B.%%‘ HE EQmir$

(besyl at e), ben20| c, canphorsulfonic, citri et henesul foni'c UITB.I’I C,
gl uconi c, gl utadringy thhyarrvobs@meuannhyldlrso@aﬁtmqr@crs |asté@th¢r@mr@lsorr@cc fagms. mal ei c,

mal i, mandel i, (RS NGRS L) B0 e o4 s O B sRRTRICE RO NERAC:

phosphorlc succinic PErrarie adi esu
the |ike. WhelTht hesaomyoniivdss mcfm wiinclade aéi(wch mpbsbldesochau, a5, welLdstnaibluecs

phar maceuti cal | y abl e base, a gal t syfar, ¢ ¢ Hﬂg- _%]the
present i nventi o ﬁliﬁ%ﬁ)&’%raﬁ%mlﬁf‘ﬁldo qlcalf purc g8 £ P f A %ﬁi"gwgca iiﬁ
i thi um magnesd (M, op@i)assi (L iseoel g lﬁﬂﬂ‘c[mlrdtﬁmsmg chmrzgaylitlmo:saf tigratrade from

:ZIIyZ![ E:n O:\Iam n énggr{ ?[l'eeg(%:lh a%nrll%glor?'vrpnggddl tc,&n?({u% "®% ?‘sll e LOIIlpOUHdb Nescribed

20 herein contain olefinic double bonds or other centers of geomelric asymmetry, and unless
specified otherwise, it is intended that the compounds include both E and Z geometric
isomers. Likewise, all tautomeric forms are also intended to be included.

[0034] As used herein, and as would be understooed by the person of skill in the
art, the recitation of “a compound™ is iniended to includc salts, solvates, oxides, and

25  inclusion complexes of that compound as well as any stercoisomeric form, or a mixture of
any such forms of that compound in any ratio. Thus, in accordance with some
ecmbodiments of the invention, a compound as described herein, including in the contexts
of pharmaceutical compositions, mcthods of treatment, and compounds per se, is
provided as the salt form.

30 [0035] The term “solvate” refers to a compound of formula I in the solid state,
wherein molecules of a suitable solvent arc incorporated in the crystal lattice. A suitable

solvent for therapeutic administration is physiologically tolerable at the dosage



25megl um nc (N-net hyl gl ucam nc), and procai ne. [00381The configuration of
any car bon-carbon doubl e bond appearing herein is selected for conveni ence
only and is not intended to designate a particular configuration; thus a
car bon-carbon doubl e bond depicted arbitrarily herein as E may be Z, E, or
a m xt ure of the two in any proportlon 30[ 0039] Term nol ogy related to

"protecting", "deprotecting,” and "protect®d" functionalities occurs
t hr oughout this application. Such term nology is well understood by persons
of skill in the art and is used in the context of processes which involve

- 14 - sequential treatnment with a series of reagents. In that context, a
protecting gr édminisired Examples gF Buitgblaseleents for thswpcutis agmististation are ethamal i t y

during a proc%ﬁ&wﬁﬁeﬁﬂf\/h& Wﬂtﬁétﬂesom{l e ANBE W SEEEBGE o nhithte! Th ttfa‘

reaction is undesirab e protecting group prevents reaction
step, but nay sbleatsidye élqmechbt Jissodvin/dd ceropaxf ostbe pimeomiatggiohght and lsolatmg

Sfunctional i ty,, s-gn%te gcu i o‘i’ﬁ.ﬁl&@ﬁf%ﬁ&@%dtoﬁe %&%Hsr 1@5&\% %FOI rconpl eti on

of the reaction or s he functi ona nt erfere.
Thus, whenSa $EWMBmdemdh%memgemn@hkmsspeC|f|ed as it is in the processes

of the i nventi t he rson of rd|na fan rea .envi sion those
fipg Hepkd Lt ¥

groups that mé be sult %?ncmn mw?%? g gréﬂ%n an gFeaﬁtoups for

t hat purpose drecride sthizsearyi rBtBEanldmédlmeXSt%mohsctu mhtrhIEy 1thﬁrbastate:ﬂ by,hem st ry,
such 10 as Gre Prott\,gﬁtltv E ups q§ Lor f?élt lJohn V .Z
Sons, New Yor FICTBSTS > G TI° MerSpyrReSPBis sl BalBn Ferepa e # o
entirety. [004GthTEheodhbingyindiallepdoddririnElompanes, Fitukbpidesettidyek Bydcificetiyl |

and phenyl res ectiv rehensive list of abbreviations utilized by
or gani ¢ cHBni &t ”E?“%EVéEWA%HgnB§ ordinary skill in the art) appears in the

first issue ofjpldarh volTHERerdf “phienad@uicaid) acdody | ubarifas ham stpared Fhig |1 st,
which is typlcally presented in a table entitled "Standard List of

Abbr evi at i ons Pharracquiieally 365eRIA8Y MBHESIHAPP & Bpsss BgRidImeAngrgaliistds apd fases

[0041] The ter mla'&,geﬁ@&%tdn%técy ShEEHE Lo Bp ANBLE fornhSa NRARN § BasREFEddhe an
anmount of conpoun the present invention effective in nmodul ating 5-HT3

activity and ﬁtttjgnaarlmtr@mg froperhgassceeirtihageapehie nen-rcasids inglydganount s
general |y jyar Yno?é;aﬁf?:ra‘fm B%aﬁl@ aBid€ ONHIADRY, h%at@%tétry%c%tﬁublevycmdemtol;'eatelft NView

of ordinarily skilled artisans given the descripti provided herein to
det er m ne and thgcemnpunds eftheWeeelrivn@tmdeclucwa@ﬁwbenzenesulfomc (besylate),

benzoic, camphorsulfonic, citric, ethenesulfonic, fumaric, gluconic, glutamic,
hydrobromic, hydrochloric, iscthionic, lactic, maleic, malic, mandelic, methanesulfonic,
mucic, nitric, pamoic, pantothenic, phosphoric, succinic, sulfuric, tartaric acid, p-

20 toluenesulfonic, and the like. When the compounds contain an acidic side chain, suitable
pharmaceutically acceptable base addition salts for the compounds of the present
invention include metallic salts made from aluminum, calcium, lithium, magnesium,
potassium, sodium and zinc or organic salts made from lysine, N,N'-
dibenzylethylenediamine, chloroprocaine, choline, dicthanolamine, cthylencdiamine,

25  meglumine (N-mecthylglucaminc), and procainc.

[0038] The configuration of any carbon-carbon double bond appearing herein is
selected for convenience only and is not intended to designate a particular configuration;
thus a carbon-carbon double bond depicted arbitrarily herein as E maybe Z, E, or a
mixture of the two in any proportion.

30 [0039) Terminology related to “protecting”, ““deprotecting,” and “protected”
functionalities occurs throughout this application. Such terminology is well understood

by persons of skill i the art and is used tn the context of processes which involve



limtation: the particular subject, as well as its age, weight, height,
general physical condition, and nedical history, the particular conpound
used, as well as the carrier in which it is fornmulated and the route of

adm ni stration selected for it; and, the nature and 25severity of the
condition being treated. [0042] The term "pharnmaceuti cal conposition” neans
a conposition conprising a conpound of foldula | and at | east one conponent
conpri sing pharmaceutically acceptable carriers, diluents, adjuvants,

exci pients, or vehicles, such as preserving agents, fillers, disintegrating
agents, wetting agents, enulsifying agents, suspending agents, 30sweetening
agent s, fIavomhmgn&gsnvswmpéﬁmunﬁmgﬁa@gnﬂsJnamtbwaumanmamﬁmggnnwrdbmto

anti f ungal e ing on
the nature of 3%&”h3ﬁ8{ ﬁﬁ: Q?ﬁ§%1ﬁé F%ﬂg gﬁﬁg%gﬁgéggﬁg)H%ﬁigﬂﬁgggghereln

t he tern1"phaKMEmnméﬁﬁaJMyuanmdpmabhehumd&ﬁa&ecﬁhqmem&mggnMﬁnhmmmnean any
carrier, diluent or, v q§scr|b d herein.

t
Exanpl es of sdgacé%la r’iféa\{gtﬁ%r!i’fu N Sdgseq'é‘in%x%;novm Kg%st ea iﬁmd‘ | cohol s,
pol yoxyet hyil en‘emslendwtﬁ OFhea@tdo\@06Didb@ateafhne b&;urqmﬂ@r the cyrapladidn ofeheceddtivh ose,

al um num net ahydr oxi de, onite ar r canth, or xt ures of
t hese substanc%éeacn%'sﬁ}‘é 8}9&‘? ‘HICB‘?" 8( ‘ﬁ‘i‘?in&? Tﬁ?’}l 8’? BEFIENE °%an be
ensured by varefuss &pédXagit it @lin tihElgroaﬂtésfdﬂﬂ@ahvea@(ﬁﬂﬁfé,pefsﬁﬂi oﬁcbrdiﬂf@ﬂy%klll

par abens, chl orobu EPOl phenol , sorbic Cld nd the |ike. ﬂg %%?
desirabl e to iARTE ‘i“§6t°6ﬁ?°ée&'@é?ﬂ‘ al woy %(‘&H%ﬂ‘ absa@éﬁ?gﬂg%faa% B |de
and the like. J2hg kﬂﬁ%@p@ﬁ&@%ﬂld&ﬂss@é ints0@dadjiedoak i@ tmmeﬁﬂsﬁﬁlbu&prm
can be brought about b e use of agents del a |n8Vabsor ption, for exanple,

al umi num n¥no<t Siere Péﬂ‘é“.“feé;é‘l”-&’é vfholoﬂszfaépjvré@m@ ohg (Y Weatsk SomsaNeT Srask

di l uents, sol \(Wﬁ,wh%h 1\/%!:@] 1@&)@&&5&'9}%@%&5 in i&tdnargl ., polyols, sui tabl e
m xtures thereof, vegetable oils (such as olive oil), and |njectable

or gani c est er 0040k as'EFHVwa@WEb“ExéﬁﬁﬂéghbW“é%&Pﬁﬂ@h@@Wiﬁ@iﬂH@YEactose
m |k sugar, S‘?&ﬂa&'&ﬁv&'[yt ofprdhBhsPcUit &%%@gﬁ%&vs uﬁf‘ﬂ:d%g%?éaﬁfc%ﬁ&rgﬂgstmat e.

Exanpl es of disintegrating agents iInclu starc inic acl
certai n conpl exrssid df ordiemsy skilb Exhenphaspasfs ih tisrfirganvsof each vdemerafhe ddugml

stearate, godl %@gr&f@%%ﬁ& Ry, &/ﬁ”}hﬁs Y@ eg&?edh g%bﬁ@énﬁﬁ%%@‘ﬁﬁﬂdght

polyethylene g erm I cal acce means it
is, within théASObﬁémﬁﬁm$m&ﬁ®lmemwnahihudgh&nﬁ@%mmumabwewﬁmr use in contact
with the cell huna S mﬁthou,,undu Xi G

irritation, ﬁ? ic rgjzhﬁ%%?e tg ‘H’Cf‘%c‘lhyl i“é‘:tw%n]ﬂo atrte n?rg?fgné a%le with a
reasonabl e bemehumkﬁbakmnmﬁbbmcb&&éﬂh?h&mheﬂmn phammamamgﬁdﬁhhyuaqaﬂmtabIe
dosage forns" neans, dosage f.orns of the.conpau the invention

ot udes. Tor s aprEns Perutd Tahyiscdr chabieows SRl V] bisp et G o
prepar ati @os, numehudmmgn§uap®n&hmnsmnS@ﬁamadmmmbahaai&u&abtﬁtﬁumlozenges
enul si ons, soluti.ons, %,S ﬂles, Esu]es and sy Eltor s wel | as

251 i qui d pr ep&r3etiPpsPeyfied feboidsieaming aed 4rapg fari ﬁ SHMe EFe‘is Jo&t i ons.

Techni ques angimitation: the particular subject, as well as its age, weight, height, general physical
condition, and medical history, the particular compound used, as well as the carrier in
which it is formulated and the route of administration sclected for it; and, the naturc and

25  scverity of the condition being treated.
[0042] The term “pharmacecutical composition” means a composition comprising
a compound of formula I and at least one component comprising pharmaceutically
acceptable carriers, diluents, adjuvants, excipients, or vehicles, such as preserving agents,
fillers, disintegrating agents, wetting agents, emulsifying agents, suspending agents,

30 sweetening agents, flavoring agents, perfuming agents, antibacterial agents, antifungal
agents, lubricating agents and dispensing agents, depending on the nature of the mode of

administration and dosage forms. As used hercin, the term “pharmaceutically acceptable



formul ati ons generally may be found in Rem ngton's Pharnmaceutical Sciences,
Mack Publishing Co., Easton, Pa., latest edition, which is hereby
incorporated by reference inits entirety. (00451The term pharnaceutically
accept abl e prodrugs” as used herein neans 30t hose prodrugs of the conpounds
useful according to the present invention which are, within the scope of
sound nedi cal judgnment, suitable for use -1 contact with the tissues of
humans and | ower aninmals with undue toxicity, irritation, allergic
response, and the like, - 16 - comrensurate with a reasonable benefit/risk
ratio, and effective for their intended use, as well as the zwitterionic
forms, where pogisibbeseddd medneany sapiouddecnd fadjupvanticavipisnt, onvchifhee ag dosenbed
"prodrug" neans..co I A farned. i to yield the
par ent corrpou%?ire%f rﬁgﬁ}gg%ﬁ%@@ﬁe& r?gﬁée%wlgé Xdexcél?r%?laggfr;% %33%{91 ﬁY(%/Oé?lg i n bl ood.
Functi onal gr ealysxBithilcnh seorhiollhed sapitatl eytetsy mvsdeorstab the Cblyuiwetiélb’oinum cl eavage,
compounds of . H TRk FoRRTAES ki alhisuth s BRLERE HRediiBtess uon
groups as &l kd’m'yhtic(nsﬂﬁh aasommfe'hlyﬂoprg[amslps canyble cnmud:dwyy\Ja;:owuﬂnbdwznla] dod) |

unsubsti tuted bstituted aro suc enzoyl and sub tit

bonzoyl ) - ar kSRYLRTDERYE oSS PaehERir R Heref SHRGReR yriedlien as
trimethyl- andt rﬁ@tllioelighbéslrdb}ejl))Jncﬂtmil(ﬁfbﬁilﬁj’c%erftgffdimﬂdl\ﬁ)lbbugilr&(;&fmyfhlbﬁdeacI ds
(such as succi n%ll) ng he aluse of the ease . w ih Whlﬁ e1

met abol i cal | y *Bf &5V ﬁff OGP oSEaME & TTasUcah EuBr ar bbfPBH‘hu s
invention areabdedyad usdloNdgés délhgeng:aﬁmu&d%rtw@ﬁplegmsmhn@rcﬁau@&ata@hd as
pro-drugs., The conpounds bearing the netabolically cleavabl e groups have

t he advant'fge 8ER%E Friap! %&ybléseh'ms?'ﬂm{bn‘iﬂus%dowpﬁwawﬁaﬂﬁﬁ in¢iydeauate resul t of
enhanced 15s0lcihlid] fofyoRNiRblcmatk RirlthAdds U plididoiGQRfca Lt 86k URI9NnG he parent
conpound by vi rtue of the presence of the netabolically cleavable group. A
t hor ough di sciy&itabie Geans seryEich 8s ghywied ExpmplaeofaFipsRis iludpdastagn of
Prodrugs, H. ﬁ”md;ggﬁﬁ”éédluﬁpcmatglcﬁﬁc}{fr@émI§01191%5a)nd d%tcwghdsﬁha@zﬁk% ROYs K
Wdder et al, Ed., Academc Press, 42, A Text book of Drug
Desi gn and De@élfléﬁﬂﬁ*éﬁg agwsog@lg@\fait@cma}gs@hamdanq cemnd@aalﬁ@sﬂl@fﬂes 20Chapt er

5; "Desi gﬁsang\ﬁsﬁﬂﬂdéﬁ gar gicltgé%ﬁﬁlggx s(t&éé't%gocill%& ls( %&%?at QM@QQ% Drug

Del i very Revi our na har’ maceutl cal
Sci ences, 77: 285@(1 r88Ylar ‘Nag@tyl?&liethmhc; gigh@sn Pharm Bul | ., 32:692(1984);

Hi guchi et al ro-dr s“ r st Vi

AC S Syrrposm,lm ori esﬂ%ﬁer Ot)rﬁga\clzfél}r??ib/la% %aa%y n?qus 1t is &lthmé;% 98%)0 OQEdWar q

B. Roche, ed. sowdmada:amu&g)mmumbﬂa bahseZSAssmwahltk@rcebm@fmmlagmmnmm ess
(1987), which, JBre |n or oratte q tr{ ]{ gtgh@i entlrety

Exanpl es of pfBgRgLMOH f‘ﬁ&%""%b ¥ i jtionn ef%‘?ﬁef‘%)&'b‘i%], CHPE % or mat e, and
benzoate d@éri vahmvmram‘wa}hEﬁjamnaaleder&m/ne{ datiict i onal groups i n the

conpounds of nvent 10 461T[1e esent n entl on rel at
compounds of 1Rl R rErm e e e S Sl ey SRSt ut ed

bicyclic, het ‘&fr@l@)éﬁlhle@mﬁﬁédhﬂoﬂlﬁ @6 QG antiacMiidshfot Js»emm(,esa%ms HRy&ption, the
bi cyclic, heterocycl | c am nes_are saturated and contain at |east one

nitrogen in tRBVEGTHGHXHREFuRPalItS RECRITAIORS AN HORLIUSPANF PBY SRTAYS, HElGHE | as
ot her het er oatBiwes, |0zthgefl@mulsions, solutions, granules, capsules, and suppositorics, as well as

25 liquid preparations for injections, including liposome preparations. Techniques and
formulations generally may be found in Remington's Pharmaceutical Sciences, Mack
Publishing Co., Easton, Pa., latest edition, which is hereby incorporated by reference in
its entirety.

[0045) The term “pharmaceutically acceptable prodrugs™ as used herein means

30  those prodrugs of the compounds useful according to the present invention which are,

within the scope of sound medical judgment, suitable for use in contact with the tissues of

humans and lower animals with undue toxicity, trritation, allergic response, and the like,



7 - conpounds of the invention, the bicyclic, heterocyclic am ne includes
at least 2 atons, preferably from2 to 4 and preferably carbon atons,
connecting the am de nitrogen to any nitrogen in the am ne group Q
1004711 n one enbodinment, Qis a substituted or unsubstituted bicyclic

am ne. | n 5anot her enbodlnent of the present invention, Qof fornulal is a
bi cyclic amine of enpirical fornula C7401\M11 2. In a nore preferred

embodi ment of the present invention, Qis an azabicycl oheptane,
azabi cycl ooct ane, or azabicycl ononane. Suitable heterocyclic am nes

i nclude, but are not limted to, quinuclidine, tropane,

azabi cycl o[ 3. Iommannzateyithe tdasdnakle hgichi/dkoptd, 3nd ¢ffrshamter their intended usc, as

9- azabi cycl o Y,
Tod; azab, eyl o5 RRRARE e Ay Iyts hERLYGF Bipopynds oftbe impnion, e
azabi cycl o[ 3. Zrt]* mmdargémeanstdmn@o@waz@bmcymldjy Barﬁsfcljnmmalme) to Yiatbthh pdred, 9-

di azfabi cycl o ga%fciung%?%@ dlgovc formugaykor E%F%f §¥sﬁ [b‘T’oo% :H.lncgl na 2%%3 oxa- 9-

azabi cycl of 3. nonane ERYRG: B &6 nonane, ycl o[ 3
2 2] nonancs [&&%]rhaylmmmnmprbﬂnhfmﬁ t@'fm(ithl@llpl‘:lemgé, in vmefaﬁmmrc,lask hiégrowsbon of

the bicyclic, et er.o tached tro f - the
trioyel Te cor &b gint sl Rolt pahe BfPon TNt PR Phiy Fek, B |

anot her enbodiarsamnt liafted tb;asupﬂi £oep asialkuolll (sath adeeryk; propanylobutlyhys, «bil dycl | c

het er ocyclic ine attac tq the am itrogen of the tr clic core of
formula | is igbr %Hsa]é‘HH“‘? Fﬁ‘g’ fjed ey ?ﬁ’{:j{f]}aasttieg??yl Ryl ‘"eCIrTlEf'%é‘?yrlr)ent of the
present i nventikeRydabomy! Mush hl'fﬁh@cfyccﬁb(ﬁfyﬁohﬁﬂt@l@ﬂyl%&ﬁ@ﬁﬂﬁ@l@lﬂindf ormul al .
20[0049]In anot her epbodi ment _of {he ﬁ ention, Qis a satuyrated,

bi cyclic, ‘et SPGB @*Oéﬂ?*ﬁ%s BFrmeviy w@ ‘Fﬁ‘?j %Qﬁ“%’ef’t*ﬁ‘ﬂfét”éf ; g RS g ¢ |
het erocycl i C a8y ofithle 3 &l tvlﬂf%h'ﬂietrﬁ&%ﬂlcéiﬁz cu@wul@gmupqldh O@E{mﬂl ment, Q

is selected fromthe group consisting of: 9 (CHOr --- CHO -S5
/ N'(CH2)s uscful according to this invention arc clcaved iz vivo, the compounds bcarmg bUCh groups

act as pro-drugs. The compounds bearing the metabolically cleavabie groups have the
advantage that they may exhibit improved bioavailability as a result of enhanced

15 solubility and/or rate of absorption conferred upon the parent compound by virtue of the
presence of the metabolically cleavable group. A thorough discussion of prodrugs is
provided in the following: Design of Prodrugs, H. Bundgaard, ed., Elsevier (1985);
Methods in Enzymology, K. Widder ¢t al, Ed., Academic Press, 42, p.309-396 (1985); A
Textbook of Drug Design and Development, Krogsgaard-Larsen and H. Bundgaard, ed.,

20 Chapter 5; “Design and Applications of Prodrugs,” p.113-191 {1991); Advanced Drug
Delivery Reviews, H. Bundgard, 8, p.1-38 (1992), Jowrnal of Pharmaceutical Sciences,
77:285 (1988); Nakeya et al, Chem. Pharm. Bull., 32.692 (1984); Higuchi et al,, “Pro-
drugs as Novel Delivery Systems,” Vol. 14 of the A.C.S. Symposium Sertes, and
Bioreversible Carriers in Drug Design, Edward B. Roche, ed., American Pharmaccutical

25 Association and Pergamon Press (1987), which are incorporated herein by reference in
their entirety. Examples of prodrugs include, but are not limited to, acetate, formate, and
benzoate derivatives of alcohol and amine functional groups in the compounds of the
invention.
[0046] The present invention relates to compounds of formula I, wherein Q is a

30 substituted or unsubstituted bicyclic, heterocyclic amine. In accordance with the present
invention, the bicyclic, heterocyclic amines are saturated and contain at least one nitrogen

in the ring. They may contain additional nitrogens, as well as other heteroatoms. In the



1 55CH3 and whereinr =1, 2, 3 or 4, s =0, 1, 2, 3 or 4, and RO is

hydrogen or nethyl. In these figures, 25the Q group is connected to the
tricyclic core structure through any carbon ring nenber (i.e., not a
termnal N-nmethyl). - 18 - 100501Ct her suitabl e heterocyclic am nes

i nclude: Nal wherein Rl is hydrogen or Cl1-C3 alkyl and Zis NH NC 13, O,

S, SO or 502. 10051] Anot her preferred enbodi nent of the present invention
is the conpound of 5 fornula 1, wherein R2 is I-1, lower alkyl, phenyl, or
substituted phenyl. In one preferred enbodinent, R2 is substitut ed phenyl
and J is SO2. In another preferred enbodinent, R2 is 4-fl uorophenyl

[0052] Yet anoth@poysdesidhe mycniwpdhs pisydicdictorosaclicapng inpldgsst fope 2@msound of

formula I, wh Fc@ér%l?rflohmelat%téi 0 rc@(fra@ cdr§on|_z!ztorh:s C(gnect giﬁé&m;&@%@@é&@%} abl e

aryl groups for the substituents of the present I|nvention are selected from
the group congitweihng tof apheapup Qenzyl , naphthyl, indanyl, and indenyl.

Sui table het eygany! hgr%raﬁe&%ocmguﬁg%sg Hﬁﬁééox@nm&ﬁ@mf@:ﬁ%ﬁgag AyEnh on

are selected e group consi st py I dyl 0X0- py
pyri m di nyb, pycvthdambngamcntpynl&zprﬂyht ln\ic,nIZerlef‘ Ifarmiutey] is a bic3elB-amicadi nyl ,

furanyl, pyrr %Jnélrfc ltfh {‘n?LHQ @-1[‘ hﬂ\] Lo d %a}%oqgf{lffeg elglegcﬁ) é{n{t of ‘&Lﬁé%%egéﬁ lir)denti

i soxazol yl, thi , 1'SO riazo ri azonyP, 1,2,
3- oxadi azol ylis, dnm&chMmaaheambnystg!dqcmlam lazdactyazmﬁnqu Shjtgyldhéthoadiiazol yI

oty azolv IRkt A0 RS AN BERESLIRGRRER ool 1

benzi m dazol yImesliyembmxcaa{obyll]uonbmjzo&dﬂi]@zm[% l}nbﬁrmzno[&:oxa_zmh@/thy -3,9-

Denz o0t haz ol PEIEOILyere! Yy bRtzel s 2l ool ot ol

2, 3-di hydro- azabicyclof3.3.1]nonane, 3-thia-9-azabicyclo[3.3.1]nonane, 9-methyl-3,9-
diazabicyclo]3.3.1nonanc, 3-mcthyl-3,9-diazabicyclo{3.3.1 jnonanc, 3-oxa-9-
azabicyclo[3.3.1]nonane, 3-thia-9-azabicyclo[3.3.1]nonane, and azabicyclo[3.2.2]nonanc.
[0048] In one embodiment of the present invention, the carbon of the bicyclic,

15 heterocyclic amine attached to the amide nitrogen of the tricyclic core of formula 1 is
chiral and in the (S) configuration. In another embodiment of the present invention, the
carbon of the bicyclic, heterocyclic amine attached to the amide nitrogen of the tricyclic
core of formula 1 is chiral and in the (R) configuration. Another embodiment of the
present invention is a mixture of stereoisomeric compounds of formula 1.

20 [0049] In another embodiment of the present invention, Q is a saturated, bicyclic,
heterocyclic amine or methyl-substituted saturated, bicyclic, heterocycelic amine, in which

the nitrogen is tertiary. In one embodiment, Q is selected from the group consisting of:

Xi/\l /CHg \
(CH{ (CH), //l\ ron /N\(CH
an

(CH2)r 4 (CHay
wherginr=1,2,3o0r4;s=0,1,2,3 or4; and R’ is hydrogen or methyl. In these figures,
25 the Q group is connected to the tricyclic core structure through any carbon ring member

(i.c., not a terminal N-methyl).



benzo[ 1, 4] di oxi nyl, benzo[1, 2, 3]triazinyl, benzo[l,2,4]triazinyl,

4H- chromenyl , indolizinyl, quinolizinyl, 6aHthieno[2, 3-d]i m dazol yl,

1H pyrrol o[ 2, 3-b] pyridinyl, imdazo[1, 2-a] pyridinyl,

pyrazol o[ 1, 5-a] pyridinyl, [1,2,4]triazol o[ 4, 3-a] pyridinyl,
[1,2,4]triazol o[ 1, 5- c]pyrldlnyl t hi eno[ 2, 3-Db] furanyl

thleno[2 3-h] pyridinyl, thleno[3 2- 25b]pV%|d|nyI furol2,3-1ThyridinyI,
furo[ 3, 2-b] pyri di nyl, thleno[3 2-d] pyri m dinyl, furo[3,2-d]pyrinidiny|,

t hi eno[ 2, 3-b] pyrazi nyl, furo[2,3-b]pyrazinyl , imdazo[l, 2- c]pyrazinyl,
5,6, 7, 8-tetrahydroi mdazo[ 1, 2-c] pyrazinyl, 6, 7-di hydro-4H pyrazol o[ 5, 1-
c][1,4]oxazinyWﬁﬂQ-oxoiZhgwdﬁﬁyGWmMQMQ&q@ﬁ@@%&dmﬁyl, 2- 0x0- 2, 3-di hydro- 1H
benzo[ d] i m dazol e, 3, 3-dinethyl-2-oxoindol inyl,
2- 0x0- 2, 3-di hydro- 1H pyrrol o[ 2, 3- 30b] py Rdlnyl

benzo[c][l 2, 5] oxadi azol yl, benzo[c][1, adlazolyl, 3, 4-di hydro-2H -

19 - bcnzo [b][ 1,4]ox azi nyl , 5,6, 5 € hydro-[ 1

,2,4]triazol o[ 4, 3- c]pyrazinyl [1, 2, h]triazol [ 4, 3- a]pyrazinyl and

3 oxo-[1, 2, 4] r dlnents t he
selectlon of gmﬁgr |cu r“% é?ﬁ%gmghﬁieg%ﬁgxﬁkgﬁ ahy one Q X, J, R

R2, and R3 doé&}simpt af antmhdr hefesetl embodmentfof me‘@msbmnnvteumn is ﬂte camyowid dfhe

others of 9 >f(61mu% herem'Rf lbq-(ileawcr -ﬁ(gt Ipthenéfilit x g)tste tu{eg%ggno uglg&:zqr erred i

herein havé an err

[ 0055] I n one enﬂaaxdmmﬁnlk" e kulistiatep paashind Ny 80L.| Iﬂl’anothdfr@rﬁ'enﬁmﬂﬂﬁbdirﬁens,élzect ed
fromthe group Nsi S g of - 20 - [005610ne enbodi nent of the present

i nvention re|§?£ﬁ“¥8° anaceutically Sacceptabl e salts, or non-salt forns,
of any of the [(C(ISIZ’pOUndSY @andiirprdf@rch c8®sdifichest theneintion [sCREbhPong &

enant L oS, e 2 oSS S TR, % gl N9 racem c

10 [0053] Suitable aryl groups for the substituents of the present invention are
selected from the group consisting of phenyl, benzyl, naphthyl, indanyl, and indenyl.
Suitable heteroaryl groups for the substituents of the present mvention are selected from
the group consisting of pyridyl, 2-~oxo-pyridin-1-yl, pyrimidinyl, pyridazinyl, pyrazinyl,
1,2,4-triazinyl, 1,3,5-triazinyl, furanyl, pyrrolyl, thiophenyl, pyrazolyl, imidazolyl,

15 oxazolyl, isoxazolyl, thiazolyl, isothiazolyl, 1,2,3-triazolyl, 1,2,4-triazolyl, 1,2, 3-
oxadiazolyl, 1.3, 4-oxadiazolyl, 1,2,3-thiadiazolyl, 1,3,4-thiadiazolyl, tetrazolyl, indolyl,
isoindolyl, benzofuranyl, benzothiophenyl, indolinyl, oxoindolinyl, dihydrobenzofuranyl,
dihydrobenzothiophenyl, indazolyl, benzimidazolyl, benzooxazolyl, benzothiazolyl,
benzoisoxazolyl, benzoisothiazolyl, benzotriazolyl, benzo[1,3]dioxolyl, quinolinyl,

20 isoquinotinyl, quinazolinyl, cinnolinyl, pthalazinyl, quinoxalinyl, 2,3-dihydro-
benzo[].4]dioxinyl, benzo[1,2 3]triazinyl, benzo[ 1,2,4]triazinyl, 4 H-chromenyl,
indolizinyl, quinolizinyl, 6aH-thieno[2,3-d]imidazolyl, 1 H-pyrrolo{2,3-b]pyridinyl,
imidazof],2-apynidinyl, pyrazolo[ 1,5-a]pyridinyl, [1,2,4]triazolo[4,3-a]pyridinyl,
[1,2,d]triazolo[1,5-a]pyridinyl, thieno[2,3-b)furanyl, thienof2,3-h]pyridinyl, thieno[3,2-

25 b)pyridinyl, furo|2,3-b]pyridinyl, furo[3,2-5|pyridinyt, thieno[3,2-d]pyrimidinyl,
furo[3,2-d]pyrimidinyl, thicno[2,3-b]pyrazinyl, furo[2,3-b]pyrazinyl , imidazo[1,2-
a]pyrazinyl, 3,6,7,8-tetrahydroimidazo[ 1,2-alpyrazinyl, 6,7-dihydro-4 H-pyrazolo[5,1-
c][1,4]oxazinyl. 2-0x0-2,3-dihydrobenze|djoxazolyl, 2-ox0-2,3-dihydro-1H-
benzo[d}imidazole, 3,3-dimethyl-2-oxondolinyl, 2-oxo-2,3-dihydro- 1 H-pyrrolo[2,3-

30 b]pyridinyl, benzo{c][1,2,5]oxadiazolyi, benzo[¢][1,2,5]thiadiazolyl, 3,4-dihydro-2H-



m xtures, or diastereoners (both separated and as any m xtures) of the
conpounds of the present invention are also included within the scope of
the invention. 10[ 00581The scope of the present invention al so enconpasses
active netabolites of the present conpounds. 100591The present invention
al so i ncludes conmpounds of formula I, wherein one or nore of the atons,
e.g., Cor H are replaced by the correspbhdi ng radi oactive isotopes of
that atom(e.g., Creplaced by 14C and H replaced by 3H), or a stable

i sotope of that 15atom (e.g., C replaced by 13C or H replaced by 2H).
Radi oi sot opes of hydrogen, carbon, phosphorous, fluorine, iodine and

chl ori ne i ncl bdeoBH1.416;2zB555,0/8F ctr@pdio-B 3, 4piazdl@3,3-dlpaetidyl36 and

respectively. K and/ or ot her
radioisotopes qﬁﬁﬁﬂﬂﬁ4gaﬁé"£ﬁp %h?%PQQfﬁZQ@%g8%ﬁ9$93ﬁﬁg nventi on.
Radi ol abel ed d¢@igbunds W@ﬁmnmbedmhmhmmnsdndebmummﬁg$MMhﬁaamé%uah general |y
be prepared b hods _wel | oyn, t.a those,20s

Conveni ent |y, ¥UI1)J°’ lfﬂ"errltfdarai a'ﬁg:fg)d drlr{pb%ncfme% (r{%)etbnot aﬁda the 58‘%%*;’“ Otfrryl ng out

t he proceddr esulgtisehtas ey éMhd dkerExBOK, elsR'amd, anlRénﬁBattsyp&&Jmti cémipdungs a - 21
- readily avalla({?ghradlolabelcg,dh ag qﬂho abel ed reagent.
Such conpoundd™Ha 3f°{Paﬂa]"%f‘V TEmEd B Stﬁ‘écé’és W énygo FOSUPBhdar ds” and
reagents in d¢m(55]n ni ng]ntdﬂeeﬂbd)dimfer)t obthepraaait evehiidn, mbaﬁmmuﬁs RRktei o bi nd

to neurotransgl gwotelns addition, in the case of stable isotopes,
such conpound fo eﬁ %CWH@“W%? ntial to favorably nodify the 5bio|ogica
properties, phar ma ogi cal and/or pharmacokinetic propertles
conpounds of fo la |I. The|details Concernin select of suit Ie S|tes
for incorporati adi oac g _isoto into t conpo n are ki

those skilled inYthe art. Y[ 0066] Co nds of prese |nvent|

descri bed her ¢l e u . as 5- HT3 rgcept or nig

found upon exam nation that; conpoeyes.that arje rot prr

the clains ar Ypat Re to t nvent

case, the excl R of Nes ang n\sra [ Hc 3

consi dered artlfact@hpf pat e, pr Os€twiti ofi” and not reflecﬁﬂye of théw
i nventors concept or description of their invention. The inventi , in a
conpound aspect, is all conpounds of formula I, 15except those‘fﬁ?t are in

the public's possession.
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[00611While it may be possible for conpounds of fornmula Ito be adm nistered
as the raw chemcal, it will often be preferable to present themas part of
a pharmaceutical conposition. Accordingly, another aspect of the present
invention is a pharmaceutical conposition containing a therapeutically
effective anount of a conpound of formula I, or 20a pharmaceutically
acceptabl e salt or solvate thereof, and &2%harmaceutically acceptable
carrier. The carrier nust be "acceptable” in the sense of being conpatible
with the other ingredients of the forrmulation and not deleterious to the
reci pient thereof. Furthernore, when reference is made in an i ndependent

claimto a conpaund or a rmaceut i ‘1‘ accept affl g\ salt thereof, it wll
be under st ood cl ai m" Wi ch depend_fr om t hat dependent { m whi ch
refer to such onpound o i nclude p maceut i calw acceptabﬁg;;alts of
t he conpound, ‘ t N100621|n

& i f expl refere is not ® the sal
one enbodi nent *e present /i nventi on e phar rrase )
further conpri @ e or &%ther t péutic i w i , e.
conpounds eff et irgy "nth gat nent o S, CINV or RO

to persons 300f skil} in the arfy, Such of Fer“therapeutic\agg
descri bed bel ow. [0063] Anot her asﬁect of the ptesent inventibdn relates to a
met hod of treating a disease or condition mhhﬁﬁgys susceptible to treatnent

with a 54-1T3 receptor nodulator. _-22 - This t hod i nvol ves-gel ecting a
patient with a disease or~gonditi mhlch is sugceptible to frleatnment with
a 5-HT3 recept dul at nd ad |ster|ng’ g the patienty

t her apeuti cal | ffective—@anmount of N conpouno Qf Af or mul d':¢ or
phar maceut i caldy Maccept ahl & -aIt t er 510@5@;! seases O0rly, |t|ons
whi ch are suscepgtible to tirea a 5- HT‘ g ept or nDdu ato

accordance wt ven nclude e not

general anxi et .4 S oCi al phob ag vertlg bseSS|v uIS|ve
di sorders, panic dlammders post - t r aunat tress dijsapders, buliwha
nervosa, drug withdrawdl effect$, alcohol dépendency,’ pain (|nclud|ng

vi scer al pain) sleep rel ated central apneas, chronic 10fatigue syndrone,

Parki nson’ s PEar p GO BB AP %m[lﬁvenﬁ&greméd%ﬁPf#a%'aee@ﬁca d defects

in schlzophre |a Park i nson ease resenile
denenti as, SAIahmpmun%QHEMSEasd;ﬁpsy@ﬁmhagﬂuamndmmﬁhdéﬁsmubbdawnyqisubstance
abuse dlsorde%[tndenentla associ ated wi th neurodegenerative di sease,
cognition def i GIts fi bromyal gia syndrone (see US. Patent Application

Publ i cation N@MEGD4/Ozanﬂﬁaemmmmﬂ&shﬁyhenabwf&ﬁhm@ﬂapdndm¢mgmwmmmference in
its entirety), .rosace

7/.138233 i.ch is
her eby i ncor pSFaEe % mﬁ&?@?g?&?@?ﬂ*?@d8ﬂ$?¥@¥9?“”@%VHQ%V§E%HP%$QEF oLders
medi at ed by S@reeéndiiventiodhermidiesiady wimdiae scopausainaadionom ting (C NV),

10 [0058] The scope of the present invention also encompasses active metabolites of
the present compounds.
[0059] The present invention also includes compounds of formula I, wherein one
or more of the atoms, ¢.g., C or H, are replaced by the corresponding radioactive isotopes
of that atom.(c.g., C replaced by C and H replaced by *H), or a stable isotope of that

15  atom{e.g., C replaced by “CorH replaced by *H). Radioisotopes of hydrogen, carbon,
phosphorous, fluoring, iodine and chiorine include 3H, ”C, 358, lBF, 32P, 33P, 125], and 3(’Cl,
respectively. Compounds that contain those radioisotopes and/or other radioisotopes of
other atoms are within the scope of this invention. Radiolabeled compounds described
herein and prodrugs thereof can generally be prepared by methods well known to those

20 skilled in the art. Conveniently, such radiolabeled compounds can be prepared by

carrying out the procedures disclosed in the Examples and Schemes by substituting a



post - operative i nduced nausea and vomting (PONV), radiation induced nausea
and vomting (RLNV), gastrointestinal disorders (e.g. of the esophagus,
stonmach and both 20l arge and small intestines), including irritable bowel
syndrone (IBS) and gastroesophageal reflux disease (CER D) (see European
Patent No. EPO430190, U.S. Patent No. 6,967,207, and U.S. Patent No.
5,352, 685, which are hereby incorporated- Py reference in their entirety),
bronchi al asthma, pruritus, mgraine (see Costall et al., Current Drug
Targets - CNS & Neurol ogical Disorders, 3:27-37 (2004) and israili,
25Current Med. Cient. - CNS Agents, 1:171-199 (2001), which are hereby

i ncor por at ed wdﬂjeﬁ\elﬁlebieeadiqhabphéirqag@mf@rrdetoyjtadi@iﬁl@l@gpqgeﬁsﬁugig@@nbmds

Publ i cation ence
i s enti ety D08ST RS Lty R T SR RN AR EhEL T

i nvention ar eOﬂswtmtlaashaﬁn&fﬁstlcmbdthlmtomsurowartsmHTEBpm@t@@ptlmddmmhuinabmﬂ%s an

agent whi ch CaRghl NSLoLNERm{ ot maPRRRANRSA01S WO RDRRRLES Y ¥

activate (e.g AR receptor receptor
nodul at or \‘Nhl bmlo@:aaprpmrtwsab gapionnsdelagimnl bidhia phhreabekifE8c pepeptnpf but only

results in partial ative to a full. receptor t. Modul ators
whi ch are par tcing?oun 01mlﬁ@l;)eb?tdgtaﬁﬁconﬁ%m@&ﬁ%lc%gpggsqltagiggges @hi ch di spl ay
bot h agoni st i tncamndraaing agontsieliotapes et tie depmudinge kpom ©hiest sildd iothe
serotonin (endogenous 5-HTI3 agonist). For exanple, when both full agoni st
(e.g. serotoni H) and partial agonist are present, the partial agonist acts

as a conpeti t [ps0pNt agandrsioun@UTHRL fra@ntihidatibg desdribed@p@eih ate sofisl 4secept or
occupancy and_dproduci ng a net decrease in the receptor acti VcE,ﬂ'ygn observed

with the fll | Fgsmerer lap%ﬂaémewt My ot ugpn exapinatiep frabeompgyn 1e8t of

Phar nt acol _C’g}’g‘crscrﬂ’jléﬁ&tt&%tﬂ&ﬁ fhe c@hﬁ%rgﬂet,pm@ﬁﬂabﬂ@&’o 8k idkntors8flthis apBliagikyel |
Sci ence Asi a ,. Carlton South, Vic (2001), which is hereby

i ncor por at ed Hy%?@aé‘? drcacliion elspesitsiand €5cra iapplicanis | §aimg arertp By C‘H‘@’Sﬁmét s

can activate LRgRRLL, fp%tcthJerc&ﬁmﬂ ag@%trr@ﬂ:cﬁmﬁd iR ntdr@ SRRRSr WBRAption of
i nadequat e anmounts o Oendogenous |igand are present or they ca

reduce the ovd&estinenlien i G invfentiels 8pt ermepornbasPest.dé alé caumroyndssof dprma genous
l'i gand arqurg,gC%ggth&%E ta@'&%?ﬁbl:?%’é&@ﬁ&?t her. 59(3):76-89 (2005), which
e

i s hereby 1 ncorporate ncein its entirety). [0066] Thus, in one
embodi ment of [406él pr eseWhiifr nvepbe pessibienfer cumpuutd ! ayowladitnhe adgnigisigiohas or

phar maceut | Call . SRaRt AN fiipald L NSIE0 (bt T of FER'adRRRIRGON ST

[ 0067] I n anot her esen i nven
accordi ng compo‘;ltlon. Accordmgly, another aspect of the present mvcnt;on isa pharmaceutlcal

composition containing a therapeutically effective amount of & compound of formula I, or
20 a pharmaceutically acceplable salt or solvate thereof, and a pharmaceutically acceptable
carrier. The carrier must be “acceptable” in the sense of being compatible with the other
ingredients of the formulation and not deleterious to the recipient thereof. Furthermore,
when reference is made in an independent claim to a compound or a pharmaceutically
acceptable salt thereof, it will be understood that claims which depend from that
25  independent claim which refer to such a compound also include pharmaceutically
acceptable salts of the compound, even if explicit reference is not made to the salts.
[0062] In one embodiment of the present invention, the pharmaceutical
composition further compriscs one or more other therapeutic ingredients, e.g., other
compounds effective in the trcatment of IBS, CINV or PONV, that are known to persons
30 ofskill in the art. Such other therapeutic agents are described below.
{0063] Another aspect of the present invention relates to a method of treating a

disease or condition which is susceptible to treatment with a 5-HT; receptor modulator.



to claim1 or pharmaceutically acceptable salt thereof is a 54-1T3 receptor
partial agonist, which may result in a net increase or a net decrease in
activation of the 5-HT3 receptor in the patient. 20[ 00681l n anot her

enbodi mrent of the present invention, the above nethod further involves

adm nistering a therapeutically effective anobunt of one or nore

schi zophreni a or Parkinson's Disease adjwicts. Suitable schizophrenia

adj uncts include, but are not limted to, val proatc and | evonepronazi ne.
Sui t abl e Par ki nson's Di sease adjuncts include; but are not limted to,
transdermal rotigotinc, rotigotinc and/or rasagiline as a 25| evodopa

adj uncts, | ev&dt@pacthqﬁan‘ml@@peicchdepamtmnewalg@mscsqseor(@ndmgrwhm|1Srﬁ@sccr>tlblc

pram pexol e, I qgﬁg i l,capone),

MAC- B |nh|b|tg§g&“?g£§@?ﬁﬁﬁg]o éﬁﬂndplneé zgﬁgﬁggggqgﬂljﬁ?%ghollnerglc
agents (benztnbpwnemmhytﬁmmewymhmnvﬁymﬁmoaWdfﬁahmhdamﬂ@émnmh%medhpos|t|ons
may addltlonall &gggg 88 &1prazo|an1 hal operi dol, chl or pronmazi ne,

ri speridone, perldone ol anzapi ne, 2|pra5|done guet i api ne, cl ozapi ne,
30Iithiun16armeH1e dlmm@@anmcmamhmﬂamepmmapmsﬂﬂetmhmamsmrwﬁbmﬁﬂTﬁe upt ake
inhibitors (SSR1' s ric idepress such
ho PANELG e Teotpi mbATSGE AP PR s Brnb i el e SR AR
relates to a me@h&ﬁﬂeﬁmﬂyeabMIg,mmmlmabhe\bnmﬁkmgﬁmdeomemﬁﬁﬁEﬂmmahss nethod
i nvol ves selectrng\a Fatlent W t.h IBSian .egn@Qisterln l@ “p?H%

t her apeut i cal PPEFPREEPRESERITREC Yo HIRBES OH B‘f“e’f"8r ”&"fl pvgt© s

phar maceut i calalcyh@a@egptiarl Habaiiciidgnaoéral ;ﬁiﬁ&?&b Iraatamcﬁnhelrapﬁéﬂaaﬂimmﬂt of

t he present i nvention, the above nethod further vol.ves adm erlng a

t her apeut i'Qal I3}185¢F PEetomeePakiBris Brcast Ryeh %ér?ﬂ’ﬁ’ﬂ? e, fia*gt*reé@é&sﬂr

modul at or s andk@Ets Wc%éﬁﬂrd?né?kﬂﬂnérﬁ@ﬁ%@é }'Iﬂ?ﬁﬁétaﬁ’@moreﬁ Qﬂ&eﬂfe dahiegimsar e
i ndi cat ed bel ow. Suitable other serotonin 5-HIT3 receptor nodul ators and/ or

serotonin 5- PlAwinEsdyieic pydilegioy §1”‘i’1ﬁ’é‘ﬁﬂ?é5‘tyb%'lb5t%‘r°€ ahwe disorctsed t o,
Al osetron (LOKRNEAGbbiarcd AR Re@BdE oratfle Id@@a%@taog&mJ SRR TR ARLNORM 1) ) |

Prtal opride, ondansetron; somatostatin anal ogs such as Qct'reotide

muscarini ¢ receprane Ger dgdiiest éprﬁlﬁetrpﬂéﬁlbmlpm Da289H0204A6l, »iehfiehretivn:
| axati ves ;guch, %&d@'rgﬁKg\Sﬁt@ eﬁtﬁh&ﬂ&ﬁé&@& PCTblid4h MYERAMICI L

FIBERALL(r) RE soup extract, polyacrylic resins
(e.g., hydr opHDm’ e Sﬂéﬁ,r\r@@lu&:hprelsr lp@Irrgarar?Cbb»pﬁfdl engnif itsatifetyh cardiovascular

1590l yar DD bege Rl 40144 B8R, AR S ASLUMAULLAPUGE AR ! oot V!

pot assi um sul fosuccCi na osuccl nate, m ne
nagnesiun1citmaﬂemaamgneémummhwdmmﬁNdmumgagwﬁﬁmmnhSMMﬁmheaimmbaehé sodi um

phosBhaLe, oL R LGSR S LA B UERIE S YR
dant hr on, zﬁenmageaﬂanmu1mamammhmmwmngwﬁmmagmdaﬁymm@nwﬁﬂﬁpmﬁ)
gastroesophageal reflux disease (GERD) (sece European Patent No. EP0430190, U.S.
Patent No. 6,967,207, and U.S. Patent No. 5,352,685, which are hereby incorporated by
reference in their entirety), bronchial asthma, pruritus, migraine (see Costall et al,,
Current Drug Targets — CNS & Newrological Disorders, 3:27-37 (2004) and lsraili,
25 Current Med. Chem. — CNS Agents, 1:171-199 (2001), which are hereby incorporated by
reference in their entirety), and epilepsy {see PCT Publication No. WO 2007/010275,
which is hereby incorporated by reference in its entirety).
[0065] As described above, the compounds of the present invention are useful as
5-HTa modulators. A 5-HT; receptor modulator is an agent which can either inhibit (e.g.,
30 an antagonist) or partially activate (e.g., a partial agonist) the 5-HT3 receptor. A 5-HT;
receptor modulator which is a partial agonist can bind the 5-HT4 receptor but only results

in partial efficacy relative to a full receptor agonist. Modulators which are partial



20di phenyl et hanes (such as bi sacodyl and phenol pht hal ei n), and castor oi
and the |ike; antispasnodics, such as the anticholinergic agents

di cycl omi ne HCI (BENTYL(r)), hyoscyanm ne sufate (LEVSIN(r)), and the |ike;
anti depressants such as inmpramne (TOFRANIL(r)), amtriptylin (ELAVIL );
antidi arrheal agents such as di phenoxyl ate NCH atropine sulfate
(LOMOT1L(r)), |operanmide (IMODIUMr)), nattral or synthetic 25opiates (such
as di fcnoxin, diphcnoxylatc, pargoric, opiumtincture, and | operam de),
anticholineruics (such as bell adonna al kol oi ds-atropi ne hyoscyam ne, and
hyosi ne), acetyltannic acid, album n tannate, al kofanone, al um num

sal i cyl at es, catesghinay b¢ taaidimil Hgandpwbichdispley bethiakénivimandipdagoniané effectind t he

| i ke; prokinetj erL.p i . Qi+ - j S as
Fedot et ne, 1 riehesBREREn RGNS Blop Rk A eld B B9 Sp A R IRPLALBISHEL:

i ncl ude, but doth fnbbednisrid g derbning msigpurtial ecomphak pobsett ghd RPROPUR®IDEE) ),

met ocl oprom de,  donmperi done..and the |. - - Anot h ect of
t he present i%&@ﬁ %@HC?&H%F%%‘P%pg”%g?kﬁﬁe8¥“§§%§€%ﬁg&%#%8?§P&#ﬁ?@Pnethod
i nvol ves sél egtaoduging a pet deemrbse\in thh rerpst sctiantbnatsarveadstigrthafylitagotihelopat i ent a
t herapeutical | y,.effective anmount _a.co und of formula, 1. or

phar maceut | calg et B BRE b haRice PR e S o e R B i et of
t he present i rGadnryicon, cdsh@iabavie Saeidaodid Rty Lk rCarladousis vadaimi)stteeh ing a
therapeuticalh% Effective ﬁ&p%ng of. one or nnle.ohher agti-gqetic‘. 7
conpounds. SuiftEBY EGRPTIE R TIE RS St RYECh & Rt AT & K2 1591 ed t o,
al osetron, al peRERIAFEIveRdeNicd Alimaxdfy a8 b3 SABE inaBiqgiEe byndhitHatBs

di phenhydr am ne, dol asetron, tetrahydrocannabi nol, na?ilon , dronabi nol ,
dr oper i dol'? greaﬁiﬁggws&ﬁ?ndmwe%fﬁb?ﬁ%w can Fednee B QFATSHBYAION SpIeaFAty® When

m dazol am ol aRZAPARGINtVTLAREEAGQ MearRA ONOSAL (780, BiPHAL PREPREAERENE,

pronet hazi ne, and tropi setron. 100%31Yet anot her aspect of the present

i nvention rel 2P 78094 20R5p-1euctH heteBatpeigoieias by fderaresdn by cndisiidi ti ons. This
met hod i nvol V?@%%f' ectingsanRAL bARIdiNEd Br fhe GRS iRBRARS, AL cGARALYT on and

adm ni stering to the patient an effective amunt of a conpound of 15fornula
| or a phar macesprdisaic opimcdosphaplaecutigiity acprprabistsalt figreohislag-IENSeeipysases or
conditionq5in%LH istbut are not limted to, schizophrenia and Parkinson's
di sease. Beneficral effects of 5-HT3 nodul ators have been reported in
clinical studil@7bf Parkiansgder antdilveasel igpisgahindentipn.dhe compdveinseyding

Reurol oy, 08,2821 IR Sl OO AP P LSl LG 1
which may result in a net increase or a net decrease in activation of the 5-HTa receptor in
the patient.

20 [0068] 1In another embodiment of the present invention, the above method [urther
involves administering a therapeutically effective amount of one or more schizophrenia or
Parkinson’s Discase adjuncts. Suitable schizophrenia adjuncts include, but are not
limited to, valproatc and levomepromazine. Suitable Parkinson’s Disease adjuncts
include, but arc not limited to, transdermal rotigoting, rotigotine and/or rasagiline as a

25  levodopa adjuncts, levodopa, carbidopa, dopaming agonists (bromocripting, pramipexolc,
or ropinirole), COMT inhibitors (entacapone or tolcaponc), MAQO-B inhibitors {rasagiline
or selegiline), amantadine, anticholinergic agents (benztropine or trihexyphenidyl), and
salfinamide. The compositions may additionally comprise alprazolam, haloperidol,
chlorpromazine, risperidone, paliperidone, olanzapine, ziprasidone, quctiapine, clozapine,

30  lithium carbonate, diazepam, carbamazepine, selective serotonin re-uptake inhibitors

(SSRT's) (ZOLOFT@ or CELEXA@) or tricyclic antidepressants, such as PAMELORY.



20Schi zophreni a Research, 88: 102-110(2006); Al der et al., Am .1
P.sychittuy, 162:386- 388 (2005), which are hereby incorporated by
reference in their entirety). Brain responses in humans have been altered
upon treatment with alosetron in IBS patients (Mayer et al., Alinent
Pharmacol . Ther., 16:1357-1366 (2002), which is hereby incorporated by
reference in its entirety). A 5-HT3 nodul%tor may be used as an adjunct or

i n conmbi nati on 25wi th anot her medi cation. 1007411t is appreciated that
certain features of the invention, which are, for clarity, described in the
context of separate enbodi nents, may al so be provided in conbination in a
si ngl e enbodi MOl Convifuiikcsaspscaef o srepasainyension aflatesie ajrprreatt dfdigativigi ch ar e,

for brevity, SGI ' t ex: - S ' T so be
brovi ded 30senar et ipAukhE (B P pthol i RLRe SISO IR RS B
aspect of the spmmseningtnthe ptticor: thehphuesallyeffactpreonesy off cpmppaidiofi praula
conpound of faqrmul e nabo = 172 Thi s process invol ves
treating a fi?g P%?%%ﬁ%ﬁ%gfgwggé%%ﬁﬁék%%ﬂ+ornula [1: CMtNLI1Q R3 (R
Dr, 112 5 wWh@76] n M ils ahbtlr canboditrbisrfittepresemderentdon, de abovidmétbed@tthon

condi tions ef feetive, Lo, Bproduce {he. B QUL SATRAYier QroRlin sFir, and R
receptor modulators and/or serotonin 5-HT, receptor modulators, some of which are
mdicated below. Suitable other serotonin 5-HT; receptor modulators and/or serotonin 5-
HT4 receptor modulators include, but are not limited to, Alosetron (LOTRONEX®),

10 renzapride, cilansetron, Tegaserod (ZELNORM®), Prucalopride, ondansetron;
somatostatin analogs such as Octreotide; muscarinic receptor antagonists such as
Darifenacin, and Zamifcnacin; laxatives such as methyleellulose (CITRUCEL@),
Psyllium (METAMUCIL®, FIBERALL®, REGULOID®, KONSYL®), malt soup extract,
polyacrylic resins {(e.g., hydrophilic forms such as polycarbophil and calcium

15 polycarbophil), plantago seeds, dioctyl calcium sulfosuccinate, dioctyl potassium
sulfosuccinate, dioctyl sodium sulfosuccinate, mineral oil, magnesium citrate, magnesium
hydroxide, magnesium sulfate, dibasic sodium phosphate, monobasic sodium phosphate,
sodium biphosphate, glycerin, anthraquinones or anthracene laxatives (such as aloe,
cascara sagrada, danthron, senna, aloin, casanthranol, frangula, and rhubarb),

20 diphenylmethanes (such as bisacodyl and phenolphthalein), and castor oil and the like,
antispasmodics, such as the anticholinergic agents dicyclomine HCI (BENTYL®),
hyoscyamine sufate (LEVSIN®), and the like; antidepressants such as imipramine
(TOFRANIL®), amitriptylin (ELAVIL®Y; antidiarcheal agents such as diphenoxylate
HCl+atropine sulfatc (LOMOTIL®), loperamide (IMODIUM®), natural or synthetic

25 opiates {such as difcnoxin, diphcenoxylate, pargoric, opium tincture, and loperamide),
anticholinergics (such as belladonna alkoloids-atropine hyoscyamine, and hyosine),
acctyltannic acid, albumin tannate, alkofanone, aluminum salicylates, catechin,
lidamidine, mebiquine, trillium, and uzarin, and the like; prokinetic agents, peripherai
opiate narcotic antagonists such as fedotozine, trimebutine, and the like. Suitable

30 prokinetic agents include, but are not limited to, cisapride monohydrate (PROPULS]DR’),

metoclopromide, domperidone, and the like.



100761A further aspect of the present invention relates to a process of
preparing a conpound of formula |Ib: ON, (CH2). R2 This process involves
treating a first internediate conpound of formula I11: CO2M NHQ N

10(121) pR2 wherein Mis H or a counterion, under am de bond formation
conditions effective to produce the product conmpound. Q R, and R2 are as
defined above 100771Suitabl e counterions-#hclude, but are not linmited to,
Li' and I\la7. 100781The nethods of synthesis of the present invention

i nvol ve standard am de 15bond formation conditions that are famliar to one
skilled in the art of organic synthesis. This typically involves activation
of the car boxy#7dbnponefnotheslabpenied theypreseridniconorotclatdséo amicthed oStdatinh| e

activating gropps, i gl Hifoq E«‘&él A 100 e d paie Sl hes RGN acl?:@lﬁ AR5 1036y
azi des, acylirni aazg}ﬁes, anhy i d%se, agndlkaelst ers as lgescrl ed ﬁyg %nt al betti
et al., -27 ypafet s diewgromall bdfet082mquacgs)comphircholifemurieby i ncor por at ed
by reference in_it N T referr gzactivati ng reagents include thionyl
chl ori de (SOCfE?)”%nag%gl éy!|Y ag%%(t)arb!% gh ﬁ'&%g , phosphorus oxychl ori de (PQOC13),
car bonyl disi m[ézpl e ( GBlapotheli ampoliioirexoflthc@medsodnyanticke ti{eDBEYs method further
1-et hyl - 3- (3-dineth Aég,m' opropyl) carbodiim de 1 1- -
Shydr Oxybenzotlrﬁggvf%g 1(1%% QRYr pcutlcal?y gflfecm/e anzouglﬁ%nzt br more other anti-
0- (1H benzot r iemzod echapohndsN,ShihtNcAi-dnedic aomphiybsiinonde) buhex adtlliuoed phosphat e
(HBTIl), O(7-azabenzqgtriazol-1-y1 4\1 N, N AP-t et r apet hyl ur.ani -
hexa | Uor ophod RS JPATOR ™ 4fie! TS FIANE BLiech el e sy r | de
(T3P). [0079] donpadndsirabgeiotdnnasies)] thbNehel Grohdtendl veatilllNgrom@yetion, prepared by
the application or, ag?pt ation of known met ho?s, % whi ch is meant net hods
used her et'8f oM@OPEObOEHERYR B PRITHE IO QPEZOPIE OWRENTEP'E, t hose
described by balbRsskiroCprRIBREN Y RofeURIS add @d}scfrbn.mat i ons, Wley-VCH
publ i shers, New York (1989), which is her ebE/_ i ncorporated by reference in
its entirety. 3] Yet another aspect of the presenf invention relates to a method of treating
CNS diseases or conditions. This method involves sclecting a patient with a CNS discase
or condition and administering to the patient an effective amount of a compound of
15 formula I or a pharmaceutically acceptable salt thereof. Suitable CNS diseases or
conditions include, but are not limited to, schizophrenia and Parkinson’s disease.
Beneficial effects of 5-HTz modulators have been reported in clinical studies of
Parkinson’s disease (Zoldan J et al., Advances in Neurology, 69:541-544 (1996), which is
hereby incorporated by reference in its entirety) and schizophrenia (Zhang-Jin et al.,
20 Schizophrenia Research, 88: 102-110 (2006); Alder et al,, An. J. Pspchiairy, 162:386-
388 (2005), which are hereby incorporated by reference in their entirety). Brain responses
in humans have been altered upon treatment with alosetron in IBS patients (Mayer ct al.,
Aliment Pharmacol. Ther., 16:1357-1366 (2002), which is hereby incorporated by
reference in its entircty). A 5-HT; modulator may be used as an adjunct or in combination
25  with another medication.
[0074] It is appreciated that certain features of the invention, which are, for
clarity, described in the context of separate embodiments, may also be provided in
combination in a single embodiment. Conversely, various featurcs of the invention which
are, for brevity, described in the context of a single embodiment, may also be provided
30  separately or in any suitable subcombination.
[0075] Another aspect of the present invention relates to a process of preparing a

compound of formula la:



[ 00801A conpound of forrmula | including a group containing one or nore
nitrogen ring atons, nay be converted to the correspondi ng conpound wherein
one or 15npbre nitrogen ring atomof the group is oxidized to an N oxide,
preferably by reacting with a peracid, for exanple peracetic acid in acetic
acid or mchl oroperoxybenzoic acid in an inert solvent such as

di chl oronmet hane, at a tenperature from ab®ut room tenperature to refl ux,
preferably at el evated tenperature. 10081]In the reactions described
hereinafter, it may be necessary to protect 20reactive functional groups,
for exanple hydroxy, amno, imno, thio, or carboxy groups, where these are
desired in the final product, to avoid tKgir unwanted participation in the

reactions. Conventional protecting gr ; be used in accordance with
standard practice and as descri bed abovg. 100821The novel 5-HT3 nodul ators
of fornula | of this invention can be {rg&pa 125by the nmethods illustrated
in the general reaction schenes as, f | e, described below, or by

nodi fi cations thereof, using readilya&*ailab?e starting materials,

reagents, and conventional synthesis procedures. In these reactions, it is

- al so possible_to nake use of wvariants that are kno i.n the art but are not
ment i oned herJ.hlwr‘%cﬁ%?d@‘f?“f%é”c§9‘ﬁﬁ1ﬁ§§é@CTHISBia@tCQH‘pH‘é’\tﬁg’ifﬁorW&iﬂ Wesult in the
preparation of enantioners having a particul ar 30stereochem stry, included
within the scope of the present inventiGopMm ifpnpounds of formula 1 in any
stereoi soneric form and preparation gfx¢ bunds of formula 1 in -28 -
stcreoi soneric forns other than thosejde i Qr-emt herein woul d be obvious to
one of ordinary skill in the chenical /5 Nbased on the procedures
presented herein. General Procedures®or CedAstructing a Conpound of Fornmul a

la (A Tricyc l\Jh&-e%F’fg Hora counterion,luzn:cller a%zide I%rr]ig fg‘r%l?étiglmo%(aﬁ%inss éf?e%ive\’\fiot h

formul a |

5  produce the product compound. Q, R’, Rz, and R® are as defined above
[0076] A further aspect of the present invention relates to a process of preparing a

compound of formula 1b:

10 ® Y, R?

wherein M is H or a counterion, under amide bond formation conditions effective to

produce the product compound. Q, R', and R” are as defined above

[0077] Suitable counterions include, but are not limited to, Li" and Na".

[0078] The methods of synthesis of the present invention involve standard amide
15 Dbond formation conditions that are familiar to one skilled in the art of organic synthesis.

This typically involves activation of the carboxyl component followed by reaction of the

amine. Suitable activating groups include, but are not limited to, acyl halides, acy!

azides, acylimidazolcs, anhydrides, and esters as described by Montalbetti ct al.,



50N1-1, = amne Conditions: A) ONH2, CH20, HOAc; B) hydroxide base C) HBTU,
DVF, D M, Me0O1-1 or CF12Cl12 10 100831Conpound Al where RI = OH and
OCH3can be achi eved by a nethod reported by Krutosi kova et al., Collect.
Czech. Chem Commzun., 57:1487 (1992), which is hereby incorporated by
reference inits entirety. Conversion of Al where R = CHto R = O can be
achi eved by a nethod reported in Bay et.-Zg. Chem, 55:3415 (1990), which
is hereby incorporated by reference in its entirety. Conversion of A where
Rl = 1504 to RI = Br can be achieved by a nethod reported by Riche et. al.,
Justus Liebigs Ann. Chem, 121: 359 (1862), which is hereby incorporated by
reference in iTesaledtan 61:y082C6200E), sihonh iphcrdly ingvepozatiRl byrc@fncoinRls catitycan be
achi eved by a . s t t . al A i - 27: 263
(1985 - wit ch PR ehiRAEEEsnA! o uchlae Ot bR RBriacieE .

Conver si on of pAbspitres exyRhlogdGRO:)Rlarbon@kfiin(ighzeladCDD, dicycidhasd c@0editngdd can

be readily achj rt.et al., Tetrahedran. 40:6211(1999), which
is hereby i ncEflpgkéf’gfe(eﬂ%gg(?"rdéff]%tfj@%'ggmprr?pyl? %argon "imrlée_es i(/ Dei f|)s material, or
where RI =s5br apirpxytedmutrzoeiHOBY), Oc@H-Heezansedl- as)aV, EoUp-tengmetedgeniunt or
transition nmetal -catal yzed oupli.ng reactjon .0, . Suzuki,, Stille,
Sonogashi r a) 8"3&"8(9?’%"@36%@3gﬂly‘a\ﬁ?@g@tﬁzog'éll)mt?v’&r@?ﬁ?m‘ét Hromum
heteroaryl . 2%exaflud@phoshrataralduby el (-proparR@hosphongd :a¢d @kclicatliitdedThr). was
stirred at ro enperature for 18 hours. The .m xture s poured onto
cemvater and WIHHE B Karomer s 5 RSO i HydrsRIdu e TP RS iDi g
preci pi tate wagplfchlidredr@aitbn b Rnd¥H M&Rods! BIUORicNASH XL h@BdR s Hichetofore
di chl oronet hane. The conbi ned orrgani cs were washed with brine, dried

IO

(Na2SO4), 'Bf i 1of desedbedamthe dismtaist ioaperi dwse doseied @y pressdrartdeni®or d t he
desired produ@ohRdelss s A%h ) MR hYEH 36l aLs, NREY sk qaunol, WRs isibagquent |y

used without further pdarification’ Product structure was confirmed by 1H
NVR or by massdncarrarajesi by refepnesmds saliraly: procedure (GP-B) for the hydrol ysis

gfst te:‘eAge;E)d/' l[tfl}?}ﬁlf’lrjmlg( ic&rni)(gm:i %?fo?ﬁ%i%'l %Cﬁld?‘%l a@rﬁmﬁ%oﬁiaﬁﬁﬁg cﬁm&f mpRe nmethyl
ydr oxl de nonohydrate eq) I n tetrahydrofuran/water
(1:1) was sti miteogemating gbmxnayrbeicpnveried foghetdrspondis s comphuat Q/hblyimme KS. The
B T S S
with a peracid, for example peracetic acid in acetic acid or m-chloroperoxybenzoic acid in
an inert solvent such as dichloromethane, at a temperature from about room temperature
to reflux, preferably at elevated temperature. S
[0081] In the reactions described hereinafter, it may be necessary to protect
20 reactive functional groups, for example hydroxy, amino, imino, thio, or carboxy groups,
where these are desired in the final product, to avoid their unwanted participation in the
reactions. Conventional protecting groups may be used in accordance with standard
practice and as described above.
10082] The novel 5-HTz modulators of formula 1 of this invention can be preparcd
25 by the methods illustrated in the gencral reaction schemes as, for example, described
below, or by modifications thercof, using readily available starting materials, reagents,
and conventional synthesis procedures. In these reactions, it is also possible to make use
of variants that arc known in the art but are not mentioned here. Although the syntheses
depicted herein may result in the preparation of enantiomers having a particular
30 stercochemistry, included within the scope of the present invention are compounds of

formula in any stereotsomeric form, and preparatior of compounds of formula I in



purification. The product structure was confirmed by 11-1 N VIR or by nass
anal ysis. 15 100861General procedure (CP-C) for cyclization: A m xture of
the lithiumcarboxylate salt A3 (1 eq) and
2-(11-/-benzotriazole-1-y1)-1,1, 3, 3-tetranet hyl uroni um hexaf | uor ophosphat e
(HBTU) (1.5 eq) in DWVF was stirred at 50 C until the reaction was conplete
by LC-Ms. The nixture was concentrated ui¥er reduced pressure and the
20crude material was purified by silica gel chromatography (typical eluents
di chl or onet hane and di cl al or onet hane/ nmet hanol / concentrat ed anmoni um
hydroxi de) to afford the desired carboxam de A4. The product structure was
verified by 1ktcicoNbMER Drmbgtherales thrsakysétsd h@@ﬁ@@BMb@@heipai topnockdur e
(GP-D) for conv rSi C ution of the

car boxani de AZ'(1%%e qslnm th%ghcm'og%%aﬁeéjnoélq{}va%o g'(‘:’ireﬁpﬁse&}egg’eeﬁelchl oride (1-3
eq) in methanol. The m xture was concentrated under reduced pressure. The
solid was | yopinkiak 8dockdwnes foattCGomstnetingae€ onpaunid of Foomulafla (44 Tnsydiesi red A4
hydrochl ori de(®ad)t . The product was verified by mass anal ysis and | FI NVR
-30 - Ceneral Procedures for Constructing a Conpound of Forrmula Ib (B5
Tricyclic Core) C2 Me Cl110CO M 1i2e an \El or E2F N I[N 2A, ---1\%{1

(11. 1) pl I K2 B | B2O:Me COMe NHQ O,Li N]IQ
// N // // N // N

(R )p (R )p (R )p (R ) R
A2 A3

R!, R?, and ®* arc consistent with Tormula
5 QNI, = amine

Conditions: A) QNH;, CH,0, HOAc; B) hydroxide base; C) HBTU, DMF;
D) HCI, MeOH or CH2Cly

10 [0083] Compound Al where R! = OH and OCH; can be achieved by a method
reported by Krutosikova et al., Collect. Czech. Chem. Commun., 57:1487 (1992), which is
hereby incorporated by reference in its entirety. Conversion of Al where R' = OH to R
= (] can be achieved by a method reported in Bay et. al.,J. Org. Chem., 55:3415 (1990},
which is hereby incorporated by reference in its entirety. Conversion of Al where R' =

15 OHto R' = Br can be achieved by a method reported by Riche et. al., Justus Liebigs Ann.
Chem., 121: 359 (1862), which is hereby incorporated by reference in its entirety.
Conversion of AT where R' = OH to R' = F can be achieved by a method reported by
Ashton et. al.,.J. Fluorine. Chem., 27:263 (1985), which is hereby incorporated by
reference in its entirety. Conversion of Al where R' = OH to R' = OTf (phenolic triflate

20 ester) can be readily achieved (McCort et al., Tetrahedron Lett., 40:6211 (1999), which is
hereby incorporated by reference in its entirety). This material, or where R' = bromo,
iodo or chloro, can be used as a coupling reagent for transition metal-catalyzed cross
coupling reactions (e.g. Suzuki, Stille, Sonogashira) to provide compounds Al where R

= alkyl, aryl, and heteroaryl.

[0084] General procedure (GP-A) for the Mannich coupling of the indole

core: A mixture of indole Al (1 eq), and appropriate amine (1.1 eq) and 37% aqueous



CRLINLIQ (3 -...\1L.11 N/....---2----N¢ 2.1 (11.1))plR2 84 B5 R antiR2
are consistent with Fornula 1 = amne 5 Conditions: El) Cs2CO3, R2X, DMSGO,
E2) ArB(OH)2, Cu(OAc)2, Et3N, CH2Cl12; F) NH2Q NaBH(OAc)3, 1% HOAc in
CH2C12; G hydroxi de base; H) HBTU, DMF;, 1) HCl, MeOH or CH2C12
10100881Conmpound Bl , where RI = Br (6-brono-3-fornyl-4-indazole carboxylic
acid nethyl ester), is comercially avaitbie from SI NOVA, BETHESDA, MD
(catal og nunber SL-00263). Conpound Bl, where R = C

(6-chl oro-3-fornmyl-4-indazol e carboxylic acid nmethyl ester), is also
commercially avail able from SI NOVA, BETHESDA, MD (catal og nunber SL-01561).
Conpound Bl , v#reraglcRide (F 1§} flglrorabadtic 464 wnd yitred af moazoheraac foxyhoersaci d

met hyl ester) | Q. .C | | VD
(et 4l og. nambdr® Bif385 POUES GhBTcat it AR EuIAT Ay FED R
al kyl ati on of Thhessulhdapetipit@e weaﬁllnmrhzhﬁehwxdethadrcmm wasmaxxbaedwitf | ndazol e Bl
(1 eq), and a priate a ) um car te(4 eq)
1 a1 ety SO GRradhiss TEY rorm e o St Eray TR R e

5 filtered, and concentrated under reduced pressure to afford the desired product indole 3-

aminomethyl adduct. The product was subsequently used without further purification.

Product structure was confirmed by 'H NMR or by mass analysis.

[0085] General procedure (GP-B) for the hydrolysis of the methyl ester

10 (lithium carboxylate salt): A mixture of the methyl ester A2 and lithiurn hydroxide
monohydrate (3 eq) in tetrahydrofuran/water (1:1) was stirred at reflux until the reaction
was complcte by LC-MS. The solvent was removed under reduced pressure and the
crude lithium sait A3 was dried under high vacuum and subsequently used without further
purification. The product structure was confirmed by 'H NMR or by mass analysis.

15
[0086] ~ General procedure (GP-C) for cyclization: A mixture of the lithium
carboxylate sait A3 (1 ¢q) and 2-(1H-benzotriazole-1-yl}-1,1,3,3-tetramethyluronium
hexafluorophosphate (HBTU) (1.5 eq) in DMF was stirred at 50 °C until the reaction was
complete by LC-MS. The mixture was concentrated under reduced pressure and the

20 crude material was purified by silica gel chromatography (typical eluents
dichloromethane and dichloromethane/methanol/concentrated ammonium hydroxide) to
afford the desired carboxamide Ad. The product structure was verified by 'H NMR or by

mass analysis.

25 [0087] General procedure (GP-D) for conversion to the HCI salt: To an icc-
cold solution of the carboxamide A4 (1 eq) in dichloromethane was added hydrogen
chloride (1-3 e¢q) in methanot. The mixture was concentrated under reduced pressure.
The solid was lyophilized from water and acetonitrile to afford the desired Ad
hydrochloride salt. The product was verified by mass analysis and 'H NMR.

30



until the reaction was conplete by LC-M5 (8 to 10 hours). The m xture was
diluted with water and extracted with ethyl acetate. The conbi ned organics
were washed with water and brine, dried (NMhSO4), filtered, and
concentrated under reduced pressure. The crude naterial was purified by
silica gel chromatography (typical eluents hexanes and ethyl -31 - acetate
or dichl oromet hane and nethanol) to afforithe desired al kyl ated i ndazol ¢
3- carboxal dehyde 82. The product structure was verified by IH NVR or by
mass anal ysis. [0090] General procedure (GP-E2) for the arylation of the
i ndazol e 3- 5carboxal dehyde core: A mxture of indazole 131 %l_ea), and
appropri ate atGnec Procedenes borflonforghise Genpound obdprmuladpi(Rs eerdice (1.3
eq), and trietdwytami ne (2 eq) in dichloronethane was stirred at room
tenperature until the reaction was conplete by LC-M5 (16 hours). The
mxture was directly adsgppégyento sili€dMyehoand chr frafcpgidRhed. The
crude material was puri a r ogat ogr {typical eluents
hexanes 10and et hyl ace at )\mo§%§i£; i téﬂ i ndazol e
3- car boxal dehyde B2. Thé/ rddluct st r uct 4t eNwas verlf/’d Hg | H NVR or by
mass anal ysis. [0091] &heral’ procedufes (GP-F) for &nk redBbtive am nation
of the indazol e 3-carboxalfdehyde core: ABA xture of indB¥ole
3- car boxal dehyde 82 (leq) and 15appropriate amne (1.2 to 1.5 eq) was
stirred in 1% gl acial acetic acid and di chl or onet Rane at roomtenperature
for 4 to 16 hours. To this was affléd sBdRum t rPsc8tpxyborohydride (3 to 4
eq) and the mxture stirregd for ditiopal 2X%0 {46 hours. The mxture
was directly adsorbed onto—si lilt elN an ro graphed (typical eluents
di chl or onet hane and di chloro iﬁaneﬂhethanollc Nrateci ammoni um
hydroxi de) to 20afford the desifed i Rdazol e akanlnomﬁthyl adduct 83. The
product structure was verified by PHNVR or by mas8%anal ysis. [0092] Gener al
procedure (GP-G for the hydrolysis of the methyl ester (lithium
carboxylate salt): A n]XtH1§R0LLmh$mnﬁﬁhyrmﬁﬁter B3 and |ithi um hydroxi de
25monohydratc (3 eq) int ,{a ygdroturan/water (1:1) was stirred at reflux
until the reaction was conplete by LC-MS. The solvent mas rennved under

d d t t
;ﬁduzﬁbsgaszzgfﬁgag% E% T ey At M et
b
C

was confirnmed Mss an SIS nera proc ure
(GP-H) for cyclization* A mxture of the lithium

10 [0088] Compound B1, where R' = Br (6-bromo-3-formyl-4-indazole carboxylic
acid methyl ester), is commercially available from SINOVA, BETHESDA, MD (catalog
number SL-00263). Compound B1, where R' = Cl (6-chloro-3-formyl-4-indazole
carboxylic acid methyl ester), is also commercially available from SINOVA,
BETHESDA, MD (catalog number SL-01561). Compound B1, where R' = F (6-fluoro-3-

15 formyl-4-indazole carboxylic acid methyl ester), is also commercially available from

SINOVA, BETHESDA, MD (catalog number SL-01547).

[0089] General procedure (GP-E1) for the alkylation of the indazole 3-
carboxaldehyde core: A mixture of indazole B1 (1 eq), and appropriate alkyl halide (2
20 eq) and cesium carbonate (4 ¢q) in dimethylsulfoxide was stirred at room temperature
until the reaction was complete by LC-MS (8 to 10 hours). The mixture was diluted with
water and extracted with cthyl acetate. The combined organics were washed with water
and brine, dricd (NaSQy), filtered, and concentrated under reduced pressurc. The crude

material was purified by silica gel chromatography (typical eluents hexanes and ethyl



carboxylate salt 84 (1 eq) and HBTU (1.5 eq) in DM F was stirred at room
tenperature until the reaction was conplete by LC-MS. The m xture was
concentrated under reduced -32 - pressure and the crude naterial was
purified by either or both silica gel chromatography (typical eluents

di chl oronet hane and di chl or omet hane/ net hanol / concent rat ed ammoni um

hydr oxi de) and solid phase extraction usiflg cation exchange SCX resin
(typical eluents methanol and 7 N ammonia solution in nmethanol) to afford
t he desired carboxam de B5. 5The product structure was verified by IHNIVIR
or by mass anal ysis. (00941General procedure (GP-1) for conversion to the
HCl salt: To afetiteerdiglddrgmsbpag dndmagfanplh eo affr thxdmn@éam a(csﬂ n@tq;olpar

di ohl or ot hang, wasAdsegh MHEouE NLOr A8 ok Bk AHIELANS e

m xXture was concentra pressure a
recrystallized from hot absolute ethanol. The SO|Id mas Iyophlllzed from

water and aceisbt il ® SoRliRLdaieERy B RERIMAL SN idgRY . The

product was ver fed by mass "ana NAT Al CPr ocedur es
for Constrict ica@oaalﬂmmmum afmlﬁmrmﬂ inddzble BT4 1 ), mybdppmpma@ram):r NHQ d

- 02her- CHO CO%eteroary OrORIC Aéi ¥ eq% cupnc Nodetale (1. SNq) (aﬁfrjl}rpe%h A &he%) H32C

dichloromethane was stirred at room temperature until the reaction was complete by LC-

MS (16 hours). The mixture was directly adsorbed onto silica gel and chromatographed.

The crude material was purified by silica gel chromatography (typical eluents hexanes
10 and ethyl acetate) to afford the desived arylated indazole 3-carboxaldehyde B2. The

product structure was verified by 'H NMR or by mass analysis.

[0091) General procedure (GP-F) for the reductive amination of the indazole
3-carboxaldehyde core: A mixture of indazole 3-carboxaldehyde B2 (1eq) and

15 appropriate amine (1.2 to 1.5 eq) was stirred in 1% glacial acetic acid and
dichloromethane at room temperature for 4 to 16 hours. To this was added sodium
triacetoxyborohydride (3 to 4 eq) and the mixture stirred for an additional 2 to 16 hours.
The mixture was directly adsorbed onto silica gel and chromatographed (typical chuents
dichloromethane and dichloromethane/methanol/concentrated ammonium hydroxide) to

20 afford the desired indazole 3-aminomethyl adduct B3, The product structure was verified

by "H NMR or by mass analysis.

[0092} General procedure (GP-G) for the hydrolysis of the methyl ester
(lithinum carboxylate salt): A mixturc of the mcthyl ester B3 and lithium hydroxide

25  monohydrate (3 cq) in tetrahydrofuran/water (1:1) was stirred at reflux until the reaction
was complete by LC-MS. The solvent was removed under reduced pressure and the
crude lithium salt B4 was dried under high vacuum and subsequently used without further

purification. The product structure was confirmed by 'H NMR or by mass analysis.

30 [0093] General procedure (GP-H) for cyclization: A mixture of the lithium
carboxylate salt B4 (1 eq) and HBTU (1.5 eq) in DMF was stirred at room temperature

until the reaction was complete by LC-MS. The mixture was concentrated under reduced



NQ 1. N 2. N Rand R2 are consistent with 1;01111111a 1 QN112 = arne
Conditions: J) i. PP113PCl-120C1-1)Cl, KFIMDS, TI-IF;, ii. 4 NFIG K) NH2Q
20 NaBH(QAc);, 1% HOAc in CF12Cl2; L) hydroxide base M HBTU, DWF, N) HC1,
MeOH or CH2Cl12 -33 - [0095] General procedure (GP-J) for the al dehyde

honol ogati on of the indazol e 3-carboxal dehyde core: To a -40 C cool ed
suspensi on of (methoxymet hyetriphenyl phosi#honi um chloride (3 eg) in
tetrahydrofuran was carefully added a sol ution of potassium
bis(trinethylsilyl)am de (0.5Min toluene, 3 eg). The 5resulting dark
red-orange m xture was stirred at -40 C for 30 mnutes and then warnmed to O
C. To this wagrasitethddhsahdn myeriafvappur{ficd dypitha of kath sihgaizcd thrpaatogisphyt he

m xture stirregd far . LG - ' ] -

et anydr of ur aP s e dRHshortin O S BTRER B hrfl dorbhldiinonium,
eq) and the bihpthaside) amil x¢lidrpbaswees trimsiat egdn@tatien exChige SCXhgein StypiTHelusitet ur e
was cooled to r te ature . di.l ut 1 .

organi c | ayer mﬁgg%ﬁgggg{%mmm%\%{?%}o% "%glfe %rgféo\tﬁetéggg{?g%%%e%g%?ﬁ h%]&%?ugg%gbnat e,
and brine, 5dr iTad pfola® SOLyre fval teeified by Gih tiMboclenhasaedysisnder r educed
pressure. The crude material was purified by silica gel chromatography
(typical clucnts hexanes and ethyl acetate or dichloronmethane and net hanol)
to afford the [@@g|red heemtagab@duia@@zhfer dneasbaxatidabdaneTdhyl icadduct
C . The product, struct ure vas ver

cold solution o oxamide fBiS%ieL?)Xn gh]c_:'hloromethane was added hydrogen

chloride (1-4 eq) in methanol. The mixture was concentrated under reduced pressure and
10 the residue was recrystallized from hot absolute ethanol. The solid was lyophilized from

water and acetonitrile to afford the desired BS hydrochloride salt. The product was

verificd by mass analysis and 'H NMR.

General Procedures for Constructing a Compound of Formula Ib (C4 Tricyclic
15 Core)

Riand R? are consistent with Formula ]
QNH, =amine

Conditions: J) i. PPhsPCH,OCH:CI, KHMDS, THF; ii. 4 N HCE; K) NH,Q,
20 NaBH(OAc), 1% HOAc in CHoCly; L) hydroxide base; M) HBTU, DMF; N) HCI,
MeOH or CH,Cl,



15 MAR or by mass anal ysis. 100961. General procedure (GP-K) for the
reductive am nation of the indazol e 3-carboxal dehyde core: A m xture of

i ndazol e 3-carboxal dehyde O (leg) and appropriate amine (1.2 to 1.5 eg) in
| % gl aci al acetic acid in dichloromethane was stirred 20at roomtenperature
for 4 to 16 hours. To this was added sodiumtriacet oxyborohydride (3 to 4
eg) and the mixture stirred for an additidhal 2 to 16 hours. The mixture
was directly adsorbed onto silica gel and chronat ographed (typical eluents
di chl oronet hane and di chl or omet hane/ net hanol i concentrat ed amoni um

hydr oxi de) and then subjected to solid phase extraction using cation
exchange SCX 1&¥&h (typGemdralgiraenduse G@t-ﬁﬁhblhe&ﬂfdﬁhﬂﬂl%@!mm@fﬁtﬂ ution in
met hanol) to t ' j Ql . ' ~ uct C2. The

pr oduct struc?%%gﬁegggsgﬁﬁﬁkéﬁﬂﬁynga%&N%&%%?ﬁg§9%§§%&gﬁg€ysis.

100971Cener al (priboechatte iRy pHosphontuer dhaido Y sd)gn ralieofnmen b casftigy
(lithiumcarb |.at A .mxture of |t ; r l.ithium
hydr oxi de 30%%%%3‘3515?‘ glk %éﬁoéégﬁl%)rff]#tg ’a %?@q‘nﬁ}rﬁ% filv\l\/gt%z%()ﬁlf 1% )ega/grshesti rred
at refl ux dantirdsubing darkaet-orengamistucond sitred y-40 G KB.30 Tilgutsodnd elreh wearsed enoved

under reduced essure.and the, - .34 - e.lLithiu al t was . dried
inder high el skt Re A et Tl P BBl rhe
product str ucktitiel foRss oounf dt el tehperhbdrdIMR 1 drmiayirerefastrehfddofisarsand methanol
100981General pro u - of clization: A mxture of the [ithjum
Soar boxyl ot o 88 £eeg, Diode b 50 Find e AN i s bt thom
tenperat ure uatdéd°d ed heast TRNmkAS: GanRlotideo MpnlemMyatukhad dilxtdvah was]
concentrated under reduced pressure a d.ﬁhe crude npterial was purified by
ei ther or 1Hot HC%%t?iE'ac%%ﬂmfclmwé}ﬁ&awgwhm%iSealrat %F&l@sa‘%@m or onet hane
and di chl or onBichaoe{eRhLDBAR], HSQNBRINU,ARE ca amaRbatThis @xkdeducadfresald. d

phase extraction using cation exchange SCX resin (typical eluents
10met hanol and by SNIaRABHMM S AL DEY Sirapst HasrptgeRdy ApPRIF YRE haears ed

car boxani de Chng &h6 (PEALYELicRbloHEAEaniBReNEh])td 8FbrdYhel FENR h8MoRYaBRS S
anal ysis. 100991General procedure SGP N) for conversion to the HCl salt: To
an i ce- indazole 3-carboxaldehydemethyl adduct CI. The product structure was verified by 'H

15 NMR or by mass analysis.

[0096] . General procedure (GP-K) for the reductive amination of the indazole
3-carboxaldehyde core: A mixture of indazole 3-carboxaldehyde C1 (leq) and
appropriate amine (1.2 to 1.5 eq) in 1% glacial acetic acid in dichloromethane was stirred
20 at room temperature for 4 to 16 hours. To this was added sodium triacetoxyborohydride
(3 to 4 eq) and the mixture stirred for an additional 2 to 16 hours. The mixture was
directly adsorbed onto silica get and chromatographed (typical eluents dichloromethane
and dichloromethane/methanol/concentrated ammonium hydroxide) and then subjected to
solid phasc cxtraction using cation exchapge SCX resin (typical cluents methanol and 7 N
25  ammonia solution in methanol) to afford the desired indazole 3-aminocthyl adduct C2.

The product structure was verificd by 'H NMR or by mass analysis.

[0097] General procedure (GP-L) for the hydrolysis of the methyl ester
(lithium carboxylate salt): A mixture of the methyl ester C2 and lithium hydroxide
30  monohydrate (3 eq) in tetrahydrofuran/water (1:1) was stirred at reflux until the reaction

was complete by LC-MS. The solvent was removed under reduced pressure and the



cold solution of the carboxam de C4 (1 eq) in dichloronethane was added
hydr ogen 15chloride (1-4 eq) in nmethanol. The m xture was concentrated
under reduced pressure and the residue was recrystallized from hot absol ute
et hanol . The solid was |yophilized fromwater and accionitrile to afford
the desired (24 hydrochloride salt. The product was verified by nmass

anal ysis and 1H NVR. 20 Ceneral Procedure%"r“for Constructing a Conpound of
Fornula la (D5 Tricyclic Core) RI, R2, and R3 arc consistent with fonnula
MN112 = amine -35 - Conditions: 0) POC13, DMF;, P) i. PPl 3PCH20CH3CL,
KHVDS, THF; ii. 4 N HCL in dioxane; NH2Q NaBH(OAc)3, 1% HOAc in CH2Cl12; R)
hydr oxi de baseruds)ithHBTEalt Cvas dricd MEicr highGrruam @ERTs2q BNt NIGH PEhaefaither
procedur e (GP— t f NMIE . :

Phosphor us ox g (Eilﬁp%ehflpwi&ﬁmm%m VQ‘%&“ ]Eﬁr‘sr{c ;;é[ to .8%%%% dwsénd t he
resulting mxture was stirred at 0 C for 30 mnutes. To this was added a
sol ution of i Al ( r ng. i t ir for
hours. The re &?Jsﬁn (I;e" ?Qlﬂ)éﬂ%% @’Hfje " oﬁgltald E&ﬁlm!fu%%?%e;@ﬂ@le and pH
was adj ust ed tcﬁrbé’xyb@ﬂc aaﬂidt.h(q cty) Mdl‘ilam“—U(lTﬁeq)c:mEpﬁUmk siersd axbmactdmmbrmrbh et hyl
acetate (4 x) e. conbi ned .or i ayers.were was dried
(Nezson) |11 e8P REER S amm P LR Mae! i BinlEedpradeimd hud P
materi al was pedsiire &d daycrsdd maarigelas pdrrﬁf&ﬂ&peghaphyotﬁsiym gd khrehaepiaphihexanes
and et hyl acetate o aff oxal dehyde DI . The

desjr.e
product 15st rtﬁ%’f”ﬁ%lé f‘?'?%éf‘ﬂc BVI iﬁq‘f’ﬂﬁﬁc ﬁ‘EF/‘H‘E{E@O g dammonium
[0101] Gener al hpdhezleéi)thm@ s& ﬁi%hﬁ’ge ck@fictioh @siad aﬂhye&hm@cog@t,mmpml dhkatsi ndol e

3- car boxal dehyde core: To a -40 C coql ed sus
( met hoxy rre’tohyI")efl}dﬂﬁﬁéﬁyIl\bﬂ’%%‘H'i‘)?ﬁ“ﬂﬂﬁ“dN“GWF'd@D ﬁl@’q’i)““? fested rabyrarBedtan was

careful 'y 20adgied-odus ritlnir® Wadbertflch VPG NR1PM bymbiQhieng. 3 ed). The

resulting dark red-orange m xture was stirred at -40C for 30 m nutes and
then warned to 0 C. To this was added a solution of DI (1 eq) in

t et rahydrof ur pd th%éﬂe%wrsceamer(tﬁdwf Rk c&.@emwﬁnﬁs ﬂr(ﬁemtq%rm%cature A
1:1 mxture of tetrahydrofuran and nethanol was added, followed

hydr ochl ori ¢ aelidgolptoreef)thegseboxpraideiGdHA sion dicklornmeethoas Wlﬁé@fi‘%dlhﬂiromc for 4
hours. Th$h25%r,w@ {@@lmah%[.tﬂﬁ @QW tﬁﬁ@&h@e&l%t@d A, f’a‘dh&étdgagesg\ﬂré Qndet hyl

acetate e organi c | ayer was wasne wat er, saturate ueous sodi um
bi car bonat e, drdebdicrves rarystdiized from hot absolute ethanol. The solid was lyophilized from

water and acctonitrile to afford the desired C4 hydrochloride salt. The product was

verified by mass analysis and '"H NMR.
20 General Procedures for Constructing a Compound of Formula Ia (D5 Tricyclic
Core)
CO,Me COMe 10y CO,Me —CHO
= O
| N R} —

SFTN

(RY), R? (R})

D3

', RZ and R* are consistent with Tormula |
QNH; =amine



(Na2SO4), filtered, and concentrated under reduced pressure. The crude
material was purified by silica gel chromatography (typical eluents hexanes
and ethyl acetate or dichloronethanc and nethanol) to afford the desired
honol ogat cd i ndol e 3- 30car boxal dehydenet hyl adduct D2. The product
structure was verified by tH NVR and mass analysis. - 36 - [0102] General
procedure (GP-Q for the reductive aninat$don of the indole 3-

car boxal dehyde core: A m xture of indole 3-carboxal dehyde D2 (Il eq) and
appropriate amne (1.2 to 1.5 eq) in 1%glacial acetic acid and

di ehl oronet hane was stirred at roomtenperature for 4 to 16 hours. To this
was added sodi umtriacet oxyborohydride (3 to 4 5eq) and the m xture stirred
for an additi ¢ieatitions @) IROUHauPNF; The RRbEREMOCHS!, ridiiidsd Tidkder 4riedifded
pressure and tisans; eV, eYaB&l(Owas, PuriPAeth CHk;IR)dudgeldedhsoSatdgilaphy
(typi cal cl uemgF.di)dHlloMetEtdiatkCRnd di chl or onet hane/ net hanol / concent r at ed
anmoni um hydr oxi de) to afford the desired indol e 3-am noet hyl adduct 03.

The product s ure r|f|
{01031 Cener at W8 ccr eCtreH iy peeir G0N B yBEe G FmERay Al e sidbus
(1'ithi um car bowek ahc&p&ahftaxycbﬂom@qtl i2reg) @hs ddded stewhyd icegbrDNAB aﬂdhﬂhcl i thium
hydr oxi de nonohydr at ¢ n, tct rof ura tcr rred at
reflux until éﬂflﬁgﬁ ’Sﬁ* %doartré E’?fg‘y 'I?Efef\/g{-v@f‘ @é%@/e]é‘ nmoved
under rEdUCEd1@0&S§U(1€bq¢-ﬁmﬁflh&ndﬂﬁrnuﬁ@rd dohihusmesalr forldhonas ]@let@dldmnder hi gh
vacuum and subse uently used wit hout further rification._ Th uct

gy g Tpedhe

struct ur e fas "EIHE FHERUIG] MGV ByX g 2ad B 3fay adusteq g 7z

Procedure (GPNapH, qnleQm%gb@ﬂtm@@xtrAtdmmmb&@l@éere&b@ A)Iah&ltmr&ﬁarn@@whme sal t
D4 (1 eq) and HBTU (3 e in was stirred at roomtenperature

until the r ea&ft%W%&’db@@%lt@?@n%ynmwomfétefﬁdx«trﬂrcen%tgdt%msiémeﬁ%ﬁeéd
under reduced &@@%@url% A rﬁﬁ&ta@(vﬂ%rﬁﬁﬁ%?klﬁka g@%hrgh%io&x‘aﬁﬂyﬁ Yoi &l Em&ﬁb or

both silica gel chr omat ogr aph p| cal uents | or onet hane and

di chl or onet hafefanes avd s8] &6 mfr e thedativsdindelenyenrbnpldelydaid - dbF pedptiase
ext r act i 005 USkiag 2 b0l FX AR IRShdls (dayRiscal el uents met hanol and 7
N anmoni a sol ution in nmethano o afford the "desired carboxam dc 1)5.

25The product structure was verified by 1H NVR and nass anal ysi s.

coi d sol uti on'BF T e cavbavin ot Ol QP-EL e 4R RE s bibopfid or1fe 20, 5%
hydr ogen chl oinddée I-tarboxadeliyde nmehéinal40 “Theokil stspewsiona$ concent rat ed under
reduced pr essl('r(ae%hg‘x@gnethyl)triphenylphosphonium chloride (3 eq) in tetrahydrofuran was carefully
20  added a solution of KHMDS (0.5M in toluene, 3 e¢q). The resulting dark red-orange
mixture was stirred at -40 °C for 30 minutes and then warmed to 0 °C. To this was added
a solution of D1 (1 eq) in tetrahydrofuran and the mixture stirred for 16 hours at room
temperature. A 1:1 mixture of tetrahydrofuran and methanol was added, followed by 4N
hydrochloric acid (4 eq) and the biphasic mixture was heated at 60 °C for 4 hours. The
25  mixture was cooled to room temperature and diluted with ethyl acetate. The organic layer
was washed with water, saturated aqueous sodium bicarbonate. and brine, dried
(Na;80,), filtered, and concentrated under reduced pressure. The crude material was
purified by silica gel chromatography (typical cluents hexanes and cthyl acctate or
dichloromcthanc and methanot) to afford the desired homologated indole 3-
30 carboxaldchydemcthyl adduct D2. The product structurc was verified by 'H NMR and

mass analysis.



30 the residue was recrystallized fromdiethyl ether. The solid was

| yophilized fromwater and acetonitrile to afford the desired 05

hydrochl ori de salt. The product was verified by 1H NVR and nass anal ysi s.

- 37 - General Procedure (CP-U) for the Debenzylation of the D5 Tricyclic
Core QQ (R)1) 05, R2 = BIl R and R3 are consistent with Formula |
Q N -12 =anine 5Conditions: KO&tBu (1.0 M¥olution in THF), 02, DVBO, rt

[ 0106] Oxygen gas was bubbled into a solution of carbox amide D5 (1 eq) in
DMF and potassiumtert-butoxide (1.0 Msolution in THF, 5 eq) at room
tenperature. N trogen gas was then bubbled through the m xture and the
reacti on was dq¥édthed visereral prodadare (PO foythgwedgiitedmingtipa of dheindols Inas

dituted with dj onhc@m%smtmwupJ&% 11 Larkllaln 7' 1 U a8 oS, T T 1 ed

by silica gel rorra (typical eltien or onet’ han
di chl or onet hammﬁlm{ﬂ Elacnblﬁ |eqbndé<rg el @cbtlalamdmnmdﬁnlhiymmmanl@\)/aa&mrra@ fugpdmt he

desi red car box r&;ﬁ%‘éﬁ%zxm% Péu‘?d”ﬁ) thiAl ra%%é‘éd%oms i 'ét'o];:lb%gol'iy}é o YR and

nmass anal YSI S. resent I nvention provi ons cont ai ni ng
t he corrpourids eq) and the mixture stirred for an additional 2 to 16 houu, Thc solvent was removed

under reduced pressure and the crude material was purified by silica gel chromatography
(typical ecluents dichloromethane and dichloromethane/methanol/concentrated ammonium
hydroxide) to afford the desired indole 3-aminoethyl adduct D3. The product structure

was verified by 'H NMR and mass analysis.

[0103] General Procedure (GP-R) for the hydrolysis of the methyl ester
(lithium carboxyiate salt): A mixturc of thc methyl cster D3 and lithium hydroxide
monohydrate (3 ¢q) in tetrahydrofuran/water (1:1) was stirred at reflux until the reaction
was complete by LC-MS. The solvent was removed under reduced pressure and the

15 crude lithium salt D4 was dried under high vacuum and subsequently used without further

purification. The product structure was confirmed by 'H NMR or by mass analysis.

[0104] General Procedure (GP-S) for cyclization: A mixture of the lithium
carboxylate salt D4 (1 eq) and HBTU (3 eq) in DMF was stirred at room temperature

20 until the reaction was complete by LC-MS. The mixture was concentrated under reduced
pressﬂre and the crude material was purified by either or both silica gel chromatography
(typical eluents dichloromethane and dichloromethane/methanol/concentrated ammonium
hydroxide) and solid phase extraction using cation exchange SCX resin (typical eluents
mecthanol and 7 N ammonia solution in methanol) to afford the desired carboxamide DS.

25 The product structure was verified by 'H NMR and mass analysis.

101G5] General Procedure (GP-T) for conversion to the HCI salt; To an ice-
cold solution of the carboxamide D5 (1 eq) in dichloromethane was added hydrogen
chloride (1-4 ¢q) in methanol. The mixture was concentrated under reduced pressure and
30 the residuce was recrystallized from diethyl ether. The solid was lyophilized from water
and acetonitrile 10 afford the desired D5 hydrochloride salt, The product was verified by

"H NMR and mass analysis.



15descri bed herein, including, in particular, pharmaceutical conpositions
conprising therapeutically effective anounts of the conpounds and
pharmaceutically acceptable carriers. [0108]1t is a further object of the
present invention to provide kits having a plurality of active
ingredients (with or without carrier) which, together, may be 20effectively
utilized for carrying out the novel conbﬁﬁhtlon t herapi es of the invention.
[0109] It is another object of the invention to provide a novel
pharmaceutical conposition which is effective, in and of itself, for
utilization in a beneficial conbination therapy because it includes a
plurality of active ingredients which may be utilized in accordance with
the inventiong enLl%iLil»PJcImeggsﬁ%r SRR A BhS? ORN9Y S ieFaitichfe OF ST ngl €
packages conbi ni ng one or re’active ingredients useful”in treating the

di sease. A kit may provide (alpne or in conmbinatiqn with a pharmaceutically
acceptabl e diluent or carrier)ythe conpounds of foN la | and an additi onal
active ingredient (alone or® i nation with®3luemt or 5carrier), as
descri bed above. 10111] The pradudts accoLﬂLng to_the present invention may
[ 1t P Ni [ st suitable route
and the invention also rel at ®! pharnmaceuti cal sitions containing at
| east one product accordi nff'bo théﬁﬁzz%gtlon wit'&h are suitable for use in
human or veterinary nedicine. These ositions mgy be 10prepared
according to the customary nethdddin using one or nore pharmaceutically
accept abl e adj uvants or eXC|p|ents The adjuvants conprise, inter alia,
diluents, sterile aqueous neblicad R anebnsifret wilidpsle! non-t oxi ¢ or gani ¢

sol vents. The conposi ti ons n@yhémptesented in the formof tablets, pills,
granul es, powders, aqueous solutions or suspensions, injectable solutions,
elixirs or syrups, and can contain one or nore agents 15chosen fromthe

gr oup conpﬁlsﬁnghBMEeﬁ%hBPél0ﬁ4%¥%Kﬁm@§HFb6ho@NﬁgE“ or stabilizers in order
to obtain pharmaceutically acceptable preparations. 101121The fornul ati ons
of conmpounds of formula | include those suitable for oral, parenteral

(i ncl udi ng subd@élaneousyxyiget gacers irabbled intorasswrligiow bgarbax g s (i tccp}ieél\/ﬂ"

Idg ;naa‘?/engﬂicafm %a%%lmmatenlbc%%(%r gl’ f/]?%coqﬁll hug: {r]g(r;gcﬁ)a?xgagmdé)r%ﬁﬁ e, I\ﬂ% Iql ng
nost sui t abl egasoutsehamebpbdepduneligh the mixture and thc rcaction was quenched WJth 4 N H(,l in

10 dioxane (pH 5). The reaction was diluted with diethyl ether to afford an off-white solid

which was purified by silica gel chromatography (typical eluents dichloromethane and
dichloromethane/methanol/concentrated ammonium hydroxide) to afford the desired
carboxamide D6. The product structure was verified by 'H NMR and mass analysis.
[0107] The present invention provides compositions containing the compounds

15 described herein, including, in particular, pharmaceutical compositions comprising
therapeutically effective amounts of the compounds and pharmaceutically acceptable
catriers.
[0108] It is a further object of the present imvention to provide kits having a
plurality of active ingredients (with or without carrier) which, together, may be

20 cffectively utilized for carrying out the novel combination therapies of the invention.
[0109] 1t is another object of the invention to provide a novel pharmaccutical
composition which is effective, in and of itsclf, for utilization in a beneficial combination
therapy because it includes a plurality of active ingredients which may be utilized in

accordance with the invention.



upon the condition and disorder of the recipient. The formul ati ons may
conveniently be presented in unit dosage formand may be prepared by any of
the nethods well known in the art of pharnmacy. Such nethods include the
step of bringing into association a conpound of fornmula 1 or a
pharmaceutically acceptable salt or solvate thereof ("active 25ingredient")
with the carrier, which constitutes one of® nore accessory ingredients. In
general, the fornulations are prepared by uniformly and intinmately bringing
into association the active ingredient with liquid carriers or finely
divided solid carriers or both and then, if necessary, shaping the product
into the desi dédof or nul Bicipsesent MERBIRbTORIPAdIs s osuipalaprckagey porgliaing one

adm nistratio : - a5 i sere i 1S,; - ,
cachet s« or ¢t ab o e SRR Lk ARLELE R RO BRIPARRLoER e

i ngredi ent; asoabpeiwterithor phgraavabtestly eosepiatdodituenton carien thagopwaegidsefi n an
aqueous |iqui @, - agL 4 QUL . iel 0 ar.1iquid

il 5i'on or & gk A AHERYEC L Curghl(oBR: B Chph BBl 0,
may al so bé preseni=sdeasibal dbobeis, cl ectuary, or paste. [01141A tablet may
be made by co sion gr nol din tionally with.one o e aGCessory
Cnaredients. _QF eseed ieabres roay B opinsrais) B0 faf be DRIG RiF 7S

5sui t abl e nmacpemettinp edramistreigon tyghedoe nbitable renté pekbhé lnowntivg asonrdutsuoh as a
powder or granﬁles EPQtionaLly nix?d‘mth a binde{ Iubrig%ﬁ% .in%rt

di luent, | ubr PeHMARY"CH GPPREEORR AN G EEPENMY “STRNRE MBF 4RE 80! et s
may be nmade byvhighlagd f1Qabla far usdinthabbe onBedinig needitinel Uheseabmphgtigpewitened
conpound istened with an inert liquid diluent. The taplets nay optionally
be coated 'O SEBFEN 2RI s HIBMAT RS L5189t © ‘B?‘B\W%l@lai‘f}%’ﬁé{yai ned,

del ayed, or cagdch@ble@gul@kereLcipibnts Mehaliuvifs bargpRe] ivRk aAd)an@int, stdine

phar maceuti cal conpositions may include a "pharmaceutically. acceptable
inert carri er ®UCARYEHT NG YE VRIS FANTRIG HEBWARL - iTAT FUBRISEIRES BRY Bor e
inert excipi entgentdMih @l bAChUERE RIS BRRulcH BOYRIS aq@badshabhiig agents,

m crocrystal linc cellul ose, diluents, lubricants, binders, disintegrating
agents, and t BESPRRSiEs, IRECtHBe SAlEpns, e bireqr sPyph gad capfconiia AiE SEmeEegents
15conposi tjison : q OLoIHPNA . chni ques,
"Pharnaced?icgkﬁgygggé%ﬁggﬁg:c f?%%?gagfgg’gﬁggﬁ%%gges cgﬁﬁggﬁ?ggﬁyelease
means. 101151PHisr ivenbeain pheshaceuinsthy packsaide prgparaions opt i onal |y i ncl ude ot her
therapeutic i pggli ent sp3BhinfRl HoRIEIS of RLASET KRN BRve SHEALRY NG
agents, colorants, flavors, desiccants; plasticizers, dyes, and the like.
Any such opti orshlpaicngraenéndingudtutireo@) oonpatiel ingrawiusdular hetrapenipoeatd of

formula Ito i '?n%rléll(/glotuat!%ng }nﬁgaiax{ig:utlz}{'),%ct}l,hc%lcjngct «rtrry(! t%f)iicé-‘minclﬂg%g dermal, buccal,

20 nasal, sublingual, and intraocular) administration. The most suitable route may depend
upon the condition and disorder of the recipient. The formulations may conveniently be
presented in unit dosage form and may be prepared by any of the methods well known in
the art of pharmacy. Such methods include the step of bringing into association a
compound of formula 1 or a pharmaceutically acceptable salt or solvate thercof (“active

25 ingredient”) with the carrier, which constitutes one or morc accessory ingredients. In
general, the formulations are prepared by uniformly and intimately bringing into
association the active ingredient with liquid carriers or finely divided solid carriers or
both and then, if necessary, shaping the product into the desired formulation.

[0113] Formulations suitable for oral administration may be presented as discrete

30 units such as capsules, cachets ,or tablets each containing a predetermined amount of the
active ingredient; as a powder or granules; as a solution or a suspension in an agueous

liquid or a non-aqueous liquid; or as an oil-in-water liquid emulsion or a water-in-oil



conposition nmay contain other additives as needed, including for exanple

| act ose, glucose, fructose, gal actose, trehal ose, sucrose, nualtose,

raf fi nose, maltitol, nelezitose, stachyose, lactitol, palatinite, starch,
xylitol, mannitol, nyoinositol, and the |ike, and hydrates thereof, and
am no acids, for exanple alanine, glycinc and Maine, and peptides 25and
proteins, for exanple al bumen. 101161Exanm!es of excipients for use as the
pharmaceutically acceptable carriers and the pharnmaceutically acceptable
inert carriers and the aforenentioned additional ingredients include, but
are not limted to binders, Fillers, disintegrants, |ubricants,

anti mi crobi al liggdretsicandhe eetivic ipraigmhmey al3QOmtseaThes dbdes, chpgayfor adul t
humans is genggﬁl_l y fromO0.001 ng to 10 g/day orally. Tablets or other
forms of presentation provided in discrete units may conveniently contain
an anount of d¢@gbund of tfbdat mal &e haddbctoniseseibh ectnbMezatptoudly vddsager or as
a -40 - multiple of the sa for inst e ni.Ls..containing 5. to 500
1o, usual 1y arBenaeastagdaBey G dRe G rulbE RsfiRRd S Metegalt ¢

adm ni st er 8d tuitablepadchsathamictive bgretibg in e Spofisvbiglfodnysuof ag hgovaket @ndant

physi ci an. However, the dose 0| oyed, Wil | . depen n nunber of_ factors,
Photudi ng-  he FRgEek At el Br B R rishuo iR el SR e Shaing
Streated, andatiw, aaligeising.agdd1VB1Ad dhsagea iy thadedydnolding Draduitgldsage uni t)

can include from. for .exanple, 0.01 to 0.1 ng, Itp 30 ny, to 40 ng, Ito
700 o Ito SO0HEE S P oD tpoNdTEh Sam RO e Boenmer g aBgni 5 o
180 gy (1 i g. fnllgaabréﬂs,m%y dmoneﬁrlﬁ,cozaidga,sc&e&lr%m rﬁa}nf%,?foﬁmmgel%%lag@o pﬁvgﬁg, 9 ngb
10, 95 g, 030 stignHidiay el s ol Bbrolgse St vBBEgigbeRg: 185 By, 70 B,
75 ngy, 80 nmy, p%ﬂﬁ%tlti@ﬂCHE]&OS&@ﬂﬂﬂmy %led@'gf‘p}ﬂaﬁgad@ﬂicaﬁggccgfﬂab@ﬁ]@rt'&Hﬂ‘ie@po ng,
350 ng, 400 ng, 450 ny, 500 ng) of a conpound described herein, L@llQ]The
product s accoltd i arcpsirn ipreddad o ingledetans AT MALF e GEiASsTBIcB HIchEC

frequently as ARGESSAYs PardlHRE adRts ORI Rysttrcdemiis e daihbRL apsibie ef fect.
Some patients 15 rr?é_respond rapidly to a higher or I'ower dose and may find
t181aH

much weaker mhind elegrdiasenisagd thedike FHdegred dpblpiaiopasas of the disdleppd be
necessary ;to h iRk S48 I Ofus LechRqdsdoses per day,
i n accordance @\nﬁﬁ(ﬁ tt ﬂgmpﬁgg%ﬁegg%ggapar%q{ijﬁe?lgkeﬁ.éﬁtgﬁsﬁgguéagh B%rs ticular
patient. Genei'Blidrmacenticalizetdepieblp cadadtalsygycdrmasdnianirotieteldassmadahy 1 to 4
ti mes per day,,k, goes wi.th ; i f.hat . f : i . i1 be
necessary to E)Orielékri be %h%%%nt{)cr%g% a#l%ﬁem%’ra?{ov?gh %@ E&E}Jg? g%yth E%Be%%)lFor
addi ti onal i ningradinisomtadabing apbras, pesauitives lsweaapgsigente s logmd, flineirs,

formul ati on, ractice of

Phar macy, 201?%?%8%; t?ﬁ’é“ﬁé‘?%%@yeﬁgﬁ EE‘%EI%Q ’@Eﬁg@%tﬁ@%?rﬁ%?é%ngg uf)t)}) “ref erence
in its entdretympdtiblAtiihlihe canppod obiforofla f ar imiratht sebitityhd dadibinmilatoar ate
€.g., by intr g(\)/nelpno%hllson may contain other additives as needed, including for example lactose,
glucose, fructose, galactose, trehalose, sucrose, maltose, raffinose, maltitol, melezitose,
stachyose, lactitol, palatinite, starch, xylitol, mannitol, myoinositol, and the like, and
hydrates thercof, and amino acids, for cxample alanine, glycine and betaine, and peptides
25  and proteins, for cxample albumen.
[0116] Examples of excipients for use as the pharmaceutically acceptable carriers
and the pharmaccutically acceptable inert carriers and the aforementioned additional
ingredients include, but are not limited to binders, fillers, disintegrants, lubricants, anti-
microbial agents, and coating agents.
30 [0117] The dose range for adult humans is generally from 0.001 mg to 10 g/day
orally. Tablets or other forms of presentation provided n discrete units may conveniently

contain an amount of compound of formula 1 which is cffective at such dosage or as a



25i nj ection, intranuscul ar injection, subcutaneous injection,
intraperitoneal injection, topical, sublingual, intraarticular (in the
joints), intradermal, buccal, ophthalmc (including intraocular),
intranasally (including using a cannula), or by other routes. The conpounds
of formula | can be admnistered orally, e.g., as a tablet or cachet

contai ning a predeterm ned anount of the#ctive ingredient, gel, pellet,
paste, syrup, bolus, electuary, 30 slurry, capsule, powder, granules, as a
solution or a suspension in an aqueous liquid or a non-aqueous |iquid, as
an oil-in-water liquid enmulsion or a water-in-oil liquid enulsion, via a

m cel | ar f or muhdiiploel thegeic. Br gstaRCTussbitgiaingdrmdNa SOg7 pu2dgrounh] bhei s

hereby -41 - ] it ed.-by r LR itsS. i i | posonal
For mut at i on (<eASAREITR Bk DRl BT SO bR G Tl AR AL POENTRE
WO 99/ 59550 amchpWiBitgitg &850 Gttendmit physiian. ovebsr, ihn dosepomatyed wiydepefiksrence i n

their entiret via.formul atio descri bed.in E Publ i.cat.i on No. WO
087 004586, whimoe? LRI R, SERALR R ebated ARLFRLIERy Pong ' 5o
i n sonme ot Ber ukardnandheseeatrpounds of formula | can al so be adm ni stered

transdermal ly (i . e. via, reservoir-type or matrix-t tches, :
i oroneedt es. WHEF ral | pAPEREONT (rpptia ioe b el MRk i Y sesrupte
el ectropor at i @] &1l @S Ownsh @, 1bReimd 0rdTBI0GHE, 300 60NBELSIS00 et 2 knfeECt | on,

or a conbi nation_of an f e precedi ng ne ds (Prausnitz et al,, ture
Revi eve D g Bits ok 1a 80 Tabot 00 amien b A e by Reot perkpees by &

10reference i Mg, v meeBhigl €ing) 10 mg 01324, Conpoungs, of mb arsm,ac L’ng@@mn?,els
incorporated into a |iposome to inprove half-1ife. Conpounds of formula
| ean al so Be Edn] UGEt Eed o YR ey P e Y PRdP marelineciaing<l MeRsHs /P or

pegyl ation anghaddinhi anab, sy alsl 098 CABLRI, M50 & PG e nEoIg3t 89 rh, 380
PEG based hydroggel ng PEG}; nodig?eg{glfi pogomesrfj can be found iﬁl%l—larriéé et al.,
Nat ure 15Revi é¥s*t g 40 sieeved 9p) o azompopd desgibad hezgigk t he ref er ences

therein, whi C?OI%F her ei})aé r{Jir&RI% Qﬁc{g?&i olte Fr&LRIFNGEo Maf DEAmiRRIHLEEY -

Conpounds of fornula | al so adm ni stered via a nanocochl eate or
cochl eat e del iftgeyoptly ahvicstseary Bi oDl tp okipyp t8cdcgiesbifcrrprubie piaeck.-oPraie paraptei gh,
NC) . Conpquynds, of... - | || ' pgnul si o
For il at | one. 740 ERARLEE Y {35 B Rl ek LT R BLERPARERTHLR

sol vent s wer e doseddcgsate.ebwioded pdticom icmayres edcedsars iplvic dong-teiPr wtaomemug| ear

magneti c resonan spectra we tain on er ters at
300, 400, or  LO0 AL NohdBRE 4B Ml G I R St T AR S TR e
1, are report eaticwlaHeritm. Gietrzlpree hytlwiprainet rhaMs)adudigsterse dradlg 1 an4 kinieer nal

st andar d. Mass spec ra were c%I | ect q s iel’rl ate_i ‘hﬁ\r 3 Fi erénj, an, L%(% JgJo LC M5

ion trap el ecff o‘@ﬁr FOPoRiPAL | 8nglﬁgl ) Zl? g FﬁRLSS Vé?P%Iﬁ i”ﬁ%@L Bihg1°e

quadr apol ednasst mpedianenebeivo([dESCper ddygh performance |iquid chronmat ograph

(HPLC) anal ys?& ZWr € For additional information about pharmaceutical compositions and their
formulation, see, for example, Remington, The Science and Practice of Pharmacy, 20%
Edition (2000), which is hereby incorporated by reference in its entirety.
[0121] The compounds of formula 1 can be administered, ¢.g., by intravenous

25 injcction, intramuscular injcction, subcutancous injection, intraperitoncal injection,
topical, sublingual, intraarticular (in the joints), intradermal, buccal, ophthalmic
(including intraocular), intranasally (including using a cannula), or by other routes. The
compounds of formula I can be administered orally, e.g., as a tablet or cachet containing a
predetermined amount of the active ingredient, gel, pellet, paste, syrup, bolus, electuary,

30 slurry, capsule, powder, granules, as a solution or 4 suspension in an aqueous liquid or a
non-aqueous liquid, as an oil-in-water liquid emulsion or a water-in-oil liquid emulsion,

via a micellar formulation (see, e.g. PCT Publication No. WO 97/11682, which 1s hereby



30 obtained using a Luna C18(2) colum (250 x 4.6 mm Phenonenex, Torrance,
CA) with UV detection at 254 nmusing a standard sol vent gradi ent program

(Method A or Method B). Method A: Time (mn) Flow (nL/mn) %A %8 0.0 1.0

90.0 10.0 20 1.0 10.0 90.0 25 1.0 10.0 90.0

_41 -

incorporated by reference in its entircty) via a liposomal formulation (scc, ¢.g., Europcan
Patent EP 736299 and PCT Publication Nos. WO 99/59550 and WO 97/13500, which are
hereby incorporated by reference in their entirety), via formulations described in PCT
Publication No. WO 03/094886, which is hereby incorporated by reference in its entirety,
5  orin some other form. The compounds of formula I can also be administered

transdermally (i.e. via reservoir-type or matrix-type patches, microneedles, thermal
poration, hypodermic needles, iontophoresis, electroporation, ultrasound or other forms of
sonophoresis, jet injection, or a combination of any of the preceding methods (Prausnitz
et al., Nature Reviews Drug Discovery 3:115 (2004), which is hereby incorporated by

10 reference in its entirety)).
10122} Compounds of formula I can be incorporated into a liposome to improve
half-lifc. Compounds of formula I can also be conjugated to polyethylenc glycol (PEG)
chains. Mcthods for pegylation and additional formulations containing PEG-conjugates
(i.e. PEG-based hvdrogels, PEG modified liposomes) can be found in Harris et al., Nature

15 Reviews Drug Discovery, 2:214-221 (2003) and the references therein, which are hereby
incorporated by reference in their entirety. Compounds of formula I can also be
administered via a nanocochleate or cochleate delivery vehicle (BioDelivery Sciences
International, Raleigh, NC). Compounds of formula I can also be delivered using
nanoemutsion formulations.

20

EXAMPLES

[0123] Unless otherwise noted, reagents and solvents were used as received from
commercial suppliers. Proton nuclear magnetic resonance (NMR) spectra were obtained

25  on Bruker spectrometers at 300, 400, or 500 MHz. Spectra are given in ppm (8} and
coupling constants, J, are reported in Hertz. Tetramethylsilane (TMS) was used as an
internal standard. Mass spectra were collected using either a Finnigan LCQ Duo LC-MS
ion trap electrospray ionization {ESI) or a mass Varian 1200L single quadrapole mass
spectrometer (ESI). High performance liquid chromatograph (HPLC) analyses were

30  obtained using a Luna C18(2) column (250 x 4.6 mm, Phenomenex, Torrance, CA) with
UV detection at 254 am using a standard solvent gradient program (Method A or Mcthod

B).
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rif
0.0

Water with 0.025% Trifluoroacetic Acid 5B = Acetonitrile with 0.025%
oroacetic Acid Method B: Tine (mn) Flow (nL/mnl %A %8 0.0 1.0 90.0
0.0 1.0 10.0 90.0 30.0 1.0 10.0 90.0 31.0 1.0

u
2

10

20

-42 -
Method A:
Time | Flow %A %B
(min) | (mL/min)
0.0 1.0 90.0 10.0
20 1.0 10.0 90.0
25 1.0 10.0 90.0
A = Water with 0.025% Trifluorocacetic Acid
B = Acetonitrile with 0.025% Trifluoroacetic Acid
Method B:
Time | Flow Y%A %B
(min) | (mL/min)
0.0 1.0 90.0 10.0
20.0 1.0 10.0 90.0
30.0 1.0 10.0 90.0
31.0 10 90.0 10.0

A = Water with 0.05% Trifluoroacetic Acid
B = Acctonitrile with 0.05% Trifluoroacetic Acid

Example 1 - Preparation of Methyl 1-methyl-1H-indole-4-carboxylate (Ala)

CO,Me CO,Me
N A, N
N N
|l
' CH,
Ala

Conditions: A) NaH, CHsl, DMF

[0124] Step A: To a stirring suspension of sodium hydride (60% dispersion in
mineral oil, 9.90 g, 248 mmol) in DMF (150 mL) was slowly added a solution of methyl
indolc-4-carboxylate (10.0 g, 62.1 mmotl} in DMF {100 mlL) at room tempcraturc under
an atmosphere of nitrogen. The mixture stirred for 30 minutes, then lodomethane (15.4
mL, 248 mmol) was added and the mixture continued to stir at room temperature for an
additional 16 hours. The mixture was quenched with a saturated solution of ammonium
chloride (500 mL) and the aqueous mixture was extracted with ethyl acetate (3 x 300
mL). The combined organic layers were washed with water (4 x 300 mL) and brine (200
mL), dried (N4,S0Oy), filtered, and concentrated under reduced pressure. Purification of

the resulting residue by column chromatography (0% to 30% cthyl acetate in hexanes)



90.0 10.0 A = Water with 0.05% Trifluoroacetic Acid 10B = Acetonitrile
with 0.05% Trifluoroacetic Acid Exanple 1 - Preparation of Methyl

1-net hyl - 11/ -i ndol e- 4- car boxyl ate (Al a) CO2MeCO2Me Al a Conditions: A
NaH, CH3l, DWF 15[0124]Step A: To a stirring suspension of sodium hydride
(60% di spersion in mneral oil, 9.90g. 248 mol) in DVF (150 nL) was slowy
added a sol ution of nethyl indole-4-carbo&ytate (10.0 g, 62.1 nmol) in DWW
(100 nL) at roomtenperature under an atnosphere of nitrogen. The m xture
stirred for 30 mi nutes, then iodonethane (15.4 nL, 248 mvl) was added and
the m xture continued to stir at roomtenperature for an 20additional 16
hours. The m xftorded m&yhhemdﬂyédHMdoﬂn-acsmuﬂm edast. mg,@ﬁ‘%ﬁﬁb aneTh mihintn

chlorlde(500 L thea (0] etate
(3 x 300 ). é“ RS aﬁﬁém%ﬁéﬁﬂﬁﬁﬁg@&ééﬂ%ﬁmh it elﬁk‘%(ﬁ& 300
nL) and bri ne (4,200 nma,,mdra Elokn(,ma];Sth)(s )] 1.65 801 HRRY6 €O BERBIM5E S LMder
reduced press Purificatjon of the resulting residue by colum

chr omat ograpth%]CSa 170 98 Gk E‘t)hyl acetate in hexanes) - 43 - afforded nethyl
1- net hyl - 1Hi ndol e- 4-car boxylate (Ala, 10.56 g, 90% as an oil, which
crystallized uwxampsdanekepgiatidhlolNMBeyd QdeMia-1 HndaR)4- cﬁlrﬂox@laté dalnd = 1. 714z,

1H), 7.48 (d,1= 1.611z, 111), 7.21 (m 1H), 7.14 (s, | , 7.09 (s, 1H),
3.96(s, 3H), 3.75 (s, 31-1); S| +) /n/fz 1 'JMdVH‘H) 5 Exarrple 2 -
Preparati on of Methyl 1-benzy H ndole 4- yI ate (Al b) CcO2mcCO2Me 11
N
H
Alb

Conditions: A) BnBr, NaH or Cs;COs, DMF

[0125] Step A: To a solution of methyl indole-4-carboxylate (10.0 g, 57.14
mmol) was added sodium hydride (60% dispersion in mineral oil (5.71 g, 142.8 mmol) in

10 DMF (200 mL) in portions. The mixture was stirred under an atmosphere of nitrogen for
20 minutes. To this was added benzyl bromide (8.48 mL, 74.4 mmof{) and the mixture
continued to stir for 16 hours. The mixture was poured into an ice/water mixture and
extracted with diethyl ether (3 x 500 mL). The combined organic layers were washed
with brine (3 x 200 mL), dried (NaS0,), filtered, and concentrated under reduced

15 pressure. Purification by column chromatography (silica gel, 5 to 15 % ethyl acetate in
hexanes) afforded methyl 1-benzyl-14-indole-4-carboxylate (Alb, 13.89 g, 92%) as a
pale yellow oil, which crystallized upon standing: 'H NMR (500 MHz, CDCla) 8 7.90 (d,
J=7.5Hz, 1H),7.46 (d,.J=7.5 Hz, 1H), 7.30-7.25 (m, 4H), 7.20-7.16 (m, 2H), 7.10-
7.05 (m, 2H), 5.36 (s, 2H), 3.98 (s, 3H); MS (ES1+) m/z 266 (M+H).

20 Example 3 - Preparation of Methyl 3-formyl-1/-indazole-4-carboxylate (B1)

CO,Me MOC o
N A N
N N

o}

H I

—

B1

Conditions: A} NaNQ;, 6 N HCI, H,O



Alb Conditions: A) BnBr, NaH or Cs2CO3, DWVF (01251Step A: To a solution of
nmet hyl 1 ndol e-4-carboxylate (10.0 g, 57.14 mmol) was added sodi um hydri de
(60% di spersion in mneral oil (5.71 g, 142.8 mmol) in 10 DM (200 L) in
portions. The m xture was stirred under an atnosphere of nitrogen for 20
m nutes. To this was added benzyl bromde (8.48 nL, 74.4 mmol) and the

m xture continued to stir for 16 hours. -PHe mi xture was poured into an
ice/water m xture and extracted with diethyl ether (3 x 500 nlL). The

conbi ned organic |ayers were washed with brine (3 x 200 nL), dried
(Na2SO™4), filtered, and concentrated under reduced 15 pressure.
Purification Bempolndl,cthcerat=oldmap pyepfrsd hiimge gedificproccdi® Ppatckyl paodt at e
i n hexanes) a&@ﬁﬂﬁglgﬁhhw 1- benzyl- 1H i ndol e- 4- car boxylate (Al b, 13.89 g,
929% as a pale yellowoil, which crystallized upon standing: IH NVR (500
MHz, CDC13) 67.90 (d, 7.5 Hz, 114), 7.46 (d, 1 =7.5 Hz, 11-1),
7.30-7.25 (m [4Hp] 7. 205tdp ABAﬁL[EDusZIH'D?l,(SKQhﬂ: of BNO®hftion iwhter, B.336no(pwas2H) ,

3.98 (s, 3H); (ESI+) nilz 266 (MtH). 20Exanple 3 - Preparation of Methyl
3 or syl 100 | ARt i T S SEBHRN B BHEY 1A RO PG 10
o (OTPOUROR) 2t ot I sl So oIRGB NG i ied s npdure
reported in patent t e us 0

soloutl on in \FA)/&F’EP“‘ BB NS )T%ﬁﬁg’“?)'ﬁdﬂ’éat“mdocgﬁﬁné@t% iept BRErapEe: 39S PFER 1 i ng

suspensi on of cﬂ@écﬂ%ﬂ'm&ﬂ‘éﬂymd@hﬁeé mmob@ps)ylmseorﬁ&néa @gan;’@ﬁymkeae viddhed
solution of sodiumnitrit in wate 500 ) at anbi ent

tenperature. TH® "Yﬁtfift(%?‘éoq?\,ﬁé') ripg &98 “b‘x)eéi"}‘illd@‘ﬁ? (W@S%ﬂ’bm‘?\?*g?@ﬁsp‘é"r%t ure, and

then extr agt edoyehdui@f ik @&%E@f)@bs(u[é LPﬁtlB&chﬁﬂ-ﬁ)lon WQ@O&@N@& ngde Qb al ayers
were washed . with water (2 0 nmL), brine (20 ,..and dried (Na2SO4)

The organi cs Wetie hﬂ@wﬁ@@hwta&cé‘ab cetlssted by dlicsen, p*rdetscsim“&l ot §thyl gessate 10 at i on

was observed. Alkt.er i LEegi |l ected
by 11 erat on " T RaSeak (180 bl o e R SR D O A B e 6

and dri ed (I\IaﬁS@ﬁJ)l'xriéteélﬁi‘ @riobaﬁé% wdxﬂ‘-‘-“f)mnwﬂell Nhﬁh@i@ﬂéflﬂml@éﬁi% | at e

(s, 111y 7 80 BRI PO, 1 et ST, 73R fd%@ (3
7.2 Hz 151B), 1B),3P6((s,3BHMS (EE-+j ES120p (MHH)ZOS (MtH) . Example 4 -
Preparation of (S)-5-Mthyl-2-(quinuclidin-8- y1)-2,3-

di hydr opyrr ol xa:ix_zﬁfezfl OE%EI%%RS} 3-]1\(13% s qn%g:c MALOGhLOLI de salt

20[ 0127] St ep gﬁ\n«%] ,3?I.9§1% irol ‘H)-one, hydrochloride salt

(S)-(-)-3-am noqui nucll @
N
R
N

0

N
CH,

20 [0127] Step A: Following general procedure GP-A, (S)-(-)-3-aminoquinuclidine
dihydrochloride and methyl 1-methyl-1H-indole-4-carboxylate (A1) were converted to
(S)-methyl I-methyl-3-[(quinuclidin-8-ylamino)methyl]-1H-indole-4-carbox ylate: MS
(EST+) in/z 328 (M+H),

[0128] Step B: Following general procedure GP-B, (S)-1-methyl-3-[(quinuclidin-

25  8-ylamino)mcthyl]-1 H-indole-4-carboxylate was converted to lithium (5)-1-methyl-3-
[{quinuclidin-8-ylamino)mcthyt]-1 H-indolc-4-carboxylate; MS (ESI+) m/z 314 (M+H).
(0129] Step C: Following general procedure GP-C, lithium (§)-F-methyl-3-

{{(quinuclidin-8-ylamino)methyl]- 1 #-indole-4-carboxylate was converted to (§)-5-methyl-



di hydrochl ori de and nmet hyl 1-nmethyl-1H-indol e-4-carboxylate (Al) were
converted to (S)-nethyl

1- net hyl- 3-[ (qui nucl i di n- 8-yl am no) net hyl ] - 1Thi ndol e- 4- car boxyl ate: MS
(ES1+)/n/z 328 (M+H). 101281Step B: Fol |l owi ng general procedure GP-B,

(5) - 1- et hyl - 3- kqui nucl i di n- 258-yl am no) net hy11- 1H i ndol e- 4- car boxyl at e
was converted to lithium (S)-1-nethyl-3--45-

[ (qui nucl i din-8-yl am no)ntt hyl ] -1H i ndol e-4-carboxylate: Ms (ESI+))///z 314
(MtH). [0129] Step C. Fol Il ow ng general procedure GP-C, lithium
(SI-1-methyl-3- [(quinticlidin-8-ylam no)nethyl]-1H i ndol e-4-carboxyl ate
was converted 2{(@ui(113)id'@-M«ﬁﬂ-dihydxa}ﬁnoiom 3,2-delisoquinolin-1(5#)-one, which was

2- (qui nuclidit onc,
ani on was | it ary fete B AL Mo e e BB b eat
procedure GP- D‘)tﬁemgphylé (cﬁ)nuﬁhm"eﬁh»y)l -2 z-d(rquopmcblo[4cﬁ,234t8hswu)mc2m31{ﬁﬁ) -one,

(550 vo | ot ah AR Vg e, BRSNS 10 B 6D, P56 iy SV gt A

I=H)7 13H§3 %H) 1HY,. 723 (Gm ilﬂmz 511)13 2@@@ 21, suﬂddséHaf 31H2Qiélﬂfﬂz 213),,474 (5@}12(?1
1), S .3 31- m

1 538 (m IR 8 (ogTh D1 Gl Hary At s iy 1) G388 1A DI @5 406

(AUQ), Az 9. 80uwiimo- 1E9<13{YEED|391)5\AS (H]@pﬁyz@%mwrb HPLC 98.4% (AUC) tr 9.80 min.

Endo- 5- net hyl - 2- (9 net hyl - 9- azabi cycl o[ 3. 3. 11nonan- 3-

yl) -2, 3-di hydro rroI 14 3, 2-de| |.soq |no | -one Ior|d
losali 1 --N EgAmgled gmfs?éﬁw% Pl %;;g%ﬁ i pég
endo- 9- et hy1- 9- azablygc gy doPyYERIA 1“h{ﬁ 5eR: OF éhlﬁﬁ'é]e met hy|
1- nethyl-iﬂklndole 4 carboxylate (Al) were converted to nethyl

1- nmet hyl- 3- (endo- N- (9- net hy1- 9- cl

azabi cycl o[ 3. 3. 1] nonan- 3-yl am no) net hyl iﬁﬂole-4-carboxy|ate: VS
(ES1+)tn/z 356 (M+H). [0131] Step B: Fol | b ng general procedure GP-B,

met hyl 1-nmethyl-3-(endo- N

(9- net hyl - 9-azabi cycl o[ 3. 3. 1] nonan- 3- yI
e was 20converted to |ithium

1- net hyl - 3- (endo- N- (9- net hyl - 9- azabi cyd

9) met hyl ) - 1H-i ndol e- 4- car boxyl at

3. 1] nonan- 3-

(s ESl+) tn/z 342 (M+H).

10132] Step C. Fol | owi ng general procedure GPCE; |ithium 1-nethyl-3-(endo- N
[0130] Step A: Following general procedure GP-A, endo-9-methyl-9-
azabicyclo[3.3.1]nonan-3-amine dihydrochloride and methyl 1-methyl-1H-indole-4-

15 carboxylate (Al) were convefted to methyl 1-methyl-3-(endo-N-(9-methyl-9-
azabicyclo{3.3.1]nonan-3-ylamino)methyl}-1 H-indole-4-carboxylate: MS (ESI+) m/z 356
(M+H).

[0131] Step B: Following general procedure GP-B, methyl 1-methyl-3-(endo-N-
(9-methyl-9-azabicyclo[3.3.1]nonan-3-ylamino)methyl)-1 H-indole-4-carboxylatc was

20 converted to lithium 1-methyl-3-(endo-N-(9-methyl-9-azabicyclo[3.3.1 Jnonan-3-
ylamino)methyl)-1H-indole-4-carboxylate: MS (ESI+) m/z 342 (M+H).

[0132] Step C: Following general procedure GP-C, lithium 1-methyl-3-(endo-N-
(9-methyl-9-azabicyclo[3.3.1]nonan-3-ylamino)methyl)-1 H-indole-4-carbox ylate was
converted to endo-N-(9-methyl-9-azabicyclo[3.3.1]nonan-3-yl)-2,3-

25 dihydropyrrolo[4,3,2-delisoquinolin-1(5H)-one, which was immediately treated with
hydrochloric acid following general procedure GP-D to afford endo-N-(9-methyl-9-
azabicyclo[3.3.1]nonan-3-yl)-2,3-dihydropyrrolo[4,3,2-delisoquinolin-1{5 H)-one,
hydrochloride salt: TH NMR (500 MHz, DMSO-dg) 8 9.56 (bs, 1H), 7.53 (d, /= 7.3 Hz,



(9- net hyl - 9-azabi cycl o[ 3. 3. 1] nonan- 3-yl am no) net hyl ) - 1Hi ndol e- 4- car boxyl at
e was converted to endo- N-(9-nethyl -9-azabi cycl o[ 3. 3. 1] nonan- 3-y1) -2, 3-

25di hydr opyrrol o[ 4, 3, 2-dej i soqui nol i n-1(5H)-one, which was inmediately
treated with hydrochloric acid foll ow ng general procedure GP-D to afford
endo- N- (9- net hy1- 9-

azabi cycl o[ 3. 3. 11nonan- 3-y1) - 2, 3-di hydr opdfrr ol o[ 4, 3, 2- de] i soqui nol i n- 1( 5H) -
one, hydrochloride salt: Il1-1 NVR (500 MHz, DWMbO-d6) 69.56 (bs, 1H), 7.53
(d, J =7.3 Hz, - 46 - 11-1), 7.38 (d, J =7.4 Hz, 1H), 7.22 (m 2H), 5.10
(m 1H), 4.92 (s, 2H), 3.89 (s, 3H), 2.81-2.63 (m 3H), 2.26-1.79 (m 8H),
1.54-1.10 (m l4B)7 3&\@(‘E$ﬂﬁz, dldk 732 4m (N ;10 HRLIE)>D904s( RUCP 89 (R3IHR. 81 ni n.

Exanpl e 6 - Pry S), - ( | 4

5di hydr opyr azoﬁﬁ%@} ng }ﬁ]zlésgcju]lg 01 |@é€gf1@%@ggﬁ ﬁgéd Fﬁy’o’%?a“eé‘éﬁ
10133] Step A: HRIA @@ @enerlalll pimcedure GP-El, met hyI 3-fornyl-111-
10i ndazol e- 4- car boxyl ate (BI) and iodorret hane vvere converted to nethyl

3-formyl-1- mitx% 14+ in .éigg%w CDCl 3) 8
10. 54 (s, ?E ﬁg?&rg inoli Eg% Y_glroaﬁ}én %’1%78 Hz,
1H), 7.51 t 3 =7 Y X E&Y) /s 2
218 (MtH); I\/B (ES1+) n| b 218 (M+H) [013 St ep B: Fol |l ow ng general
procedure GP-F, (S)-(-)-3-am noqui nucli @ 15di hydrochl ori de and net hyl
3-fornyl-1-nmethyl- 1 |I-indazol e-4-carbo ate were converted to (S)-nethyl
1- met hy1- 3- ((qui nucl i di n-3-yl am no) netiyl§.- 1H i ndazol e-4- carboxyl ate (64
rng, 32%: |HNWR (500 MHz, MeOD) 87.85 (d,J = 7.5 Hz, 1H), 7.81 (d, 1=7.5
Hz, | H, 7.50 (t, 1=8.0 Hz, 1H), 4.31: (m 21-1), 4.08 (s, 3H), 3.98
(s, 3H), 3.12-3.06 (m 2H), 3.02-2.90 3, 2.78- 2.70(m 1H), 2.12-2.05
(m 2H), 1.98- 201.80 (m 2H), 1.72-1. (M 11-1), 1.63-1.53 (m 111); M
(ES1-1-)tn/z 329 (Mrl-1). 101351Step C Fol I’Uwi ng general procedure GP-G

To a solution of the product fromStep C, (S)-nethyl
1- met hyl - 3- ((dUiBALcl i diesAyfainivimng) mrﬁwr90f?4lme iGr}i'délzmedlyhﬁ f@mbé&(yl at e was

To Y ndazor D 4 ST B ke R Bnirp AL ek Doty BENOELARRDK)
Fol | owi ng genereely!-pHotddole d-@Pokylatki HINMR (6) Wm@DIﬁ%l-SBJO 54 (s, 1H), 7 85

(aui nucl diney y1ag GoRTE! ) bt thd D990 S5 S0 PP3Y 220 938, Faysst ed to

(S)-2-
met hy1- 7- (qui qg)eH),dim-(3-3y11) M3 (Bs1e) hydn e pyrExLM®[1514) A4 ded igeryi nol i n- 6( 2H) -

one, whi o wag, ITed! at el and entad RN RR P S AShe fokgu g

15 dihydrochloride and methyl 3-formyl-1-methyl-1H-indazole-4-carboxylate were
converted to (S)-methyl 1-methyl-3-({quinuchidin-3-ylamino)methyl)-1H-indazole-4-
carboxylate (64 mg, 32%): 'H NMR (500 MHz, McOD}) § 7.85 (d,J="7.5Hz, 1H), 7.81
(d,.J=7.5Hz, 1H),7.50 (1, /= 8.0 Hz, 1}), 4.31-4.24 (m, 2H), 4.08 (s, 3H), 3.98 (s,
3H), 3.12-3.06 (m, 2H), 3.02-2.90 (m, 3H), 2.78-2.70 (m, 1H), 2.12-2.05 (m, 2H), 1.98—

20 1.80(m, 2H), 1.72-1.66 (m, 1H), 1.63-1.53 (m, 1H}); MS (ES1+) m/z 329 (M+H).
10135] Step C: Following gencral procedure GP-G, To a solution of the product
from Step C, (S)-mcthyl t-methyl-3-{({quinuclidin-3-ylamino}Ymethyl)- 1 H-indazole-4-
carboxylate was converted to lithium (S)-1-methyl-3-((quinuclidin-3-ylamino)methyl)-

1 H-indazole-4-carboxylate: MS (ESI} m/z 315 (M+H),

25 [0136] Step D: Following general procedure CP-H, lithium (§)-1-methyl-3-
((quinuchdin-3-ylamino)methyl)-1 H-indazole-4-carbox ylate was converted to (5)-2-
methyl-7-(quinuclidin-3-yI)-7,8-dihydropyrazolo[3,4,5-de]isoquinolin-6(2 H)-one, which

was immedtately and treated with hydrochloric acid following general procedure GP-1 to



-47 - give

(S)-2-methyl-7-(quinuclidin-3-yl)-7,8-di hydropyrazol o[ 3, 4, 5- ddi soqui nol i n-6
(2H)- one, hydrochloride salt (40 ng, 83% as an off-white solid: 111 NWMR
(500 MHz, DMsO- do) 6 10.01 (s, 111), 7.76-(d, J= 8.3 Hz, 11-1), 7.53 (t, J
=7.2 Hz, 1H), 7.44 (d, J= 6.9 Hz, | El), 5.26 (d, = 16.7 Hz, 1H), 5.14 (d,
J=16.8 Hz, 11-1), 4.77 (t, J=7.0 Hz, 11'41)“, 4.09 (s, 53H), 3.72-3.70 (m
1H), 3.56-3.47 (m 2H), 3.40-3.28 (m 3H), 3.23-3.21 (m 1H), 2.22- 2.19
(m 1H), 2.00-1.84 (m 3H); M (ESI +) tit/z 297 (M+H); 1- 1PLC 98. 3% ( AUC) ,
13.35 min. Exanple 7 - Preparation o

(S) - 2- | sopr op@iFe 1)gumeivic]- (Cﬂlﬂm&lgdlﬂ)yl)?? $-dihydropyrazolo{3,4,5-delisoquinolin-6(2H)-

di hydr opyrazol,pl % d’méﬂ@&ﬂe' Fl?@ B0k @s(a%Jon e sothmQMRO(rsb@@m&aszot CH
3 10H 3 C 10137IS ep A W ng genera procedure GP-

3-fornyl-1H kfdcﬁali)dllés,ﬂ‘b,a?fww a8 HB2H)), Jrkd (BJl—ohRJHprlébaﬁé’-l Wedéﬁcﬂ)ldmerted

e ontiay 6 THESE g 230 PRy KA PEaE NS s SR et b LROOROD

1H), 7.19 6t, 3H),3.0-H20 (iLHH), 55O 342 (O62ID. 4ﬂ1—132§)(m AH)13.1%63 2BH, 1H), BB2{ d, |

;chgd:ﬁe g};)l’%ly?@) E%l%b% @i(ﬁﬁé SMQF(%IL %’?@ﬁ%‘g%‘ﬁ% $¥Mdzggg§Q§;?Lyl

3-fornyl - | -i3eprapyl - 111-i ndazol e- 4-car boxyl ate were converted to
(S)-nmethyl I -isopropyl-3-[(quinuclidin-3-ylamno)ncthyli-1Hindazol e-4-
20car boxyl at ¢ ExMppleARGreparatibx o B3 Y-2{IMprhpyl OGathudtidip-351)-F8F | owi ng gener al
procedure GP-G (S) - nulildropyrhsd]B aPydeiSoquinolin-6(2 H)-one, hydrochloride salt

[ (qui nuclidin-3-yl am no) net hyl ] - 1Hi ndazol e- 4- car boxyl ate was converted to
l'ithium

(S)-1-isopropyl-3-Rquinuclidin-3-yl am @et hyl ] - 1Hi ndazol e- 4- car boxyl at c:
M5 (ESI) tn/z 343 (MtH). 25101401Step D:IFoll owi ng general procedure GP-H,

l'ithium (S)-1-isopropyl-3- Ogy~N
[ (qui m clidin-3-ylam no)nethyl]-1H i ndazolle-4-car boxyl ate was converted to
(5)-2- AN
i sopropyl -7-(qui nuclidin-3-yl)-7,8-di yrazol o[ 3, 4, 5-de] i soqui nol i n-6(2
H) -one (72 )—CH,
10 H,C
{0137] Step A: Following general procedure GP-E1, methyl 3-formyl-1H-

indazole-4-carboxylate (B2) and 2-iodoopropane were converted to methyl 3-formyl-1-
isopropyl-1H-indazole-4-carboxylate: '"H NMR (500 MHz, CDCly) 8 10. 44 (s, 1H), 7.74
15 (d,J=7.0Hz, [H), 7.69 (d,J= 7.0 Bz, 1H), 7.19 (t,./= 7.0 Hz, 1H), 5.01-4.96 (m, 1H),
4.01 (s, 3H), 1.66 (d, J = 7.0 Hz, 6H); MS (ESI+) m/z 247 (M+H),
[0138} Step B: Following general procedure GP-F, (S)-(-)-3-aminoquinuclidine
dihydrochloride and methyl 3-formyl-1-isopropyl-1H-indazole-4-carboxylate were
converted to (8)-methyl 1-isopropyl-3-[{quinuclidin-3-ylamino)mcthyl]-1H-indazolc-4-
20 carboxylate: MS (APCI+) m/z 357 (M+H).
[0139] Step C: Following general procedure GP-G, (S)-methyl 1-isopropyl-3-
[(quinuclidin-3-ylamino)methyl]- 1 H-indazole-4-carboxylate was converted to lithium
(S)-1-isopropyl-3-[(quinuclidin-3-ylamino}methyl]-1 H-indazole-4-carboxylate: MS (ESI)
m/z 343 (M-+H).
25 10149] Step D: Following general procedure GP-H, lithium (S)-1-isopropyl-3-
f(quinuclidin-3-ylamino)methyl]- 1 H-indazole-4-carboxylate was converted to (S)-2-

isopropyl-7-(quinuclidin-3-yl)-7,8-dihydropyrazolo[3,4,5-de]isoquinolin-6(2 H)-one (72



-48 - ng, 45% as a fluffy powder after |yophylization from
acctonitriletwatcr: 1H NVR (300 MHz, MeOD) 57.67-7.62 (m 1H), 7.50-7.48
(m 2H), 5.31-5.14 (m ZFD, 4.98-4.91 (m 1H), 4.78 (t, .1 = 9.8 Hz, 11-1),
3.49-3.33 (m | H, 3.18-3.11 (m 21-1), 2.98-2.80 (m 3H), 2.21 (s, IF!),
2.12-2.09 (m 1H), 1.90-1. 81 (m 211), 1.73-1.65 (m 111), 1.57 (d,J=6.8 5
Hz, 6H); M5 (APO+) tit/z 325 (M+H). [0141ﬂ%ﬁep E: Fol | owi ng genera
procedure GP-1, (S)-2-isopropyl-7-

(qui nuclidin-3-yl)-7,8-di hydropyrazol o[ 3, 4, 5- ddi soqui nol i n- 6( 2H) - one was
converted to

(S) - 2-i sopr opyhs, #5%ys el phiwsleBafier Jyophy@ization yeprmogsytonkdc/ofasy 4H5\1Pd8]({’(§bqui nol

RS2 SR 21499 S BT D SRS A58l [l gl

7.52-7. 49 (m 1H)H).78 (T, J439.8 Bz, THE=339-B. 332ml H)), 358231 ( Gy, DH) 160822180 (m] 3H) , 5. 16

5 575 e atyoislip Bt hellhy Wl 0l 3l T Btr oy

&/59(7 é 9;3 (5rr} lelggﬂ) %AQ@XE’:K,,{@&;;%GE%S%H—H}&Z 1) 773( m 1H), 1.53- FO gm 6H) :
ES1+) tn/z 5 (Mt HPLC >99% ,tR 13,5 i.n, e 8-
Preparat i on oﬂONpEthylq&“{ﬁufﬂ%?@?%%?ﬁ“%g@ “ch)ﬂﬂﬁ%ﬁP@ﬁQFigol0[3,4,5-
del | soqui nol i nq@hiibih- 30\919?17 St'tbﬂ@rdﬁgﬁ)lra% loges §§é]1‘;ocb b B BrEedheAvas GV Avd 109

i

general procedure GP- ndazol e- 4- carbo§¥latc (B1)

T oot A p B Lt Y ST GO BRI L B eTsoauinoln-s

et % 1( é/ 1J| Ed%éQ'hzzx%cm@fﬁ&%Mgﬁtrﬁgd 6k4) % c(fﬁ@gllt%dﬁd m@ @odwzgomo mg
5.01- 4. 9600 1ip),5 . 191908 (bsagti) 7. 9(@@%@41&@?1)07 @74@1@11&%4@@@7 hilz 233
(M1-11). [01 h?b 24!3% FQ'%C’%‘C’}‘H‘QH?%QWﬁ'ppféoé?ﬁg%ﬁ $F52-8:97(R) 14y, 787, §M no
qui nucl i di nc ¢hl oride

3-fornyl-1-et h—ySl 0 aimmdfa@b(te;r@@ahboﬂynaw We(meSH();rWélr(s St 224-3)18 et hy|

(apai ) i o S e tpS et HG PO L L R B R B B o

GP-G (5)-net my&swmm:m M3H); HPLC >99% (AUC) g 13.56 min.

15 Example 8 - Preparation of (S)-Ethy}-7-(quinuclidin-3-yl)-7,8-dihydrepyrazolo[3,4,5-
delisoquinolin-6(2H)-one, hydrochloride salt

O, N
\’N
N
\—cn,
[0142] Step A: Following general procedure GP-E1, methyl 3-formyl-1H-

20 indazole-4-carboxylate (B1) and 2-iodocthanc were converted to methyl 3-formyl-1-
cthyl-1H-indazole-4-carboxylate: 'H NMR (500 MHz, CDCls) 8 10. 44 (s, 1H), 7.74 (d,
J=70Hz, 1H),7.69 (d,J=7.0Hz, 1H), 7.19(t,/= 7.0 Hz, 1H), 5.01-4.96 (m, 1H),
4.01 (s, 3H), 1.66 (d,.7= 7.0 Hz. 61); MS (ESI+) m/z 233 (M+H).

[(G143] Step B: Following gencral procedure GP-F, ($8)-(—)-3-aminoquinuclidine

25  dihydrochloride and methy! 3-formyl-1-ethyl- 1 H-indazole-4-carboxylate were converted
to (S)-methyl 1-ethyl-3-{{quinuclidin-3-ylamino)methyl)-1 H-indazolc-4-carbox ylate: MS
(APCI+) m/z 343 (M-+H).



(qui nucl i di n-3-yl am no) met hyl ) - 11/ -i ndazol e- 4- car boxyl ate was converted to
i thium (AS)-I

et hyl - 3- ((qui nucl i di n-3-yl am no) net hyl ) - 1H i ndazol e- 4- car boxyl ate: M5
(ESI) tii/z 329 (MrH). 5[01451Step D:. Foll owi ng general procedure GP-H
l'ithium(S)-1-ethyl-3-

((qui nucl i di n-3-yl ami no) net hy1) - 1H i ndazot%-~ 4- car boxyl ate was converted to
(S)-2-

et hyl-7-(qui nuclidin-3-y1)-7, 8-di hydropyrazol o[ 3, 4, 5-de] i soqui nolin-6(2H) -0
ne: M5 (APCl+) tii/z 311 (M+H). [01461Step E: Fol |l owi ng general procedure
GP-1, (S)-2-etithd} 7- (qutenuCc] FollawiBz gdneral procedure GP-G, (S)-mcthyl 1-cthyl-3-

‘(Jé)l) 27efhd'1h¥?(q RYEAAL Qi med§h 1 2R DR D BB R WO F YRR O
(qui nucl i d| n- :sS)yllath)?l B chitmyctidiopyylammbph3h)- b delardogirarvoky me Oy I2(BS D ne;

hydr ochl ori de E&h JrH I| NVR (500 WHz, DMb046) 8 10.30-9.90 (Us, 1H), 7.80
(d,1:8.4H2 '7.52-7.49 (in, 111)743(d J=7.11-1z, | H,
5.24 (d, J3 1601715]42 1183p DEFdllowit, gemerdlGor8eetiizre AP-H) lith#m/(®)-( tethyd3= 9. 0 Hz,
1H), 4.47 (ci 5 (m

oH). 3.35-3. 21(‘1{";’?{1"‘5“1{%””@%@6%3’1&%% Hij"azﬁ? 413%5025’% “?gfg“‘(“fﬁe& R?LT)%
1.97-1.95 (m et’hlyill-7 (i Hdin 88y {-m8 HiilydrobyBZold[3 A -4alisodtiflolinlo(A8)-fte; MB = 7. 0
Hz, 3H); +) ni/z 311 I\/H—I); HPLC >99% (AUC), tR 12.57 min. Exanple 9
- Preparat| on C%@”‘ﬁ@éﬂw - 7- (qui nucl i di n-311) - 7, 8-

di hydr opyr azolig4g} 4, 5- omépﬁ%ubwmglgen&(lmcem@sphy chmhmt qﬁemﬁ@idtn NG
20C11" 1014718te gener al Procedure -

AT i x AT ATENARI LS ol U NG 1oy NS = AL ) AP S

?gg\éertMEd to r@}mhdlﬁs 6}15217 er%ydﬂaph)&%ywslz#eb@ﬂﬁn%mﬁ%mww dhg&(gﬁf:mlHTﬁ

7.54-7.51 (m Sél.lH)H NMR 1509, MHz(DMSQmSmyM@Q (b3 i41), 780%@,-H= B4 Haml HLH) |

IC;OI8I90\C/)V| ES élezer al pr(o ure ) O%qé ? ES -@%lﬁjno]%?%ﬁd}})8}4}@(59@16%

di hydr ochl ori die, Hifl4 ﬁ@'(th_y# 9$Hﬂm1Hyl4-47l(q, Is@lﬁlﬂzylZH) BH4i(ndazod B2 AHDat.bbxyl at e
t

1T cobuty 155 ARG SRty Ay R 7 2RO @ A0 95 (B e: n

(APCI +)/ N/ z 3T8),(1MeH) 85 GAQHAQLI-e07 Gn, FOL | ONNg= GOrier aH); e Cestuy 8/2GPi G,
(S)-methyl 1-1 80BN P20004 (AUC), te 12.57 min.

(
|

Example 9 - Preparation of (5)-Isobutyl-7-(quinuclidin-3-y1)-7,8-
dihydropyrazolo|3,4,5-delisoquinolin-6(2 H)-one, hydrochloride salt

'N?;
N

R\

N

N

O

CH,
20 CH,
{0147] Step A: Following general procedure GP-E1, methyl 3-formyl-14-
indazole-4-carboxylate (B1) and bromo-2-methylpropane were converted to methyl 3-
formyl-1-isobutyl- 1 H-indazole-4-carboxylate: 'H NMR (500 MHz, CDCl:) § 10.63 (s,
25  1H), 8.16-8.02 (m, 1H), 8.01-8.00 (m, 1H), 7.54-7.5] (m, 1H), 4.67-4.66 (m, 2H), 3.93
(s, 3H), 2.28-2.22 (m, 1H), 0.89-0.82 (m, 6H); MS (ESI+) n/z 261 (M+H).



[ (qui nuclidin-3-yl am no)net hyl ] - 1H i ndazol e- 4- car boxyl ate was converted to
l'ithium (S)-1-isobutyl-3-Rquinuclidin-3-ylam no)nethylk I

H i ndazol e- 4- car boxyl ate: M5 (ES!') adz 357 (M+tH). [0150] Step D. Fol | owi ng
general procedure GP-1-1, lithium(S)-1-isobutyl-3- 10[ (qui

nucl i di n- 3-yl am no) net hy1] - 1H-i ndazol e- 4-500ar box ylate was converted to
(S)-2- -V -

i sobutyl-7-(quinuelidin-3-yl)-7,8-di hydropyrazol o[ 3, 4, 5-de] i soqui nol i n-6(21
1)-one: 1H NWR (500 MHz, MeOD) 37.69-7.65 (in, 1H), 7.56-7.54 (m 2H),
5.32-5.15 (in, 2H), 4.70-4.67 (m 1H, 4.26-4.24 (m 211), 3.89-3.81 (in,
2H), 3.64-3. 420(4r$1 | H)$teiBB4YolBn@8g goncrapipecdBre8B2-B, (B3 (rdrarfikhquichdng. 91
(m 6H); M (ARC n Q Fal L owi ng . gener al
ot e o | G @gcmBF dezang%?w_ﬂ;?f? rntyPl QB £ BB izl E9) ch BBk ARR

3- yl) 7, 8-di hy:dmmrtyat &z 6)-op Byl -BelddylSelduiimslidin-36(&knhe orth Wals7-corxode-4-ed to

(S)-2- isobuty ui i din- 3- - - di hydr opyrazol op
, 4, 5- deI i soqui %’Pxﬂ %WA%%gﬂ”%fﬁ@é%P ride salt: 11i NWMR (500 MHz,
DVSO- d6) 3510.j06:99. 59 ($isp CLEpllowindbenéral ZrotaturelARG, (SF-nelhyl 140bGul-3-11 - 1),

7.46-7.32 (m ..5.28 (d, .= 17 o 515 (d, J = 17.Q...20 Hz, |
'H), 4.87- 4.( 64 [{qi“ﬁ?’c'rd?’r%%:ﬁagﬂ?‘%‘s“-“ﬁ%iﬂg%f‘azﬁlﬁ@'é"é’?"éég&?g@ CE"?ﬁe“FJ iqgt‘m%%l- 3.26
(in, 1H, 3. 255)2; Rabuti3-BduiduclidindDylZmdd)rhdihyl |- 1 Aindazb SA-c2:b0%y 4t M HIST)
2.05-1.54 (n, 4H) &%gxo 79 (m6H MS (ESI+) mz 339 (Mr1-1); HPLC >99%
(AUC), tiz 12”3@ H armpl e 10- Preparation of

(S) - 2- (4- Fl uone) enyl)sidp DARdIRUGH @:’nﬂ‘al%m?{c@inrz,(ﬁ"ll lithium (S)-1-isobutyl-3-
dlhydropyrazolo [ 3,4,5-de]isoquinolln-6 one drochl ori de salt 25

10152] St edOA [ inmeidiig v @?@I@“’pjﬁd@e'ﬂ ecﬁacaé@w TP ICOTLCF ey f9y 6902

i ndazol e- 4- canguyl-A{ &3 kdinB0H)- A8 AR ﬁnww isGfolid- fedmyerted
to nethyl 3- lorrrt)gg ?ﬁd uonrlo%)en )Hyalgl?lpllr% dazol eﬁé?égqrboxé/lﬁgﬁneoﬁlm 300

MHz, DMSO- d6) I\B\SRﬁDO@gH(zs\/Ie@P{)B?'QE*wGX(dL 1H),9.56-Hz4 (m,Hf1), 57393-13 (88216}71 2H) ,
7. 80 d, J= 6. 7.6 2
S ons e 1 o en gl g Jo idaluiAd Tao fom BpedhS0a (il i a1 882 (S

GP-F, (3)-(-) {; 26, nos0. ru@d, i78l),0e95a0.81 (ret d1)l MS (APCH) m/z 339(M+H).

?Sf ;)r %'}h)()% f l[Hl%rl?phenyéliep éu_]toll ggvtahzg,(ﬂerelem p?oai:r;: ure }lija]t &')%bo%uty?gv(ggl}uﬁ:qdl °

1-(4-fluor 0phe>rw7 saﬂ{y(lmpwambpsdum@w&mum}mtdwldﬁ dilehapazole- 4- 10
car boxyl at e: ESI +) tn/z 54] Step C Fol | ow 51}% gener al

procedure GP- @0 lctgb 7-&(@1th§|:(§1§[ ?()Q)_ ’g 8- dthydmp(}?l]ézolo[% u’e]nboqmnolm 6(2H)-one,
f| uor opheny 1) b (il sk e R b RODABIONN) 16635 53tez ok Fsseanbepy! ate

was converted ['1thium
(8) - 1- (4- | uorl Biptehly 16 SnRgDL Rdet 7.3 (ms 3HY 158 (o) et Miiz.1HInd A2 6, é4-13&r boxyl a

te which e h t 5t f incat i 9n; (ESI-)
e 39‘%@( JBe Mmﬂﬁ;’ hesnexXt ESLep- Wik bW Y55.08H UG LS, RGaLE 98¢ m M
3.25-2.92 (m, 3H), 2.40-2.31 (m, 1H), 2.31-2.05 (m, 2H), 2.05-1.54 (m, 4H), 0.96-0.79
(m 6H MS (ESI+) m/z 339 (M+H); HPLC >99% (AUCQ), fp 12.32 min.

Example 10 - Preparation of {(5)-2-(4-Fluorephenyl)-7-(quinuclidin-3-yl)-7,8-
dihydropyrazole[3,4,5-de]isoquinolin-6(2 H)-one, hydrochloride salt

25 : k



101551Step D: Fol Il owi ng general procedure GP-H, lithium(S)-1 -(4-

fl uor ophenyl) - 3- Rqui nucl i di n- 3-yl am no) net hyl ki ndazol e- 4- car boxyl ate was
converted to

(S)-2-(4-fluorophenyl)-7-(quinuclidin-3-yl)-7,8-di hydropyrazol o[ 3, 4, 5-de]is
oqui nol i n6(210-one: 1HNVR (500 MHz, DMVb046) 69 60-9.40 (bs, I H, 8.03 (d,
= 8.5Hz, 201H), 7.90-7.88 (m 2H), 7.70-267 (m | H), 7.60-7.59 (m 1H),
7.46-7.43 (m 21-1), 5.38 (d, J=17.5 Hz, IH), 5.24 (d, = 17.5 Hz, 11-1),
4.70-4.80 (m 1H), 3.60-3.45 (m 1H), 2.92-2.15 (m 3H), 2.35-1.60 (m
61-1); Ms (EST+) nt/z 377 (MtH). [0156] Step E: Fol |l ow ng general procedure
GP-1, (S)-2-(4-fluorophenyl)-7-

(qui nucl i di n- 302) - 7, 8-MéethArdidioyinezmshaplracedurd §iPsby unetbilinfoet2H-one was
converted to

25(5) - 2- (4 f 1 UBFopheng Ly R autt .ﬂéi?rr?l”é"”y‘fﬁ’“’?“’aac'é* T aFORS T Az SIS &, 5- ddi
soqui nol i n- 6@2&111) Uofhenrofhyalylp thlimhiae dsatbhxyldtt RNRVMRS000 Miz, DBNED0)

50 2 S0 Chuoile B Ay Bl Il R

5.24 (d, |= 17.74-Hg9 (o}, 1H),7.%6-886 4mE24Y B2 (sLB) ; ﬂ33E51+3m42029(9r(M+
3.21-2.84 (m

(AUC), tit 13l Qilg);]m o 46%%13%1%HQ%F‘%/E%(E&@PEPP%Z(S)J—% dmmoqumucl'(? 113098 0%

(S) - 7- (Qui nuebh@inBthp-3blm b(&‘fﬁbl‘b‘;ﬁﬂét@g ir}ﬁirﬁhﬂ)[le34 AarBoxylate were converted to 8-
del i soqui nol i n- 6(2M one, drochloride salt ANl -1 55 0157] Step A A

m xture of nefsy! B4 Swpphcnylm-’)rlffwwwn é-YéaamBW}fﬂ@d el Blf)méos‘*o g, 24.5

mmol ) and 1§odb&g@, YA inge Hshr 28 a0@Budgymol ) in THE/ DVF (5.5:1, 260nL) was
cooled to 0OC. (2-(Chl oromsthoxg)aet yl)trimethylsilane (5.20 m.,, 29.4

mol ) was add&i54ha t heien GreFollsacng gmei Kperdercdpl-GweDrmedid - at  anbi ent

tenperature f e ol ution of
NaHCGO3 (100 ngIOI%ﬁfa)e’l%gr[g& Mﬁ%h))m]get hyl Eaclce}_{mdré% @4%%% etgg%@ nmbi ned

organi ¢ | ayer sonyertes! alghigoh (\S) i H+-Bromphep 1I06- [ﬁul)qucudlnéwlqmla%@abyi mdazp@r ed,
q i ;
and concent rah‘%@rb%ﬂﬁé vfh %@qﬁe‘arﬁﬁl%‘ﬁ%% step Le{{l%hogﬁ}?{’thc‘?%gﬁyicattﬁ Mgi#if e i

resi due by col S|I|ca
hcxancs) dff ordeid3t(ined, diééi)red product as a m xture of regioisoners: nethyl

e 2 e g gy o

111), 8. 21- 8. LQorbpheniliiB; {(qﬁuﬁl@hc{ld-d—y andin@yméthyi]-indazole-4-carboxylate was converted
to (:S)-2-(4-fluorophenyl)-7-(quinuclidin-3-y1)-7,8-dihydropyrazolo[3,4,5-dejisoquinolin-
6(2H)-one: 'H NMR (500 MHz, DMSO-ds) § 9.60-9.40 (bs, 1H), 8.03 (d, J = 8.5Hz,

20  1H), 7.90-7.88 (m, 2H), 7.70-7.67 (i, 1H), 7.60-7.59 (m, 1H), 7.46-7.43 (m, 2H), 5.38
(d,J=17.5Hz, 1H), 5.24 (d, /= 17.5 Hz, 1H), 4.70-4.80 (m, 1H), 3.60-3.45 (m, 1H),
2.92-2.15 (m, 3H), 2.35-1.60 (m, 6H); MS (EST+) m/z 377 (M+H).

10156] Step E: Following general procedure GP-1, (5)-2-(4-fluorophenyl)-7-
{quinuclidin-3-yl)-7,8-dihydropyrazolo|3,4,5-delisoquinolin-6(2 H)-onc was converted to

25 (S)-2-(4-fluorophenyh)-7-(quinuclidin-3-yl)-7,8-dihydropyrazolo[3.,4,5-de]isoquinolin-
6(2H)-one, hydrochloride salt: '"H NMR (500 MHz, DMSO-d¢) 8 9.96-9.50 (bs, 1H),
8.12-7.93 (m, 1H), 7.93-7.81 (m, 2H), 7.75-7.66 {m, 1H), 7.65-7.52 (m, 1H), 7.45-7.42
(m, 2H), 5.37(d, J=17.4 Hz, 1H), 5.24 (d, /= 17.4 Hz, |H), 4.88-4.64 (bs, 1H), 3.57-
3.40 (m, 1H), 3.21-2.84 (m, 4H), 2.46~1.47 {m, 6H); MS (ESI+) m/z 377 (M+H); HPLC

30 98.0% (AUC), 1 13.39 min,



7.5 Hz, 1H), 6.25 (s, 2H), 4.04 (s, 3H), 3.71 (dd, J = 8.4, 8.4, 2H), 0.89
(dd, J =8.4, 8.4 Hz, 2H), 0.00 (s, 9H; M5 (ESI+) mz 335 (MH)1 and

met hyl 3-fornyl-14(2-

(trinethyl silyDet hoxy)nethyl)-1Hindazol e-4-carboxyl ate (4.96 g, 60% as a
yeIIowsolld: | FINMR (300 MHz, CDCI3) S 10.54(s, 1H), 7.89-7.83 (m 2H),
7.55 (dd, J = 8.4, 207.5 Hz, 1H), 5.88 (s%22H), 4.03 (s, 3H), 3.56 (dd, J -

9.3, 8.1, 2H), 0.89 (dd. J = 8.4, 8.4 Hz, 2H), -0.01 (s, 91-1); M (ES1+)
ink 335 (MtH)'. 101581Step B: Foll ow ng general procedure GP-F, except that
di oxanc was used as sol vent and sodi um hydri de was used as base, nethyl
3-fonnyl-14(2- (trinet h¥l si | yDet hoxy) net hyl ) - 1Hi ndazol e- 4- car box4y| ate was
converted to (ngl g:paratlon of ($)-7-(Quinuclidin-3-y1)-7,8-dihydropyrazolo[3,

25( (qui nucl i di n-3-vyl am Froiporminpliny 6AL - o, pydriopiderge 8 ypet hoxy) met hyl ) - 1H-i n
dazol e-4- carboxylate (1.77g, 85%: 11-1 (500 MHz, CDCI3) 37.81 (dd. |
= 7.5 0.5 Hz, 1H), 7.75 (d, J= 8.0 Hz, g% 7.44 (dd, J =8.0, 7.5 Hz,
1H), 5.82 (s, 2H), 4.32-4.20 (m 2H), 3. s, 3H), 3.56 (dd, J = 8.5, 8.5,
2H), 3.48 (dd,../ =2.5 Hz, 2H), 3.18-3 10]\Km 1H, - 53 - 2.98-2.72 (m
5H), 2.58-2.52 (m 1H), 2.06-1.90 (m P ~1.70-1.66 (m IF!'), 1.52-1.46
(m 1), 1.40-1.34 (m 1H), 0.89 (dd, .4, 8.4 Hz, 2H), -0.05 (s, 9H;
M5 (ESI+) nl/2 445 (M+H).. [0159] Step j\lovvi ng general procedure GP-G
(S)-nethyl 3-((quinuclidin-3- NH

Syl am no) met hyl )-1-((2-(trinmethylsilyl)ethoxy)nethyl)-1Hindazol e-4-carboxy
late (1.7749) \A&kﬁﬂ:onver&a@j}\t & wrxtiteof methylgeformyl-1H-indazole-4-carboxylate (B1)

(S)-3-((quinu

(trimethylsil 3{‘)eghoxy5n¥mﬁ ?‘Mﬁ:’é M 14 8.0 4 mpan W EREPNE GBS PH 2/ 2
431 (aci d MrHwhs cdd&Bo]03E e(dz @:hlofanaharyyethyt Y- irodtt 13dmude(5I A0trh L2 4 mmol) was

(S)-3- ((CIUI nUC| I c(jild ﬁlf e i ixture alloy str at ambient femperajure rlS The

10y ani no) net A§T- 19 R SRR S DR S L AL A R o v :carboxyl a
te (1.73 g, nQBtufémads)quélfc@éﬂ \Sttbﬁsaﬁnatbd)y(ﬁutld’l oﬁWaHd’ i0R €t 0@1ﬂ4)n31n)1 eﬂtac&ﬂ?w\as
added thiony h 39.8 mmol ) dropw s ver m irring
s cont | led et el (3 Sk Ehe i e e A PR SEUPEVER POUAOR BT £
anbi ent t enpengLBOR), ANsted tahd E&ﬂelftﬁfedaaﬂd@(ﬂdiubéd%@;lsura Purifidagod ¢ragd deQitinl Xt ur e
was concentrated under reduced pressure and e material 15was

purified by cAFfR L¥RemECHGMaIoiAPPSS Silicéé"lg%/f" s %5‘3@8 YlGesk g AR Bexpncs)

di chl or omet hangbel hanedifcd pRIAIGENS E%nﬁdr@@]’ﬁ%‘ﬂi%mcm{ﬂ]@%l Heorinfi-2-((2- .
di chl oronethane) to afford partial | sired product 21 g). This

mat erial was dirgsdmsdnsthe ‘ﬁbﬂbﬂh’(l 20 y‘cg'fbaxxwt@é%%lg\%ﬁ? ayavelltfoni um
hydr oxi de jisn ”ay;aﬁwmu@gm& cq)él%rmﬂgsug MP%% {ﬁn@h)t hgpfdd, yrale

concentr at ed un pressure to af qul nucl i di n-
7.5 Hz, 1H), 6.25 (s, 2H), 4.04 (s, 3H), 3.71 (dd, J = 34 84 2H), 0.89 (dd, J = 8.4, 8.4

Hz, 2H), 0.00 (s, 9H); MS (ESI+) m/z 335 (M+H)" and methyl 3-formyl-1-((2-

(trimethylsilylDethoxyymethyl)-1H-indazole-4-carboxylate (4.96 g, 60%) as a yellow
solid: "H NMR (300 MHz, CDCl3) 8 10.54(s, 1H), 7.89-7.83 (m, 2H), 7.55 (dd, J = 8.4,
20 7.5 Hz, 1H), 5.88 (s, 2H), 4.03 (s, 3H), 3.56 (dd. ./ = 9.3,8.1,2H), 0.89 (dd, /= 8.4, 8.4
Hz, 2H), -0.01 (s, 9H); MS (ESI+) m/z 335 (M+H)".
[0158] Step B: Following gencral procedure GP-F, except that dioxanc was used
as solvent and sodium hydride was used as base, methyl 3-formyl-1-((2-
(trimethylsilyl)ethoxy)methyl)-1H-indazole-4-carboxylate was converted to (S)-methyl 3-
25 {(quinuclidin-3-ylamino)methyl)-1-{(2-(trimethylsilyh)ethoxy)methyl)-1 H-indazole-4-
carboxylate (1.77g, 85%): '"H NMR (500 MHz, CDCl3) 8 7.81 (dd, /= 7.5, 0.5 Hz, 1H),
7.75(d,J= 8.0 Hz, 1H), 7.44 (dd, / =8.0, 7.5 Hz, 1H), 5.82 (s, 2H), 4.32-4.20 (m, 2H),
3.99 (s, 3H), 3.56 (dd, J= 8.5, 8.5, 2H), 3.48 (dd, J =2.5 Hz, 2H), 3.18-3.10 (m, 1H),



203-y1)-24(2-(trinethyl silypetboxy)nethyl)-7,8-di hydropyrazol of 3, 4, 5- ddi soq
uinolin- 6(2H) -one (I .50g, 919 as a pale yellow solid: IHNVMR (500 MHz,
CDC13) 67.70 (d, J= 7.0 Hz, 1H), 7.64 (d, J = 8.0 Hz, 11-1), 7.58 (dd, J
=7.0, 7.0 Hz, 1H). 5.76 (s, 2H). 5.26- 5.12 (m 2H), 4.78-4.72 (m 1H),
3.97-3.70 (m 3H), 3.60-3.22 (m 5H). 2.60-1.90 (m 5H), 0.96 (dd, J = 5.5,
5.5 Hz, 2H), -0.05 (s, 9H); M5 (ESl)/n/z-iﬁ13 (MFH)'. 25[01611Step E: To a
seal ed tube containing a solution of (S)-7-(quinucli di n-3-yl)-

24(2-(trimet hyl sil yeet hoxy) net hyl) -7, 8-di hydropyrazol o[ 3, 4, 5- dedi soqui nolin
-6(2H)-one (0.71 g, 1.73 mol) from Step D above in dioxane (10 nL) was
added 6N HCl €28-h{3 (m, Phie X ¥aet? om, Hix206-¢ WNelon. f HhIhlid 1 4 {h. HbgbhZ—Is¥al ed

and heat ed 1018 han B0aT 1y, 0393h69 10y APl R LIREL LA B3P 1

concentrated under reduce e resi due was ed’on
silica gel and4p(Mified flrst by col um chromat ography (5 to 20% 6: 3: 1

di chl or onet han@ggt hanﬁ % C@”?&ﬂ) %gqe%wpggﬂmdygr -r%ﬁhg)ég—((%uﬂnuchdm—?:-

dlchloronethaﬁ t han and’'s uen y rever
sem - pr epabat iylaeniddPn&hyl-154£- etrlmethﬂslmletmxy)ﬂr@%yaeléf owadold-Y-earbow et Er77gbot h

cluents contained 0.05%tri.f oro tic.ac s .nodi e solvents
vere renmoved i SEYEEIARGIERE! &5’@3(%%’5@?%3{}?{? 5 %rﬁgl}%@ g?e salt was
di ssolved in atrimtm;tsumeﬂinxaﬁnd‘th}liﬁﬂmlrtmme hambbx (l4te XES GEI]) artch 3t Hacis ol vent

removed (4x) é’ﬁ xchange the trifluoroacetate salt to the hydrochl oride
salt form 5R r@st allization of the desired product hydrochloride salt

Erl 021 eg hﬁEm qtmoygt) fadd DWed a byixtupeizhidde Zati S)-@iuiacatiam-tri | e/ wat er
or,
Caut nuct 1 dPn: Siyomed b i eamgals s e xms by St oHOBEAS CoRes

hydrochl ori de 3$@Intm<(1ﬁ§er9 st% .C 2R% nﬂ?laﬂle@rmpmt@scmk h@lc8 @hibiel] cﬂ-lbthVR ( 500
MHz, d5DIVBO) 111), 7.65 (d,1 8.5 Hz, .75

(dd = 7.0, F}iu 3%4)““1@7%’5‘“(@’“5“‘7 Birpipe weggontigucg o min f(“ﬁfh%iﬁlc 4.79

,J= 9.5 HZ1 rcla.l?ﬁon r%xﬁ@c Atohtd ((mvarﬁﬁl)1anfﬁic%t2fc§1p31§tu(‘cr@nd%wm Ror gﬁad’%}ng{ﬁa(fﬂ 1H)
203180(m 3H?1 (ESI+)"ilz 2 Y% ( AUC) , .
m n. Exanpl e h2Thpreagiwnanikore wis cementza%lEWnteﬂiuf(eql@rQﬁ%r iirnﬁthe g‘ll% fﬁaf?ms

di hydr opyr;gcol,gl ﬁﬂfr"ﬁeﬁbg%lhﬁl%ﬂ oHa%ld gﬁ%fs?ﬁ‘cbgg@t“?t W@?b" joride salt 15C113

[01621Step A: Follow ng genera 3- am noqui nucl i di ne
di hydrochl ori d@hlama@mﬁmetmnﬁlmmr&wd@mmhmm—hydmmh dichlogamdienoy) tat e wer e

17 met hy 1- 3+ Rt RGBT A ue drsied et (031 . i mafell s gissolysd o pthonol .y
(APC) +) I n/ z 328 rilMkadyl tredi0d 631 INeynnRinivFo hyded idgingesiemal, tlprsobcéﬁhmmed @s G
(R)-rmethyl 1- %ﬁct:rgc){ !aﬁdg the filtrate concentrated under reduced pressure to afford (S)-7-(quinuclidin-
20 3-yD)-2-((2-(trimethylsilylethoxy)methyl)-7,8-dihydropyrazolo[ 3,4,5-de lisoquinolin-
6(2H)-one (1.50g, 91%) as a pale yellow solid: 'H NMR (500 MHz, CDCl) 8 7.70 (d, J =
7.0 Hz, 1H), 7.64 (d, /= 8.0 Hz, 1H), 7.58 (dd, J=7.0, 7.0 Hz, 1H). 5.76 (s, 2H). 5.26—
5.12 (m, 2H), 4.78-4.72 (m, 1H), 3.97-3.70 (m, 3H), 3.60-3.22 (m, 5H), 2.60-1.90 (m,
5H), 0.96 (dd, J = 5.5, 5.5 Hz, 2H), -0.05 (s, 9H); MS (EST) m/z 413 (M+H)".
25 (0161} Step E: To a sealed tube containing a solution of (5)-7-{(quinuclidin-3-yl)-
2-((2-{trimethylsilyl)ethoxy)methyl)-7,8-dithydropyrazolo[3,4,5-de]isoquinolin-6(2/{)-one
(0.71 g, 1.73 mmol) from Step D above in dioxane (10 mL) was added 6N HCI (20 mL).
The rcaction mixturc was flushed with argon, scaled and heated to 115 °C for 30 min,
cooled to ambient temperature and concentrated under reduced pressure. The residue was
30  preabsorbed on silica gel and purified first by column chromatography (5 to 20% 6:3:1
dichloromethane/methanol/concentrated ammonium hydroxide in 9:1

dichloromethane/methanol) and subsequently by reverse phase semi-preparative HPLC



[ (qui nuclidin-3-ylam no) net hyl ] - 1Hi ndazol e- 4- car boxyl ate was converted to

i th| um

(R) 1- nmet hyl- 3- ((qui nuclidi n-3-yl am no) net hyl ) - 1H i ndazol e- 4- car boxyl at e:
M5 (ESI) P1/2 315 (M+H). 2510164] Step C Fol | owi ng general procedure GP-H

(R) - 1- et hy1- 3- Rqui nucl i di n- 3-yl anni no) rret hyI ) - 1H-i ndazol e- 4- car boxyl ate

was converted to (S)-2-nethyl-7-

(qui nuclidin-3-yl]-7, 8- d|hydropyrazolo[3,4,5-de]|squ|nolln-6(2/1)-one,

which was - 55 - imTedi ately treated with hydrochi oric acid follow ng

gener al procedure OP-1to give (R - 2-nmethyl-7-(qu nuc | idi

n- 3-yl) - 7, 8- dilsyeniepyp%azotter]iBlainsuagsbetk syoithedntained (031 trifnercaqejie pdd Y or i de

salt: NIVR (500 4),

7.53 (t,J = 7. ch'\’ﬁleglg):ryb X%‘r@ %ﬁq \%5 i %’)—%o zﬂzﬁ tl?eﬁdeg%d p]r%dﬁfﬁhq? dbﬁ%ace{]a%c

Hz, 1H), 5. 15 sgldwagdigselved irbe sHtutlom 25 MHEZVin(metlinol4 35 F;) andhe sdlvos (s, 3H) :

3.72-3.69 18 1H),
2. 46-2. 42 Em %E%"edi"’% %ﬁ%gﬁe% t%ﬁg“’“’% é% S§l_’L 'A"( Wdr&g@’dg’fﬁ%%'f’%én) ( iy zH)
297 (MHH) : SHPIRGcHStallPat{oAldE)he dfeareﬂi@rcﬁi@ctmydroclﬁmadnﬂa& 28 othaPple(p@mddi on of

R) - 4- FI
((ZII %ydr opyﬁ);gol2f %VCZP{’% lﬁoé)?’ﬁ%%téfﬂ ﬁ’gf ?Cﬁmg](t%lf%ivazeﬁg] S’hyrH]r‘oc{?Ir%erch(%}e sal t
101651Step A (Eﬂhlh(ﬂl\ddnﬁgyig}e;ﬁehmdlqpyﬂﬁeld[ﬁr e5-@Risblyinatat iy )-Gref hyosahiodidé or myl -

1H i ndazol e- 4-ca I was converte

6-f1 uor o- 3- foﬁmﬁg%ﬁ%qhgﬂiam ey it i*l)%&&@%%%%ﬁ?) CDC13) 6
10. 44 (s, 1H)5137599, mrgdw 13 (5 191)17 651@214852142 1H), ,7 73 (88 JEdy, 70 H2,9H)2. 1 Hz,
1H), 4.18 (s, Q (j|;-)5 ESI+) IMZ 237 (MtH). 101661Step B:
Fol | owi ng Qendr (dp%o%%bi&rléﬂ 3. 16FQ5IL tH) 4§9éﬁsr¥n8q’5d‘1%d@|)al3d18né47 (m, 4H),

di hydrochl ori %032351% ﬁﬁtamﬁ' 226218 (m, 1H),2.03-1.80 (mn, 3H), MS (ESI+) m/z 283 (M1,
6-fluoro-3-fornyl H- i ndazol €- 4- car boxyi at'e were ‘converted to
(R -met hyl 6- fHHl&Qﬁ&ﬁlﬁfé{’ﬁ}sh@%((ﬂqm nucl i di n- 3-yl am no) net hyl ) - 1/ 1-

20i ndazol e- 4-carboxylate: 11-1 NWVR (500 MHz, CDC13) 67.52 (d, = 9.5 Hz,
1H), 7.18 (d, ﬂamp&cfh—'ﬂ*ep.#ﬁqmn af @8-2(Mkethg1- 7-1-&1111)11’1(:“4]"24&)1()54781 = 13 7 Hz, 1H),
4.16 (d, J = ’ ﬂ'%y(ll%])%mloﬁ 4,5-delisoquinolin-6(2H)-one, hydrochloride salt
N?]
O N
N
N\
15 CH,4
[0162] Step A: Following general procedure GP-F, (R)~(+)-3-aminoquinuclidine

dihydrochloride and methyl 3-formyl-1-methyl-1H-indazolc-4-carboxylate were
converted to (R)-methyl |-methyl-3-[(quinuclidin-3-ylaminc)methy!]-1H-indazole-4-

20 carboxylate: MS (APCH) m/z 329 (M+H).
[6163] Step B: Following general procedure GP-G, (R)-methy! 1-methyl-3-
[(quinuclidin-3-ylamino)methyl]- 1 H-indazole-4-carboxylate was converted to lithium
(R)-1-methyi-3-({(quinuchidin-3-ylamino)methyl)-1 H-indazole-4-carboxylate: MS (ESI)
n/z 315 (M+H).

25  [0164] Step C: Following general procedure GP-H, (R)-1-methyl-3-[(quinuclidin-
3-ylamino)methyl)-1 H-indazole-4-carboxylate was converted to (S)-2-methyi-7-

(quinuclidin-3-y1}-7,8-dihydropyrazolof3,4,5-delisoquinolin-6(2/)-one, which was



(s, 3H, 3.98 (s, 3H, 3.17-3.12 (m 1H), 2.93-2.912 (m | H), 2.83-2.75 (m
4H), 2.53- 2.50 (m 1H), 2.02 (br s, 1H, 1.74-1.62 (m 2H), 1.56-1.44 (m
1H), 1.41-1.31 (m 1H); Ms (ESI+) nih 347 (M+rH). 25101671Step C. Fol | ow ng
general procedure GP-G (R)-nethyl 6-fluoro-I-

met hy1- 3- ((qui nucl i di n-3-yl am no) net hyl ) - 1H-i ndazol e- 4- car boxyl at e was
converted to - 56 - lithium -55-

(R -6-fluoro-1-methyl-3-((quinuclidin-3-ylam no)ncthyl)-111-indazol e-4-
carboxylate: M5 (ESI)/n/z 333 (MFH). (0168)Step D. Fol |l owi ng gener al
procedure GP-H, lithium (R)-6-fluoro-1-

met hy1- 34( qui mookdietchy-t@atpd aith hpjraetidrid acidifpléwidazoice] progetuoneil it &vads-
converted to q5

(R) -4-fluoro- z- n'ettlbﬂ 71(qlflm(“a13fnn3ugll) 7&?‘ dlh%drg/plyfaﬂilog %“5 ﬁl)e/ r %1§?iér1zgﬁzH[)§n4 5- de]

i soqui nol i n6( Bmeﬂmmmt PHMNNIR ésD0ay HprIaid&0ats) & €0. BPsCH), Fi76 VR (560 081zVHz

(a9 = 17 0 D53 75 Bl 20 By 5 e 4B s g Ca Pl 38 1y

1H), 4.07 6s, J&I-l)cas;@z%j&ﬂz?(t (Jrﬁ9@H):gllr&ﬁ708&,ﬁ4) Gm—ﬁwcmaﬂi}ﬁ}ﬁ%%((m 3H),

o N (ESTH) 2Hhis0Eas Craatps S sbiadim: B oot GhitBl pehardimodeadre

GP-1, (R)-4- flllaar(ﬂ- A sh%@iﬁjm/zzw (M+H); HPLC 98.7% (AUC), 2z 13.39 min.

(qui nuclidin-3-yl)-7, 8-di hydropyrazol o[ 3, 4, 5-de] i soqui nol i n-6(2/0-one was
converted to

(R)-4-fluoro- Expmpleyld - Pr f"iﬂ?ﬂ:?f(g ﬁ%“g{izw&hg'@%?'%%gfﬁéélﬂog&4 5-del i so
qui nol i n6(21-) - one, hydhiBEkPRyRERold g4 ﬂs 8413 10. 28
(s, 1H), 7.72 (dd, 151=10.2, 1.4 Hz, 7.25 (dd, J = 9.0, 1.3 Hz, 1H),
5.28 (d, J = 17.0 Hz, 1H), 5.16 (d, J_NL. Hz, | H), 477(t J= 9.0 H,
1H), 4.06 (s, 3H), 3.72 (t,1 = 11.6 Hz, ., 3. 56- 3. 46 (m 2H), 3.37-3.28
(m 3H), 3.24-3.18 (m 1H), 2.21-2.16 g)leH), 2.03-1.82 (in, 3H); M
(ES1-F) nth 315 (M+H); HPLC >99% (AUC), 1 2y12.39 nun. Exanple 14-
Preparation of (R)-2-Ethyl-7-(quinuclid] wl)-7, 8-

20di hydr opyr azol o[ 3, 4, 5-del i soqui nolin 11N-one, hydrochl oride salt
101701Step A: Foll owi ng general procegire& G- F, (R)-(+)-3-am noqui nuclidi ne
di hydrochljori de and nethyl 3-fornyl-1-ethyl-%4%incl azol e-4-carboxyl ate were
converted 25to (R)-nethyl

1- et hy1- 3- [ (queleak! i di rSt@ 4d Hedlavohgrednispd proddduierialiEd] methyldaitinysytiomel- V5

(APCL+) nt/z %ﬂ]%néa%i%#—ca?‘l)o&;y late was converted to methyl 6-fluoro-3-formyl-1-methyl-1H-
indazole-4-carboxylate: 'H NMR (500 MHz, CDCl3)} 8 10. 44 (s, 1H), 7.57 (dd, J= 9.1,
15 2.1 Hz, 1H), 7.30 (dd, J= 7.9, 2.1 Hz, 1H), 4.18 (s, 3H), 4.01 (s, 3H); MS (ESI+) m/z 237
{M+H).
{0166] Step B: Following general procedure GP-F, (R)-(+)-3-aminoquinuclidine

-y

dihydrochloride and methyl 6-fluoro-3-formyl-1-methyl-1H-indazole-4-carboxylate were
converted to (R)-methyl 6-fluoro-I-methyl-3-((quinuclidin-3-ylamino)methyl)-1 /-

20 indazole-4-carboxylate: 'H NMR (500 MHz, CDCly) 8 7.52 (d, J = 9.5 Hz, 1H), 7.18 (d, J
= 8.4 Hz, 1H), 5.35 (br s, 1H), 4.24 (d,/ = 13.7 Hz, 1H), 4.16 (d, J= 13.7 Hz, 1H), 4.00
(s, 3H), 3.98 (s, 3H), 3.17-3.12 (m, 1H), 2.93-2.91 (m, 1H), 2.83-2.75 (m, 4H), 2.53~
2.50 (m, 1H), 2.02 (br s, 1H), }.74-1.62 (m, 2H), 1.56-1.44 (m, 1H), 1.41-1.31 (m, 1H),
MS (ESI+) m/%z 347 (M+H).

25 10167] Step C: Following general procedure GP-G, (R)-methyl 6-fluoro-1-

methyl-3-((quinuclidin-3-ylamino)methyl)-{ H-indazole-4-carboxylate was converted to



- 57 - 101711Step B: Foll owi ng general procedure GP-G (R)-nethyl
1-ethyl-3- ((quinuelidin-3-ylam no)nethyl)-1F/ -indazol e-4-carboxyl ate was
converted to lithium

(R) - 1- et hyl - 3- kqui nucl i di n- 3-yl am no) net hyl | - 1H-i ndazol e- 4- car boxyl ate: M5
(ES1+) in/z 329 (MrH). 5101721Step C : Fol |l owi ng general procedure GP-H
lithium (R)-1-ethyl - 3- - 56 -

Rqui nucl i di n- 3-yl am no) met hy11- 1H i ndazol e- 4- car boxyl ate was converted to
(S)-2-

et hyl-7-(quinuclidin-3-yl)-7,8-di hydropyrazol o 3, 4, 5-ddi soqui nol i n-6(210-on
e: M5 (APCl+) lithjim (@ﬁ@.ﬂ(lmﬂl)mct[lﬂﬂ@%&@bd@3 ﬁ@ihlﬂ@)mqtiql)gbﬁfrmdamkpﬂocedure

GP-1, (R)-2- et%gﬂméw

Oy1) -7, 8-di hyér razo SE%SCI ! 3@33‘”%02111. nol in-6(21)-one was converted to
(R) 2- et hyl - 7{0168) StepD Fol lowing general procedure GP-H, lithium (R)-6-fluoro-1-

hyar ochl or 1 de e RS OBSBAGRS B BB PES s EEML IR Pp R Be,

8.3 Hz, 3IH) (R)4-Bderé-Sihethi-(qiuclidin-441)08-dihydropyrfzokdd3,4.5- cﬂ,]lg,oqﬁmﬁgn (d, J=

16.8 Hz, 1 7 5 5
oH), 3.72- A eé?z(fk On%lﬁﬁld P‘?,‘fégbép@are Y@HPZH% %é%“é §6(£1g1“f5‘1(:2? O%ﬁ’) 94%@% (m
(1n,4211t I )J E 46)2 1462H£ \r}vﬁ)blm)(dd I2J+=2?3tr)]/21 61132(1 &Slt‘b(d 2= 020%{572@1!52&@11 t1I)t
13. 84( mn. Exdﬁﬁﬂ-éz 1@),_4 7|:br(@cba’r—aq73§nl %% IH) L4 (s, HJ)H),s 91=3.79 (m, zfa)( 37023' 64

(R -2-1sopropygd: Yﬁ)ﬁg%wwmj%éal(brs?lﬁ) 2.43-2.37 (m, 1H), 2.19-2. 1 (m, 2H), 2.06-
di hydr opyr azol of 3 - del |soqylnolln 6 211)-one hydrochl oride salt 20

[01741St edOA: 2F@@I(F’®\9\Hh@/l$g@$é'f‘a’|ifzéi%@é ke GP-F, (R)-(+)-3-am noquinuclidine
di hydrochl ori gg eapd matfﬂl’é}h%afllgﬁméjge&eralﬁ)?&re&’lﬂ¥b‘Pjil(]R)'4%(9b@ncﬂlﬁar boxyl at e

were converted to (R)-
1 i sopropyl- 3(<qulf:hdm+31 -l)- ﬁﬁshlwdmrﬁ@c) aBt ¢ lisequinglinddZdl-@cavas carvsgsd/ioat e:

VS CPPOLY) il 25T (Tt GRARLIRASL o8 ikl i 95081l R 0L

[ (qui nuclidi n6&};’/)tcmm Inyd)oriibligd Jait1 HH NbMIREZOD Az, Eav HOxXy)| Sat0e 8vigs T ohTxftied t o
l'ithium

(R -1-i sodPOpy’f WR4 i i iR Sy ah o) ke Hy1128 4V Rdd P B8k at e
whi ch was used i) hemmext7 @Uemwmhml)uba(srslh)es TR 7 Eilg StHQMH), NB6LES )

%(R‘)M 1 f’igpﬁ ('\)A;g?fg @L)O% 739—3 10 i) A 9% 19 98NE5 R, RIS DT el b, 3,
[
(

|(Qg]wznucl i di n3\gs s Re sty Hibtd ezliee)dsaanbaxyl ate was converted to

Example 14 - Preparation of (R)-2-Ethyl-7-(quinuclidin-3-yl)-7,8-
20 dihydropyrazolo[3,4,5-delisoquinolin-6(2/)-one, hydrochloride salt

N
M,

[0170] Step A: Following general procedure GP-F, (R)-(+)-3-aminoquinuclidine
dihydrochloride and methyl 3-formyl-1-ethyl-1 H-indazole-4-carboxylate were converted

25 to (R)-methyl 1-ethyl-3-[(quinuclidin-3-ylamino)methyl]-1 H-indazole-4-carbox ylate: MS
(APCI+) m/z 343 (M-+H).



5i sopropyl-7-(quinuclidin-3-yl)-7,8-di hydropyrazol o[ 3, 4, 5-de] i soqui nol i n- 6(
2H) -one: NWR (300 MHz, MeOD) 67.67-7.62 (m | H), 7.50-7.48 (m 2H),
5.31-5.14 (m 2H), 4.98-4.91 (m 11-1), 4.78 (t, J = 9.8 Hz, 1H), 3.49-3.33
(m 1H), 3.18-3.11 (m 2H), 2.98-- 2.80 (m 3H), 2.21 (s, 1El), 2.12-2.09
(m 1H), 1.90-1.81 (m 2H), 1.73-1.65 (m 1H), 1.57 (d, J = 6.8 Hz, 6H); M
(APCl +)/n/z 325 (M+H). 10101771Step D. Fdi7l-owi ng general procedure GP-1,
(R)-2-isopropyl-7-

(qui nuclidin-3-yl)-7,8-di hydropyrazol o[ 3, 4, 5- ddi soqui nol i n- 6( 2H) - one was
converted to

(R) - 2-i sopr opyd@7Tt ( qui riagd B:dFmﬂoamyg’LganraBprdtddymr(db@r @ohahyd 1 4i6dde] i soqw noI

i( B’&G( ﬁ;) | ‘;”gé(qt%u&%%g% O[ah(zjneo)%a%l;[/l) q}b': Eda.?o qao%"igte %gm%g&ﬁ% 12}19159%HZ 1H)

5.24 (d, = 16(A)- Hzthyllﬂ:[}(&,t)mucﬁdm@ jllSlQ‘lﬂ),o)rfL@;hyﬂlB1B~11Irdiazol&-l44)c,arﬂﬁxﬁ2t-e4\d§ll€$hﬁ) 1H),

4.79 (t, J= 9.0 % @5 3.64 (t, J = 9.0 H, 1H), 3.44-3.15 (m 5H), 2.44
(s, 1H), 2.207% 3% 1.97-1.95 (m IH), 1.92-1.88 (m1H), 1.82-1.77
(in, 1H, 3. 57[50117250 (mSt@ﬂclrond\@lg@S&M;ﬁrbé’cd&%&R MHihiudPUG- 129863 AUC) , t R

‘887mn

(R -7- (Qi nucmqainﬁc'gi"y%rylfrw s égyﬁ%&zahe-“[%aﬂ%?leatc was converted to (S)-2-
20de] i soqui nol ih BAE-3-L AR AR R deo188 |4t 5-del Rdq BB a2 Ay-orkoMS stirrcd
suspensi on of eé é (-EH%W am n}%w ngiglhl (i:ijlync d[i hyd(regchl ori c}e (916.0 ny, 4.6
mmol) in di ch(oP tfﬁ%ﬂé( Met)nl) was added sodi um 25 hydride (368 1112, 9.2

mol ) in portig@ng) and tsﬂ%'p]ﬂl FBleﬁn%/\@c%ex%i b:%E&i@lref@lﬁlgR}lz e&@ﬁfil(@uﬁ%dm(ﬁ 15
m.) was added dro W se hen et %; 1- 1H i ndazol e-4-car box?ll ate (B1)

(776 mg, 308 whol§-divadoperelphitd-dehewaringbirb@-9he Wﬁ‘u‘éﬂi"?r&déf’ (B)-%at¥lolom
tenperature f ?('iuugg {glqc_l" }IU ‘?@Ql h}%rcgyraﬁgg['?)uir@ gé]ls@(ﬁﬁﬂd?%%@@ﬁp&%dﬁ}cg&h(ﬁidg g,

19.6 mml ) was ion~and stirring was conti nued
over ni ght at m@oﬁﬂﬁ*@vﬁ%éﬁ@tMHe DM&@—(&N Uit (swd), 7 8ol ot %Hé,riﬂ)e’d%é’cﬁl

pressure, and th o t a rjf by 1$0 hr phy
(silica gel, rﬂ%fd gaof%ir{rebﬂgﬁsz/ggrg‘tjhahgg coln %tﬂ?};ﬁ gd @%ﬁ?fﬁﬁ
hydr oxi de) tO48?Bf—¢QV(d(nﬁ Ry esthylds (m, 2H), 3.72-3.68 (m, 1H), 3.56-3.42 (m, 2H), 3.36-3.28

3 | d 1 1 d | -A-
SO'('(gUI(gu | I(nq%}% %nﬁn&)(nemy %@%P%S%Bwﬁé@—%??féy%&%@’?3@""3‘?_0““ ,
0.7 Hz, |||), IZIZQgJ(:d]d) HZHHS Ms (BSI#) hizz SURM+F). IS 5% (ALE) I 1788z, 1H),
4.30 (d, J = 14.2 H, 4.25 (d, J = 14.2 H, 1H) 396(s 3H),

3.28-3.25 (m 783269(m1H)

=y TEoprapiyT y15-
i|_|)19125%21( TG (m pl? 1)“'%%&%@)@% 9— }gg@ulﬂ%l#n( lli’hvzl oc]r’:londse salgm

)*CH1
H,C ]
20
[0174] Step A: Following general procedure GP-F, (R)-(+)-3-aminoquinuclidine
dihydrochtoride and methyl 3-formyl-1-isopropyt-1H-indazole-4-carboxylate werc
converted to (R)-methyl 1-isopropy!-3-[(quinuclidin-3-ylamino)methyl}-1H-indazole-4-
carboxylate: MS (APCI+) m/z 357 (M+H).
25 10175] Step B: Following general procedure GP-G, (R)-methyl 1-isopropyl-3-

[(quinuclidin-3-ylamino)methyl]-1 H-indazole-4-carbox ylate was converted to lithium



[0179] Step B: To a solution of (R)-nethyl

3-((qui nuclidi n-3-ylam no)net hyl)- 1Hindazol e-4-earboxylatc (1.8 g, 5.7 |
nmol) from Step A above in TFIF (30 mM) and H20 (30 m ) was added |ithium
hydr oxi de nonohydrate (721 ng, 17.2 mmol). The m xture was stirred at room
tenperature overni ght and then concentrated under reduced pressure. 15The

resi due was dried overni ght under vacuumifo- afford crude lithium (R)-3-

((qui nuel i di n-3-yl am no) met hyl ) - 1H i ndazol e- 4- ear boxyl at e whi ch was used in

the next step without further purification: M5 (ESI+) tn/z 301 (VH).

101801Step C. To a solution of crude lithium (R)-3-((quinuelidin-3-

yl ami no) met hy I(R)- Liopredpizb| (guiduatidinsoxiyinanogndtnid i Siwfozd-disarbexiilatc Nhigk 20

di et hyl f or mamj de ] .7 L, 34.4
mol ) foll owed’ aB 0%19@(?8)5}% 6’@%&%&?'&4’%89%& c%%) ng%& %{[J??gge(k?%% (17 nilL,

28. 65 mmol ) atIOUﬁc for 4t : Fdlﬂmeng@eu&raqmomﬁmeﬁ?ﬂﬁﬁ(ﬁbﬂa&oecbpahﬂ purified by

col um chromat

di chl or onet harg ah%rhéﬁ a%ﬁ@@%&'?%tlgp mgaz %nl %arb%%eo"ﬁ’f}sée’i"m%&?zmlo| um and
preparative ' Tiob@pysi-(jubaichdh-3-T07,8Qik3dropyrazolo[3,4,5-delisoquinolin-6(2F)-one: 'H

Bipio T e e R e

This material swgs4d) qlmemsn JEebRapok Hﬁedsvi:rﬁﬁ(tnedetlm Jﬂl@h , 268 M

sol uti on i n net hanol he m xture was concentrated un Hpressure

The resi due wass0l(yophRi Zﬂé%l 1ﬁﬁo1ﬁ2\n&9%£mst]cﬂ)af ?Qﬂ'leﬁl(m ZH) Tl T (1

R) - 7- (qui nuclyi - Jprf, 5-ddi I 6(2
So0ne (373 15,548 i‘é%‘;‘r?ﬁ%@*wﬁﬁ'&’gé?ﬁ‘”&wﬁésoo Wz, D20) 67 éﬁ(d :

= 8.3 Hz, lj?H) !0171726 ( ddStep B POBmBmgse@ralmrocquueG LAG)-dsopropyl=/-6. 9 Hz,

4.83 (d, = 17 6, 8 X j
1H), 3.60 (dd(&”‘mﬁ‘d@ﬂ 7 CH;zLyd ‘%P—’IS"%&OES Babfguiiiin @zﬁﬁ%’& W“‘b%‘mz"eg%@‘("b ,
1), 2,132 01fkdpsobiyl 2(0§LBS fob) BWlhwaper@uoiy A AN
(>?g)9 %2( Qgﬁ)zy 1t L?E]t éigfirﬁglg??ii% sﬁ%ﬁﬁ@f%@q sel BRARY) 87036-9.90 (bs, 1H), 7.80 (d, J
di hydr opyr azol-of 8H4, Ahieb] S’Gtwinn@m 148((@1f~ Dnelz 1By i) .oF i 6@ Heallf), 5.16

101811Sten A Foll o ng GEnepal, Broceqineo s Elyo BBLIY & (O 1Wdin n),
3.44-3.15 (m, SH), 2.4 (s, 1H), 2.20-2.18 (m, 1H), 1.97-1.95 (m, 1H), 1.92-1.88 (m
1H), 1.82-1.77 (m, 1H), 1.53-1.50 (m, 6H); MS (ESI) m/z 325 (M+H); HPLC >99%
(AUC), 1z 8.87 min.

Example 16 - Preparation of (R)-7-(Quinuclidin-3-y1)-7,8-dihydropyrazolo|3,4,5-
20 delisoquinolin-6(2 H)-one, hydrochloride salt

NH

[0178] Step A: To a stirred suspension of (R)-(+)-3-aminoquinuclidine
dihydrochloride (916.0 mg, 4.6 mmol) in dichloromethane (60 mL) was added sodium
25  hydride (368 mg, 9.2 mmol) in portions and the mixture was stirred for 1 h. Acetic acid
(0.15 mL) was added dropwisc. Then methyl 3-formyl-1H-indazole-4-carbox ylate (B1)
(776 mg, 3.8 mmol) was added and the mixture continued to stir at room tempcrature for

an additional 2 h. Sodium triacctoxyborohydride (4.2 g, 19.6 mmol) was added in one



i ndazol e- 4-carboxyl ate (81) and (chl oronethyl)henzene were converted to

nmet hyl 1- benzyl-3-fornyl-1Thi ndazol e-4-carboxyl ate: M5 (E51+) nfz 295
(M+11). 10101821Step B: Foll owi ng general procedure OP-F, nethyl

1- henzyl- 3-fornyl- 1H i ndazol e-4-carboxyl ate and

(R - (+)-3-am noqui nucl i di ne di hydrochl oride were converted to (R)-nethyl

1- benzy1- 3- ((qui nucl i di n- 3-yl am no) net hy13%-1H i ndazol e- 4- car boxyl at e:
1IHNVR (500 MHz, CDC13) 67.74 (dd, J = 3.8, 0.5 Hz, 1H), 7.49 (dd, J = 4.5,
0.5 Hz, I H, 7.33 (dd, J =7.8, 7.5 Hz, 1H), 7.29-7.24 (m 3H), 7.16 (dd,
J =8.0, 0.8 15Hz, 2H), 5.59(m 311), 4.31(d, J = 7.0 Hz, 1H), 4.25 (d, .1=
7.0 Hz, 1H), $oﬂidn BncOinn(mgwabH))ntirﬁlc@vaislBa(momltH)ﬁpcratURQT@c ®2ve@mva&5l—|) 2.50

(dgq, J = 10.0, 2. 96-1.8 . .45-1. 32
(' 2y e (e fges Ribusapradfyd SlnsThg Blhresht B fufiba bbbl *
procedure GP- Glroﬂm{mgmpmlfsaw(l gLk ! didhlnrodetiphamiethayaveodrghiyated ammonium

H i ndazol e- 4- arbo | at 0 redt lithium -

20( (qui nucl i di degvé%/) tﬁ%r\jqﬁ%)[ th)’l% ﬂu”i“ﬁﬁg alﬂm(?gm%)}&iﬁgt"é&gz%'q( ESI+) n z
391 (MrH) . 5St eprbbxyldrohd Dmbwa sgrNenalg, cpra@zcgzﬂwn.éH@mH(sloommrmr)ch)ﬁ 7.80

(-3 henzy L 35 (9w nycl S S 10} T B s 3k aiazl -7 g ate

was convert ed
(qui nucl i di n- 339175 ﬁkﬂHBym)Ocpw @ZQFQEﬁH’E-,5H°}13]963QQW)I3318—G"’6((&H}*)9ne

whi ch |
or ocedur o a3, o S H ST T, AL 95T & (oS 1B Ao 8L b O 1) 958 &

25(R) - 2- benzy Im7riuiauets g, np$-1%6k)-1.57 Bn AiHYIdopYs a0l Ms4ESHA@)4 siBqui nol |
n- 6( 2H) - one, %mdro)ghl ori de(ghsal as an g?f P%wute SOF‘—IZd " H ﬁl\/R 500 MHz,

CD20D) 67.182 (MH) = 4.0 Hz, 1H), 7.56-7.51 (m 211), 7.29-7.25 (m 5H),

5. 65 , 2 d, - 1 i, ‘
o0 Ets H, é@l'f‘;ﬁz( dtep-B8rc5 !EE toyd)f(R) méﬂxm ngn%%cﬁ&i ﬂ){lmﬁ ﬁn&ﬁy]) }1203 20

(m 3H), 2 63 I(med@olcﬂ-garbozym (2 8%85 { mmql}ﬁromzstcpzs% gboyg iy FAIF 3 m )znfd.)fsb@ br s,
1H); M5 (ES1+ ‘ 1 n 18-
Preparation o%é%ﬁ‘@z ?4& E/Irﬁ%l}%p Ag%é?%ﬁc%@ﬁhﬁ?u(g 11(Ljn‘gnl4732-3§m{6IlJ Thcﬁ%ﬁ@;ﬂﬂé ©

5di hydr opyr az olag ptByed abroded temperaiurea viem ghe Qr}d)thm@ncméteé(gmfm ,r¢d@eedsm¢$ure

101841t en A 1 LS, Slea TR, Sroriuds Mbdpdagal fudgegnioxyl ate (BD

(3.3 g, oro oroni ¢ acl nmol ) and
copper (1 1) acétgaineclidin-3-ylaminojmethyl)-1H-indazole-4-carboxylate which was used in the next

step without further purification: MS (ESI+) m/z 301 (M+H).
[6180] Step C: To a solution of crude lithium (R)-3-({quinuclidin-3-
ylamino)methyl)-1H-indazole-4-carboxylate from Step B above in N, N-

20 dimethylformamide (30 ml) was added N,N-diisopropylethylamine (5.7 mL, 34.4 mmol)
followed by 1-propanephosphonic acid cyclic anhydride (T3P) (17 mL, 28.65 mmol) at 0
°C for 17 h. The solution was concentrated and purified by column chromatography
(silica gel, 70:30:3 dichloromethane/methanol/concentrated ammonium hydroxide), SCX-
2 column and preparative TLC (silica gel, 70:30:3

25  dichloromcthane/methanol/concentrated ammonium hydroxide) to afford (R)-7-
(quinuclidin-3-y1)-7,8-dihydropyrazolo[3,4,5-delisoquinolin-6(2H)-one. This material
was dissolved in methanol and treated with HCI (1.25 M solution in methanol). The
mixture was concentrated under reduced pressure. The residuc was lyophitized from
water to afford (R)-7-(quinuclidin-3-y1)-7,8-dihydropyrazolo[3,4,5-de]isoquinolin-6(2 H)-

30 one (373 mg, 23% ) as a light-yellow solid. 'H NMR (500 MHz, D»0) 3 7.32 (d, /= 8.3
Hz, 1H), 7.26 (dd, /= 8.3, 6.9 Hz, 1H), 7.10 (d, /= 6.9 Hz, 1H), 4.83 (d, /= 17.1 Hz,
1H), 4.71 (d, J = 16.8 Hz, 1H), 4.53 (t,.J = 8.9 Hz, 1H), 3.60 (dd, /= 12.9, 10.6 Hz, IH),



10 (3.99 g, 21.9 mmol ) was degassed under nitrogen (3x). Anhydrous

di ehl oronet hane (240 m ) and triethylamne (4.5 m, 13.5 mml) were added.
The m xture was degassed under nitrogen (2x) and stirred at anbient
tenperature for 21 h. The m xture was concentrated under reduced pressure
and the residue was purified by colum chromatography (silica gel, 0-30%
ethyl acetate in hexancs) to afford met hw40-1-(4-fl uorophenyl)-3-fornyl-1 H
15i ndazol c- 4- carboxyl atc (454 nmg, 9% as a brown solid. 1H NVR( 500 M-z,
CDC13) 6 10.38 (s, 1H), 8.01 (d, J= 8.3 Hz, 1H), 7.91-7.88 (m 2H), 7.80
(d, = 7.1 Hz, 1H), 7.69 (dd, J = 8.4, 7.3 Hz, 1H), 7.53 (t, J = 8.7 Hz,
2H), 3.93 (s, 3381).13(MSSHESI3R)(nzd, 1HR 29 3¢t Hm, 11018518886 pmBIH)THISg EStHi) rved

suspensi on of Q ne_20di hydrochl oride (360 ng, 1.8
mol ) in di chlzgﬂahﬁeﬁigﬁ)é‘%m@%ﬁ%é‘lggéed 'sodi um hydride (144 ng, 3.6
mmol) in portions and the m xture was stirred for 1 h. Acetic acid (0.15
n.) was added Ednmpii Ke. Piperatioptofi(R)-2-benzyl-7-(quinuclidin-3-yl)-7,8-

1- (4-f1 uor opheny1l) - 3- f odihydrofpy+azoldB263-de| Boquwnelhoky Havae, hadebchigride s8t mol )
from Step A above was added and the m xture continued to stir at room
tenperature for an additional 4 h. Sodiw ri acetoxyborohydride (1.3 g, 6.0
25mmol ) was addcd in one portion and st ¥ng was continued overni ght at
roomtenperature. The sol vent was renove under reduced pressure and the

crude material was purified by colunf mat ogr aphy (silica gel, 90:10:1
di chl or onet hane/ net hanol / concentrated a i um hydroxide) to afford

(R -methyl | - N
(4-fluorophenyl)-3-((quinuclidin-3-yl Nret ) - 1H i ndazol e- 4- car boxyl at
e as a light yellowoil (492 ng, 80% : NWR ( , CDC13) 67.89 (d, J =
7.3 Hz, 1Hp, 7.81 5(d, J = 8.4 Hz, 11-1), 7.63“%60 (m 2H), 7.46 (t, J=
7.9 H , IH, 7.27-7.24 (m 2H), 4.37 (d,1 14.1 Hz, 10), 4.27 (d, =14.1 Hz,
1H), 4.00 (s, (G} 3. 395t8p 84 Fphpwingfgencgl pacgtugelGRip!, Bathul)3-fopng4lH-dd, J =
13.4, 2.3 Hz, 86 (m
1F1), 1.75-1. é’éja?‘}'é 41“%?"&““823@%3% ?“Qd“’rﬁetﬁ??jb%?\%z‘(‘ %%)e “9"”6}1?‘1 ‘jozfg‘éﬁ (lﬁ/rrl -1).

[01861Step C b&"mzy&?»-s“mhlynﬂHnn@&ol(:ﬂ}c-art@wlyﬂe MS (ESI+) m4 295 (M+H).

1-(4-f1 h 3-

Toyt am noy et AN 131, - eDb FelopiRs Binsied Papsture@ Frge™ Loy PP st ep B
above in THE (1Z-idad)k-aagbokyhaing ZRB(HA)amissuadcetind diilracmiohiviel e de
nonohydr at e (152

overni ght and PHéH %@ﬁ&ﬂ’t"m‘é{?l Lhe%ﬁ]d%r?qﬁlgg‘a@g’\g? Sedin 51?'%‘%' %ﬁu@ ‘ga??léﬁgp \(/av;gt e

((erl) eil ?Xe][ Inl gfahrbu{snl@é ‘HWRF(B(DUDMalflzf glmzlgraudﬁl (Hdl tJ‘mysno 5 Hz, 11&) 7.49 (dle—
UO n ul nuc.ll al n- n naa O

15car boxyl at e H*Yz\né}é’) Jg’égdd d T he meile ]ét) %M??ggﬂtymumﬁdd g Séat i on;

M5 (ESI +) jtsn/ 3123%) (s"dbéeﬁ)sn)wyfﬁ 18t £p H2; 1M, ﬂmxwrfe:m He H€3. l4i3hl7teﬁm

(R-1-(4-fluoro :
O o B k8 Yoty 7903 (T A 04 I o b P PHOM%LS7 C above

and HBTU (688 (mapls 840701 g, 1180 N M- g ek i RIo@R146:4 fosM-iyas stirred at
room
[0183] Step C: Following general procedure GP-G, 1-benzyl-3-({(quinuclidin-3-

ylamino)methy!)- 1 H-indazole-4-carbox ylate was converted to lithium (R)-1-benzyl-3-

20 ((quinuclidin-3-ylamino)methyl)-1//-indazole-4-carboxylate: MS (ESIH-) m/z 391 (MH11).
Step D: Following general procedure CP-H, lithium (R)-1-benzyl-3-((quinuclidin-3-
ylamino)mecthy)-1H-indazole-4-carboxylate was converted to (R)-2-benzyl-7-
(quinuclidin-3-y1)-7,8-dihydropyrazolo[3.4,5-de]isoquinolin-6(2/)-one, which was
immediately treated with hydrochloric acid following general procedurc GP-I to give

25  (R)-2-benzyl-7-(quinuclidin-3-y1)-7,8-dihydropyrazolo[3,4,5-de]isoquinolin-6(2H)-onc,
hydrochloride salt as an off-white solid: 'H NMR (500 MHz, CD:0D) 3 7.62(d,J=4.0
Hz, 1H), 7.56-7.51 (m, 2H), 7.29-7.25 (m, 5H), 5.65 (s, 2H), 5.29 (d, ./ = 8.5 Hz, 1H),



20t enperature for 22 h, and then concentrated under reduced pressure. The
crude material was filtered through an SCX-2 cartridge. The filtrate was
concentrated and purified by colum chronat ography (silica gel, 90:10:1

di chl or onet hane/ net hanol / concent rat ed amroni um hydr oxi de) and preparative
HPLC to afford (R)-2-(4-fluorophenyl)-7-

(qui nuel i di n-3-y1)-7, 8-di hydr opyr azol o[ 3,4,-5-de] i soqui nol i n-6(2H) -one. This
mat eri al 25was di ssolved in nethanol and treated with FICI (1.25M sol ution
in methanol). The m xture was concentrated under reduced pressure. The

resi due was |yophilized fromacetonitrile/water to afford

(R) - 2- (4- f | uobdPH&MALY.S Hiz( tid), ATEI(, diFrP. 3Hy,1)H)73.89-3.78 (m, 2H), 3.68-3.63 (m, 1H),

o 2o e RS O el o2 o

7.86-7.82 (m 1RHMS TESIO) mBOT3 @ﬁﬂ(ll!ﬂipllﬂ)\%%@m@ gU4QMmiRH), 5.37 (d, J =
17.0 Hz, ,527(d1170Hz 4.76-4.72 (m 1H), 3.96-3.91 (m

H, (dd = z 1y, iy H.,
A e G s TR

12.90 mn. Exanple 19- Preparation of
(R)-2-(4-Chl orophenyl)-7-(qui nuclidin-3- 7, 8-
di hydr opyr azol 013, 4, 5- deIIsoquinoIin-G( -one, hydrochloride salt 5C
[0188] Step A1 A nlxture of N

(R -7-(quinuclidin-3-yl1)-7, 8- dlhydropyrazo o[ 3, 4, 5- del

i soqui nol i n-6(210-one (100 ny, 0.35 rom Step C of Exanple 16,
1-chl oro-4- iodobenzene (100 ny, 0.42 kﬁ copper (1) iodide (3.3 nyg,
0.02 mmol ), N, N- 10di et hyl cycl ohexane~%, 2-di ami ne (11 pl1l, 0.07 mmol),

pot assi um phosphate tribasic (144 ny, 0.74 |) and toluene (I m) was
pl aced in a seal ed tube and degassed wth ogen for 2 min. The reaction
was heated at 110 C for 24 h and, after cooli the solution to room

tenperature, the solvent was evaporated and the residue was purified by

preparative Tt ! ! cageh. A3tk dhali ooy hanchpRInaBgbboaRCRNS T At of

anmoni um 15hydroxi de) preparative resultant co was t hen
treated wt h 13.25, M. IRhGbl)) 4qﬂnmb;b‘r&nyibommc atifl ¢4.6l g, 32.3 mmol) and copper(1l) acetate

R)-2-(4- r e U|nucI|
S hyar oy oI EPRE Drpfiony S sk Wiy st hen (3™ Apydras dishloametine @49 5 g
29 as a li ghtrn]YBﬂdhﬁWnSﬁhind (4 1 Hii, NBR im0 wkdzadd &R The Birxthi2 wWad deghssed ubddrz
1H), 7.44 (dd, 7.15

1
(m 4H), 4.95 t1ttBogan(2><) infi sgnla_&at am‘_tvekq f/zﬂﬁwelgbxr% %f ZIJ h. Thfémétuﬁ‘z\’/vdslﬁxéeniatgg 4 58
(m 1H), 3. 78ufder réduddd. preshize addthe rediddOwads ﬂ&fieﬂ’lby column chromatography (silica

gel, 0-30% cthyl acetate in hexancs) to afford methyt 1-(4-fluorophenyl)-3-formyl-14-

15 indazole-4-carboxylate (454 mg, 9%) as a brown solid. "H NMR( 500 MHz, CDCl5) 5
10.38 (s, I1H), 8.01 (d, J = 8.3 Hz, 1H), 7.91-7.88 (m, 2H), 7.80 (d, /= 7.1 Hz, 1H), 7.69
(dd, J= 8.4, 7.3 Hz, 1H), 7.53 (t, /= 8.7 Hz, 2H), 3.93 (s, 3H); MS (ESI+) m/z 299
(M+H).
[0185] Step B: To a stirred suspension of (R)-(+)-3-aminoquinuclidine

20  dihydrochloride (360 mg, 1.8 mmol) in dichloromethane (15 mL) was added sodium
hydride (144 mg, 3.6 mmol) in portions and the mixture was stirred for 1 h. Acetic acid
(0.15 mL) was added dropwise. Then methy! 1-(4-fluorophenyl)-3-formyl-1H-indazole-4-
carboxylate (454 mg, 1.5 mmol) from Step A above was added and the mixturc continued
to stir at room temperature for an additional 4 h. Sodium triacetoxyborehydride (1.3 g, 6.0

25  mmol) was added in onc portion and stirring was continucd overnight at room

temperature. The solvent was removed under reduced pressure and the crude material was



2H), 3.33-3.25 (m 3H), 2.45 (s, 1H), 2.20-2.15 (m 1H), 104-1.94 (m 3H);
M5 (ESI+) tniz 393 (M+l-1); HPLC 98.4% (AUC), tit 15.66 mn. - 64 -
5(01891Step Al A m xture of

(R -7-(quinuclidin-3-y1)-7,8-di hydropyrazol o[ 3, 4, 5-

ddi soqui nol i n-6(211)-one (150 Eng, 0.47 mmol) from Step C of Exanple 16,

1- br ono- 4- met hoxybenzene (80 nL, 0.64 mfdl-), copper(1l) iodide (61 ng, 0.32
mol ), L-proline (59 ng, 0.51 mmol ), potassium phosphate tribasic (225 ny,
1.06 nmol ), N, A"- dinethylethyl enedi am ne (55 gL, 0.51 mmol), 1, 4-di oxane
(1.5 ml) and HMSO (1.5 10 mL) was placed in a seal ed tube and degassed
with ar gon f opurticdi bry. coliiverchtdnetapghe dsitiaalpel, #&d0:¢1 osed and heat ed at 110C
for 17 h. The a8 Pomie QL ur with ethyl
acetate (3x) Rgﬁgﬂfzmwﬁwmé?&komﬁaﬁﬁ mnmomﬁﬁ%é hﬁggggﬁﬁ@gfiﬁgﬁ d"sodi um
sul fate. The f{4-ltsraprenias- (&M&ﬁlolﬂchhe@izarmdo)pmﬂ‘iymléﬂmbglzotelﬁfbpab(adyldms'ﬁll@ht

hydr ox dg) and BPEHL S o VB AR CPRATECLHGEN Combund (ad L Hen

treated W sh 14,25 M HE 1H)N7.68t7tsanel, 21y 7abiQue 7.9 Hz, 1H), 7.27-7.24 (m, 2H), 4.37

B2 e DRl S QLB ) o S YO gl o B

$0|1I az JTINR/R(&SQQ %IZ(ddD.ZQ)lsah 8 Hz( tH), £308.2 (kg 1 H,12:90)-2. 17(r5J1f0Qﬂ9?J7 813
(ot oL 10 o 6 amayny 5737 Cin S5 0351 6 (gt M G i 489 05 Y 5 .
111 4 76 4 1 e 100N 2 I EO E’élﬂ ~ Hlalz 1&!1530
2113 5 e 13%{71 3H)3t [§C8'ﬂ)§so$tﬂ (%}éb%ethzﬁl& flu8sop ¥ib)3 ((@1 117 10(?]m
3H: M (E@1+y1aﬁ11402m3t9915(1 Hwnﬁarom@!wg%e( Aape. k?mn@n}ﬂ) friom abs\a‘: in
Exanple 21 - Rgg ars%n)%d@lfo((& m‘}{\l%fa%&*1?thi(xﬂlmyﬂﬂﬁtde%dﬁo§ych‘élsé(3%2%@ 3.6

di hydr opyr azol o[ 3, 4, 5-'del 1 soqui nol i n-6(2/1)-one, hydrochloride sal

5[ 019015t ep AmnEg). Thinirguie hes phirensleti o empSetafs oxcaehEsnskthereconaentigigd hy | 6-
br oro- 3- f or ”v%naleitgfd'uQc%%%glgﬁ;l{h%%&mwa%ﬁcmmqgﬁﬁm@&um @afrithue of

regi oi someri ¢ produ
6- br ono- 3-f or Wiurﬁﬂf()%(flt fhiomeythlanyt 15 3 Be i ohiey -y methy - dandizele4l-

10, 86 {s. 15ry uBOy §MFA wASu ol Qi SRY ok R @89?@%1@%%918 (s.

2H),401(5334-I)M+I3)71(dd J1085 7.5, 2H), 093(dd J=18.5 7.5 H,

2H), -0.02 (9 ) an

14(2-(tri met h;llq%?"ﬁsyBet g%?&z‘;’n%f“ﬂ JiHe O%ﬁﬁ‘id‘ﬁéi&%‘ﬁﬁ‘% HOsSRIFRE>( 0. 60g, 38%
as a yeI | ow s hlduclllﬁnlyNMRm()ﬁ@lﬁylMﬂH 1nm3l)-ca8bok§)lafé7f(”cﬁn StpC, abBvedlahd(d, J= 2.0
Hz, 7.92 3.57 (dd, 1-
8.5, 7 5, 21- I‘%dfqbf’@ ”?(bdgg “T“D’émefv Nfl%c‘hﬁoné‘flﬁmde (6"83“’6%5“‘%1? rodm
15101911Step Bimpeailonrng hgﬂmn@lcoﬁf&ﬁ@né&mma%ﬂ&ed@map& 'Iﬂabatudélhﬂb(amie was

used as sol vent and sodlun1h§dr|de was used as base, X
6- br ono- 3- f or wgfﬁqg@hxough an SCX-2 cartridge. The filtrate was concennate and purified by

(trimethylsil X(ﬁﬁlﬁﬁh‘%?{%%ﬁ% thy tshilda igRIdo@ 0d- € dfth BAMRGReY ke ak Dbk eBivatdd 45 mmol )
was converted to (R)-nmethyl 6-brono-3 -g&@ ui nucl i din-3 élanlno)nethyl) 14( 2-

(trimet hyl si | pHECRERD YRR nduperavdiys HIPECho elpiddiy P-51-Bugropheayly’- 649 1 1H

NMR (500 20 h Y/ e ui N~ nc\ Phi ¢
4 27(4 % o nucm)-v Ws%% Jd?opgﬂa'zalo[(ﬂﬁ%]&éq ifdThh 6é§Hf53 (%s%ﬂar il.)d 310

(m 1H) 25983@s msoqmd usm):tha@l g pcabel with HEH)L, 251 @d}lﬂpn gometmm@kﬂ hc 1, 72 1.64
0y Sy iy i i Rl by 2,0,
gener al procedumnmﬁmﬂwwrmﬁmﬁhnﬂﬁyﬂ(GﬂHMmemyB7(qmnude13yD78
dihydropyrazolo]3,4,5-de]isoquinolin-6(2/{)-one, hydrochloride salt (83 mg, 16%) as an
off-white solid, '"H NMR (500 MHz, CD:0D) & 7.94 (m, 1H), 7.86-7.82 (m, 2H), 7.70-
30 7.66 (m, 2H), 7.36-7.31 (m, 2H), 5.37 (d, /= 17.0 Hz, 1H), 5.27 (d, /= 17.0 Hz, 1H),
4.76-4.72 (m, 1H), 3.96-3.91 (m, 1H), 3.84 (ddd, J= 13.0, 7.7, 1.7 Hz, 1H), 3.71-3.66



25((qui nucl i di n-3-yl am no) met hyl )-14(2-(trinmethyl sil yHet hoxy) nmethyl)-11/-in
dazol e-4- carboxylate was converted to crude lithium
(R) - 6-brono-3-((quinuclidin-3- ylam no)nethyl)- |

((2-(trinethylsilyBethoxy)nethyl)-1Hindazol e-4-carboxylate; M5 (ES1) nilz
509 (acid MtH)' - 66 - [0193)Step D: To a sealed tube containing a
sol ution of crudellthlum(R) 6- -63 -

br ono- 3- ((qui nucl i di n-3-yl am no) met hyl ) - 14(2-(tri net hyl sil ypet hoxy) nmet hyl ) -
111- indazol e-4-carboxylate 0.40 g, 0.90 mmol) in 2-propanol (40 nL) was
added 6N HCI (4 nL). The reaction m xture was flushed with argon, seal ed
and heat ed t o (2400, $.48-330 (B H), 2660l e@(nt.d HudrteR ] (mnPdr A2drd]md 2H),
concentrat ed yn, d. . pr t d and
purified by revgségigﬁ is;"zq‘é‘g%gﬁf’re‘%&?gm 53@&%%3%@%}9@}‘8 lgndlotar{“?l ein

wat er -both eluents contained 0.05%trifluoroacetic acid as nodifier). The
sol vent s wer e Exampledd -i Preparayionnfi(R)Re(4deidproptiem o t(ainudlidin-ryPak®t at e sal t
was purified further hysireparzdeldd,STdeds¢@iglin-6(2H)-one, hydrochloride salt

di chl or onet hane/ met hanol i concentrat ed amoni um 10hydroxi de) to afford
(R)-6-brorno-3-((quinuclidin-3-ylamino hyl ) - 1H i ndazol e- 4- carboxylic -
acid (119 ng, 40% as an anor phous whit lid: 11-1NVR (500 WHz, d4- MeOH)
6, 7.74 (d, J= 1.5 Hz, 1H), 7.66 (d,J= 1.5 Hz, 1H), 4.40-4.28 (in, 2H),
3.60- 3.30 (m 31-1), 3.22-3.00 (m 5¥xN% 26-2.20 (m 1H) 2.19-2.02 (m
111), 2.00-1.90 (in, 1H) 1.88-1.68 (m RH)| 15[01941Step E: Follow ng the
procedure in Step C of Exanple 16 for : b)qcl i zation and general procedure
GP-|1 for the hydrochloride salt forma A-N( R) - 6-

br ono- 3- ((qui nucl i di n- 3-yl am no) net hyl ) - 1H—i—;§azol e-4-carboxylic acid was

converted to

(R)-4-bronmo-7-(qui nuclidin-3-yl)-7,8-di hydr razol o[ 3, 4, 5- ddi soqui nol i n- 6(
2H) - one, kydrochloride salt (42 ng, 38% as &h anorphous white solid: 'H
NMR (500 MHz, 20c/4-MeOH) S7.86 (d, = 1.0 Hz, 1H), 7.64 (s, | H, 5.383-

5. 17 (m 2H), (881 (t, 1$te19A5Amzmtu1¢9f (RB7- Ienw@m%m(&wl) ﬁﬂ)dlhﬂii‘mf%obb?‘(ﬁn

T s ( EsLefoRraradshereeh o e Rgtpl ok O F e ds eI o,
- Prepar at i onimbbheérended mpH(L-meohy topperDabdidy Glong. B2mmohai3- y1) ) -
25 et B LR A2 e S LSRN A .
endo- 9- met hy 1uf; 0.74 mmol) and toluene (1 ml) was placed in a sealed tube and degassed with
nitrogen for 2 min. The reaction was heated at 110 °C for 24 h and, after cooling the
solution to room temperature, the solvent was evaporated and the residue was purificd by
preparative TLC (silica gel, 90:10:1dichloromethane/methanol/concentrated ammonium
15 hydroxide) and preparative HPLC. The resultant compound was then treated with 1.25 M
HCI in methanol to afford (R)-2-(4-chlorophenyl)-7-(quinuclidin-3-y1)-7,8-
dihydropyrazolof3,4,5-delisoquinolin-6(2H)-one, hydrochloride salt (2.5 mg, 2%) as a
fight yetlow solid. '"H NMR (500 MHz, D,0) & 7.52 (d,J = 8.5 Hz, 1H), 7.44 (dd, J =
8.5, 7.0 Hz, IH), 7.37 (d, .J = 7.0 Hz, IH), 7.20-7.15 (m, 4H), 4.95 (d, /= 17.5 Hz, 1H),
20 4.80 (d, = 18.0 Hz, 1H), 4.65-4.58 (m, 1H), 3.78 (t,.J = 10.5 Hz, 1H), 3.49-3.43 (m,
2H), 3.33-3.25 (m, 3H), 245 (s, 1H), 2.20-2.15 (m, 1H), 2.04-1.94 (m, 3H); MS (ESI+)
m/z 393 (M+H); HPLC 98.4% (AUC), fr 15.66 min.



azabi cycl o[ 3. 3. 1] nonan- 3- am ne di hydrochl ori de and net hyl
3-fornyl-1-nethyl- | 1-1- indazol e-4-carboxylate were converted to nethyl

1- net hyl- 3-[ (9- net hyl - 9-

5azabi cycl o[ 3. 3. 1] nonan- 3-yl am no) net hyl] - 1H i ndazol c- 4- car boxyl atc: 1H NWR
(500 MHz, CDCI3) 6738 (d, .J= 7.2 Hz, 1H), 7.55 (d,./ = 8.8 Hz, 1H), 7.50
(t,./ =7.5 Hz, 1H), 4.33 (s, 1H), 4.06 (& -311), 3.98 (s, 3H), 3.30-3.19
(m 1H), 3.18-3.08 (m 211), 3.06- 2.97 (m 111), 2.64-2.47 (m 5H),
2.42-2.32 (m 11-1), 2.07-1.82 (m 2H), 1.53-1.35 (in, 3H), 1.23-1.06 (m
211), 1.05-0.94 (m | H); M (APCl+) tn/z 357 (M+H). 10[01961Step B:

Fol | owmi ng general procedure GP-G nethyl 1-nmethyl-3-[(9- .

met hyl - 9- azabifepeipé] 20 -3 Prgpaeiiion-of (B L-NMe ey pRanyD-7Hapimgelidn -4 681 boxyl at e
was converted to |ithidihydropetlagip B3L-¢dispeninglin-6(2 H)-aps dydrospBrige $3ihonan- 3-
yl am no) net hyl ] - 1Hi ndazol e- 4- car boxyl ate; M5 (ESI) nilz 343 (MtH).
[01971Step C. Foll owi ng general proced -Fl, lithium 1-nethyl-3-](9-
15net hyl- 9- azabi cycl o[ 3. 3. 1] nonan- 3-yl ari/o) net hyl ] - 1H i ndazol e- 4- car boxyl a
te was converted to

7- (endo- N- ( 9- net hyl --9- azabi cycl o[ 3. 3. Pvdhs
di hydr opyr azol o[ 3, 4, 5- ddi soqui nol i n-6(2H) - ane, which was i medi ately
treated with hydrochloric acid follow \[rreral procedure GP-1 to give
7- (endo- N-(9-nethyl-9- N

azabi cycl o[ 3. 3. 1] nonan- 3-y1)) - 2- net hyl - 7, 8- gir-yydr opyr azol o[ 3, 4, 5- de] i soqui n
olin-6(2/0- 20one, hydrochloride salt: "H 500 MHz, DMSO-do) 69.44 (s,
1H, 7.75 (d, J =8.2 Hz, 1H), 7.53 (t, J =749 Hz, 1H), 7.45 (d, J = 6.8
Hz 1H), 5.19-5.15 (m 1H), 5.09 (s, 2H). 4.08 ¥¢th, 311), 3.84-3.76 (in,
0.21-1), 3.75-3.66 (m 1.81-3), 2.97 (d, | = 4.8 Hz, 0.211), 2.84 (d, .J=

6.8 Hz, 2.81-1[)1892. 33- 2522 A{ imnmixdire & (R)Z-Bincl@-F-p)- I Brgihydiops2azoloBB4.6-m
31-1); MS (ES1t)./nl/z 32 1 chi PLE 98, 9% ( it n.. 25Exanpl e
23+ br epar at (BB TP RGN HabrRay 7 Bt S S BB G PR 4, 3.
cdl i ndazol - 6( AxhcaRsnzinedROah) 064 daobakdpper{hOARELSt eyp, W32 Folol)odiprgint he
procedure in I , thyl 3-formyl- .”j%zol -4-car ] ate (Bl) and
benzyl broni dggﬁg@e&éﬁ‘ﬁ‘g@t %%aSPIerPg'P%PtG%%éﬁ ”f%gq()% AL NN
formny 12 1H-i Eﬁ@hﬁ&tﬁylé{hgigﬁdalwwh@(ts@ u@o.i’ﬁmmﬁ&%daox&aca.SNN?) @XDOMgidrz(1 .5CDC13) 6
10.54 (s, 1H), 7.78 J =7 .5 1.0 Hz, 11-1), 7.46. , =8..7,,1.2
Hz, 1f1), 1. 260 % PE%?Fd ipysealedriugand degispof] Wl%l),gonrf.%é%wr}-%ﬂz e S%?Bd, s 74
(s, 2H), 3. 98 a8 cloddd and MEatkERL 1) Okdr 1267 ThMbhbrion 1A 8Lt 8 BodRi temPbilaeivd, Ng
.general procedure GP-.1, nmethyl 1-benzyl-3-fornyl-1H _
extracted with ethyl acetate (3x%), washéd with water and brine, and dried over saturated
sodium sulfate, The filtrate was evaporated and purified by preparative TLC (silica gel,
90:10:1 dichloromethane/methanol/concentrated ammonium hydroxide) and preparative
15 HPLC. The resultant compound was then treated with 1.25 M HCl in methanol to afford
(R)-2-(4-methoxyphenyl)-7-(quinuclidin-3-yl)-7,8~dihydropyrazolo[3,4,5-de]isoquinolin-
6(2H)-one, hydrochloride salt (5.6 mg, 3%) as a light yellow solid. "H NMR (500 MHz,
D;0) 8 7.61 (d,J=84 Hz, 1H),7.51 (dd, /= 83,7.1 Hz, 1H), 7.43 (d, J= 7.0 Hz, 1H),
7.40(d,.J= 8.9 Hz, 2I1), 7.01 (d,.J=8.9 Hz, 2H), 5.07 (d. /= 17.2 Nz, 111),49] (d,./ =
20 17.3 Hz, 1H), 4.76-4.67 (m, 1H), 3.89-3.84 (m, 1H), 3.82 (s, 3H), 3.57-3.50 (m, 2}),
3.44-3.30 (m, 3H), 2.50 (br s,1H), 2.25-2.21 (m, 1 H), 2.17-2.10 (m, 3H); MS (ESI+)

m/z 389 (M+H), HPLC >99% (AUC), 1 14.42 min.



i ndazol e- 4-carboxylate (3.75 g, 12.76 mmol) was converted to nethyl

1- benzyl- 3-(2- oxoethyl)-1Hindazol e-4-carboxylate (2.79 g, 719 : 1H NMWR
(300 MHz, CDC13) 69.92 10(s, 1H), 7.83 (dd,./= 7.5, 1.0 Hz, 1H), 7.53 (dd,
| =8.7, 1.0 Hz, 1H), 7.38-7.32 (m 1H), 7.30-7.27 (m 3H), 7.17-7.14 (m
21-1), 5.61 (s, 21-1), 4.37 (s, 21-1), 3.97 (s, 3H); Ms (ES1+) 7)1/z 309
(M+H). 102001Step C. Fol Il owi ng general pr(écedure GP- K,

(5)-(-)-3-am noqui nucl i di ne di hydrochl oride (531 ng, 2.67 mmol) and net hyl
1- benzyl- 3- (2- oxoet hyl ) - 1Hi ndazol e- 154-carboxylate (1.37 g, 4.45 mmol)
were converted to Qp-nethyl 1-benzyl-3-(2-

(qui nuclidin-3-ylam no) et hyl) - 1H i ndazol e- 4- carboxyl ate (520 ngy, 46% as a
pi nk sol i d: Expmrlc2300Pnoppratiomef @Y)-47Bromo- Gguinucidm-3ghg8y, 11-1), 7. 49
(dd"/ = 8.5, 0.5 Hz, M)’drrrpmm?o[@,ﬂﬁ(mrsom)nolm 6Eipors hydrockdpyide salt 4. 7. 12
(m 21)) 5.57 (s, 2H), 3.97 (8, 3H), 3.14-3.09 (m 1H), 3.06-3.01 (m
1H), 2.96-2.91 (m 1H), 2.84-2.79 (m 5HN 42-2.38 20(m 1H), 2.02 (s,
2H), 1.83-1.76 (m 2H), 1.68-1.62 (M 1H)4%Z%%.49-1.43 (m 1H), 1.31- 1.25
(m 1H); M5 (ES1+) nth 419 (M +l) 1020118t p Do Follow ng general procedure
GP-L, (S)-nethyl 1-benzyl-3-(2- . N

(qui nucl i di n-3-yl am no)ethyl)-1Hi ndazol -4- gar boxyl ate (520 ng, 1.24 mol)
and |ithium hydroxi de nonohydrate (129 37 87 nrnol) were converted
lithium (8)-1- 25 NH

benzyl- 3-(2 (qui nucl i di n- 3-yl am no) et%yl ) - 1H i ndazol e- 4- car boxyl ate (509
ng, (want. S i tyqf

purificati on ?‘%\/% I’ ESI +C§?Cﬁl\$zrdil(§%q‘ l\tﬁﬁbn@B@efgI%gg:SL%%%%f\gé@gHallsllgl&?} ?{)n of the
crude lithi umb(os)o.3 formb;lghfiy@a@( Qxéld?gnﬁmgwﬂ@q;qmerted to a mixture of regioisomeric

3-yl th | e-4 Step D
above 1n . 50 BEitSeh W&é@ﬂ%&%@%ﬁﬁf@%&%@%&l% phmel g RSP
mol ) at 0 C. céibostsieec @oidve 39%Baastd wiowaslidadd M/Hl{}ﬂﬂm@ﬁném@s)rﬂﬁb}ﬁﬁdsaldﬂd

| hyd 50%.i | t 4 h
mxt ur e vas. PP 20 6 For 120 . - e 1t Cute Pof kel 3s
E) reat gd th mh( lg gsi ns, ;(HZ)SO ot )ddand 8537 st ml)t amn?(@glss)&?h tﬁeﬂ@h?@fan&ﬁ%ﬁﬁmyl—( .
| car bonat e nmpoun S extracted w 0 ane X
100 1y and { RLCHONBr AT ORERAE Iy L & pie e A LRt 5 S5k 1 el

(Na2SO4) , fil targdsoriangy ]ch(@m K/ﬂ{zeéD@'ﬂ?@rlo 7 uggds 04 &ﬁ?urzeo HE, h@gc‘f yre
mat erial was purified by colum 5chromat ograp S|I|ca

ge
di chl or onet hatds, det2dbidel | Fo.cntent 3t 680 @Sni‘iféhﬁéﬁ‘r{dd J=83,75, 2H) 0.91 (dd,J =
8.5,7.5 Hz, 2H), -0.03 (s, 9H).
15 [0191] Step B: Following general procedure GP-F, except that dioxane was used

as solvent and sodium hydride was used as base, methyl 6-bromo-3-formyl-1-{(2-
(trimethylsityDethoxy)methyl)-1H-indazole-4-carboxylate (0.60 g, 1.45 mmol) was
bonverted to (R)-methyl 6-bromo-3-((quinuclidin-3-ylamino)methyl)-1-((2-
(trimethylsityl)cthoxy)methyl)- 1 H-indazole-4-carboxylate (0.49 g, 64%): "H NMR (500

20 MHz, CDCl) 8 7.92 (s, 1H), 7.89 (s, 1H), 5.67 (s, 2H), 4.27-4.18 (mn, 2H), 3.99 (s, 3H),
3.55 (dd, J = 8.0, 8.0 Hz, 2H), 3.16-3.10 (m, 1H), 2.98-2.70 (m, 5H), 2.56~2.50 (m, 1H),
2.00-1.90 (m, 3H), 1.72--1.64 (m, 1H), 1.50-1.44 (m, 1H), 1.40--1.32 (m, 1H), 0.90 (dd, J
= 8.0, 8.0 Hz, 2H), -0.04 (s, OH); MS (ESI+) m/z 525 (M+H)".

10192] Step C: Following general procedure GP-G, (R)-methyl 6-bromo-3-

25  ({quinuclidin-3-ylamino)methyl)-1-((2-(trimethylsilyl Jethoxy)methyl)-1H-indazole-4-
carboxylatc was converted to crude lithium (R)-6-bromo-3-((quinuclidin-3-
ylamino)methyl)-1-((2-(trimethylsilyDethoxy)methyl)- 1 H-indazole-4-carboxylate; MS
(EST) n/z 509 (acid M+H)'.



hydroxi de) to afford
(S)-2-benzyl-7-(quinuclidin-3-yl)-8, 9-di hydro-2H azepi no[ 5, 4, 3-

cd] i ndazol -6(7H)-one (316 ng, 66% as a white solid: LH NVR (300 Mz,
CDCl13) 6 7.98-7.95 (m 1H), 7.45-7.43 (m 2H), 7.32-7.25 (m 3H),
7.119-7.15 (m 2H), 5.57 (s, 2H), 4.85-4.68 (I H), 4.20-3.90 (m 211),
3.45-3.38 (m 1H), 3.35-2.90 (m 71-1), 2625- 102.15 (m 1H), 1.95-1.55 (m
4H); M5 (ESI+) tn/z 387 (M+H). [0203] Step F: Foll owi ng general procedure
GP-U, (5)-2-benzyl-7-(quinuclidin-

3-y1) -8, 9-di hydro- 2H azepi no[ 5, 4, 3- 4i ndazol - 6(710- one was converted to
(S)-7- (qui nud¢0i9d| n- 3- yStyp B; Jodista/ditobddnminey arofuon oBeradd ItbiamdiRy-6( 7

;ll), Ogggu r Z/BG(DE | #%cggi((%lm ﬂ%dnn{}/%:l_?amina]b;?%gtégl?—]} —g%%@nr(rﬁeth)ﬁgl)Jl)gtWo%mgﬁlgﬁ-rlﬁ_

di hydro-211- ammidmbé 5 cdrb3xdits DAdaz@b o mEidH)in Dpeopams (4A0onkewiseddedoN HCI (4
(S)-7-(quinucli - . . oy .

y1) - 8, 9- di hydt’TBS h‘éféfﬂoﬁﬂ’ﬁuﬁﬁ vias e PE U GIre%s  SFA5Y ARkPeeisy & 5EhiPT i salt:
LH NNR (50@) Mrizin, c%@@t@@exﬁtehﬁ)eﬁ&réhﬁ co&d:éhtrat&.d)mﬁﬁr l(ebﬁcc(i jaH);hure? ™ (d, J =
7.0 Hz, 114

= 70 (t,
J =8.0 H, 1F5$'d“aw E)C%“’%ra %a“%PBf]ilﬁ)?d"g r%‘sﬁg’f% € PeRL- %‘ipdi")“"é ‘Z‘%E%Qgé (
1H), 2.10-1. 8Qc€(téﬂltr1{]d‘ﬁ1 ‘wabdp 0 &Bkhints UnZai@ 0.05MHrfordile e ?&@aﬂ%@ﬂ&@Thdlt
10.99 mn. Exanple 24 - Preparation of

(S) - 2- Met hyl ?ol(/%fm WEFE ST vEd L gy @dghmqﬁm%ow trifluoracetate salt was purified

azepi nol5, 4, 316} Wﬁ%ﬁixat%mﬂ?(@@q d:m&‘b%mh@}’ﬂagﬁmﬁa&&dxw&ﬁatea5mmomzl(9n
i ndazol e-4 carbox e: NVR (500 MHz, CDCI3) 8 9. &wethﬂﬂﬁ 90 (dd, J—

7.3 Hz, 1|.1|f) -yny@gm(lﬁ}'to afiyrd (p)- @-glocmmj ((HBHHU(.‘AICfB]l:; (Igmm? nc(gdzolgﬁ)
(s, 3H). 1020@%@8&%%@5&'9‘& 1404,) Q@HPJn?drprquG/ﬁf#@{o%GE’rMR(soo MHz, ds-

(S) (-) - 3-am noqui'nucl i di ne di hydrochl oride and mneth
- met hyl - 342- ddadBiyl 7) 7241 brhde&zoﬂlé) A-664d, bfdxyﬁaltzeih"bbeﬂéO 4.28 (n, 2H), 3.60-

3.30 (m, 3H), 3.22-3.00 (m, 5H), 2.26-2.20 (m, 1H}), 2.19-2.02 (m, 1H), 2.00-1.90 (m,
1H) 1.88-1.68 (m, 2H).

15 [0194] Step E: Following the procedure in Step C of Example 16 for the
cyclization and gencral procedure GP-1 for the hydrochloride salt formation, (R)-6-
bromo-3-((quinuclidin-3-ylamino)methyl)- 1 H-indazole-4-carboxylic acid was converted
to (R)-4-bromo-7-(quinuclidin-3-y1)-7,8-dihydropyrazolo[3,4,5-de]lisoquinolin-6{2H)-
one, hydrochloride salt (42 mg, 38%) as an amorphous white solid: 'H NMR (500 MHz,

20 dy-MeOH) 8 7.86 (d,J= 1.0 Hz, IH), 7.64 (s, 1H), 533~ 5.17 (m, 2H), 471 (t. J = 9.5
Hz, 1H), 3.74-3.56 (m, 3H), 3.48-3.30 (m, 3H), 2.62-2.58 (m, 1H), 2.44-2.32 (m, 1H),
2.20-2.08 (m, 2H), 2.06-1.94 (m, 1H); MS (ESI+) m/z 362 (M+H)"; HPLC >99.0%
(AUC), 1 10.25 min.

Example 22 - Preparation of 7-(Endo- N-(9-methyl-9-azabicyclo]|3.3.1jnonan-3-yI))-
25 2-methyl-7,8-dihydropyrazolo{3,4,5-defisoquinolin-6(2 H)-one,
hydrochloride salt

H,C~Ne

b

L2

CH,



5converted to (5)-nethyl
1- met hy1- 342- (qui nucl i di n- 3-yl am no) et hyO- 1H i ndazol e- 4- carboxyla.te (723
ny, 64% as a yellow solid: 11-1INWR (300 MHz, DMSO-d6) 6 9.65 (bs, 11-1), |
7.83 (d, = 7.3 Hz, 11-1), 7.80 (d, .1 = 7.2 Hz, 1H), 7.51 (t, = 7.2 Hz,
1H),4.71 (m IH, 4.10 (s, 31-1), 3.91-3.43 (m 4H); M5 (ESL+) nt/z 343
(M1-H. 102071Step C: Follow ng geperal-(ﬁr-ocedur_e GP-L, (S)-nethyl
1- nmet hyl- 342- 10( qui nucli di n-3-yl am no) et hyl ) - 1H i ndazol e- 4- car boxyl ate was
converted to lithium (S)-1-
met hy1- 342- (qui nucl i di n- 3-yl am no) et hyl ) - 1Thi ndazol e- 4- car boxyl ate: M5
(ESI+) tn/z 329 (M+rH). 102081Step D: Fol l owi n eneral procedure GP-M
l'ithium(S)- 1{0ﬁ9§§hylf) 3483%ep A: Foliowﬁlg general pl‘OCGdUI’g G%—F, endo-9-?nc—:thyl-9-
ECS];J ! gufrlalt glyr % {:?OB%) F]nm 9 Lo 5‘19? Qe GRI 1%81)6}/]' ﬁ‘%?m%?—m%m}}/-w{l ed to
7- (CII(.II nucl i di mdﬁzcyé)-’l&argedlliwdrem-caﬂ.\f@i‘tecameﬁét]nﬁ[lﬁndhﬁ-%ﬂ?-irm}dam@’r -6(710- one:
NVR (500 Mz, 8.7.85 ( 2 7..55 (t =, 7. 1 : m
1, 212 £ e a s R pyhmias s e ngoacd vbotifuc ol 860,1 T
f. ég (1m611(H) Nﬁw@don) be)S (4370026 113,552, 8#(@}122@)5720@:0;27@332(,95718 2H) E

. 80- 1. m t e
Fol | owi ng genéﬁéel4 %r(édéatﬁné( @QHQ 3?83 %Hhét?’ﬂy:‘llg](“( dﬂ)nmﬁl_')}(ﬁ)igﬁm 308 P
3-y1) - 8, 9- di hydy0m2HAZ @RI 3, 41520012 BElaR 0l )0F . FH)1- 2N, VA 103RY8s ted to
(S)-2-nethyl-
7- (qui nucl i di AH3-\2B)y1.86 onfthy HP 0Nz &) b} GAL1B A PP REdZE)-- 6( 7/ 1) - one,
hydr ochl orj,de N Igg/ﬁg (84 (d, J =
7.3 He, 1f'01) [@kfw (g/%tééé’%f'}{g%% 4l r@%‘ﬁgé@ (?,Am&pﬁl ﬁkkﬁlf_'zy, @ 471
(m IH, 4. 03n(ethyl-82zibicysloed. B]n@gm(%yiarﬁmp)m@tam B@uqdwois—f q};bomatmms 05 (m
2H), 2.51-2.3 L 1, (M+H); HPLC >99%
o i s é?-(\}ened %Fl)thﬂrﬁ 1%@1739@ %thyﬂ%ggagg@cl(aﬁ ?1%1:11 3 6
(S) - 2- Et hy1- 7y{aquncimethiy @HIH—leéyle)e—@qﬁamlyllagedm(ESﬂ) ml 343 (M+H).

Fol Lot ng gendfa7! pr ocatiits’ BT PKS] RECB G Bty PRERPATER &

i ndazol e- 45c amﬁﬂ?yy-DaE.&no&@S[xb h]memhéi;lyihmmn}zﬁé‘nly}ﬂ] 1 H-indazole-4-carboxylate was

1- et hyl- 3- ( 2- oxoet n ol e carb VR VHz,
CDCI 3) 6 9( 90 °f" E’f’“i%)o é”é‘lérf"d @“kahyﬁaazﬂ?w"fﬁ%qﬁi“"é? %a?))“?l‘f“é’(ﬁ%{ 7.41
(t, J = 7.4 Haihydidpyratbld8,4(50/e]iddduinofind2 H)sone 2hidl) waSinfied(#sly Bthted \ihtlS? (t,

31- 1) 101021 ]Step B: Fo ow n ener al dur.e
(8)-(-)-3-ani HBYaF ‘Elt"lﬁclﬁ'i R Owrﬁgﬂ%@ém%ﬂugf‘e‘gﬁﬁao Bt Ay fp @50 N-(9-methyl-9-

1-et hyl 3-(2- @m&%msb)} ﬂ}l%daﬁdaﬂplﬁnéth?laﬂ&@mﬂh@ﬁﬁamS4C50ﬂe§ﬁéctﬁd)lnh%(”}[)-
(8)-nethyl 1-eth (‘2 (qui nucl i din-3-ylam no) ct hyl) i ndazol e- 4-
car boxyl at2§ o1, DY WA ¢rB TGN NG MBZDNBOe) 6 3.44 (7 180,175 (41782, 56 (d,
'31_-1)7 5 313 (111? }%’%% gL 9|H7 1%)274?12(8 Aok, 333216.%.12H), 153530 (€S

21), 4.08 (m, 1>H) 3. 84 3. 76 (m, 0.2H), 3.75-3.66 (m, 1.8H), 2.97 (d,./ = 4.8 Hz, 0.2H),

2.84 (d,.J= 6.8 Hz, 2.8H), 2.33-2.22 (m, 5I1), 2.15-2.00 (m 2H), 1.72-1.38 (m, 3H); MS

(ESI+) m/z 325 (M+H); HPLC 98.9% (AUC), 7 13.55 min.

25  Example 23 - Preparation of ($)-7-(quinuclidin-3-y1)-8,9-dihydro-2H-azepino|5,4,3-
cd)indazol-6(7H)-one, hydrochloride salt



15(m 5H), 2.63 (in, 11-1), 2.01 (m 2H), 1.81 (m1H, 1.67 (m | H), 1.43
(t, 3H; M5 (ES1+) tn/z 357 (M+1ll). 102121Step C. Fol | ow ng general
procedure GP-L, (S)-nethyl 1-ethyl-3-(2-

(qui nucl i din-3-yl am no) et hyl ) - 1H i ndazol e- 4- car boxyl ate was converted to
l'ithium(S)-1-

et hy1- 3- (2- (qui nucl i di n- 3-yl am no) et hyl )-@H i ndazol e- 4- car boxyl ate: | H NMR
(500 20MHz, DMvs0-4) 6 8.49 (s, 1H), 7.35 (d, J= 7.3 Hz, 1H), 7.19 (t, = 7.2
Hz, 1H), 7.08 (d. J =7.2 Hz, | H, 4.31 (q, 2H), 3.23 (n, 2H), 2.90-2.50
(in, 5H, 1.81-1.49 (m 5H), 1.30 (t, 3H), 1,14 (in, 1H); M5 (ESI+) tn/z
342 (M+H) . 10311[98& ep DBtefral [Folwwigg gempercadurpmdoeaipice, Gethiv| 3-farni- Uita

\(NS)S (]:' Oﬁ'\[lg?/'g- eg zc(l%guclﬂx%ggﬂilltgl(lgl) And Lcahg]quggmldg ¥\| )e cjdrl;tclltrc}&] oanl!:tﬁylzll_-ig:e%r)H-%x ylate

2R5§ ggb ntI\JAaIZ [ dlDl\rrggnyJH lﬁda%idlﬂitt)édfoﬁylzﬂd-(aZE@l48€JED5',PI4NBIRO(GU(] mr&azom@ems@(sone NM
7.47 (t, | = lﬁg(dﬁ 4477541 %HZ(I#H 71@6‘“ erﬁé’ EEH'ZJU“”?%@ﬂz‘“(MHi 12 (n

1H), 3. 89 3. 69/ 403?55 rﬁr@Hﬁ ’rbs 7&0%% 21(1}115 72'(9 21—1 31)@ (€ ) M8 (ES+9R 2y 111) ,
- 3.00.(m. , E , 80-1.61 (m 2H), 1.45 (m
1H), 1. 38 (t 1M+ﬂ)2 Hz, 3H) (I\/IS (ESI +) tn/z 325 (M+H) [02141Step E:

Fol I owi ng QGHQGﬁJg}fr Oceﬁ%g @a'lchmé @ne?&‘l EITOEBGIMJGF( G uhdiiag | bR 3=formyl-1H-
y1) -8, 9-di hydro- 2H azepi no[ 5, 4, 3-ccf| i ndazol - 6( 7H) - oné was converted to
(S) - 2- et hyl - 7-ndazole-4- carboxylate (3.75 g, 12.76 mmol) was converted to methyl 1-benzyl-3-(2-

hyarochi or i do Xt P il EicEptas CERRLE D) P g R, opEriB o907,
.J= 7.3 Hap | (H)m)m&O(dadJ 25,7 $HEZH)1H3 (dd, 5@8(711031; )27 Bt 7. H)n, 1H)69(m

U TR SR LUt Mg T R

2.39-2.35 (M bz B9 M@nL0-2.03 (n, 2H), 1.80-1.61 (m 2H) 1.38 (t, J—72
Hz, 3H); 10 MS (ESI +) Rih 325 ﬁ H; HPLC >99%<§35AUC£$ R 8.78 nin. Exanple
26 - Preparat il8#0f ( S)Stor s Epleyypa eoncragaionsers VL 8*“91061?1H“§F&F11602H

azepi no[ 5, 4, 3-QkiRABAM 8{ £ig) 2. 6NBimoMy:el ailyPT beley SRl oxdethyl)- | H-indazole-

15 4-carboxylate (1.37 g, 4.45 mmol) were converted to (S)-methyl 1-benzyl-3-(2-
(quinuclidin-3-ylamino)ethyl)- 1 H-indazole-4-carboxylate (520 mg, 46%} as a pink solid:
'H NMR (300 MHz, CDCls) 3 7.70 (dd, J = 7.0, 0.5 Hz, 11}, 7.49 (dd, /= 8.5, 0.5 Hz,
1H), 7.34-7 .31 (m, 1H), 7.29-7.22 (m, 3H)}, 7.14-7.12 (m, ZH), 5.57 (s, 2H), 3.97 (s, 3H),
3.14-3.09 (m, 1H), 3.06-3.01 (m, 1H), 2.96-2.91 (m, 1H), 2.84-2.79 (m, SH), 2.42-2.38

20 (m, 1H), 2.02 (s, 2H), 1.83~1.76 (m, 2H), 1.68-1.62 (M, 1H), 1.49-1.43 (m, I1H), 1.31-
1.25 (m, 1H); MS (ESI+) m/z 419 (M+H)

10201] Step D: Following general procedure GP-L, {S)-mcthyl 1-benzyl-3-(2-
{quinuclidin-3-ylamino)ethyt)- 1 H-indazole-4-carbox ytate (520 my, 1.24 mmol) and
lithium hydroxide monohydrate (129 mg, 3.07 mmol) were converted lithium (S)-1-

25 benzyl-3-(2-(quinuclidin-3-ylamino)ethyl)-1H-indazole-4-carboxylate (509 mg, quant.
yield), which was used in the next step without further purification: MS (ESI+) mi/z 405
(M+H).

[0202] Step E: To a solution of the crude lithium (S)-1-benzy!-3-(2-(quinuclidin-
3-ylamino)ethyl)- 1 H-indazole-4-carboxylate { 509 mg, 1.24 mmol} from Step D above in

30 DMF (25 mL) was added N, N-diisopropylethylamine (1.22 mL, 7.44 mmol) at 0 °C. To
the above reaction was added 1-propanephosphonic acid cyclic anhydride (T3P) (50% in

ethyl acetate, 3.94 g, 6.2 mmol) and the mixture was stirred at 0 °C for 1.5 h. The



H 3C 15102151Step A: Foll ow ng general procedure GP-J, nethyl
3-fornyl-1-isopropyl- 1Hindazol e-4-carboxylate was converted to nethyl |

-i sopropyl- 3-(2-oxoet hyl ) -1H ndazol e- 4- carboxyl ate: | FINVR (500 MHz, CDC13)
6 9.90 (8, 114), 7.82 (d, .J=7.4 Hz, | H, 7.64 (d,J=7.3 Hz, 1H), 7.43
(t, J= 7.4 Hz, 114), 4.84 (m 1H), 4.32 (s, 2H), 3.97 (s, 3H, 1.65 (d,
6H). 20102161Step B: Fol | owi ng general pr@cedure GP-K,

(5)-(-)-3-am noqui nucl i di ne di hydrochl ori de and mnet hyl |

-i sopropyl- 3-(2-oxoet hyl )-1H i ndazol e- 4- car boxyl ate were converted to
(S)-nethyl 1-isopropyl-3-(2-(quinuclidin-3-ylamno)ethyl)-1Hinclazol e-4-
car boxyl at e T¢dcVRN (X600 widHzate@DOHIing (25, MB) ¢nd satdratcd Aq ooz solatin, of odopd, J

= 7.2 Hz, Ji =L, . 0, , ;
3.50- 2. 90 (n bé‘ﬁﬁb%ﬂa‘égzs(m#' 3@??"‘5@.“@?’5‘%%’fté‘f’t%&o“’,(tﬂf.‘%g)‘?“ﬁ%?%@§f9§§%8 m
H, 1.55 (d, 6hfthehBnbiESlarginié BySdefeMeshed }i0EintStrep (82,SPa), ibwkehgngener al
d GP-L S)-nmethyl 1-i di I t hyl
T hdasol e SsPtBRrareedise? BBORY g otge pRiHRl i oufihRu o doigi o) et V)
i sopropyl - 3- ( 2hfoeHatonts@hy c&ilmagely@(a@ﬂl Id&hiﬁtdiyétl)an&,hethadamh@n#atemmbmmhat e: H

()27 g ohagals Ve piqghuidy Y S o nit v gngB A, 5101

2.90-2.50 (m c?]lri@azoljé ﬁl}‘(ﬂﬂe‘@]drﬁ% 6640 as dwhide foBid: L@H)JMR]BG@MHQ cbtl)s 1. 14
(m 1H); M5 (ESI +%’ infz 329 ( . 5102181Ste ener al

procedure GP- 98T PHTBH)ERISLT] 4§é@,gg,)/13g_7225& 3, 1o N8 SR 2

Eg;“ gfm I di n- 3y |45 0@} efbyk o bl (RdaAPhersds SRR XY Py L 2WAImC oAy enked to
i sopr opy 1-19- ( @uisimi &), di%=155/1), 48):GME B w2387 &YePd.no[ 5, 4, 3- ed] i ndazol - 6( 7

I:I-é) 22?1; H y ?PO Mz tg%polm&%c %‘gi }grgeed e (?Pg @22 br]\]a]hgyi 77(q1?1guc§l_igm3‘] 107 4
(m 8H), 2.313¢h8 Qﬁ)uyd@ Worazpig[ 103 m/]uﬁilaaol 60.7HD8)ﬂ€= was ecra)vextwso((sg +) tnlz

?%)9_ (2|_\/:+|S-|)Opr ([)05%1_119113]}% ng 3= yl) E@ (1111%/ ro-gliggep?no?fl) 4, E) Qﬁl?(gg(gl%(% J)\tjle MS (ESI+) sz

(qui nuel i di n- 39y W+8).9- di hydr o- 2H azepi no[ 5, 4, 3- ed] i ndazol - 6( 7H) - one was
converted

(S)-2-i SOpIEOp)H_ZO"] (qui &l Pl alopvipg sensrabprocdups GP-Dly(Q7algr e K3 3Dt ndazo
| -6(7H) - one, gy@gmﬂ mfl cpthe] S5 -ta MR 6B -dibizvas EISEHEY 16 ).5)67- acmgﬂenc(lm— .
11-1), 7.91

o, )1H) 5. 00 TS fyerd Pl Ao i i BT o dregibi et Mol
2.10-1.78 (m (ﬁjd)Mﬂ% 15'1@8()%) S .03 &NE;H)EQ 30 % 211:8327€ Mrb=7.HRL G B 98% WAUC) ,

tit 9. 25 m n. Exa - Preparation of

(S) - 2-benzyl- 7- (% lmﬂél)l a%ua/y&?ft; OHH AP d =2 Hz, 1H), 4.10-3.35 (m, SH),
azepi no[ 5.4, 3308l (daz ek 6(6195908R, 1 BYSTRANQK, 98): 384 EESI+) m/z 297 (M+H);

HPLC >99.0% (AUC), i 10.99 min.

Example 24 - Preparation of (§)-2-Methyl-7-(quinuclidin-3-yD}-8,9-dihydro-2H-
azepino|5,4,3-cd[indazol-6(7H)-one, hydrochloride salt

25
[0205] Step A: Followiny general procedure GP-J, methyl 3-formyl-I-methyl-

1 H-indazole-4-carboxylate (B1) was converted to methyl 1-methyl-3-(2-oxoethyl)-1H-



N@ 20 102201Step A: Foll owi ng general procedure GP-El, nethyl
3-fornyl-1/1- indazol c-4-carboxylate (B1l) and benzyl brom de were converted
to methyl 1-benzyl-3- formyl-1//-indazol e-4-carboxylate (375 g, 42%.:NWR
(300 MHz, CDC13) 6 10.54 (s, 25 1H), 7.78 (dd, d = 7.5, 1.0 Hz, 1H), 7.46
(dd, J=8.7, 1.2 Hz, 1H), 7.46-7.41 (m | H), 7.40-7.29 (m 31-1),
7.25-7.20 (m 21-1), 5.74 (s, 21-1), 3.987qs, 311): M (ES1+) //az 267
(MHH). - 74 - [02211Step B: Foll owi ng general procedure GP-J, nethyl

1- benzyl-3-fornyl-1H indazol e-4-carboxylate (3.75 g, 12.76 mml) was
converted to nethyl 1-benzyl-3-(2- oxoethyl)-1/1-indazol e-4-carboxyl ate
(2.79 g, 719% :indabtBRB-ca308yIMZ' 1 }XIIR! (3)0 BHIzQQDC&) 3180 (57118}37(9&«3@ J=33% .5,1

.0 Hz, 11-1 1 8- 57. 30 7.27

(m 3H), 7. ?nPgZ iﬁ) (7%(3(%5“)3‘%1“‘ Isl'?) %Hr%—d gplh? Pi 3%‘?1)3329% (s 3H): M5

Eg)ﬂzf))' g/ z 3Q@206M*H)| %@1222]5%@{311&%?&1 bgm@&@me(%}l( )p”f@@ﬁdtl“lﬁlc‘ﬁg’fﬂlﬁ ]
am noqui nucl.i di ne di rochl ori de and net

1- benzy1- 3- (ZdHB%S'é’FWW?e %@%I&Vﬁdeiéa@waw@l iﬁ(r‘r?da@‘% "8"Caﬂ’°ﬁ§gtﬁf?‘ﬁf°) Wer)e/

converted t50 (cSvcred WB’)-%tmﬁmlﬁﬂerh i-(?Z -(quinuclidin-3-ylamino)cthyl)- lH—mdazolc 4-

lO(C]UI nuel i di n- 3-yl am no) et g i ndazol 8H4 car boxyl ate (520 469% as

a pink solid: cafHonNge (@é@ngvé&% eooielyweaolid (@OMHZG) Ofsfo 43- 1),

; ‘1‘2 (7d§'2 Z]m_ (%H)gﬂéﬁtﬁ 45% 7%)3‘9}};3 ]i=(‘f|_%lly'i)ﬂ) ?5?@ = ?%1({1011)'3&:')706_3 o1

(m 1H), 2.964®@, 84), 6@(&3111)39123@44@4?19, ﬁ](E$lH=|)m/z:_843fﬁ\42H38 (m 111) 2.02

(s, 211), 6 4 41, 31-
151.25 (m 1F|§[0£ONE (ES1+ St)%g?” /ngr 06‘%&?%@ M"f@sﬁ%&&’%‘ ﬂ%l Ir%:\}\n ng (gener al
pr ocedur e 1GP- l(qulmﬁ)]dmef{ Piytnindydeiz \A-iBlagdde-4-carboxylate was converted to lithium (S)-1-

(quinucl idin- 3, :}‘éﬂ?@gﬁ% %.-31-1, al'n”d Al eiﬁgldng}?é’ﬁéf?%%&?%ﬁ’s é?’)tl’“’g4 ol )

and lithiumh Fé co
l'ithium (S)-1329 (M+H).

benzyl- 3- (2-( cﬂﬂﬁgrd di §|tc Dyl:cainwm getng al Brocela'ﬁreWK/lOIht?num Eﬁr bOéM)Ll%t_&_ (509

, quant.
(quinuclidin-3-ylamino)ethyl)-1H-indazole-4-carboxylate was converted to (S)-2-methyl-

15 7-(quinuclidin-3-yl)-8,9-dihydro-2 H-azepino[5,4,3-cd]indazol-6(7H)-one: "H NMR (500
MHz, DMSO-ds) & 7.85 (m, 2H), 7.55 (t,J = 7.3 Hz, 1H), 4.66 (m, 1H), 4.12 (m, 1H),
4.09 (s, 3H), 3.89-3.60, 3.55 (m, 2H), 3.32 (m, 2H), 3.16 {m, 1H), 3.09 (m, 1H), 3.00 {m,
1H), 2.81 (m, 2H), 2.10-2.03 (m, 2H), 1.80-1.61 (m, 2H), 1.45 (m, 1H); MS (ESI+) m/z
311 (M+H).

20 [0209] Step E: Following general procedure GP-N, (S)-2-methyl-7-{(quinuclidin-
3-y1)-8,9-dihydro-2 H-azepino]5,4,3-cd}indazol-6(7 H)-one was converted to (5)-2-methyl-
7-(quinuclidin-3-y)-8,9-dihydro-2 Fl-azepino[5,4,3-cd]indazol-6(7 H)-one, hydrochloride
salt: "H NMR (500 MHz, DMSO-ds)} & 10.54 (bs, 1H), 7.84 (d,J = 7.3 Hz, 1H). 7.79 (d,
J=73Hz, 1), 7.53 (1, J = 7.4 Hz, 1H), 4.71 (m, 1H), 4.03 (s, 3H), 3.98-3.39 (m 5H),

25 330 (m, 3H), 3.20-3.05 (m, 2H), 2.51-2.34 (m, |H), 2.01--1.79 (m, 4H); MS (ESI+) m/z
311 (M+H); HPLC >99% (AUC), £ 8.32 min.



20yi el d) which was used in the next step without further purification: M
(ES1+)/uk 405 (MtH). [02241Step E: To a solution of the crude lithium
(8)-1-benzyl-3-(2-(quinuclidin- 3-ylamno)ethyl)-1Hindazol e-4-carboxyl ate
( 509 ng, 1.24 mol) from Step D above in DWF (25 nL) was added

N, N-di i sopropyl ethylam ne (1.22 nL, 7.44 mmol) at 0 C. To 25t he above
reacti on was added 1-propanephosphoni c acild cyclic anhydride (T3P) (50%in
ethyl acetate, 3.94 g, 6.2 mmol) and the m xture was stirred at 0C anbi ent
tenperature for 1.5 h. The reaction m xture was treated with brine (25.nL)
and saturated aqueous sol ution of sodium bi carbonate (25 nlL). The conpound
was extracted with dichloronethane §4 x 100 nl) and the conbi ned organic

| ayers were waxheglogst-Propdradon Qfdﬂ}"-'@dhlgﬂa@wﬂ‘d'ﬁ}!ﬂb?éd‘,'h%ﬁ'%ncent rat ed
under reduced pressur a@zepisoléhidedindazel-pai) e, ydserhisridesplirn chr omat ogr aphy
(silica gel, 90:9:1 dichl oronet hane/ net hanol koncentrated anmoni um

hydroxi de) to afford (S)-2-benzyl-7- y -

(qui nuclidin-3-yl1)-8, 9-di hydro- 2H azepi}0[ 5, 4, 3-cd] i ndazol -6(7H) -one (316
ng, 66% as a white solid: IFINWR (300 §Hz, CDC13) 57.98-7.95 (m 1H),
7.45-7.43 (m. 2H), 7.32-7.25 (m 3H) O )-7.15 (m 2H), 5.57 (s, 211),
4.85-4.68 (1H), 4.20-3.90 (rn, 2H), 3.45-3/{38 (m 1H), 3.35-2.90 (m 711),
2.25-2.15 (m 1F1), 1.95-1.55 (m 41-] SW(ES1+) 5tn/z 387 (MHH).
102251Step F: Fol |l owi ng general procetw e @&P-N, (S)-2-benzyl-7-(quinuclid
n- 3-yl1)-8, 9-di hydro- 2H azepi no[ 5, 4, 3-ai ] i ﬁdzg]g)l -6(7H)-one (75 ng, 0.194
nmol ) was converted to '

(32 e B P TR A A e o
(bs, 1011-0, bl ¢-ghcarbomylite atHmnvartd fo Bl [-cthyld3-@-0xdebhy ) IHf-ind ol s
41103 31 (m by SRR s i ol Blo At FRakEy T hmedng g 10

1H), 2.10-1.8%,(m7.%H)., 1IVS {ESL» 1 e21z388), ¢ MK, 2thiRLT Q821806 6AUCEH), U7 14. 22
nm Exanpl e 28- Preparation of

(R i 7-(qui nuclt &ith- 3- y1) - 8, 9-di hydro- 2H acepi no[ 5, 4, 3- 15all
i ndazol - 6(1¢H) {1¢} hydraghB orbideyis@idneral procedure GP-K, (S)-(-)-3-aminoquinuclidine

dihydrochloride and methyl 1-cthyl-3-(2-oxocthyl)-1H-indazole-4-carboxylate were

converted to (8)-methy! 1-ethyl-3-(2-(quinuclidin-3-ylamino)ethyl)-1H-mdazole-4-
carboxylate: 'H NMR (500 MHz, CDCl3) & 7.72 (d, J= 7.3 Hz, 1H), 7.56 (d, J=T2Hz,
1H), 7.37 (t,.J = 7.2 Hz, 1H), 4.42 (q, 2H), 3.96 (s, 3H), 3.33 (m, 2H), 3.21 (m, 1H), 3.00
15 (m, 5H), 2.63 (m, 1H), 2.01 (m, 2H), 1.81 (m,1H), 1.67 (m, 1H), 1.43 (t, 3H); MS (ESI+)
ni/z 357 (M+H).
[0252] Step C: Following general procedure GP-L, (S)-methyl 1-ethyl-3-(2-
(quinuclidin-3-ylamino)ethyl)- t H-indazole-4-carboxylate was converted to lithium (S)-1-
cthyl-3-(2-(quinuclidin-3-ylamino)ethyl)-1 H-indazole-4-carbox ylate: 'H NMR (500
20  MHz, DMSO-dg) & 849 (s, 1H), 7.35(d,J=7.3 Hz, 1H), 7.19 {t,.J= 7.2 Hz, 1H), 7.08
(d.J=7.2Hz 1M, 4.31 (q, 2H), 3.23 (m, 2H), 2.90-2.50 (m, 5H), 1.81-1.49 (m, 5H),
1.30 (t, 3H), 1,14 (m, 1H), MS (ESI+) m/z 342 (M+H).
[0213] Step D: Following general procedure GP-M, lithium (5)-1-ethyl-3-(2-
(quinuclidin-3-ylamino)ethyl)- 1 H-indazole-4-carboxylate was converted to (S)-2-ethyl-7-
25 (quinuclidin-3-y1)-8,9-dihydro-2H-azepinof5,4,3-cd|indazol-6(7 H)-one: "H NMR (500
MHz, DMSO-dg) & 7.87 (d,J =73 Hz, 1H), 7.75 (d, J= 7.4 Hz, 1H), 7.47 (1, /= 7.2 Hz,
1H). 4.66 (m, 1H), 4.45 (q, /= 7.1 Hz, 2H), 4,12 (m, 1H), 3.89-3.60, 3.55 (m, 2ZH), 3.32



102261Step A: Foll owi ng general procedure GP-K, (R)-(+)-3-am noquinuclidine
di hydrochl oride (0.71 g, 3.56 mmpl) and net hyl

1- benzyl- 3- (2- oxoet hyl ) - 1H i ndazol e-4- 20carboxylatc (1.37 g, 4.45 mol)
fromStep B of Exanple 27 were converted to (R - nethyl

1- benzyl- 3- (2- (qui nucl i di n-3-yl am no) ct hyl ) - 1Hi ndazol e- 4- carboxylatc (1.1
g, 599 as an oil: 11-1 NWR (500 MHz, CDAZ3) 57.71 (dd, J = 7.5, 1.0 Hz,
1H), 7.49 (dd, J = 8.5, 1.0 Hz, IIl), 7.35-7.32 (m 11-1), 7.30-7.23 (m
311), 7.14-7.12 (m 2H), 5.57 (s, 2H), 3.97 (s, 3H), 3.38 (t,1 = 7.0 Hz,
2H), 3.32-3.16(m 1H), 3.05-3.00 (in, 1H), 2.97- 252.93 (m 1H), 2.89.-2.79
(m 5H), 2.50¢8, 246, Utﬁ\(mﬂlﬂ)’),i&@@ﬁlIH)BBO{(GnnIHz,I-Z}xl(mZH)El@BZ O3r(m,13H),

1.57-1.50 3 L4yt

1022715t ep(g] 18 %‘v& éen%réa’] q”? (12 otk +3}I“P (M/rr‘ze(?g]]*?”’%\?g)él%ﬂf@?,-(z-
(qui nucl i di n- By kjam no)SﬁéphElI D‘ellolwuirtgetﬂdﬁkpb&démdﬁ? Ho@é}}tﬁaﬂa’lﬂlqmnmﬂydinﬁ -63
m{/)erﬁgg |;tHJSL§r%(EE¥£33@-az dr axi,de. ARy 858 Snd S22 0T red 8 25 MRhy1er e
benzyl- 3- ( 2- (l(tgjuﬂwf}]dhhﬁlﬂ} 395&“@21013@91%%6@%015tﬂ,HctmdﬁZaﬂlée?fﬂ)-cﬁﬁrlbdmchmh&e(1 09

, uant.. ie I ch.was used .|l n .t next ste

gurﬂfi cati gn syl Mie PNEpids) 70§'?l (bs, éH?(’\r% (QH;] 7%%“33 3@0((% 3H),
Z gg Z %(1) (mJiHMHZ 1% 7759§ J(“m?ﬂ-ﬂzl)bi 5%;2)%%8 1-;)42 a J&7217H(zmH)241ﬂ@r215 (m
3H), 1.40-1.13H} ﬁ19)92$=|ﬁ0 (mEPDESié rm%@ o5, 25110 (m, 4 Z%P%frbéﬂtwﬁdm owi ng

t he procedure Cilol t f I 3
1- benzyl- 3- (Z}Q?%Rr?u%?fﬁghnl@ f?%%l(%o(m?lﬁw)gg_llg—gll r?g?z?ﬂ 1e384(t(‘:}ar—}t')o;({;i?aljtl)e (1.09

ng, 2.63 rftiol MSEESIOonY é21 @4+ HPLC >99% (AUC), 1 8.78 min.
(R) - 2-benzyl-7-(qui nuclidin-3-y1)-8, 9-di hydro-2/1-azepino[ 5, 4, 3-

10cd] i ndazol - G4 {iHhr08e p /-1 117006 M@ldfi’lﬂ-ﬁpk 9Q11h alrwNR (300
MHz, CDC13) 87. 9[59)7 95.izé [%gi m%m%?r )}I qqlégifr h]lorYd 5} '
7.119-7.15 (m 2H), 5.5 8 (1 .20 0 (m 2H)
3.45-3.38 (m 1H), 3.35290(m 711) 25 2.15 (m 1H) 1.95-1.55 (m

4H); M5 (ESl1+) adz 387 (M+H). 102291 D: Fol Il om ng general procedure
GP-U, (R)-2-benzyl-7-(quinuclidin-
153- y1) 8, 9- di hydr o- 2H azepi no[ 5, 4, 3-¢d h‘l azol -6(7H)-one was converted to

(R -7 - (quinuclidin-3-y1)-8,9-di hydro 2H azepi no[ 5, 4, 3-4i ndazol -6(7 H) one
(101 ng, 52% as a white solid: M5 (E '%qh 297 (M1-11).
NI
)\cm
H,C ’
15 J0215] Step A: Following general procedure GP-J, methyl 3-formyl-1-isopropyl-

1H-indazole-4-carboxylate was converted to methyi 1-isopropyl-3-(2-oxoethyl)-1H-
indazole-4-carboxylate: "H NMR (500 MHz, CDCl3) 8 9.90 (s, 1H), 7.82 (d, /= 7.4 Hz,
1H), 7.64 (d,J = 7.3 Hz, 1H), 7.43 (t,J = 7.4 Hz, 1H), 4.84 (m, 1H), 4.32 (s, 2H}, 3.97 (s,
3H), 1.65 (d, 6H).

20 0216] Step B: Following general procedure GP-K, (6)-(—)-3~.aminoquinuclidine
dihydrochloride and methyl 1-isopropyl-3-(2-oxoethyl)- 1 F/-indazole-4-carboxylate were
converted to (S)-methyl 1-isopropyl-3-(2-(quinuclidin-3-ylamino)ethyl)-1 H-indazole-4-
carboxylate: "H NMR (500 MHz, CDCly) & 7.73 (d,J = 7.3 Hz, 11}, 7.60 (d, /= 7.2 Hz,
1H), 7.37 (t, J = 7.2 Hz, 1H), 4.83 (m, 1H), 3.97 (s, 3H), 3.50-2.90 (m, 8H), 2.31 (m, ZH),

25 2.01 (m, IH), 1.88 (m,IH), 1.71 (m, IH), 1.55 (d, 6H); MS (ESI+) m/z 343 (M+H).
[(0217] Step C: Following general procedure GP-L, (S)-methyl 1-isopropyl-3-(2-

(quinuclidin-3-ylamino)cthyh)- 1 H-indazole-4-carboxylate was converted to lithium (S)-1-




102301Step E: Foll owi ng general procedure GP-N,

(R -7-(quinuclidin-3-yl)-8,9- dihydro-2H azepi no[ 5, 4, 3-cc]i ndazol - 6(7H) - one

was converted to (R)-7-(quinuclidin-3-

20y1) - 8, 9-di hydr o- 2H azepi no[ 5, 4, 3- ccdi ndazol - 6( 7H) - onc, hydrochl ori de salt

(76 mg, 67% as a white solid: '"Id NVR (500 MHz, DMSO-do) 6 13.08 (bs, 1H).

10.38 (bs (11-1), 7.78 (d, 17.5 Hz, 1 2414%B,-7.71 (d,./= 8.0 Hz, 111), 7.48

(t,1= 8.0 Hz, 111), 4.70 (t, 1= 8.0 Hz, 111), 4.20-3.40 (m 5H), 3.28-3.05

(m 5H), 2.40-2.35 (m 1H), 2.10-1.80 (m 411); Ms (ES1+)/n/z 297 (MtH);

HPLC >99% (AUC), ht 11.02 min. - 77 - Exanples 29 and 30- Preparation of

(S) - 2- (Qui nuclisodiopyl3B-{2L)uRpdidn-B-ytaetincadtiygy-ok dinkzepidnofHx da8: EHNMRIGO| - one,

hydr ochl ori de I (.S)-6- _ _

(henyl sul f ong 1ot ARGk S0 on 4 7.8 5 42 iz B B0 6 728 110,709

azepi nols, 4, 3(gdt nelek.: kHones (Aydnorid @f,i2e, 282,50 (nh,-sH)PORPN 49XR23AL St ep A:

To a stirring mxture of rretg%l i ndol e-4-carboxyl at e &ﬁ 20 g, 29.68 mol),

al 'yl al cohol 18 (&P 14260880 G0, 1HRIMEKERY MYz 1o 8D 1. 0M sol ution in

THF, 8.90 nlL, {$18P ™MDIJich B: FhlfowidLBentlel pdbeduROBP-ME TRAGA LS Bis 1-38(2-

at rmsphere.lOci)f _,nlpt_r_o en I%/v_as adde%ﬁz, d(PPﬂ3)4 (1.71 g, 15% mrgh?})dw%ﬁ(g

m xture was hé@iaglidip-37ganmelethy - IW/-indeglcchebRrviay VETRITSIRAL @vdr e. The

m xture was di ' : i . wWih.satiyr at ed
l‘!OgltO%gl Mubhueidy. Ih VRCES a%g%%@nfﬁi&%oﬁ% wﬁﬁ{agﬂ)l ‘(6“2—9 SO%O%) ?ﬁ

aqueous sodi um bi carbonate sol ut’i on ,brine,

filtered, and N)GREENVHEMEDdEY 5rBICed=Frdds iHd 7. 1A £ T 24tHzohHby 49d! urm
chr omat ogr aphy, (.si l,i ca,\g 0 % Yl 142 N , f ed

met hyl 153- al rjylﬂlljrz’i fhert &P?’c'%’ﬁb"ggﬁyﬁmaﬁg&(“slﬁ?é,%e %zggﬁgf@}% %?@éﬁggw

oi |1 1H NNR (BQ0SHAZ 48 GRGES) MEIESK) pHs330AMH7. 59 (in, 1H), 7.44 (in, 1H),
7.16 (m 1H), 4 (s, "6.05.(m 1H) . 5 00 .. 3.96 (s, 3H), 3.64
(n, 2H):; M ( 195 n z %Q%)E‘( Eﬁﬂ&wé%?%@)%egu@:é%’ él)-%q&)pc%)é’ll'ga suspensi on
of sodi um hydggguc(i &% )-8 peliisida2 Aazdpinded, 48 -cFjitdazd-66 B0)-ghe Wik cadvertadlo) 1 n
DMF (50 mL) wag sl ow %}?%dde,d 3

3-al |yl - 1H i ndoreSaPeay gauynug @ﬁ’?izgé@%%ig;[‘ﬁggg}?%zgﬁﬁ?I?=4f3r“fé5’rl%“%‘iz8bé(KHAﬁB?re in
D v1iF hydrochloride salt: 'H NMR (500 MHz, DMSO-dg) & 10.39 (bs, 1H), 7.91 (d,J = 7.5
15 Hz, 1H), 7.87 (d,J= 7.4 Hz, 1H), 7.55 (t, J= 7.2 Hz, 1H), 5.00 (m, 1H), 4.66 (m, 1H),
4.12-3.10 (m, 8H), 2.31 (m, 2H), 2.10-1.78 (m, SH), 1.48 (m, 6H); (MS (ESI+) m/z 339
(M+H); HPLC >99% (AUC), £ 9.25 min.

Example 27 - Preparation of (8)-2-benzyl-7-(quinuclidin-3-yl)-8,9-dihydro-2 H-
azepino[5,4,3-cd|indazol-6(7H}-one, hydrochloride salt

20
[0220] Step A: Following general procedure GP-E1, methyl 3-formyl-1//-
indazolc-4-carboxylatc (B1) and benzyl bromide were converted to methyl 1-benzyl-3-
formyl-1/H-indazole-4-carboxylate (375 g, 48%).: 'H NMR (300 MHz, CDCl,) 5 10.54 (s,

25 1H), 7.78 (dd,.J = 7.5, 1.0 Hz, 1H), 7.46 (dd, J = 8.7, 1.2 Hz, 1H), 7.46-7.41 (m, 1H),
7.40-7.29 (m, 3H), 7.25-7.20 (m, 2H), 5.74 (s, 2H), 3.98 (s, 3H): MS (ESI+) m/z 267
(M+H).



(30 MmO The mxture stirred at 0OC under an atnosphere of nitrogen for 1 h.
To this was addcd benzenesul fonyl chloride (1.30 nL, 10.22 nmol). The

m xture continued to stir for 16 h while gradually warm ng to room
tenperature. The m xture was carefully quenched with saturated aqueous
ammoni um chl oride solution (300 nL) and the aqueous 25m xture was extracted
with ethyl acetate (3 x 300 nL). The conbi4red organic | ayers were washed
with water (4 x 100 nlL), brine, dried (Na2SO4), filtered, and concentrated
under reduced pressure. Purification by columm chromatography (silica gel,
0 to 30 At ethyl acetate in hexanes) afforded nethyl

3-al | y1- 1- (pheozilbul f ortdy) B1Feliavdog gendral proasdpmxit-atrectlyd | 48ngy)-38990y1-44- a

I |1 |, vvh h , CDC13
B 10 (m 1 pyree GRSl B4 €37 ARG (b o e, (DY
7.41 (m 2H), ozo@rzyrxmrnﬁ&ﬂare 45&&6)()( (?m)g, 75%@7'1{NMIU{ZBO(1MHZ4C9UQﬁ'ﬂ%l 1),
3.89 (s, 3H), éﬂ ﬁ % 50023 7]S5tepC To a
0C cool ed sol L(F'HIHP) 765‘3 (ﬁét 153 &gy T ?Hﬁ’énﬁ%ﬂ% 2)H), 7.38-7.32 (m, 1H

L1H- i ndol e-4- caripoxyy ﬁ%%e(g”fr 13}0794(,:1133@5@*@4 )zH mem@z?q FrAROous; MSQESH)

Nnet hyl nor phol'i ne-'N- oX na 31 mxture of
t et r ahydr of ur an? 3 @+H)50 rrL) vvas added 0804 (4 % in water, 5.0 nL, 54.0

mol ). The reiwfgl ng mg(tE]Jr] I“§ﬂdv€1f1§9@n%fal RO EHRKS @g@ﬁ Blﬂfno%ﬂr)aﬁ’lldrtrl@en Was

diluted with sat ur at e aqueou i on of
t et r ahydr of ur dihydashlpedoiiddmgnier nm@dwoémemyebéwel hﬁﬁ:lo‘td?élyrh ht-udezolgas

partitioned b%tc\ﬁ% lgtc@:% gcflf%%o %\%Qc %Q/crﬁggb%%fhg ?ggrhzrq‘gé _The aqueous

| ayer was extrac ed acetate nbi ned
organi c | ager $qur\mrcedmréisy1erdmm)etﬂyl)bw -glpzodh-#-e g bEAWRSO2Y mef #4% pasadinkaedd:

concentrated S Th s l,v 3:1

i xture of 15t BOPARYARIREPGRRSE 7o a6 Fry b Wl Bh 72 iR 0 B 000 Te ¢

(11.55 g, 54. Qﬂm’lmzrh\e/a%madqi)etﬂwm& RHY7E14sT. rlzrlﬁdz}ars sbgmm)eapersamre for
an additional 24 The t hydr of uran was re e é gg rﬁg gg ssure
o the. i xt uPadahlo i ED ] e 50e DA Behgl Chabb e i ean g 2aa

(200 nL). The ﬁqmgeﬂk@mr W8S 18X thaahedosiitad (Rf, b, 120et a8 en,(I31x1.200 rrL)

and the conbi ned organi c S\ljers were washed with brine, 20 dried (Na2SO4),
filtered, land !&dhee }M%G:« e 412E0dE8Y pressure to give methyl 3-(2-

oxoet hyl ) - 1- (wﬁ@yl Sul fﬂayé) Fr!ah'b\bi'ﬂggérferﬁ RREQexghat @)%t&@lgsenﬂﬁ%@ﬂs a

crude yel low ol |, was direct orated wi thout purification.
102341Step D (qxumnckdmfkvlmﬂm@s)hy() I)H-Bldamlmﬂrqarbwuéqtr Al B9 aredhindr i de (202

, 1.01 nmol W ithiu _
30 (2- oxoet h &‘”‘?“"?8 F‘L‘ oepodre 47 me o e s et B4 Ty, 0. 92
i ni nol) from Stepyl- G:(bc[mmemhmnB%lanet))edlyb)ellfdlmdrmdﬁ -Ehirbeotast (94 ent:( @@Ni. nL) was
e R0t N SRR AL ud R 36 wb{shépﬁ.rrr&rd,ﬂl LERERhovKhesahdrdde (584

ng, 2.76 riol )'S suspensi on was 'stifred
at anbi ent t erfpleiat ure. The sol vent was rermved under reduced pressure and

e O el UL e, oL R PR PU 585 et 2
(S)-methyl 1- 3-ylamino)ethyl)-1H-indazole-4- Cdrboxyiate { 509 mg, 1.24 mmol_) ﬁom Step D above in
(oneny ol fongly b (ot el L S ool YLDl e g
25  the above reaction was added 1-propanephosphonic acid cyclic anhydride (T3P) (50% in
ethyl acetate, 3.94 g, 6.2 mmol) and the mixture was stirred at 0 °C ambient temperature
for 1.5 h. The reaction mixture was treated with brine (25 mL) and saturated aqueous
solution of sodium bicarbonate (25 mL). The compound was extracted with
dichloromethane (4 = 100 mL) and the combined organic layers were washed with brine,
30 dried (NaaSQy), ﬁltercd, and concentrated under reduced pressure the crude material
purified by column chromatography (silica gel, 90:9:1

dichloromethane/methanol/concentrated ammonium hydroxide) to afford (5)-2-benzyl-7-



- 79 - 102351Step E: To a solution of (8)-nethyl

1- (phenyl sul f ony1) - 3- (2- (qui nucl i di n-

3-ylam no) et hyl )-1H i ndol e- 4-carboxyl ate (480 ng, 1.02 mmol) from Step D
above in tetrahydrofuran (10 nL) was added |ithium hydroxi de nonohydrate
(129 nmg, 3.07 mmol ) in water (3 nL). The m xture was stirred at anbi ent
t enperature overni ght and then 5concent rdtsed under reduced pressure. The
resi due was dried overnight under vacuumto afford crude |ithium
(8)-1-(phenyl sul fonyl)-3-(2-(qui nuclidin-3-ylam no) et hyl ) - 1H ndol e- 4- car box
ylate, which was used in the next step without further purification: M
(ESI +) 1 nk 454qindthflin-310R86-18tyem-Hi-adpina[ 5403 -utjirainzadio( tHhHeone (Lidbeng, i6HY) asn
(8)-1-(phenylstilfonyl)-3-(2- .

10( qui nucl i di ﬁ“é‘“ﬁﬁ‘gﬁl%}z"é{‘ﬁﬂw MHiz GBCHAISd- 8440 BB Pal &7 843 &) 0. 37
mrnol) from SWQIQJEZ%Q\’%@)IW sI@M? hs (xﬂOzmté smszmddssLﬁsEéTH),(@l}Oa lqg(m,O,zHS)5

nmml ) and the m xture was

Xt Ur o was Aot @b dather o8 S R e THE 10 £55 SR DabiSgEar: 1

m xture of s( Sy bsdzphemyl sul fonyl)-2- (qui nucli d| n-3-yl)-
2,3,4, 6-tetrahydro- 11/ azepi no{S 4, 3- cdl]lndol -one and
Cg) 2- (qui nucll$Z3fh- 3- y Bterpk:3Ff ogung general procedure GP-N, (S) 2-benzyl-7-(quinuclidin-

L5t et rahydr o- 4t A2 68 el ferdy S N0kl ARSI ohC Mg T GiHelFwaRt er

was purified b))’ ch rorra ogr aph Icarﬁ?
di chl or orret hareiverech tm@) p@@m@ﬁﬁﬂ‘aﬂ@ﬂd'&fﬁﬁﬁhﬁﬁ Wﬁr@%aa@)not[wéfﬂbﬂ@m-

5‘22 rgh%:‘g”{' %gﬂ:@&nn%gmﬁﬁ@ #ﬁ Qﬁg 23 hh(xgyi rés)@g/l#&, DMSO-ds) 8 10.51 (bs,

(5) - 2- (quileuchHgli7TH3dyds 7.2 I~& 67.666d, Uaﬁyclﬂe ItH; aze i Hid), 3,93 (8 4ididE.- 1- one

(52 ng) as an e a n t di ssol ved
i n met hanol fﬁsrg)ﬂz;mi&frpgﬁ)eﬁq% mggmh{@r iogg gm(ﬁﬁgglzﬁl 3eL n?.ltl on in
met hanol , 1 eqH) sepap ao @hyzH)Thesmmt(mc €1), vanel .83 fnf, 4El; MOKEIS) miAB86
concentrat ed under red ug 5?0 pressure, and dried under vacuum The resulting
solids were IW)I Ry 0% 47 9&1”(%?1?1’@) and acetonitrile (1 nmL) to afford
(S)-6- (phenyl sul fonyl)-2-(quinuclidin-3-yl)-2,3,4,6-tetrahydro-IH azepi no
[ 5, 4, 3-4 ndol -Ethp]eZ’SOI’i’@epd?yddiloﬂf'(kﬁﬂi(deinﬁﬂhlin-G%Sp&%ﬂ@)ydﬁMdH-azepin0[5,4,3-

(S) - 2- (quimgucl i di n- 3- yl)ind@azal-6(7 &)-bed, hadhyodhloridiklsalt

azepi no[ 5, 4, 3-cd] i ndol -1-one, hydrochloride salt (29.1 ng) as off-white
solids: (S)-6-

(phenyl sul fonyl) - 2- (qui nucl i di n-3-y1) - 4, 6-tetrahydro-| H azepi

no[ 5, 4, 3-cd] ndo |-1- one, hydrochloridesalt: If-1 NVR (500 MHz, DMVSO-4) 3
10.31 (bs, 1H), 8.14 (d,1 = 8.2 Hz, 189 (d, J = 8.5 Hz, IH), 7.93 (d,
J=7.6 Hz, 1H), 7.83 (s, 1H), 7.68 (1 5.6 / 30 Hz, 1H), 7.61 (m 2H), 7.48
(t, J= 7.5 Hz, 1H), 4.71 (m | H, 3.8Q 3 m 5H), 3.19 (m 4H), 2.27
(m 1H, 2.15-1.78 (m 4H), 1.31 (m 4 ESI+) mz 436 (M+H), HPLC

98. 7% (AUC), tR 16.42 mn. (S)-2-(quinuc |d|IIn 3-y1)-2, 3,4, 6-tetrahydro-1H
- 80 - azepino[5,4, 3-cctlindol-1-one, hydrochl oride sal t: IFI NVR (500 MHz,
DNI SO do) [0226] Step A: Following general procedure GP-K, (R)-(+)-3-aminoquinuclidine

dihydrochloride (0.71 g, 3.56 mmol) and methyl 1-benzyl-3-(2-oxoethyl)-1H-indazole-4-

20 carboxylatc (1.37 g, 4.45 mmol) from Step B of Example 27 were converted to (R)-
mcthyl 1-benzyl-3-(2-(quinuclidin-3-ylamino)cthyl)-1H-indazole-4-carboxylate (1.1 g,
59%) as an oil: '"H NMR (500 MHz, CDClz) 8 7.71 (dd, /= 7.5, 1.0 Hz, 1H), 7.49 (dd, J
= 8.5, 1.0 Hz, 1H), 7.35-7.32 (m, 1H}, 7.30-7.23 (m, 3H), 7.14-7.12 (m, 2H), 5.57 (s,
2H), 3.97 (s, 3H), 338 (t,./ = 7.0 Hz, 2H), 3.32-3.16 (m, 1H), 3.05-3.00 (m, 1H), 2.97-

25 293 (m, IH), 2.89-2.79 (m, 5H), 2.50-2.46 (m, 1H), 1.90-1.85 (m, 2H), 1.75-1.68 (m,
TH), 1.57-1.50 (m, 1H), 1.37--1.30 (m, 1H); MS (ESI+) m/z 419 (M+H).

]0227] Step B: Following general procedure GP-L, (R)-methyl 1-benzyl-3-(2-
(quinuclidin-3-ylamino)ethyl)-1f-indazole-4-carboxylate (1.1 mg, 2.63 mmol) and



z, 111), 7.55 (d,1 7.9

6 11.18 (bs, IF1), 9.98 (bs (1H), 7.72 (d, = 7.5 FI
= 7. F1), 4.72 (m 1H),
3

, 5
Hz, | FIX 7.31 (s, 1F1), 7.18 (t, .1 7 Hz, |
4.10-3.33 (m 5H), 3.24-2.89 (m 5H), 2.30 (m | H, 2.07-1.79 (m 4H); M
(ES1+)tn/z 296 (M+1-1); HPLC 97.6% (A(.JC), tR 11.75 5m n. Exanple 31 -
Preparation of (S)-2-Mthyl-7-(quinuclidin-3-yl)-8,9-dihydro-2H
azepi no[ 5, 4, 3- ani ndazol -6(71)-one, hydrocHioride salt 10102371Step A:
Foll owi ng the procedure in Exanple 2, except that nethyl iodide was used
i nstead of benzyl brom de, nethyl indol e-4-carboxylate (7.0 g, 40.0 mmol)
was converted to nethyl 1-nethyl-1Hindol e-4-carboxyl ate €6.44 g, 88%: 1H
NMR (300 M—|z lODEL Bydr@ddOmofahydratc 3R 1o, 7.49 ripol) weBXopugkricd lithign (R)Hz, 1|-|)

7.25 (t, d

1H) | $og” (s, E%‘ﬁ)?’rg'éz'@”(“C“d‘%%yqa%"])i‘??'%gﬁ?az}]’ ]")1%[70(‘% tf((??%)q“‘l b23015: ep
B: Fol | owi ng gehbmalchpraaediin ehe@ex Ostepraithioyl futtharpuitifjctiand HANMR €300 MHz,

3 for myn - e ST AR he, £AT TR P o) Fa25a8 ! B 380y 2.0 70k Voo i,
Elggle)1 6 é@149 154((§ H;Hj)27 (fn, aa) Q%s-ﬁ.bi)(m74kﬁ8zﬂrzids%xlnzsr5) 9%85291‘3?,m ]15‘)#6 735;O

s, 3H), 3.

(s, 3H: M5 (BESE+) 4m 1;?18} ‘(QVH-H)S 1&%%&@’21&%{#\’%%9, general procedure
GP-P, methyl 3ghenyl- ]Stéi?@hltbnoxﬂthg!h@%ﬂ)lcé‘(hﬂe&@éﬁ&&’d SLLEOBEQriple 1B(B2 nmol )

was converted to neth 1- 3-(2- oxoethyl)-1H i ndol e-4- carbox | at e
(1.73 g, 54% IdenagR( stwmmhiw 3@@@&]3)6“5@ H‘élf(dgzolqﬁ)cdrquﬁege (P2 me.263 5 pz,

11-1), 7.51(d 2 BeoblZor 7 ; Lo, 01
s )2H) > g J (nio)\glzsib hlth-ch td’?R)Zbe%éleJ l\ﬁ%nﬁcmddﬁ}? 8@&%&@2}1a H)moﬁg‘lig ™

D Fol | owilfg gélirsked!-6hHBcwg (6% TaR-60Y%) et hght Y'Pllfl“rr@ﬂléy EEW 23001 VHJ OCDCh)
(9= (-5 am Bodar e a2 818 k2 Toc kim0 O b 17
(S)-nethyl 1-o#)RyEE-868 QLH)QMEM@IOI (eh, PHIB3.45-3.38 (m, 1H), 3.35-2.90 (m, 7H), 2 25__
PLari oot ) i 050 B\l F Rl T G 7 o (500 e
8.0 Hz, 7.03 ($0229!H) 5 ﬁ&n Dbﬂ:oﬁomﬁfﬁ,(}n,era]?»p&dccﬁl& GBH), (R)-FBz{isT-(qBi)glidin-
3.38-3.31 ]gm :b 81% dlhydro 2. dzepmg)fg.,él,g cc:}'j)nddzol %?7]—1) -one was converted to (R)-7-
(quinuclidin-3-yl)-8,9-dihydro-2H-azepino[5,4,3-cd ] indazol-6(7H) one (101 mg, 52%) as
a white solid: MS (ESH) m/z 297 (M+H).
10230] Step E: Following general procedure GP-N, (R)-7-(quinuclidin-3-y1)-8,9-
dihydro-2H-azepinol5,4,3-cd}indazol-6(7H)-one was converted to {R)-7-(quinuclidin-3-
20 yI)-8,9-dihydro-2H-azcpino[5,4,3-cd]indazol-6(7 +)-onc, hydrochloride salt (76 mg, 67%)
as a white solid: "H NMR (500 MHz, DMSO-dg) & 13.08 (bs, 1H), 10.38 (bs (1H), 7.78
(d,J=75Hz, IID,7.71 (d,.J=80Hz, 1¥),7.48 (1,./= 8.0 Hz, 1H), 4.70 (t,.7= 8.0 Hz,
JH), 4.20-3.40 (m, 5H), 3.28-3.05 (m, 5H), 2.40-2.35 (m, 1H), 2.10-1.80 (m, 4H); MS
(ESI+) m/z 297 (M+H); HPLC >99% (AUC), fr 11.02 min.



52.70 (m 5H), 2.50-2.40 (m 2H), 1.95-1.90 (m 1H), 1.85-1.80 (m 1H), |
1.70-1.60 (m 2H), 1.55-1.25 (m 2H); M5 (ESI+) /Jaz 342 (MtH) [02411Step f
E: Follow ng general procedure GP-R, (S)-nethyl 1-nethyl-3-(2-

(qui nuel i di n-3-yl am no) et hyl ) - 1Hi ndol e- 4- car boxyl ate and |ithi um hydroxi de
nonohydrate were converted to lithium

(8)-1-net hyl-3-(2-(quinuclidin-3-ylam no)®t-hyl )- 101Hi ndol e- 4- ear boxyl at e,

whi ch was used in the next step without further purification: MsS (ES1+)nt/z

328 (M+H). [0242] Step F: Foll owi ng general procedure GP-S, |ithium
(8)-1-methyl-3-(2- (quimclidin-3-ylamno)ethyl)-1H i ndol e-4-carboxyl ate

(295 ng, 0.88 mmol) was converted to

(5) - 6- net hy1- Exaepplcnd? ppdi3th= Brepanatipn 3f ¢5)S-Qainughig e Hyhid, s brpptrdydrop 18-

15cd] i ndol- 1- one (161 arepind§s3-cdintnFl -¢:80bydnaghlotbesady angtdsy$- (d, J = 7.5

Hz, 1H), 7.42 (d, .1 =PRerqlsaifonyl-§-(quin@lidin-3-yD=2,34,0-tepabydr)-1H6. 91 (s, 1H),
4.85-4.70 (1H), 4.10- 3zg0n¢[54,3-@lindol3l-0g:, hpdrogMypridg@sldy (t, J= 13.5 Hz, 1H),
3.15-2.90 (m 7H), 2.20-2.10 (m _1H), 1.90-1.50 (rn, 411); MS (ESI+) tn/z.

310 (M+FI) 102431Step G FoIIow(ﬁE)general nggedure GP-T,
(8)-2-(quinuclidin-3-yl)- , ‘

202, 3, 4, 6-tctrahydro-1/-/-azepi no[3. 4, 3- Al ndol 3
(S)-2-(quinuclidin- 0 0
3-y1)-2,3,4,6-tetrahydro-11-1-az
salt (68 ng, 38%: 1H N MR (500 6910.37 (bs, | H, 7.75 (d,
J =7.5 H, 1H), 7.62 (d, J = 8. N1H), 7800, | H, 7.25 (t",/ = 8.0
Hz, 1H), 4580-4.70 (m 111), 4.10- 3. §0 (m 1H), 35@P (s, 3H), 3.75-3.35 (m
4H), 3.28-3.18 (m 3H), 3.15-2.75 (m 2H), 2.35-2.30 25(m 1F1), 2.10-1.80
(m 4H); M5 ([EBBY) nt/ z B3G0A( W kistirribPbC: @3 a(etiyOndoleR-dh@ylawi(h20 g 82 -

Exanpl e 32 - aratjy on o . ‘ .
(5B benzyL- 22 CRITRUFRA 2! 202 9129 0omaD e et £Prots UM PO 18 ooy
dol -1 -one, hythrogho aili, 800 sahdl} in THFA4201S1.2 i rdom Fohjeawimgndpe ne r@alosgreacedur e

GP-0, net W %f‘r?i?rgg n]iz\_fa:!@g&cllera%%l(ﬁhg)‘; (1.71 g, 1.48 mmol). The mixture was heated at 70 °C

for 16 h then cooled to room temperature, The mixture was diluted with ethyl acetate

-onc was converted to

yndol -1 -one, hydrochl oride

(500 mL) and washed with saturated aqueous sodium bicarbonate solution (200 mL),
brine, dried (Na;S0y), filtered, and concentrated under reduced pressure. Purification by
column chromatography (silica gel, 0 to 30 % ethyl acetate in hexanes) afforded methyl

15 3-allyl-1H-indole-4-carboxylate (5.61 g, 88%) as a pale yellow oil: 'H NMR (500 MHz,
CDCls) 6 8.44 (bs, 1H), 7.59 (m, 1H), 7.44 (m, 1H), 7.16 (m, 1H), 7.04 (s, 1H), 6.05 (m,
EH), 5.00 (m, 2H), 3.96 (s, 3H), 3.64 (m, 2H); MS (ESI+) m/z 150 (M+H).
10232] Step B: To a 0 °C cooled suspension of sodium hydride (60% dispersion
in mineral oil, 0.450 g, 11.24 mmol) in DMF (50 mL) was slowly added a solution of

20 methyl 3-allyl-1H-indole-4-carboxylate (2.20 g, 10.22 mmol) from Step A above in DMF
(30 mL). The mixture stirred at 0 °C under an atmosphere of nitrogen for 1 h. To this
was added benzencsulfonyl chloride (1.30 mL, 10.22 mmol). The mixture continued to
stir for 16 h while gradually warming to room temperature. The mixturc was carcfully
quenched with saturated aqueous ammonium chloride solution (300 mL) and the aqueous

25  mixture was extracted with ethyl acetate (3 x 300 mL). The combined organic layers
were washed with water (4 x 100 mL), brine, dried (Na;SOy), filtered, and concentrated
under reduced pressure. Purification by column chromatography (silica gel, 0 to 30 %

cthyl acetate in hexanes) afforded methy! 3-allyl-1-(phenylsulfonyl)-1+-indole-4-



4- carboxyl ate (Al b) was converted to nethyl

1- benzyl-3-fornyl- 1H i ndol e-4-carboxylate (12.4 g, 779 : NVR (500 MHz,

CcbC13) 5 10.79, (8,1H, 8.03 (s, 1H, 7.86 (dd, J = 7.5, 1.0 Hz, 1H), 7.52 |
(dd, J =7 .5 1.0 Hz, 1H), 7.38-7.25 (m 4H), 7.19-7.15 (m 2H), 5.38 (s,

2H), 3.99 (s, 3H: M (ES1+) tii/lz 294 (M+H). 1010245] Step B: Fol | owi ng

general procedure GP-P, nethyl 1-benzyl-3¥§-ornyl- 1Hindol e-4-carboxyl ate

was converted to nethyl 1-benzyl-3-(2-oxoethyl)-111-indol e-4- carboxyl ate:

"H NWR (500 MHz, CDC13) 69.83 (s, 111), 7.77 (dd, 17.5, 1.0 Hz, 1H), 7.47

(dd, J = 7.5, 1.0 Hz, 1H), 7.32-7.27 (m 3H), 7.19 (t,J= 7.5 Ft | H, 7.15

(s, 1H, 7. 10-c'a’rb68yl(tn(3 PH), 87%) 82a ¢ yQllv, oildwbith (:Isrstamkt)d updn Ql@nc(lgg 'BH); MS

st 2 O e BRI, SF aSin el A2 SR R osaA T ),

1- benzyl- 3- ( 2-@xegtiwl (i, lHjlmC(hﬁ‘ZH) 6a)walmxw;)asevmrm)g:mmxgﬁtleq 1.89 gt hyl
1- benzyl- 3-(2- &ﬁflnuclldln ).et h é H-i ndol e- 4- carboxylate (516
ng, 57%: 1H N wﬁil\’léé%%f’s ’”@733@‘71\4%8 J=7.5 1.0 H, 1H),

7.45-7.40 (sm [éi:bsg 7. 32%¢& éh@mo %olcas@atl&ﬁaf rﬁ&ﬂh 137all%'511(1§hcnilsﬂfoﬁylb‘jz I
H), 7.08-7.05 20(m 2H), %ng 5 (s »él 35 40 (m 5F1),
3.38-2.90 (m J@H)ld012"4433ﬂ’2’<§@f0(( OQ,H? 502nr2@) (OB dbosmﬂ fN/rs (ESI+) mz 418

(MtH)  10247] Stepn JihokbebihRWiBgdd r@r@m@r%%%%%ﬁmré@ met hyl
1- benzyl- 3-( 2- éqU|nucI|d|n -ylam no) et hy1) - H i ndol e- 4- car boxyl atc

was converted t@twhu rofiieany wateri (@l(}ﬁn@ was added OsO, (4 Wt% i m water, 5.0 mL, 54.0 mmol).
benzyl-3-(2-( '?ééﬁ!tl'ﬂ?hﬂ(t%@% eﬂ%(ﬁ’nﬁ rdf'ulfé' fopdtp!l bRy lw"i’th% whi ch

was used in 2 e nex out purification: MS (ES1+) nilz
404 (M+H). 10103%m&d@pu®us Fecbnhtlomwuf h@z&;@n@ﬂ&lmlbr SexdurhydiGiurg) whi temo

() -1-benzyl- 342 (@ggj @&%L.le%hgm%nx I R8N Mk belweh bFOlSadd (SR REYY! at e

was converted t
(qui nuel i di n- 3n@$¢mﬁﬁ@04ﬂ6 Ehtmwhmdﬂum&hhsm@mﬂnb@&hdnﬂwcdrwmﬁbﬁﬂmH@he
1HNMVR (300 MHz

7.32-7.25 (m H e c9m§1616%0r§én1% ﬁ,}yelﬁ%ere x%asge/del’th b[in'gl)dneg (@%S%)d) f"E?_'jsd %11 85 4 70
(1H), 4.10-3. &Gndenﬁaté’cﬁin)dﬁa BdidRd ptessude. T]ﬂlesﬂiuHZvax o) yed3n 453- 20i90rg(ofy 71- 1),
2.20-2.10 (m 1H), 1,90-1.50 41- 1) (ES1+ ' 3 MEH) .

[0245] St op°F. FONHURIA Ga b ybaah e pyodbi ] 357 D ARG

(5) - 6- benzy1- Zdf@uimhbélitt@icRtided at room temperaturc for an additional 24 h. The

1)-2,3,4,6-tetrahydro-1H azepi 4, 3-cc]i ndol one was converted to
)(/53 6-b enzyl- éetmhy(}l furan was rem(F))ve o éaer reduced pressure anc} the m?xtule was partltelone%

(qui nucl i di n- 3eykbn gth a@et@te 3108 @Wﬁxﬂ%a%ﬁ)@@ﬁl)n alhe aqucdnLleyd RAObxthoRe,
hydr ochl ori de sal t DVSO-d(,) 610.51 (bs 1H),

7.74 (d,J 7.5 vihet CetatelG VEQ{%“Hﬂnd tlgp qomigned prgpnic faygrs vese washpd with Brige. 7. 5

Hz, 2 25-dfie I n u 8 5
3 %6 gi) 1572?”1 “df; &%%Soﬁgkhite é)‘ Qi?d ((o%ce %E&:d ﬁldemed(lé@deaklz Wk 10 é}vellgcti?ryl%]%( m 5SH),

4H); MB ( ESl+)0X@¢1h3é) meQWWnYIWH@nw@f%cemw@)latc {R0uy 47 ) A erude y011E9(arrp| e
33 - Preparat '09[] wlen(iRk d?re&@‘é'li%ﬁtltéd%lﬂlmﬁt }%%}cﬁl’oﬁ. 4, 6-tetrahydro-1H
[0234] Step D: A mixture of (S)-(-)-3-aminoquinuclidine dihydrochloride (202
mg, 1.01 mmol) and methyl 3-(2-oxoethyl)-1-(phenylsulfonyl)-1H-indole-4-carboxylate
25 (330 mg, 0.92 mmol) from Step C above in 1% acetic acid in dichloromethane (20 mL)
was stirred at ambient temperature for 16 h. Sodium triacetoxyborohydride (584 mg, 2.76
mmol) was added, and the resulting suspension was stirred for 2 h at ambient
temperaturc. The solvent was removed under reduced pressure, and the crude material
purified by column chromatography (silica gel, 10:1:0.1
30  dichloromethane/methanol/concentrated ammeonium hydroxide) to afford (S)-methyl 1-
(phenylsulfonyl)-3-(2-{(quinuclidin-3-ylamino)ethyl)- 1 H-indole-4-carboxylate (172 mg,
40%) as a yellow oil: MS (ES1+) m/z 468 (M+H),



15azepi no[ 5, 4, 3-cd[ i ndol -1-one, hydrochloride salt [0250]Step A: Fol |l ow ng
general procedure GP-Q nethyl 1-benzyl-3-(2-

oxoet hyl )-1/1-indol e-4-carboxylate from Step B of Exanple 32 and (R)-(-)-3-
20am noqui nucl i di ne di hydrochl oridc were converted to (R)-nethyl

1- benzyl-3-(2- (quinuclidin-3-ylamno)ethyl)-1Hindol e-4-carboxylate (701
ng, 68%: IFI NWR (300 MHz, CDCl3) 67.63 , J =7 .5 1.0 Hz, 11-1), 7.44
(dd, J =7.5, 1.0 Hz, 11-1), 7.32-7.23 (m 411), 7.19-7.05 (m 411), 5.31
(s, 211), 3.95 (s, 31-1), 3.20-3.05 (m 311), 2.95-2.70 (m 7H), 2.50-2.40
(m 1H), 1.85-1.65 (m 3H), 1.55-1.22 (m 2H); M5 (ESl+)nmfz 418 25 (MH)

[ 0251] Step B: lmISI owi ncftgehelak S@h%@ﬂlﬁﬁ)@n@l@ (phRylspidertwt3-(2- (o e glidig- ( 2-

(qui nuel i di n- 3 t I nrol
and lithium hy OXI ci)@&}[r@r%o%yhl)[/1 ?%t e {ﬁ?%%é@@%ﬁ%?@ rﬁrb‘?) \g\rglglgt \i}%?\t%g% to )
[ L h: ;Jm:“(_'_ R) - élj.-tcfjaﬂhz@rdfuﬁm (10 rlnB}Lwas z\(;ihZe(( ﬁphnunu@drqjqrd&rﬁerphadmtn@)m mg, 3.07 mnﬁol)

et hy i ndol e- at iC t hout
further purifi "t at w] ]%BX%E@I’@?I? N2 S%%aa? Wﬁb%gt tf@%%%&@'?) g’étn@%‘ %%It‘ﬁ%vm ng
general praéc edblrlfoentGRedSmdén redictdrpred)irel - Tlhe nzidie 8§ died overnight under vacuum to

\(Nggl ggglni/g:, ?egff 1{5!6}:% ] ltmtll)(g')) &3&?&' Ts% ony -3-?’531( llz.)llcl)‘l)lleli(an yQa7n%§o)%yl')-]]Hg4 ol )

(R) - 6- benzy 1- Zndotphi-ousdxythice) wBick Was 253 i h6 nbatstep yidiba-fhithea peypiicuapi, MS 3-

/1i ndol 35 5 11-1 MAR (300 MHz, CDC13) 67.98 (d, J = 7.5
(ﬁg,]an?sg?@%ig ﬁ“ng(%‘ ﬁ? 7.32- (7 25 (m 4H), 7)10708((m 2H)

6.97 (s, 1H), [52:33]1 (S Qkﬂ)}? 7[1985314&0]1%%ib"&ude41ttﬂ;&n%S)Sﬂ([ﬂlmlyiﬁﬂ‘ﬂ)nyl&%35 (t,J
11.0 bz, 1), 3.

(ESI+) 2 386(1L(”I\'/1Ph‘_(i')' ¥ nawe)zﬁtsr%t%wdﬁe wrhoeswl% Saéﬁ“@r gﬁ’f m%kfra% gte@[va

(R) - 6- benzyl- 2= f,g4 inusiF dionnL) was addcd HBTU (210 mg, 0.55 mmol) and the mixture was
3-y1)-2,3,4,6-tetrahydro-1 H azepi no[ 5, 4, 3-cd] i ndol- 1-one (200 , 0.519
mmol ) was conv%ferdefH ampjient temperature for Z h.” The mixture was concentrated under reduced

R : 2368 i =
Elﬁo né ,qugggg J%N%an %O%O?I\%gé 6}\}{3@%&%&’9&@&'@%59&1%&? 2493 qaldi m?b 1- one

0.6 Hz, 1H), 236'66 e@rdhyd::o THBzeinog L4 Bxdlingg)-1-ope agd (53-2- (mwucllﬁuﬁyk £2,3.46=

Hz, 1H) ), 0”1? te‘llﬁf} d@?@%#'@% 44. &z%pg?lﬁgon(e% 1305, FneQrde Rt st"A)unﬁed

2. 00-
by column chromatography (silica gel, 10:1:0.1 dichloromethane/methanol/concentrated

ammonium hydroxide) to afford (S)-6-(phenylsulfonyl)-2-(quinuclidin-3-y1)-2,3,4,6-
tetrahydro-1 H-azepino[5,4,3-cd}indol-1-one (92 mg) and (S)-2-(quinuclidin-3-y1)-2,3,4,6-
tetrahydro-1 H-azepino[5,4,3-cd]indol-1-one (52 myg) as an off-white solid. These

20 materials were immediately dissolved in methanol (2 mL) and treated with hydrochloric
acid (1.25 M solution in methanol, 1 eq) separately. The mixtures were stirred for 15
min, concentrated under reduced pressure, and dried under vacuum. The resulting solids
were lyophilized from water (8 mL) and acetonitrile (1 mL) to atford (5)-6-
{phcnylsulfonyl)-2-(quinuclidin-3-yl)-2,3,4,6-tetrahydro- | H-azepino[5,4,3-¢d]indol-1-

25  one, hydrochloride salt (23.5 mg) and (S)-2-(quinuclidin-3-yl)-2,3,4,6-tctrahydro-1 /-
azepino[5,4,3-cd}indol-1-one, hydrochloride salt (29.1 mg) as off-white solids: (5)-6-
(phenylsulfonyl}-2-(quinuclidin-3-yl)-2,3,4,6-tetrahydro- 1 H-azepino[5,4,3-cd]indol- | -
one, hydrochloride salt: 'H NMR (500 MHz, DMSO-ds) 8 10.31 (bs, 1H), 8.14 (d, /= 8.2
Hz, 1H), 7.99 (d,J= 8.5 Hz, |H), 7.93 (d, J= 7.6 Hz, 1H), 7.83 (s, IH), 7.68 (t. J= 5.6

30  Hz, IH), 7.61 (m, 2H), 7.48 (t,J=7.5 Hz, 1H), 4.7]1 {m, 1H), 3.80-3.31 (m, 5H), 3.19
(m, 4H), 2.27 (m, 1H), 2.15-1.78 {m, 4H), 1.31 (m, 1H); MS (ESI+) mn/z 436 (M+H),
HPLC 98.7% (AUC), 1r 16.42 min. (S5)-2-(quinuclidin-3-y1)-2,3,4,6-tetrahydro-1F-



Ms (ESI+)/n/z 296 (MEH). [0254) Step E: Foll ow ng general procedure GP-T
(R) -2-(quinuclidin-3-yl)-

2,3,4,6-tetrahydro-1/1-azepi no[ 5, 4, 3-cd] i ndol -1-one (90 ng, 0.305 mml) in
met hanol (2 nlL) was converted to

(R -2-(quinuelidin-3-y1)-2,3,4,6-tetrahydro-111-azepi no[ 5, 4, 3- 20

cd]i ndol -1 -one, hydrochloride salt (100 mi- 66% : 11- INVR (500 MHz, DM5046)
6 11.21 (Us, 111), 10.34 (Us, IH, 7.72 (d,1 7.5 Hz, 11-1), 7.56 (d, .1 =
8.0 Hz, 11-1), 7.35 (s, 111), 7.19 (t, .J 7.5 Hz, 1H), 4.80-4.68 (m 1I11),
410333(m 51-0, 3.28-3.18 (m 3H), 315275(m 21-1), 2.35-2.30 (m
1H), 2.07- 8(azc(gmo[il4H)5 :cd MBlof-EShe, Fh)/dmblzlomm I\)I#MMR HWMPEQ@%E((NKI) tit

(1|£) 93 %[‘hyl %ﬁgt@ (ﬁ‘uiﬁ Jrzfiga %; 7°5§9(‘3d1 Rtk Uiy 755 (A /=79 He 1), 7316,

azepi nols, 4, 3-1e0] 7. redazod 7. 6¢1EHI>Hpmez (ﬁyld{)p@hbmﬁ?.cda Sia), 8.24-2-898, SH],Q2651St ep

A Fol | owi I d

oot hyl ) - 111300 601 E4F o tiats kS5t 2 DG ALY PO e o0 P
Exanpl e 31sang,igR) - (+) - 3- am noqui nucl i di ne di hydrochl ori de (812 ng, 4.08
mol ) were converted to 5( R) met hyl

1rrethy13(2 |nucI|d|n | a ) 1H- i ndol 0 e (510
g, 68% : 111 "Pa"g@jj%ggg q““ﬂd}q £y Py “f’ﬁﬁ}7 46
(dd, ./ = 8.0 Hz, 1H) azepipolbd (7 F‘i)"e"‘iy"é%c E%“delsf‘ ). 3. 98 (s, 313),
3.77 (s, 3H), 3.15-3 .08 (m 2H), 2.90- 0O (m 7H, 2.41-2.37 (m 114),
2.06-2.04 (m | H), 1.99-1.90(m 1H) ~N1,84- 1.75 (m 21-1), 1.68-1.60 (m
2H), 1.50-1.40 (m 1H), 1.35-1.25 (m Y, MB (ESI+) in/z 10 342 (M+H)
[ 02561Step B: Fol | owi ng general procedur §-GP-R, (R)-nethyl 1-methyl-3-(2-
(qui nuel i di n-3-yl am no) et hyl ) - 1Hi ndol*€X4- cgr boxyl ate (500 ng, 1.46 mmol)
and |ithi um hydroxi de nonohydrate (129 mg, §. 07 nmol) were converted to
l'ithium (R)-1-nmethyl-3- (2-(quinuclidi 3
et hyl) - 1Hi ndol e- 4- car boxyl ate, which wag”U¥ed in the next 15step wi thout
further purification: M5 (ES1-1-)nt/z 328 (M#H). 102571Step C. Fol | owi ng
general procedure GP-S, lithium (R)-1-nethyl-3-(2-

10 [0237] Step A: Following the procedure in Example 2, except that methyl iodide

was used instead of benzy! bromide, methyl indole-4-carboxylate (7.0 g, 40.0 mmol) was
converted to methyl 1-methyl-1H-indole-4-carboxylate (6.44 g, 88%). 'H NMR (300
MHz, CDCl3) 8 7.91 (d,.J= 7.5 Hz, 1H), 7.52 (d, /= 8.1 Hz, 1H), 7.25 (t, /= 7.8 Hz,
1H), 7.18 (d,.J = 3.0 Hz, 1H), 7.10 (d, J = 3.0 Hz, 1H), 3.98 (s, 3H), 3.82 (s, 3H); MS

15 (ESI+) m/z 190 (M+H). ’
0238} Step B: Following general plOLGdl]le GP-0, methyl 1-methyl-1/-indole-
4-carboxylate (6.40 g, 24.16 mmol) was converted to methyl 3-formyl-1-methyl-1H-
indole-4-carboxylate (5.41 g, 76%): "H NMR (300 MHz, CDCl,) § 10.49, (s, 1H), 7.98 (s,
1H), 7.88 (dd,.J = 7.5, 1.2 Hz, 1}), 7.57 (dd, J = 8.1, 1.0 Hz, 1H), 7.36 (t, /= 7.8 Hz,

20 1H), 3.99 (s, 3H), 3.90 (s, 3H); MS (ESH) m/z 218 (M+H).
10239] Step C: Following general procedure GP-P, methyl 3-formyl-1-methyl-
I H-indole-4-carboxylate (3.0 g, 13.82 mmol) was converted to methyl 1-methyl-3-(2-
oxoethyl)-1/H-indole-4-carboxylate (1.73 g, 54%): 'H NMR (500 MHz, CDCl1) 8 9.83 (s,
1), 7.79(d, J = 7.5 Hz, 1H), 7.51(d, J= 8.5 Hz, 1H), 7.25-7.22 (m, 1H), 7.09 (5, |H),

25 4.01 (s, 2H), 3.90 (s, 3H), 3.78 (s, 3H); MS (ESI+) m/z 232 (M+H).

[0240] Step D: Following general procedure GP-Q, methy! 1-methyl-3-(2-

oxoethyl)-1H-indole-4-carboxylate (250 mg, 0.61 mmol) and (S)-(-)-3-aminoquinuclidine



(qui nuel i di n-3-yl am no) et hyl ) - 1Hi ndol e- 4- ear boxyl ate (746 ng, 1.46 mmol)
was converted to

(R) - 6-net hyl -2- (qui nuclidin-3-yl)-2, 3,4, 6-tetrahydro-1H azepi no[ 5, 4, 3-
colindol -1-one (309 ng, 68%:NVR (300 MHz, CDC13) 57.97 (d, J= 7.5 Hz, 1H),
207.42 (d, = 8.0 Hz, 11-1), 7.31 (t, | = 8.0 Hz, 1H), 6.91 (s, 1H),
4.85-4.70 (1Fl), 4.10-3.80 (m 2H), 3.78{ls, 3H), 3.37 (t, J= 13.5 Hz, 1H),
3.15-2.90 (m 711), 2.20-2.10 (m 1H), 1.90-1.50 (m 4El); MS (ESl1+) nt/z
310 (Mrh) 102581Step D: Fol |l owi ng general procedure GP-T

(R) - 6- et hyl- 2- (qui nucl i din-

3-y1)-2, 3,4, GdufeﬁmaiﬁydqimdrHc(awelmdno[S ctigd d oolitimd G 12 Aquinyrdid3B9 ng, 1.0
nmol ) and HC1 5were n Y

(R-6- ety SRS THF RS oot 2l iy Sy off BMRY500 Mitz, CDCI B

azepi no[ 5, 4, 3-7ad](i.ndot 5 Hzone), 7 hy i, getd. O, deNsata (t,(/2480 iy, 1O D3 (HNVR),( 500

hre D3RS0 900 B 30119, 95830 3 o el gl g 6 B 3™ 5 ©

1H), 3.78 (s, 23fm, 31—1)7553*245) (qu2H4H)95 39@&13@81 gsm1. g@}@mﬁ) 15021 86(g,m 2H),
2.35-2.30 (m 1H), 4 3 S1+) "tit 310 (MrH): HPLC
>99% (AUC), t RH9, 16)55‘5 #712?1(”‘ QH)SE]S (EEL: ﬁ‘éﬁ%‘zs@*' reparation of

(R) - 6-benzyl- %omrl nuclggi p- ﬁoangz%e%eAl Iﬁo&e@tﬂeaﬁyp{r@&em&ephﬁa{yﬁsﬁs cd]ind

ol -1-one, hydrochloride salt A: Fol | owm ng general procedure
GP-Q methyl {qweihgin=3viy ’Qmolﬁmgt1%{!111}10'214-‘13@61"@64‘“@B?}‘B@kg &9 rom Step B

of Exanple 32 n%ghsfdﬁ)tc &3)3 c§nveﬂ@a f&qsmzdhms)l i-Hiehg1- S NydiRe i 3Ly iNE e iyl)-

converted to (R)-nmethyl 1-benzyl

(qui nucl i dion- 317371mém¢ ﬁ@y@pwﬁtwmmh wipoised -tecrasbstgn witkou! frotherpyrifigggn: 1H NVR

(300 10|sz 7 &q = 7.51.0 H, 1H), 7.44 (dd"/ = 7.5, 1.0
H 7. 32- g%g}%’”@i% I% 19-7.05 (m 411), 5.31 (s, 214), 3.95 (s,

311) 3 20- 3. ®4eMm  3143iep . BElopimOucperl Fopylure 58, 12hin0 (Fh-methyi$-(2-
1.85-1.65 (m _5 1.2 &%%85'9 708%]1#&
[0260] Step B: it ‘ﬁd”é‘r‘f% Ctlg(ﬂ]plr%?:ng%ur e 2( B! Ryl s %‘E%yl- 3-(2-
15 (qui nucl i dicam@styd a:r(ﬂ)qﬁ})rethhyﬂ qunkci:dld@kyé}m;ﬂafrhUMwHaI-b’J(a&llﬁloffgélﬁ-l. 24
mrol ) and [ thi dr oxi de hy .0 ) _ verted
to |ithiuny (R)Cdﬁ'%gi?y‘ix'éq > (4 b'ﬁW?&éoﬂ?@HWﬁ%& B =Y 15,.59)
et hyl') - 1H i ndagle-4-cag btm&yl}a)t e31 el ovr@@ ;Egesobll(m 1) es. eext70g 18R 4ot hewt
further purlflcatlon M5 (ES1+) nh 404
(m, 2H), 378 (s, 3H), 3.37°(t, J—I35Hz 1H),'3.15-2.90 (m, 7H), 2.20-2.10 (m, 1H),
1.90-1.50 (m, 4H); MS (ESI+) m/z 310 (M+H)
{0243] Step G: Following general procedure GP-T, (S)-2-(quinuclidin-3-yl)-
20 2,3,4,6-tctrahydro-1H-azepino[ 5,4,3-cd]indol-1-one was converted to (S)-2-(quinuclidin-
3-y1)-2,3,4,6-tetrahydro-1 H-azepino[ 5,4,3-¢d]indol- 1 -one, hydrochlonde salt (68 mg,
38%): 'H NMR (500 MHz, DMSO-ds) & 10.37 (bs, 1H), 7.75 (d,J = 7.5 Hz, 1H), 7.62 (d,
J=18.0Hz, 1H), 7.30 (s, 1H), 7.25 (1, /= 8.0 Hz, 1H), 4.80-4.70 (m, 1H), 4.10-3.90 (m,
1H), 3.80 (s, 3H), 3.75-3.35 (m, 4H), 3.28-3.18 (m, 3H), 3.15-2.75 (m, 2H), 2.35-2.30
25 (m, 1H), 2.10-1.80 (m, 4H); MS (ESI+) m/z 310 (M+H); HPLC >99% (AUC), 1 13.07

min.



[0261] Step C. Foll ow ng general procedure GP-S, lithium (R)-1-benzyl-3-(2-
20( qui nucl i di n-3-yl arni no) et hyl ) - 1H i ndol e- 4-carboxylate (725 ng, 1.24
nmol ) was converted to

(R) -6-benzyl-2-(quinuclidin-3-yl)-2, 3,4, 6-tetrahydro-1H azepi no[5, 4, 3-
cd]indol - 1-one (354 ng, 55%: IHNWR (300 MHz, CDC13) 57.98 (d, 1 = 7.5 Hz,
1H), 7.39 (d, J 7.5 Hz, IH), 7.32-7.25 (M2-4H), 7.10-7.08 (m 2H), 6.97 (s,
1H), 5.31 (s, 214), 4.85-4.70 (1H), 4.10-3.80 (m 2H), 3.35 (t, J= 11.0 Hz,
| H, 3.15-2.90 (m 7H), 252.20-2.10 (m 1H), 1.90-1.50 (m 4W M
(ES1+)nt/z 386 (MH). 10262] Step D: Foll owi ng general procedure GP-T,

(R) - 6-benzyl-2- (qui nuclidin- S

3-y1)-2, 3, 4, 6Exampkddiocnpnaoee (%F@,ca%l’dﬂ inpelisin-3-Yone3.¢.pootralydrey, 259
mmol ) was converted tdH-azepino[54,3-cd]indol-1-one, hydrochloride salt

(R) -6-benzyl-2-(quinuclidin-3-yl1)-2,3,4,6-tetrahydro-1H azepino[5,4,3- -
87 - cd]indol-1-one, hydrochloride s (68 ng, 89%: 114 NWR (500 MHz,
DIVISO-4) 6 10.51 (bs, 1H), 7.74 (d, .5 Hz, 1H), 7.66 (d, J = 8.0 Hz,
1H), 7.47 (s, 111), 7.930 (t, J = 7.5 F 211), 7.25-7.19 (m 411), 5.42
(s, 211), 4.71 Om111), 4.10-3.31 (M 3.26-3.15 (m 31-1), 3.10-2.80
(m 2H), 2.35-2.20 (m 2.10-1.85 (m M5 (ES1+)tn/z 386 5 (M+tH); HPLC
>99% (AUC), tit 10.73 min. Exanple 3 parati on of

(R)-6-(4-fluorophenyl)-2-(quinuclidi -2,3,4,6-
t etrahydro-1H azepi no[ 5, 4, 3- cd] i ndol - 1- oney ochloride salt
10[ 0263] Step A: To a solution of nethyl 1Hi e-4-carboxylate (3.0 g,

17.1 nmmol ) in DMSO (25 nlL) and 1, 4-dioxane (25 nL) in a seal ed tube were
added pot agsi gphosphasig, A7 F3ll@vinddendralpRkdduredipoet, helet hybenedizamore (1. 0
m, 9.1 mol), L-proline (1.1 g, 9.1 nmm]), l-br%rm-4-fk#.or(8b nzene 1%:1'3”1"
11. 42rmol ),  aftabepgee (ABdivge cpavetedyo methy! fehsngyl-3¥pmnyk L afle-terarbatyiged
with argon gag; by 1,18h6ab adl 1ah, 449G, pYen 86 et s =The
reaction m xt El'rzé4 ’%g/gogllﬁgg@cfggv\ﬁ}\/ﬁ%’ rétﬁ@ 3'\%/gshed’qwitﬁ vvatgrgy)ioo gera) and the
aqueous mi xt uffé, Wadlzekily, AG2 édtl, wimt s, di0cHit, d Fdretthaae (3o, 159-75)(m, 2Nk

conbi ned or gani r r-8ndf St vyl tered, and concentr at ed
under reducedgﬁgéégw’eﬁg\ggrﬁ)i lgdast?(lggﬁl}%% ‘t’he(hjlr+el43ijl ting residue by colum

chr omat ogriaphy0248po t o 508p Bi EblloviogetrashprotatiuletiRul emthalf f-binddel- foenily |

L (T woronhenyidsats el . ST b0d S SRS
7.68-7.63 (m c@&bhxylafe: 48 NMRZ5C0MB2ZHIDCRE) 82.8¢ Us, JHF 77/78d 4 = 715])1,0 Hz,260),( dd, |, /
Fol | ow ng. gon Al sy GHBRUIRER B, T-Ner AP Itk P ot oAt A4 00 1P7P
1H- i ndol e- 4- canoxyd &ﬁ,@m@%:ﬁﬁmﬂ 1 @d (4, oHBLdoyk, 31); MS (ESIH) mi/z 308 (M+H).
1-(4-Tl uor]gph?()nﬁ/l%? "3 Ogtg]}/%- ]F-ollowing general procedure GP-Q, (S)-(~)-3-aminoquinuclidine
dihydrochloride and methyl 1-benzyl-3-(2-oxoethyl)-1H-indole-4-carboxylate were
converted to methyl 1-benzyl-3-(2-(quinuclidin-3-ylamino)ethyi}-| H-indole-4-
carboxylate (516 mg, 57%): 'H NMR (300 MHz, CDCl,) 8 7.67 (dd, J = 7.5, 1.0 Hz, 1H),
7.45-7.40 (m, 1H), 7.32-7.27 (m, 4H), 7.22 (s, 1H), 7.15 (t, /= 7.5 Hz, 1H), 7.08-7.05
20 (m, 2H), 5.27 (s, 2H), 3.95 (s, 3H), 3.54--3.40 (m, 5H), 3.38-2.90 (m, 6H), 2.45-2.30 (m,
2H), 2.20--1.65 (m, 3H), MS (ESI+) m/z 418 (M+H)
10247] Step D: Following general procedure GP-R, (S)-methyl I-benzyl-3-(2-
(quinuclidin-3-ylamino)cthyl)- 1 H-indolc-4-carboxylate was converted to crude lithium 1-
benzyl-3-(2-(quinuclidin-3~ylamino)cthy!)- | H-indole-4-carboxylate, which was uscd in
25 the next step without further purification: MS (ESIt) ni/z 404 (M+H).
[0248] Step E: Following general procedure GP-8, lithium (5)-1-benzyl-3-(2-

(quinuclidin-3-ylamino)ethyl)- | H-indole-4-carboxylate was converted to (S)-6-benzyl-2-



25i ndol e- 4- carboxyl ate: |1 FINVR (500 MHz, DVsO) 6 10.20 (s, 1H), 8.58 (s,
1H), 7.76- 7.73 (m 2H), 7.67-7.65 (m 2H), 7.52-7.48 (m 2H), 7.42 (t, J
= 8.0 Hz, 1H), 3.89 (s, 3H). [0265]Step C. Foll ow ng general procedure
GP-P, nethyl 1-(4-fluorophenyl)-3- fornyl-1Hindol e-4-carboxyl ate was
converted to nethyl 1-(4-fluorophenyl)-3-(2-

50xo0et hyl ) - 1Hi ndol e- 4- car boxyl at e: NVR (3890 MHz, DVSO) 59.74 (s, 11-0,
7.73- 7.26 (m 8H), 4.03 (s, 2H), 3.83 (-s, 3H). 102661Step D. Fol |l ow ng
general procedure ()P-Q except that 1,4-di oxane was used as the solvent,
met hyl 1-(4-fluorophenyl)-3-(2-oxoethyl)-1Hindol e-4-carboxyl ate and

(R) - (+) - 3- ani foguididioti-v)-2Ad, Gichishgdoe H-ardpiie[Swei-edlignk Bona d H MMRRBOGret hy|
1-(4- -

10f | uor ophenyi\jm% (([? ()cs’urfl 9ngu((.gh 1 di RP})Z yWa %(gcj et_hy? flz’ ]Ilﬂ)i néz)l7e251£mcélflgjoxyl ate:

NVR (300 MHz, 7DNBOYS8 67, 265; G958, (HY, 531{) 2HY 4 52-47040 G, 103880 (1, 24, §851, = 7.8

(m 112), 148%’11ﬁ7(%§f D298 s 2 o, TR T3 S D iy Es % 27

1.26-1.23 m »i4H36 (ME-H)BSI +) tn/z 422 [I\/H—I]t 15[ 0267] Step E: Fol | owi ng
gener al procedure G>-R _( % ST

f1 uor opheny1) 1840 ( qui HerT ﬁ‘i’lf?“?sn%ﬂ"&?ﬁ‘%?‘éﬁfi‘r‘h?lgp “TS)-prlenzat- AL s Ed3at

was converted o £h QQ@raM&rBJlWHchmo[S 4,3- cd]mdoi 1-one was converted to (S)-6-benzyl-2-
(R-1-(4-11 uorophen 1)-3 % - (qui nuci i di n-3-yl am no ethY ) - 1H-i ndol c- 4-

car boxyl at e: W“@‘EQM??W 3-&0‘6“’[@5’6‘@ 1 Hmagpinofohbeylsidel!-pne, IhéS‘li’PEM’rl‘ﬂj sehhe
procedure in 9 |

20(4-f1 uor ophﬁ%@%—%é/%ﬁ(ﬁﬂ?&nﬁgﬁlgéﬂ bmqlm%]%?g Sé'phs 15]) Ifi (cli hjdo e- 4 lcl?';l)F boxyl
ate was cadfiveritééddto= 8.0 Hz, 1H), 7.47 (s, 1H), 7930 (t,J= 75 Hz, 2H) 7.25-7.19 (m, 4H), 5.42

(R)6(4f|uoro ) [ I Al Ry 32 - \; Iy

azepi no[ 5, 4, 3- gﬁ?%?(])]l(mll ﬂgl??cg %@Hi&’ gf%é‘%‘gﬁ@t éaglalgglr ?H&n%r?g gener al
procedure GP- T,20((R) 416} caof1.gofmopheI YES+) m/z 386 (M+H); HPLC >99% (AUC), &g

(qui nucl i din- 310%) 2 3,4, 6-tetrahydro-1H azepi no[ 5, 4, 3-cd] i ndol - 1- one was
converted to

25(R) - 6- (4-fl uoropheny0-2-(qui nuclidin-3-yl)-2,3,4,6-tetrahydro-I|H azcpi no[
5, 4, 3- cd] i nddixainptis,- Fryphiradon off (RO -(Qmbrtuclidin- NNIR2 3300 tekdhydddMEO1- 1) 57. 90
(d, J = 7.15 Hz, 11-1),azépi6di5dcB-cdin8ol1-bize, hydbyhlorid&&l7. 52 (m 211), 7.42
(s, 114), 7.34-7.29 (m 311), 4.25- 3.55 (m 6H), 3.54-3.05 (m 6H),
2.52-2.51 (m 1H), 2.15-1.98 (m 3H); ES1+)/n/z 390 [ MtH 4; HPLC 97. 2%
(AUC), tit 10.22 mn.

o N
N
N
H
- 102501 Step A: Following general procedure GP-Q, methyl 1-benzy]-3-(2-

oxoethyl)-1H-indole-4-carboxylate from Step B of Example 32 and (R)-(-)-3-

20 aminogquinuclidine dihydrochloride were converted to (R)-methyl 1-benzyl-3-(2-
(quinuclidin-3-ylamino)cthyl)- 1 H-indolc-4-carboxylate (701 mg, 68%): "H NMR (300
MHz, CDCl:) 8§ 7.63 (dd, /= 7.5, 1.0 Hz, 1H), 7.44 (dd, /= 7.5, 1.0 Hz, 1H), 7.32-7.23
(m, 411), 7.19-7.05 (m, 4H), 5.31 (s, 2F), 3.95 (s, 3H), 3.20-3.05 (m, 3H), 2.95-2.70 (m,
7H), 2.50-2.40 (m, 1H), 1.85-1.65 (m, 3H), 1.55-1.22 (m, 2H); MS (ESi+) m/z 418

25  (M+H)

[0251] Step B: Following general procedure GP-R, (R)-methyl 1-benzyl-3-(2-
(quinuclidin-3-ylamino)ethyl)-1H-indole-4-carboxylate (516 mg, 1.24 mmeof) and lithium

hydroxide monohvdrate (129 mg, 3.07 mmol) were converted to lithium (R)-1-benzyl-3-



- 89 - Exanple 37- Preparation of

Endo- 6- net hyl- 2- (9- net hyl- 9- azabi cycl o[ 3. 3. 1] nonan- 3-

yl)-2, 3, 4, 6-tetrahydro- 1H azepi no[ 5, 4, 3-edl i ndol -1 -one, hydrochl ori de salt
5 [0270] Step A: Foll owi ng general procedure GP-Q except that 1, 4-di oxane
was used as the solvent, nethyl

1- met hyl - 3- (2- oxoet hyl ) - 11/ -i ndol e- 4- carb¥xyl ate (775ny, 3.26 mmol) from
Step D of Exanple 31 and endo-9-net hyl-9-azabi cycl o[ 3. 3. 1] nonan- 3- 10am ne
were converted to endo-nethyl 1-net hyl 3-(2-(9-net hyl - 9-

azabi cycl o[ 3. 3. 11nonan- 3-yl am qrzmem ) - 1H-i ndol e- 4- car boxyl ate: MS (ESI +)
tn/z 370 [ MrHCE(quireRidih-StdaniBe) ¢tanl)- bikiinglegeprabalylafys bisH iag ugpiRhe next

endo- net hyl 1

(9-net hyl-9- aza &%&Tt%rék%ép‘i icgtrll%nﬁ ]Vés SESIT%”%%“%‘% “ﬁ'ﬁ})” 1/ 1-i ndol e- 4- car boxyl at
e was 15conve®%d] t o crieeCl Foldwing general procedure GP-8, lithium (K)-1-benzyl-3-(2-

I 1- met |
Vi i nb) et nyl JdneT R P ARl N R MBI med s
E 027|2] )St e? 5C tc&mehmogg)-gmen?t @fqagwodadmfﬁ 8- iéﬁ 4%6 efralExdenpl-ezeb610[3.4. 3 hi um
encl o me me - 9- [ , _3- m
i no) et hyl) - 1I—|-Cpﬁ?ij(9fé(° 333%%{%“ ]éﬁV\Z/{ﬁg (g%l)rrwglg %@CSW&?& §=>§]5 i 1H),
endo- 6- met hyl 729(8;net byl &ﬂ)azatmwsdnq[zta)& ] noran; BHyd.y7 (s, 1H), 5.31 (s,
202, 3, 4, 6- tetrahydro 1H azep

0
2029, &, S vetnalydro I azeplaol 5,4 Jedlindol 3 £85Iy 10 I -
9- azali cycl ol 3,831 naRam 3yl b, 4 EMSESRRYIE o8d b agpi 1ol 5, 4. 3-cdl i ndol

-1 -one was. converted to encl o-6-

hy1- 2- ( 9- €t hyd2581 azabu%WPOFBIIWIRE@W%D@LWWQP@ #R)ge-benzyl-2-(quinuclidin-

t etrahydro-1 W= NNR 500
ARG S ScH))taa}?{Gﬁgk gg[t@trcﬂ“rygrocmf'a%mo[ﬁjﬁ QE‘E?deBM@U()Q& b@Hgd@SWhlhol)ka (

1H), 7.29-7. 2sorqmtec21q)(R) 3 (mwshsm Xrh- g:13}4)6 tcwwd@ ¥ amwn 3 céluzﬁpl 2 oee ( m
7:?( 3§8B?N+2+Hr2(e]‘§gghe%@§‘%%% xi%&) (%Otfggh(f”ba@@ zfér)l% 11924, 38), 600 (§§')Jw B (ES! +)
Hz, 1H), 7.66 (dd, J = 7.5, 0.6Hz, 1H), 7.28 (s, 1H), 7.17 (t,J = 8.0 Hz, 1H), 4.65-4.45
15 (m, 1H), 4.15-3.50 (m, 3H), 3.20-2.65 (m, 7H), 2.00-1.90 (m, 1H), 1.80-1.35 (m, 4H);
MS (ESI+) m/z 296 (M+H).
[0254) Step E: Following general procedure GP-T, (R)-2-(quinuclidin-3-yl)-
2,3,4,6-tetrahydro- 1 H-azepino[5,4,3-cd]indol-1-one (90 mg, 0.305 mmol} in methanol (2
mL) was converted to (R)-2-(quinuclidin-3-y1)-2,3,4,6-tetrahydro- 1 H-azepino[ 5,4,3-
20  ed]indol-1-one, hydrochloride salt (100 mg, 66%): ‘H NMR (500 MHz, DMSO-ds)
5 11.21 (bs, 1HD, 10.34 (bs, 1), 7.72 (d,.J = 7.5 Hz, 1H), 7.56 (d, ./ = 8.0 Hz, 1H), 7.35
(s, 11D, 7.19 (t, ./ = 7.5 Hz, 1H), 4.80-4.68 {m, IH), 4.10-3.33 (m, 5H), 3.28-3.18 (m,
3H), 3.15-2.75 (m, 2H), 2.35-2.30 (m, 1H), 2.07-1.80 (m, 4H); M5 (ESI+) m/z 296
(M+H); HPLC >99% (AUC), e 11.94 min.

25  Example 34 - Preparation of (R)-2-Methyl-7-(quinuclidin-3-yI)-8,9-dihydro-2H-
azepine|5,4,3-cd]indazol-6(7H)-one, hydrochloride salt

»

O N

N



- 90 - Exanple 38- Preparation of

Endo- 2- net hyl- 7- (8- net hyl- 8- azabi cycl 013. 2. 1l oct an- 3- y1)-7, 8-di hydropy
razol of 3, 4, 5-dej i soqui nol i n-6(21-frone, hydrochloride salt 5 [ 0274] St ep
A:. Sodi um hydride (60% (0.19 g) was added in portions to a solution of

8- nmet hyl - 8- azabi cycl o[ 3. 2. 1] oct an- 3- am ne di hydrochl oride and stirred at
anbi ent tenperature for 1 h. To the reactdSon m xture, nethyl
3-fornyl-1-methyl- 1H 10i ndazol e- 4-carboxylate (0.41 g, 1.9 mmol) from Step
A of Exanple 6 in 1% acetic acid in dichloronethane (50 nL) was added and
stirred at anbient tenperature for 3 h. Sodiumtriacetoxyborohydride (1.2
g, 5.6 mmol) was added, and the resulting suspension was stirred for 16 h
at anbi ent temﬁéﬁhturefhﬁhe §dkwém;WM@@lweﬁmvedﬂh@d@pmwbbawéﬁl@K%ssure and

the ore at erl T LER DX EOLII, SE OTBLANAPIN (RIS 60 5l #Cink O 1

15d|chloronetﬁane? concen rate rironi u
met hyl 1- net I(l}j{)l(-i34(&1ﬂm}mm)dbhcﬁnea:ﬂl@kdr®ylbhde (832 mg&o&mmyba«mverted to

thyl) - 11 d | 0. 00 | 1H
VR (300 M. Cerssgl G B RURRINE) gl 230 RReBogful B10°) 1
(75383|(¥|§ , %=98_n%, g%’/n) |‘I]HDMR550®9\/[(I§ Cd@)bﬂﬁ?@d(ﬁ—?ﬂh}ﬂl& (628 Qaﬁ (cﬁi-l)r 83 9?m
20 414): LO Mbiz( B &)mm(‘eé é’zﬁaﬂf( I‘WSN 0”[(02’7%135%% %1)’ gﬁ% %ﬁ? Gt15 %O%fm’net hyl

1-met hy1- 3- ((&Hgf%tdwb‘]@%m TH),2.41-2.37 (m, 1) 2.06-2.04 (m, 1H), 199 190 (m, 1H), 1.84—
azabi cycl o[ 3. 2 ctan | am no) met hyl )~ 1H i ndazol e-4- car boxyi ate (0. 54g,

1.6 ol ) fromh7Step2iA élﬁ&v’eﬁqw .11 0c b 40{m, Mls!.added (M ¢ Hi: S At bk de
nonohydrat% (§4§ +H 8 nmol) in water (5 nmL). The m xture was heated at 90

Cfor 1 h an &en concentrat ed 25under reduced pressure. The residue was
dri ed over ni ghi€256hder \VéepinTelpvand gmdrabpraepslutei GRuE)-methyl 1-methyl-3-(2-

e
puri fi cation: hy@boNMBec MmESihy)irarcl(] 2 32B.¢Mefd)) were co@icrted to lithium (R)-1-methyl-3-
(2-(quinuclidin-3-ylamino) ethyl)-1H-indole-4-carboxylate, which was used in the next
15 step without further purification: MS (ESI+) m/z 328 (M+H).
[0257] Step C: Following general procedure GP-S, lithium (R)-1-methyl-3-(2-
(quinuclidin-3-ylamino)ethyl)-1H-indole-4-carboxylate (746 mg, 1.46 mmol) was
converted to (R)-6-methyl-2-(quinuclidin-3-yl)-2,3,4,6-tetrahydro-1H-azepino[5,4,3-
cd]indol-1-one (309 mg, 68%): "H NMR (300 MHz, CDCL) 8 7.97 (d, J = 7.5 Hz, 1H),
20 7.42(d,J=8.0Hz, IH),7.31 (t,J= 8.0 Hz, 1H), 6.91 (s, 1H), 4.85-4.70 (1H), 4.10-3.80
(m, 2H), 3.78 (s, 3H), 3.37 (t, J = 13.5 Hz, 1H), 3.15-2.90 (m, 7H), 2.20-2.10 (m, 1H),
1.90-1.50 {m, 41); MS (ESI+) m/z 310 (M+H)
[0258] Step D: Following general procedure GP-T, (R)-6-methyl-2-(quinuclidin-
3-yD)-2,3,4,6-tctrahydro-1 H-azepinof5,4.3-cd)indol-1-one (309 mg, 1.0 mmol) and HC1
25 werce converted to (R)-6-methyl-2-(quinuclidin-3-yi)-2,3,4,6-tetrahydro-1H-
azepino[5.,4.3-cdlindol-1-one, hydrochloride salt (240 mg, 69%): "H NMR (500 MHz,
DMSO-dg) § 10.56 (bs, 1H), 7.75 (d, /= 7.5 Hz, 1H), 7.62 (d, J = 8.0 Hz, 1H), 7.30 (s,
1H), 7.27-7.22 (m, 1H), 4.80-4.70 (m, |H), 4.10-3.90 (m, 1H), 3.78 (s, 3H), 3.75-3.45
{(m, 4H), 3.28-3.18 {m, 3H), 3.15-2.75 {m, 2H), 2.35-2.30 (m, 1H), 2.10-1.80 (m, 4H),
30 S (ES1+) mi/z 310 (M+H); HPLC >99% (AUC), tr 9.05 min.



[0276] Step C. A m xture of crude |ithium 1-nethyl-34(8-nethyl-8-

azabi cycl o[ 3. 2. 1] oct an- 3-yl am no) net hyl ) - 1Hi ndazol e- 4- car boxyl ate (1.5 Q)
and HBTU (1.2 g, 3.2 nmol) in /%\dinethyl formam de (5 nL) was stirred at
anbi ent tenperature for 18 h. The reaction was concentrated under reduced
pressure and the m xture was 5partitioned between dichl oronet hane and

water. The aqueous |ayer was extracted wt §h- di chl or omet hane and t he

conbi ned organic layers were dried (Na2SO4), filtered and concentrated

under reduced pressure. The crude m xture was di ssol ved in methanol and
precipitated using diethyl ether. The precipitate was filtered and dried
under reduced HxamphiisSe Rrepahfion of (R)-6-benzyl-2-(quinuclidin-3-y)-2,3,4,6-tetrahydro-

2- net hyl - 7- (8- net hyl - 8+&azipiroyT4.8{c8lidlol]ieniean-dBoghlgride, sght |

0di hydr opyr azol o[ 3, 4, 5- ddi soqui nol i n-6(210-one (36 ng). This material was

di ssolved in nethanol (1 nL) and tr w th excess hydrochloric acid
(1.25 Msolution in nethanol). The xtare was stirred for | h, filtered,
concentrated under reduced pressure, and dried under vacuumto give

2- et hyl - 7- (8- et hyl - 8- azabi cycl o[ 3. &2 Ot an- 3-y1) -

. 7,.8-di hydr opyr.azol o[.3, 4, 5-de] i-soqui nol § (211)-one, hydrochloride salt - (20-
ng, 4% over 15 two steps) as an off solid: NVR (500 MHz, DM5O-c/ 6)
69.51 (s, 1H), 7.74 (d, J = 8.5 Hz, 453 (t,J=7.0 Hz, 1H), 7.43 (d,J=
7.0 Hz, 1H), 5.04-4.93 (in, 3H), 4.08 (s, 8.99 (s, 2H), 2.73 (s,

31-1), 144-2.39 (in, 2H), 2.33-2.27 (m 2H), p3 (d,J= 8.5 Hz, 2H), 1.84
(d, 1= 10.04Hz, 2H); M5 (ESl F) in/fz 311 (MrH);  HPLC >99% (AUC), tR 11.96
mn. 20 Exarrp 3 ept-or
[0277] The rel & 192 §§ an‘f.r@r%?‘!t’J ‘ﬁou“ %?‘?P ’S&@g‘e i'&oiug n‘é?]gfrﬁ lt"ﬁ%ep 2N 5 HT2
receptor was rme«aﬂlugﬂ)emmrdo& 4aﬂb®dﬂagaﬁnmrnﬁtqu3 mfgﬁxamRﬁZ anéﬂﬁg"i a3scintillation

proximty assa SPA conmpound t O mMMin
100% DVBO, ¢ hal” QPIIHQ? W’ bRy §°8%‘§§§X\§’é%%enﬁ‘ﬁ aL on M 0% Huso
in 96-wel | pO|((Y[pﬂilmp§hhéinﬁalﬂﬁlp)oﬂiy®)81fﬁ-lﬂdlofcl-}l‘ - tehigrx yRid (G0 leigt 68 %4x' Fa SHY(300
concent ratl ons w t h S e Sa 0
Tris-HO, 1BH Mz D @y P I/ﬁ?A Qﬁd’?%%ﬁs&ﬁﬁ*a%ﬁﬁ% Y

[ 9- met hyl - 31- 1, BRly 43697405(@@%)%'@%) W:t s, 303 053(n{ 3 Ao DMAnS- HI3
recept or nenbranes (PerKki % A beads (

\ VGA PVT, ArreﬂélhénﬁOB%Q&meHéﬂeéﬁSTlnéSa(Hf,|3Hé|1 3P0 a%@ﬂo%mer» (ﬁélﬂBi/%fh’ugng
reacti ons wer evs 2 up 30in wells of PicoPlates-96 (Perkin El nmer, Waltham

MA) by addi ng ‘conSecutively 504 of each conpeti nlc?; conmpound or buffer SPA
beads, the rad®h]l gand &erpiB5Epifavingeestad procedugyGl-RygRgnehed: -beppxlaran
overni ght nc t & l, re
centri fugea fg%%ﬁﬁ%ﬂﬂmas ‘I/lglﬁ%gbﬁ)}ﬁmpﬂ{ﬂ#dg o % %%ﬁ:ﬁ@& |%ﬁﬁ&|mr?gtdﬁ§aﬁglgl\rp€ for
30 min. Radi oagdiowvide ylovxeis/dml(riﬂ%dlgt not hmomwmemwﬂ@mlm@)ebbm@@r}

Lot ot ot ve dost RinuRyifhad-y db ) c RSl D RORLL Bl FRD LALISH SORARUAGRY LUT O

buffer only; ecl etermn presence of 30 pM
MDL- 72222. Spetepfmttho@fmahemgmv@sndew (ﬁSieﬁmbyO%LMtH}actl ng nonspecific

o001 om U2 NkBge. Bl SHRSTLIE SR LRGBS, Mgl cate
a control 20N eyiefclidiirB-ylhGhQ)val s i leet-clebedyia @ fnrt,phﬁl"smemil)fw:ﬂs_ bi ndi ng
conat ant (KO GRS TBLRELTAEEY! -r?&vlﬁﬁ’cfe HEC g P o e TR
1C50/ ( 1+( L/ KD)pindelefe 1358 mg, 55%): 'H NMR (300 MHz, CDCly) 8 7.98 (d, ./ = 7.5 Hz, 1H),

7.39 (d, J= 7.5 Hz, 1H), 7.32-7.25 (m, 4H), 7.10-7.08 (m, 2H), 6.97 (s, 1H), 5.31 (s,

2H), 4.85-4.70 (1H), 4.10-3.80 (m, 2H), 3.35 (t, /= 11.0 Hz, 1H), 3.15-2.90 (m, 7H),

25 2.20-2.10 (m, 1H), 1.90-1.50 (m, 4H);, MS (ESI+) m/z 386 (M+H).

[0262] Step D: Tollowing general procedure GP-T, (R)-6-benzyl-2-(quinuclidin-

3-y1)-2,3,4,6-tetrahydro-1H-azepino{5,4,3-cd}indol-1-one {100 mg, 0.259 mmol) was

converted to (R)-6-benzyl-2-(quinuclidin-3-yl)-2,3,4,6-tctrahydro-1H-azepino{5,4,3-




concentration of radioligand in the assay, and KD = affinity of the

radi oligand for the receptor. Exanple 40 - Agonist Activity at Reconbi nant
Human 5- HT3A Receptors [02781Hunan enbryoni ¢ ki dney (HEK293) cells
expressing the h5-FlI T3A 15receptor subunit were seeded directly into

pol y-D-lysi ne coated, black-walled, clear bottonmed, 96 well plates with
approximately | x 105 cells per well. Aft&¥r 48 hrs incubation in DVEM
grow h nmedia (100 pL), cells were washed twi ce (each 200 L) in Hank's

bal anced salt solution (Invitrogen) before incubation (1 hr) with Fluo-4
acet oxymet hyl (AM ester (100 p,L, 2.5 pM Ml ecul ar Probes). Cells were
washed twi ce 28(eiathofBydrhihlériticisanicssnd) 89%nhCEANERI(E00SGHat PHISOadidid il e libat ed

for a further 30, m [ 'S I d.salt..s ' 0 i to

nssay (250, A UThITaIt YR Tois P TBECRSd A v Ao vaSet Bl e iRt

units [REV]) uE|ng, 225 EnstruHRn 48X HD.atTiom, 48§ 40t Ahdne sy sl 2335 5mnm

(onk 8 bal ancBa st S8 Gra Dond 6T by DuaddJaeme Re T AP R or ea to -
nk' s bal an sal t- ered to

_the 2_5vve| I 5(SWQH);.H@QSQQ'%@\M@)S,rRQQ!’,'gl;Iﬁi_ﬁ.I _ed fro_mthe 5 data poi nts

imedi ately prior to the first drug adm nistration and the maxi num response

was that achi eved over the 240 sec fallow ng drug, adm ni.strati In al
experiments t kSRS FEpRATAY t(g?‘ﬁ' & E'SQ'{')E%&‘F@F"@)E 'E{%})T\ﬁ%d’g'dded 240
sec after the test drJgraiidyenl&razapipgl:4-y pe, higdeachigride 53
endogenousl y expressed by HEK293 CE||S%£;n every experinment, carbachol

30elicited a response conparable to th Xi mum response elicited by the
maxi nal effective concentration of 5-1 . - 93 - Exanple 41 - von
Bezol d-Jari sch Model in vivo [0279] 5- HT3y
efficacy in the treatnment of human G 9%
approval of al osetron and ranpsetron f
receptors can be assessed using the 5- edi ated transi ent 5bradycardi a
observed after the intravenous adm ni st¥ati®n of 5-HT or 5-11T3 sel ective
agoni sts in anesthetized mcc (von Bczol d-Jarysch reflex). This is a well
characterized and w dely used nodel to ass 5-HT3 receptor function in
vivo (King et al., 5- Hydroxtryptanm ne-3 Re tor Antagonists, CRC Press,
pp. 74-75 (1993), which is hereby incorporated by reference in its

entirety). Certain conpounds (Table I) were eval uated for
10 [0263] Step A: To a solution of methyl 1H-indole-4-carboxylate (3.0 g, 17.1

mmol) in DMSO (25 mL) and 1,4-dioxane (25 mL}) in a sealed tube were added

ecept or nodul ators have proven
d{ soryders as denonstrated by the
JBS-D. In vivo activity at 5-FIT3

potassium phosphate (7.3 g, 34.3 mmol), dimethylethylenediamine (1.0 mL, 9.1 mmol),
L-proline (1.1 ¢, 9.1 mmol), 1-bromo-4-fluorobenzene (1.3ml., 11.42mmol), and copper
iodide (1.1 g, 5.7 mmol). The mixture was purged with argon gas; the tube was sealed and

15 heated at 110 °C overnight. The reaction mixture was cooled down to rt, washed with
water (100 mL) and the aqueous mixture was extracted with dichloromethane (3 * 150
mL). The combined organic layers were dried (Na;SO4), filtered, and concentrated under
reduced pressure. Purification of the resulting residue by column chromatography (0% to
50% dichloromethane in hexanes) afforded methyl 1-(4-fluorophenyl)-1H-indole-4-

20 carboxylate (2.1 g, 68%) as a white solid: 'H NMR (300 MHz, DMSO) § 7.87-7.82 (m,
2H), 7.75 (d, J = 8.4 Hz, 1H), 7.68-7.63 (m, 2H), 7.49-7.42 (m, 2H), 7.32 {t,J = 7.8 Hz,
1H), 7.20 (dd, J = 3.0, 0.9 Hz, 1H), 3.93 (s, 3H); MS (ESI+) m/z 270 [M+H]".

[0264] Step B: Following general procedure GP-O, methyl 1-(4-fluorophenyl)-
}/1-indole-4-carboxylate was converted to methyl 1-(4-fluorophenyl)-3-formyl-1H-
25  indole-4-carboxylate: 'H NMR (500 MHz, DMS0) § 10.20 (s, 1), 8.58 (s, 1H), 7.76-



10t heir ability to inhibit serotonin induced bradycardia in vivo in the
nouse (Saxena et al., Arch. Int. Pharnzacodyn., 277:235-252 (1985), which
is hereby incorporated by reference in its entirety). Test substances and
vehicle [2 % Tween 80] were each adm nistered orally to a group of 5 nale
CD-1(Crl.) mce each weighing 24-1 2 g. A dosing volune of 10 ni/kg was
used. Sixty minutes later, 5-HT (0.1 nmg/ k% 1V)-induced bradycardi a was
15recorded in urethane (2250 ng/kg IP, given 10 mi nutes before
5- HT) - anest heti zed ani mal s. The hi ghest oral dose tested is reported. Table
1. Bio ogical Activity of Exenplified Conpounds Exanple Number h5-HT3A
K1(nM HEK293 7HB-(HT3WA, 7167hT-b3 (m.dhl)of. 557 4% (nn2hdl 842 By Adpdadili)idmNsce 4 1
5 13
3H).
[0265] Step C: Following general procedure GP-P, methyl 1-(4-fluorophenyl)-3-
formyl-1H-indole-4-carboxylate was converted to methyl 1-(4-fluorophenyl)-3-(2-
5  oxoethyl)-1H-indole-4-carboxylate: '"H NMR (300 MHz, DMSO0) § 9.74 (s, 1H), 7.73—
©7.26 (m, 8H), 4.03 (s, 2H), 3.83 (s, 3H). '
[0266] Step D: Following general procedure GP-Q except that 1,4-dioxane was
used as the solvent, methyl 1-(4-fluorophenyl)-3-(2-oxoethyl)-1H-indole-4-carboxylate
and (R)-(+)-3-aminoquinuclidine dihydrochloride were converted to (R);metllyl 1-(4-

10 fluorophenyl)-3-(2-(quinuclidin-3-ylamino)cthyl)-1 H-indole-4-carboxylate: 'H NMR
(300 MHz, DMSO0) 8 7.65-7.58 (m, 4H), 7.52-7.40 (m, 3H), 7.24 (t,./ = 7.8 Hz, 1H),
4.11-4.13 (m, 1H), 3.91 (s, 3H), 3.17-2.63 (m, 8H), 2.31-2.27 (m, 1H), 1.83~1.70 (m,
3H), 1.64-1.57 (m, 1H), 1.44-1.40 (m, 1H), 1.26-1.23 (m, 1H); MS (ESI+) m/z 422
[M+H]".

15 [0267] Step E: Following general procedure GP-R, (R)-methyl 1-(4-
fluorophenyl)-3-(2-(quinuclidin-3-ylamino)ethyl)- 1 H-indole-4-carboxylate was converted
to crude lithium (R)-1-(4-fluorophenyl)-3-(2-(quinuclidin-3-ylamino)ethyl)-1H-indole-4-
carboxylate: MS (ESI+) m/z 406 [acid, M-+H].

[0268] Step F: Following the procedure in Step C of Example 16, lithium (R)-i-

20 (4-fluorophenyl)-3-(2-(quinuciidin-3-ylamino)ethyl)-1H-indole-4-carbox ylate was
converted to (R)-6-(4-fluorophenyl)-2-(quinuclidin-3-yl)-2,3,4,6-tetrahydro-1H-
azepino[5,4,3-cd]indol-1-one (5.5 mg, 10%).

10269] Step G: Following general procedure GP-T, (R)-6-(4-fluorophenyl)-2-
{(quinuclidin-3-yi)-2,3.4.6-tctrahydro-1H-azepino[5,4,3-cd]indol-1-one was converted to

25 (R)-6-(4-fluoropheny!)-2-(quinuchdin-3-y})-2,3.4,6-tetrahydro-1H-azepino[ 5,4,3-
cd]indol-1-onge, hydrochloride salt: 'H NMR {500 MHz, d4y-McOH) 8 7.90 (d, /= 7.5 Hz,
1H), 7.64 (d, .J = 8.0 Hz, 1H), 7.55-7.52 (m, 2H), 7.42 (s, |H), 7.34-7.29 (m, 3H), 4.25-

3.55 (m, 6H), 3.54-3.05 (m, 6H), 2.52-2.51 (m, 1H), 2.15-1.98 (m, 3H); MS (ESI+) m/z
390 [M-+H]"; HPLC 97.2% {AUC), f 10.22 min.
30
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Example 37 - Preparation of Ende-6-methyl-2-(9-methyl-9-azabicyclo[3.3.1]nonan-3-
y1)-2,3,4,6-tetrahydro-1H-azepino[5,4,3-cd]indol-1-one, hydrochloride

salt
1130\%
.‘O N

Ny

N
\
CH,

[(0270] Step A: Following general procedure GP-Q except that 1,4-dioxane was

used as the solvent, methyl 1-methyl-3-(2-oxoethyl)-1H-indole-4-carboxylate (775mg,
3.26 mmol) from Step D of Example 31 and endo-9-methyl-9-azabicyclo{3.3.1]nonan-3-
amine were converted to endo-methyl 1-methyl-3-(2-(9-methyl-9-
azabicyclo[3.3.1]nonan-3-ylamino)ethyl)-1/-indole-4-carboxylate: MS (ESI+) m/z 370
[M+H]". _

[0271] Step B: Following general procedure GP-R, endo-methyl 1-methyl-3-(2-
(9-methyl-9-azabicyclo[3.3.1]nonan-3-ylamino)ethyl)-1H-indole-4-carboxylate was
converted to crude lithium (endo)--methyl-3-(2-(9-methyl-9-azabicyclo[3.3.1]nonan-3-
ylamino)ethyl)-1 H-indole-4-carboxylate: MS (ESI+) m/z 356 [acid, M+H]". '
[0272] Step C: Following the procedure in Step C of Example 16, lithium (endo)-
1-methyl-3-(2-{9-methyl-9-azabicyclo[3.3. 1 Jnonan-3-ylamino)ethyl)- 1 H-indole-4-
carboxylate was converted to endo-6-methyl-2-(9-methyl-9-azabicyclo{3.3.1]nonan-3-yl)-
2,3,4,6-tctrahydro- 1 H-azepino| 5,4,3-cd]indol-1-one (5.5 mg, 10%).

[0273] Step D: Following general procedure GP-T, endo-6-methyl-2-(9-methyl-
9-azabicyclo[3.3.1]nonan-3-y1)-2,3,4,6-tetrahydro- 1 /{-azepino[ 5,4,3-¢cd]indol- 1 -one was
converted to endo-6-methyl-2-(9-methyl-9-azabicyclo[3.3.1nonan-3-y1)-2,3,4,6-
tetrahydro-1 H-azepino[5,4,3-cd]indol- 1-one, hydrochloride salt: '"H NMR (500 MHz,
DMS0) 8 9.28 (s, 1H), 7.77 (d, /= 7.0 Hz, IH), 7.62 (d, J = 8.0 Hz, 1H), 7.29-7.23 (m,
2H), 5.34-5.31 (m, 1H), 3.87-3.70 (m, 5H), 3.47-2.63 (m, 7H), 2.35-2.20 (m, 2H), 2.19~
1.80 (m, 5H), 1.79-1.51 (m, 3H); MS (ESI+) m/z 338 [M+H]"; HPLC >99% (AUC), i
13.61 min.

10
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Example 38 - Preparation of Endo-2-methyl-7-(8-methyl-8-azabicyclo]3.2.1}octan-3-
yI)-7,8-dikydropyrazolo[3,4,5-delisoquinolin-6(2 ff)-one, hydrochloride

salt
HLC

N

Ox N
N
N

5 CH,
[0274] Step A: Sodium hydride (60%) (0.19 g) was added in portions to a

solution of 8-methyl-8-azabicyclo[3.2.1}octan-3-amine dihydrochloride and stirred at
ambient temperature for 1 h. To the reaction mixture, methyl 3-formyl-1-methyl-1#-

10 indazole-d4-carboxylate (0.41 g, 1.9 mmol) from Step A of Example 6 in 1% acetic acid in
dichloromethane (50 mL) was added and stirred at ambient temperature for 3 h. Sodium
triacetoxyborohydride (1.2 g, 5.6 mmol) was added, and the resulting suspension was
stirred for 16 h at ambient temperature. The solvent was removed under reduced
pressure, and the crude material purified by column chromatography (silica gel, 10:1:0.1

15 dichloromethane/methanol/concentrated ammonium hydroxide) to afford methyl I-
methyl-3-((8-methyl-8-azabicyclo[3.2.1Joctan-3-ylamino)methyl)-1/-indazole-4-
carboxylate (0.54 g, 100%) as a yellow oil: "H NMR (300 MHz, CDCl3) § 7.75 (d, J= 7.5
Hz, 1H), 7.53 (d, J = 8.5 Hz, 1H), 7.38 (t, /= 6.0 Hz, 1H), 5.49 (s, 1H), 4.26 (s, 2H), 4.04
(s, 3H), 3.96 (s, 3H), 2.99-2.89 (m, 1H), 2.45 (s, 3H), 2.10~-1.85 (m, 611, 1.74-1.62 (m,

20 4H), LC/MS (ESI+) m/z 343 (M+H). ‘

[0275] Step B: To a solution of methyl 1-methyl-3-((8-methyl-8-
azabicyclo][3.2. 1 octan-3-ylarmino)methyl)-1 H-indazole-4-carboxylate (0.54g, 1.6 mmol)
from Step A above in THF (5 mL) was added lithium hydroxide monohydrate (1.6 g, 38
mmol) in water (5 mL). The mixturc was heated at 90 °C for | h and then concentrated

25  under reduced pressurc. The residuc was dried overnight under vacuum to afford crude
lithium }-methyl-3-((8-methyl-8-azabicyclo[3.2.1]octan-3-ylamino)methyl)-1F/-indazole-
4-carboxylate (1.54 g), which was used in the next step without further purification:

LC/MS (ESI+) m/z 329 (M+H).



16 5 35% 87941, 3 ng/kg 17 5 18 29 9% 19 68 20 57

I5

20

23

30

291 -

[0276] Step C: A mixture of crude hithium 1-methyl-3-({8-mcthyl-8-
azabicyclo[3.2.1Joctan-3-ylamino)methyl)- | H-indazole-4-carboxylate (1.5 g) and HBTU
(1.2 g, 3.2 mmol) in ¥,N-dimethylformamide (5 mL) was stirred at ambient temperature
for 18 h. The reaction was concentrated under reduced pressure and the mixture was
partitioned between dichloromethane and water. The aqucous layer was extracted with
dichloromethane and the combined organic layers were dried (Na;SQy), filtered and
concentrated under reduced pressure. The crude mixture was dissolved in methanol and
precipitated using diethyl ether. The precipitate was f{iltered and dried under reduced
pressure to afford 2-methyl-7-(8-methyl-8-azabicyclo[3.2. 1 Joctan-3-yl)-7,8-
dihydropyrazolo[3,4,5-de]isoquinolin-6(2H}-one (36 mg). This material was dissolved in
methanol (1 mL) and treated with excess hydrochloric acid (1.25 M solution in
methanol). The mixture was stirred for 1 h, ﬁktcrcd, concentrated under reduced pressure,
and dricd under vacuum to give 2-methyl-7-(8-mcthyl-8-azabicyclof{3.2.1]Joctan-3-y1)-
7,8-dihydropyrazolo[3.4,5-de]isoquinolin-6(2 H)-one, hydrochloride salt (20 mg, 4% over
two steps) as an off-white solid: "H NMR (500 MHz, DMSO-ds) 6 9.51 (s, 1H), 7.74 (d, J
=8.5 Hz, 1H), 7.53 (t, /= 7.0 Hz, 1H), 7.43 (d, / = 7.0 Hz, 1H), 5.04-4.93 (m, 3H), 4.08
(s, 3H), 3.99 (s, 2H), 2.73 (s, 3H), 2.44-2.39 (m, 2H), 2.33-2.27 (m, 2H), 2.03 (d,./J= 8.5
Hz, 211), 1.84 (d,.7=10.0 Hz, 2H); MS (ESI+) m/z 311 (M+H); HPLC >99% (AUC), tr
11.96 min.

Example 39 - Compound Affinity for the Human 5-HT; Receptor

[0277] The relative affinity of the various compounds for the human 5-HT:
receptor was measured in a radioligand binding assay, using a scintillation proximity
assay (SPA) format. Test compounds were dissolved to 10 mM in 100% DMSO, then
scrially diluted at 10x assay concentrations in 100% DMSO 1n 96-wcll polypropylenc
plates and further diluted to 4x assay concentrations with the assay buffer. Samples were
incubated in 50 mM Tris-HCI, pH 7.5, 3 mM MgCl,, 1 mM EDTA and 10% DMSO with
1 nM [9-methyl—3H]BRL-43694 (Perkin Elmer, Waltham, MA), 3 pg of human 5-HT;
receptor membranes (Perkin Elmer, Waltham, MA) and 0.5 mg/ml. SPA beads (WGA
PVT, Amersham Biosciences) in a final volume of 0.2 mL. Binding reactions were sct up
in wells of PicoPlates-96 (Perkin Elmer, Waltham, MA) by adding consecutively 50 uL

of each competing compound or buffer, SPA beads, the radioligand and 5-HT: receptor



- 94 - Exanple Nunber /z5-11T3A K1 (nM 11EK293 h5-HT3A* | nhibition of
5-11T I nduced Bradycardia in Mce 21 | 22 34 23 4
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membranes. After an overnight incubation at room tempcraturc on a Nutator mixcr,
plates were centrifuged for 15 min at 1,500 rpm, followed by incubation in the dark for 30
min, Radioactivity was counted in the TopCount microplate counter (Perkin Elmer) for 5
min. Total binding control contained compound dilution buffer only; nonspecific binding
was determined in the presence of 30 pM MDL-72222. Specific binding was determined
by subtracting nonspecific binding from total binding. All experiments were performed
in duplicate using ten concentrations of competing ligand, with ondansetron included as a
control in every run. ICsy values were determined from specific binding data using
XLfit4.1 curve fitting software from IDBS Ltd. The inhibition constant (K;) was
calculated from the Cheng Prusoff equation: (K; = ICso/(1+(L/Kp)), where L =
concentration of radioligand in the assay, and Kp = affinity of the radioligand for the

receptor,

Example 40 - Agonist Activity at Recombinant Human 5-HT ;a Receptors

[0278]) Human embryonic kidney (HEK293) cells expressing the A5-HTza
receptor subunit were seeded directly into poly-D-lysine coated, black-walled, clear
bottomed, 96 well plates with approximately ! x 10° cells per well. After 48 hrs
incubation in DMEM growth media (100 pL), cells were washed twice (each 200 puL) in
Hank’s balanced salt solution (Invitrogen) before incubation (1 hr) with Fluo-4
acetoxymethyl (AM) ester (100 uL, 2.5 uM; Molecular Probes). Cells were washed twice
(each 200 pL) in Hank’s balanced salt solution and incubated for a further 30 mins in
Hank’s balanced salt solution (100 pL) prior to assay (25°C). Alteration in [Ca®"]; was
measured (relative fluorescence units [RFUJ) using a Flexstation (excitation 488 nm and
emission 515 nm, frequency of recording 3 sec). After recording for at least 80 sec,
vehicle (Hank’s balanced salt solution) or drug was automatically administered to the
well (50 pL). Baseline was calculated from the 5 data points immediately prior to the first
drug administration and the maximum response was that achieved over the 240 sec
following drug administration. In all cxperiments the muscarinic receptor agonist
carbachol (1 mM) was added 240 sec after the test drug administration. Muscarinic
receptors are endogenously expressed by HEK293 cells; in every experiment, carbacho}
clicited a response comparable to the maximum response elicited by the maximal

effective concentration of 5-HT.
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Example 41 - von Bezold-Jarisch Model in vivo

[0279] 5-HT; receptor modulators have proven efficacy in the treatment of human
G1 disorders as demonstrated by the approval of alosetron and ramosetron for IBS-D. In

vivo activity at 5-HT3 receptors can be assessed using the 5-HTz mediated transient

bradycardia observed after the intravenous administration of 5-HT or 5-HT; selective

agonists in ancsthetized mice (von Bezold-Jarisch reflex). This is a well characterized and
widely used model to assess 5-HTa receptor function in vivo (King et al., 5-
Hydroxtryptamine-3 Receptor Antagonists, CRC Press, pp. 74-75 (1993}, which is hereby
incorporated by reference in its entirety). Certain compounds (Table 1) were evaluated for
their ability to inhibit serotonin induced bradycardia irn vivo in the mouse (Saxena et al.,
Arch. Int. Pharmacodyn., 277:235-252 (1985), which is hereby incorporated by reference
in its entirety). Test substances and vehicle [2 % Tween 80] were each administered
orally to a group of 5 male CD-1(Crl.) mice each weighing 24 +2 ¢. A dosing volume of
10 mL/kg was used. Sixty minutes later, 5-HT (0.1 mg/kg IV}-induced bradycardia was
recorded in urethane (2250 mg/kg 1P, given 10 minutes before 5-HT)-anesthetized

animals. The highest oral dose tested is reported.

Table 1. Biological Activity of Exemplified Compounds

Example | #5-HTi | HEK293 ‘“h‘b;::g::c‘ziis'HT
Number Ki (M) | ~5-HT34* Bradycardia in Mice
4 |
5 13
6 1 NR 100% @ 3 mg/ke
7 2 93% (@ 3 mg/kg
8 1 97% (@ 0.3 mg/kg
9 2
10 7
Il 5
12 2 % 73% @ | mgikg,
13 2 6%
14 2 4% 90% (@ 3 mg/kg
15 3 3% 06% (& 3 mg'ke
16 5 35% 87% (d; 3 mg/kg
17 5
18 29 9%
19 68
20 37

28
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Example | AS-HTy | HEK2e3 | 'mhibition of SHT
Number | Ki(nM) | A5-HTs* Induced
' i ‘ Bradycardia in Mice
21 1
22 34
23 4
24 2 91% @ 1 mg/kg
25 1 96% (@ 1 mglkg
26 2 94% (@ 3 mg/kg
27 2
28 108
29 3 17% 94% @ 1 mg/kg
30 25
31 1 5%
32 |
33 49 14%
34 8 13% 88% @ 3 mg/kg
35 13
49%
36 inhibition (&
10 uM
37 267
38 59
Alosetron 0.5 NR 95% @ 1 mg/kg
Ramosctron 0.06 NR 77% (@ 0.1 mg/kg

* %, apgonist response at 10 uM is normalized to the response
of 5-HT (5-HT response = 100% at 3 uM); NR = no responsc

[0280] The present invention is not limited to the compounds found in the above
examples, and many other compounds fatling within the scope of the invention may also
be prepared using the procedures set forth in the above synthetic schemes. The
preparation of additional compounds of formula I using these methods will be apparent to
one of ordinary skill in the chemical arts.

[0281] The invention has been described in detail with particular reference to
some embodiments thercof, but it will be understood by those skilled in the art that

variations and modifications can be effected within the spirit and scope of the invention.
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WHAT IS CLAIMED:
1. A compound of formula I:
T
O N
(CHa)n
AN \
| /
/" \
Ry J——R2
formula I
wherein;

Q is a saturated, bicyclic, heterocyclic amine, wherein the saturated, bicyclic,
heterocyclic amine comprises at least two atoms between the amide nitrogen of the
compound of formula I and any amine nitrogen of Q and wherein the saturated, bicyclic,
heterocyclic amine is optionally substituted with from 1 to 3 substituents independently
selected at each occurrence thereof from the group consisting of C;-Cs alkyl, halogen, —
CN, —OR’, and —NR'R®;

X is CH, CR?, or N;
J is selected from the group consisting of a direct bond, C=0, and SO»;

each R! is independently selected from the group consisting of H, halogen, —OR*, —
NR'R’, —NR*C(O)R®, —NR*C(0),R?, —NR’C(O)NR’R®, —S(0){R’, —CN, —C(O)R,
—C(O)NR4R5, C;-Cg alkyl, C»-Cg alkenyl, C,-Cq alkynyl, C3-Cg cycloalkyl, Cs-Cs
cycloalkylalkyl, aryl, and heteroaryl, wherein each of C;-Cg alkyl, C3-Cs alkenyl, Cy-Cs
alkynyl, C3-Cg cycloalkyl, C4-C5 cycloalkylalkyl, aryl, and heteroaryl is optionally

substituted with from 1 to 3 substituents independently selected at each occurrence
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R? is selected from the group consisting of H, halogen, —OR*, —NR*R?, -———-—NR“C(O)R5 R
—NR*C(0),R?, —NR’C(O)NR’R®, —S(0){R’, —CN, —C(O)R?, —C(O)NR'R’, C;-C;
alkyl, C,-Cg alkenyl, C;-Cg alkynyl, C3-Cq cycloalkyl, C4-C7 cycloalkylalkyl, aryl, and
heteroaryl, with the proviso that when J = SO,, R is not H, and wherein each of C1-Cs
alkyl, C,-Cg alkenyl, C;-Cg alkynyl, C3-C¢ cycloalkyl, C4-C7 cycloalkylalkyl, aryl, and
heteroaryl is optionally substituted with from 1 to 3 substituents independently selected at
each occurrence thereof from C;-Cs alkyl, halogen, —CN, —OR7, ——NR7R8, and phenyl
which is optionally substituted 1-3 times with halogen, C;-C4 alkyl, C{-C4 haloalkyl, C;-
Cy4 alkoxy, —CN, —OR’, or —NR'R,

R is selected from the group consisting of H, halogen, —OR*, —NR*R®, —NR*C(O)R®,
—NR*C(O)R?, —NR’C(O)NR’R®, —S(0)R’, —CN, —C(O)R’, —C(O)NR'R’, C;-Cs
alkyl, C;-C¢ alkenyl, C,-Cq alkynyl, C3-Cs cycloalkyl, C4-C7 cycloalkylatkyl, aryl, and

' heteroaryl, wherein each of C,-Cg alkyl, C»-Cg alkenyl, C;-Cq alkynyl, C3-Cg cycloalkyl,
C4-C7 cycloalkylalkyl, aryl, and heteroaryl is optionally substituted with from 1 to 3
substituents independently selected at each occurrence thereof from C;-C; alkyl, halogen,
—CN, —OR’", —NRR®, and phenyl which is optionally substituted 1-3 times with
halogen, C;-Cs alkyl, Ci-Cq haloalkyl, C;-Cy4 alkoxy, —CN, —OR”, or —NR'R%;

R*is H, Cy-C4 alkyl, C;-C4 haloalkyl, C;-C4 alkoxyalkyl, C3-Cg cycloalkyl, C4-C;
cycloalkylalkyl, —C(O)R®, phenyl, or benzyl, wherein phenyl or benzyl is optionally
substituted 1 to 3 times with halogen, cyano, C;-Cy alkyl, C;-C4 haloalkyl, or C;-C4
alkoxy;

R’ is H, C;-C4 alkyl, C;-C4 haloalkyl, C;-C4 alkoxyalkyl, C3-Cg cycloalkyl, C4-Cs
cycloalkylalkyl, phenyl, or benzyl, wherein phenyl or benzyl is optionally substituted 1 to
3 times with halogen, cyano, C;-C, alkyl, C;-C4 haloalkyl, or C;-C4 alkoxy;

R is C;-Cy4 alkyl, C;-C4 haloalkyl, or phenyl;



WHAT 1S CLAI MED: 1. A conpound of formula I: ON chl2)n N\ (R1)OR2 formul a |
wherein: Qis a saturated, bicyclic, heterocyclic am ne, wherein the
saturated, bicyclic, heterocyclic am ne “c%npri ses at |east two atons
bet ween the am de nitrogen of the conpound of fornula I and any am ne
nitrogen of Q and wherein the saturated, bicyclic, heterocyclic amne is
optionally substituted with from1 to 3 substituents independently sel ected
at each occurrence thereof fromthe group consisting of Cl1-C3 al kyl,

hal ogen, - CN, -0127, and -NleR8; X is CH CR3, or N J is selected from
the group consisting of a direct bond, C=0, and SO2; each RI is

i ndependent |y &) Ié%@%dhﬁ@d@f%ﬁ&nﬂkj@ﬁ T, aOnsins € g, ilodtkylhel-agatkoxyAlkA4C;-
NRAR5, -NR4AC(0)R5, -NR4AC(0)2R5, - RSC(OC)NRS()RG -S(0)gR5, -CN, -C(OARS,
_C(0) NR4R5, Gxeyeimaliyks-Crayeloslikylaliehy+C(OR ‘cahenyos penzybaviesein phenyA ok y | |

C4- C7 cycl oal Ky . r.oar. [ fueGl- C6 al kyl ,
C2-C6 al ken;a/tfe!ﬁ%@% %lda a@%{%ﬁu%@?Q@?éﬁﬁﬁﬁ}?@b@}ﬁ%egﬁgﬁyI al kyl ,

aryl, and heh@speadattlyias eaibtdcomadrcy tisudas fiokithe grovptdonfisiing df Habogdn, cyano,
substituents independently selected at each occurrence - 96 - thereof from
C1- C3 al kyl , Cnigs szl Cr-CajalogfeykRand -4 ] which is optionally
substituted 1-3 tines wth halogen, CL-C4 al kyl, Cl1-C4 hal oal kyl, C-C4

al koxy, -CN, -OR, or -NR7R8; R2 is selected fromthe group consisting of

H, hal ogen, n3R42, erNIRAR5, -NRAC(0)R5, -NRAC(0)2R5, -NR5C(0)NR5R6, -S(0)4R5,
-CN, -C(0)R5, -C(O)NR4R5, Cl-C6 al kyl, C2-C6 al kenyl, C2-C6 al kynyl, C3-C6
cycl oal kyl, C4-C7 cycl oal kyl al kyl, aryl, and heteroaryl, wth the proviso
that when J 79 2 Rrissafpt H and wherein each of Cl1-C6 al kyl, C2-C6

al kenyl, C2-'C6 al kynyl', C3-0C6 cycloal kyl, C4-C7 cycloal kyl al kyl, aryl, and
heteroaryl is optionally substituted with from1l to 3 substituents

i ndependentc:\ﬁ(. s(gl ecti—,}d at each occurrence thereof from Cl-C3 al kyl,

hal ogen, - 115 i29r *-NR7R8, and phenyl which is optionally substituted 1-3
times with hal ogen, Cl-Ca al kyl, C-Ca haloal kyl, Cl- C4 al koxy, -CN, -OIC
or -NR7R8; R3 is selected fromthe group consisting of H, hal ogen, -O0R4,

-NRAR5, - NRAGhopREyclopigyialio) rtefinedipsor trl oatisrke kyl-gronpgravhichoaycloadipid jsrs,

- C(0) N4R5, ¢ - Kk . (24080 3l I = ,
C4-C7 cycl oaﬁ%@"%ﬁ% Fi%gﬁ"grroﬁt@?l@hloﬁg?}eﬁ&l gh%h@%esgée{% oggc t(c)‘%ESC O%&?Egaéﬁdﬁ ,
C2- C6 al kenyitomEandBlkal ik iefihed £53mG@hHiphatiel y@tdewtbon GloupAvkiyh g testraighiyds,
aryl, and heterqgaryl 1s optionally substituted with from1l to 3

subst i t uent sbraneheg dagasebQutddp abeEd bW ANMHIINF FRHiBe t her eof from Cl- C3
al kyl, hal ogen, -CN,-NR7R8, and phenyl which is optionally substituted 1-3
times with hal ogen, C1-C4 al kyl, Cl-Ca hal oal kyl, C -Ca al koxy, -CN, -0127,
or -NR7R8; R&hémsintrylGi d&fineal deyah ard@hatiCandradegpeali dayrl mulGioyCac dhg eysyean kfdhouO8- C6
cycl oal kyl, C4-C7 4ycI oal kyl al kyl, -C(0)R6, phenyl, or benzyl, wherein
phenyl or be Puﬁﬁ GHRAA Py substituted 1 to 3 times with hal ogen,
cyano, C-C4 alkyl, Cl-Ca haloal kyl, or Cl-Ca al koxy;

e}

wherein heteroaryl is defined as an aromatic monocyelic or multi-cyclic ring system of
about 5 to about 14 ring atoms in which one or more ring atoms are nitrogen, oxygen, or

sulfur;

or a pharmaceutically acceptabie salt thereof, or a solvate thereof.

2. The compound according to claim 1, wherein Q has an empirical

formula C7-10H12-17N1.2.

3. The compound according to claim 1, wherein Q is an

azabicycloheptane, azabicyclooctane, or azabicyclononane.



R5 is H Cl-Ca alkyl, Cl-Ca haloal kyl, Cl-Ca al koxyal kyl, C3-C6 cycl oal kyl,
C4- C7 cycl oal kyl al kyl , phenyl, or benzyl, wherein phenyl or benzyl is
optionally substituted 1 to 3 tines with % ogen, cyano, C-Ca alkyl, Cl-C4
hal oal kyl , or Cl-C4 al koxY; R6 is Cl-C4 al kyl, Cl1-C4 hal oal kyl, or phenyl;
- 97 - R7 and R8 are each independently Fl, Cl1-C4 al kyl, Cl-C4 hal oal kyl,
Cl - Ca al koxyal kyl, C3- C6 cycl oal kyl, C4-C7 cycl oal kyl al kyl, -C(0)R6,
phenyl, or benzyl, wherein phenyl or benzyl is optionally substituted from
1to 3 tines with a supstityent selected jndependently at _-eac ccHrrence
t hereof fromthe grouplpcons tﬁoﬁ’éjog?fﬁcﬁPrc#é%foci%}lg%yv e-“tglﬁls{’\]ﬁa?f%f’%
hal oal kyl, ol gfdup Canddtie@of quihutitdide, %ei@?l-@iazdbidy@ld@?aﬁJli]n(ﬂlan@lincﬁs-nibﬂﬂfl-q is
0, 1, or 2; wherein cycloal kylalkyl is defined as a cycl oal kyl -al kyl -group
in which cychazabigyrloiS2diqctaneéd as a non-aromatic nono- or multi-cyclic ring
system of about 3 to about 7 carbon atons and al kyl is defined as an
al i phatic hydrocarbon group which nay be strai ght or branched having about
1 to about 6 carbon atsns iThetdompond fscowtie ®©idbaiar ) whesein €51 nfthe dicyalic,
aromati c nmonocycli¢ or nultj-cyclic ring systemof about 6 to about_ 14
carbon at onstCIRIRGICHE Amins: 18 chizaliand insthg &) wa)églgéu%arﬁ%%mdcwﬁﬁ%mde| ‘c or
multi-cyclic ring systemof about 5 to about 14 ring atons in which one or
nore ring atons are nitrogen, oxygen, or sulfur; or a pharmaceutically
acceptabl e salt thered., orTle ®olpeatdadtchsligpfo.claim 1, wherein C- P of fhiediayohqound
according t | ai m.1, wherejn has . an_enpi.rical fo I ZA0HL2- 17Nl - 2.
3. The conpgllfﬁfifo@’a%?ﬁﬁlq?g‘sfbr@l?ﬁflmql??% T ?@ncgg&laﬁgﬁc&oc@%ﬂ@ff‘é ane,
azabi cycl ooct ane, or azabicycl ononane. -98- 4. The conpound
according to claim3, wherein Qis selected fromthe group consisting of
qui nucl i di ne, 9-net hylZ.9- az'EhﬁiWOGPQa@animmﬂath@%ghﬁI@{-azabi cycl o
[3 .2.1 ]Joctane. 5. The conpound according to claim1l, wherein
C-1 of the bicyclic, heterocyclic amne is chiral and in the (S)
configuration and attaghed Ti® dofgodnd B oling to claim 1, wherdin XTi3eN.conpound
according to claim1, wherein C1 of the bicyclic, heterocyclic amne is
chiral and in the (R) configuration and attached to the am de N.
7. The conpound accorc@.ng_t o da%%iﬁ%'\l%c?faih?l,%ereinRzissubstitute%‘ The
conpound according to claiml, erein Xis N

phenyl.

10.  The compound according to claim 9, whetein J is SO,.

11.  The compound according to claim 1, selected from the group

consisting of:



9. The compound according to claim1, wherein R2 is substituted phenyl.
10. The conpound according to claim9, wherein J is SC2.
The conpound according to claiml, sel ect®t from t he group consi sting of -

- 99 -0 - 100 -0 12. A pharmaceutical conposition
conprising a therapeutically effective anount of the conmpound according.to
claim1l and a pharmaceutically acceptable carrier. 13. Use of a

conmpound of forrmula | according to claim1 for the manufacture of
medi cament for treatnent. of a disease or condition which is susceptible to
treatment with a 5-HT3 reteptor nodul ator, wherein a therapeutlcally

effective ano f the jcament i s adm ni s§<€red to tient.
14. Use of a c und of \f ofyj a IN&fgordi ng cl ai m wher ei
di sease or cgndjition b§ el ectéd f the group consisting of ggne aI

-hobla ertigo, © si ve-yonpul si veXdi spor der s,

5 di sorders| bul i adnervosa, dgug

. pai Sep rlel gt eN cent

chronic fatigué s\indronmg PFarkinspn’ls B sg; yehos™g, ¥chi w.“*enﬂa

cognitive decline @hd defect® in ?Yphreni a, Parkinson' gHilsease CH;

Huntington's Chorea, presenile denentias, Alzheiner's D sease, |ty

subst ance abuse di sorders, denentia associated with neurodegener

di sease, cognition deficit fibronya%g%g syndr one osacea, car vascular
d

anxi ety di sorgers, soc
pani ¢ di sor der's
wi t hdrawal e

nausea aky om ting

di sorders nedi by serq n, chendt hgrapy i ndu
(CANV), post-o0 tive ind d nausea a - 101 - iting (P ,
radi ati on i nducgd nauseaocgnd. _vom ti RLNV) , gag i nt esti nal erders,

gast r oesophafjealN<ref | ux dijsedse (GERD Burkitt's phorma, br

asthma, pruritus,| m grai epi |l g N 15. Use of~a conpound
of formula I gorngi ng t 'm 13, wos n ?@e poufd accordi ng gl ai m
1 or pharnmaceusserl |y acceptEQL%Hsalt theﬁeﬁﬂ{is a~5- 3 ept or

ant agoni st . \~CH3 16. yldse 'of a conpou of formula ccording tg
claim 13, wherein the conpound acCording to claim1 or phar maceutical ly’
accept abl e saly ereof isn -HT3 parti al agonlst 17. Use of
a conpound of {%iﬂu

la | ac ing to claim urtherNconpr|S|ng
adm nistering t he patlent a therapeutlc y effectiye anount of a
schi zophr eni 8sadjunct . ;E ?

Cl , CH3



18. Use of a compound of fornmula | according to claim 17, wherein the
schi zophreni a adjunct is selected fronlthe group consisting of val proatg,
| evonepr onazi ne, al prazol am hal operi dot 10&hl or promazi ne, risperidone,
pal i peri done, ol anzapi ne, ziprasidone, quetiapine, clozapine, |ithium
carbonat e, di azepam carbamazepi ne, selective serotonin re-uptake
inhibitors, tricyclic antidepressants, and conbi nati ons thereof

19. Use of a conpound of formula | according to claim 13 further

conpri si ng: adm nistering 1o the patie a therapeutically
effective anp of a Pa EE%Qson s D seas adjunctN§Z> 20. Use of a

conpound of Ko la | ing to cl 19, where t he Parkins
D sease adj un is sel ect fromt he ey consi sty ng—af transder

rotigotine, pasdgiline, Nrnami de, odopa, carbidopa; dopami ne aoni sts,
cour - 102 - nh| itors, \MACY¥ B i nhi bi amant agh e ant i chol iCagr gi
agents, and tions f N 21, corrpoun
formula | ac '?I@'toc A for the facture O rent

treatnment of iFri | e bowel &yndrone, tH a therapeu |1

anount of the nedi c¢adment is admikstered™ o a patient. g
of a conpound of formula | according to claim further conprising:
adm nistering to the patient a therapeuti cal I@fecti ve anount_of a second
serotonin 5-HT3 receptor nodul at@r a serotonllg 5- HT4 recept nodul at or.

23. Use of ay ound qf r mul ccording & im 22, whepe t he
second ser ot 5HT3 r tor
ro

nodul ator is sejected f Nl oset r dn, repzapride,
ci l ansetron, O¥g s , ~NSonat ost at®wanal ogs,
nmuscarini c recgptgr anta [ Xathves, anti spd

f SN proki netic

TS of . ;
conmpound of for mul soPh accor dlmg to cl a\l‘an'or the ma Lg‘nacture of CH,,
medi canment for treat ment of emesis, wherein a therapeutically effective

anount of the nedicanent is adm ni stered to a patient. 25. Use
of a compound of formu ordin 24 further conprising:
adnini stering to the pdti eng ﬁ "gbcgﬁ?ql%l%flsf PUSPRELTTv & tg%nﬁ%uttw%lrﬁone or
nmore ot her agffdctifdBhbent©d und according to claigbl andb@pkdrmacagigpiopind of

formula | according to claim?2 wherein the one or nore other anti-enetic
conpounds ar%wQéN@@F@@efron1the group consi sting of dexanet hasone,

al osetron, al prazolam aprepitant, di menhydrinate, di phenhydram ne,
dolasetron, t et rahydr ocannabi nol , nabil one, dronabinol, droperidol,

grani setron, - 103 - ml opesd 6t conpaniagd epiumnubEtacddinganictém Infodtheol am

ol anzapi ne, ondansetragn, pal onosetron, Po cl orperazi ne, pronethazine

t r opi set r on, MapfeeBient madicement frs trgafiment of a disease or ¢ ltl‘lgs”éhlﬁ IS SUSCEREBIGAY of
formula | acgop Mglerg_ QyitiPa §lERt r?ec]eft mddiatORWHEARE Eﬁﬁraﬁb@uﬁ@:ﬂg%ﬂg&w e dnfunt of
treat ment of I seases i ons, “wherel n a therapéuti cal

effective antbmmﬁedufantehe;smddnmstmdtto a@am nistered to a patient.

28. Use of a compound of formula | according to claim 27, wherein the CNS
di sease or condition is selected fromthe group consisting of schizophrenia

or Parkinson's diseasey, Use of a compotind Of RiREESSack Oy BRAAR! 130 WheHeinthe
product conpound of fornula Ia:

disease or condition is selected from the group consisting of general anxiety disorders,

social phobias, vertigo, obsessive-compulsive disorders, panic disorders, post-traumatic
stress disorders, bulimia nervosa, drug withdrawal effects, alcohol dependency, pain,
sleep related central apneas, chronic fatigue syndrome, Parkinson’s Disease Psychosis,
schizophrenia, cognitive decline and defects in schizophrenia, Parkinson’s Disease,
Huntington’s Chorea, presenile dementias, Alzheimer’s Disease, obesity, substance abuse
disorders, dementia associated with neurodegenerative disease, cognition deficits,
fibromyalgia syndrome, rosacea, cardiovascular disorders mediated by serotonin,

chemotherapy induced nausea and vomiting (CINV), post-operative induced nausea and



wherein Qis a saturated, bicyclic, heterocyclic am ne, wherein the
saturated, bicyclic, heterocyclic amine conprises at |east two atons

bet ween the am de nitrogen of the conpoudlof fornula | and any anine
nitrogen of Q and wherein the saturated, bicyclic, heterocyclic amne is
optionally substituted with from1l to 3 substituents independently sel ected
at each occurrence thereof fromthe group consisting of Cl-C3 al kyl,

hal ogen, - CN, -0le, and -NR7R8; each Rl is independently selected fromthe

group consisting o al agen,. -.0124, - NR4R5, .- N RS...-.NRAC( Q) 2R5,
TNRBO 0) NsreSTteg Bpker) it epteddinnsen 5 Rpipidsd (IR Tipgipleatha?
C2- CBal keny| disdrderbakityd¥phagd r6BncHisd0 GBRD), BAnladt Clysiphemb irahdiydl, aryl ,
C3- CBoyel oal e @aIrEEs, syetbs Ryl kg, aryl . and het of 0aryl i opt | onal
- C6eycl oa 13, ) ; aryl, an eteroaryl is optionally
substituted with from1l to 3 substituents independently selected at each
occurrence thereof from Cl-C3 al kyl, hal ogen, -CN, -NR7R8, and phenyl which
is - 104 - optionallylSubstidadftacednibodnd offeamulat hedadiag enclalil 1 EAwlhadréinithe
Cl -Ca hal oal kyl, Cl-C4 al koxy,, -CN, -OR7, or -NR7R8; R2 is sel.ect rom
the group coff¥RROUNdaceording to\clpigy kA Phasmpceuiipaticcentpble st mereor iy }2R5,
- NR5C( 0) NR5 }ﬁ%ﬁﬁ -CN, -C(0)R5, -C(0)NR4R5, Cl-C6 al kyl,
C2- Coal kenyﬁ?ee&sﬁ(@a ylﬁgil , C3-C6cycl oal kyl, C4-C7 cycl oal kyl al kyl, aryl,
and heteroaryl, wherein each of Cl1-C6 al kyl, C2-C6al kenyl, C2-C6al kynyl,
C3- Coeycl oal kyl, C4-C7, cycl gal kyl al kyl , ~aryl d heterqaryl ig optionally
Substi Lt ed with from 1o Gsaiacdmiud 8 PrnBlAetng S eihue d duviire Banh
occurrence t é&{&ﬂhd hemifg td-Samh Kyt {;hé?ﬁ‘lh%@i@@lly deheptakld 2t thePSF BG 5-HITY
phenyl which is optionally substituted 1-3 tines with hal ogen, Cl1-C4 alkyl,
Cl - Ca hal oal paytigl aginigt4 al koxy, -CN, -OW or -N12.712.8; R3 is selected from
the group consisting of H, halogen, -012.4, -NR4R5, -NR4AC(0)R5,
-NR4AC(0) 2R5, - NR5C(0) NR5R6, -S(0)4R5, -CN, -C(0)R5, -C(0)NR4R5, G -C6
al kyl, C2-Coal kenyl, CPr.C6 @hdkyfydompednd 6L femaRl lgbordiig-16¢laby B dadtiey| al kyl ,
aryl, and heteroaryl, wherein each of Cl-C6 al kyl, C2-C6al kenyl,
C2- Coal kynyl congiisggcycl oal kyl, C4-C7 cycl oal kyl al kyl , aryl, and heteroaryl
is optionally substitu i f . | . tly
sel ected at each occurér@%{:ﬁe%%rﬁért%g?pﬁ%@na a@ﬁ%}fé}?ﬁ%f’%g@ﬁ&%% - 0127,
-NR7R8, and ghesophrewhiadiuncs optional |y substituted 1-3 times with hal ogen,
M Cl-Ca Alkyl, CL-Gi hal odl kyl, CL-Gh al koxyalkyl, Ca. Cocycl oal kyi . A7
, - al kyl, - al oal kyl , - al koxyal kyl , - C6eycl oal kyl , -
cycloal kyl al kyl, - C(0) 136, HpdABA BY Form T LA dRIZB K aiR1 706 RE%In the
optional |y substi tut.ed% tg_hgé%arr%s RNI tﬂ ﬁaolvr%lger], _cyang, C1a-104 éﬁkyl ,n Cl-Ca
hal oal kyl , oschiZopkiznial ddpngt is Relected BomGhe Eualckydistingl of @alphedteal kyl , Cl - Ca
al koxyal kyl ,. C3- C6cycl oal kyl , C4-07 cycl kyl al kyl henyl , or. benzyl ,
wherei n phenlfFogFPIR f> qﬁémgﬂpp&pé@p%ﬁgﬁ%@pﬁpg@g%m@ I@Berqu?r@élpﬁﬁ@%%’
hal ogen, Cya&anaﬂlfeCﬁPﬁals he, quﬁéﬁ?né)eioggdiﬁég hithiGh dattobdteadikp¥m, R6 is Cl-C4
al kyl, C-Ca hal oal kyl", or phenyl’; - 105 - R/ and R8 are each
i ndependent | sarbymazepiny, wleelive saBitoma r-aptsdit knyhibitoss, hdaychr kotidepresgants,@sd  C6
cycl oal kyl, C4-C7 cycl.oal kyl al kyl, -C(0)R6, phenyl, or benzyl, wherein
phenyl or beﬁ%l?m?téo\{’t%tﬁr% ally substituted from1l to 3 tines with a
substituent selected i ndependently at each occurrence thereof fromthe
2 oky: nis 12, or 0p Ves o imimmgt B apeping topimn Aritier of n
al koxY; nis 1, 2, or 8 p ) | Lo/ augy 1524 erein
cycl oal kyl al 5&@1 ri§ngdefi ned as a cycl oal kyl -al kyl -group in which cycl oal kyl
. . 151N g, . . . .
is defined ad & HoM= aromati c nono- or multi -cyclic ring system of about 3

to about 7 carbon at ongdminghteingytb theSpatieht aerapautirallpbifahiatiamobydsfacar bon

group which nay, be straight or branched having about 1 to about 6 carbon
atons in theP@%msw’a’s Disease adjunct.

20.  Use of a compound of formula I according to claim 19, wherein the
Parkinson’s Disease adjunct is selected from the group consisting of transdermal

rotigotine, rasagiline, safinamide, levodopa, carbidopa, dopamine agonists, COMT



wherein aryl is defined as an aromatic nonocyclic or multi-cyclic ring
system of about 6 to about 14 carbon atons; wherein heteroaryl is defined
as an aromatic nonocyclic or multi-cyclFé02tng system of about 5 to about
14 ring atons in which one or nore ring atons are nitrogen, oxygen, or

sul fur; said process conprising: treating a first internediate conpound of
formula I'l co2m NHQ 3 (R1) pR2 wherein Mis H or a counterion, under am de
bond formation conditions effective to produce the product compound. - 106

- 30. The pr.ocess according.to clai 9, wherein Misor t 31. A process
for preparat! ltﬁrﬁ?hélcpﬁj'gadﬂg@lteﬁn%%‘%‘%%‘?’ ap%ﬁ}gﬁpgg*%geanagﬁeqomjb@qug H%l
saturated, bhgystic, heterocyclic am ne, wherein the saturated, bicyclic,
het erocyclic am ne conprises at |east two atons between the am de nitrogen
of the compound of formula |I and any am ne nitrogen of Q and wherein the
saturated, bicyclic, ter cld c _amne, i i Ly i ith from
1 to 3 substituents i epeﬁ%%énofflafoglé)%@%fzfogﬁﬁlggg o(g%g%?{?él%i(%‘l’%fﬁ%ﬁe“of from
the group cofshgidting ofnedicamdnefolitbatmbal cfgehable b&he] syRddihe, ahereilNR7R8; each
Rl is independently selected fromthe group consisting of H,£ hal ogen, -de,
- NR4RS5, - NRherppgutisally effestive porant of (resaedisapentes admipigiershio apaient. ¢ o) R5,
-C(0) NRAR5, Cl1-C6 al kyl, C2-Co6al kenyl, C2-C6al kynyl, C3-Cé6cycl oal kyl, Ca-C7
cycl oal kyl al kyl, aryl, and heteroaryl, wherein each of Cl-C6 al kyl,

C2- Coal kenyl, C2-C6 al®ynylUseCF-a@ompolindbkipkmuled a0 rding toalaky Rhlfksher aryl ,
and heteroaryl is.,optionally substituted with from1l to 3 substituents
independentl%}l’“%ﬁ@(,gt' ed at each occurrence thereof from Cl-C3 al kyl,

hal ogen, -CN, -0127, -Aﬂﬁﬁhi%%ringwhh%%ﬁéﬂt A&t utiSal BRLTFRNA hdosdtRE b istdshad
1-3 tinmes with halogen, C-Ca al kyl, Cl-Ca hal oal kyl, C -Ca al koxY, -CN,
-0127, or - Nerrsyin BHT sreseptecmedulatopon & seeotgninfpH oreserior mgdalptor,  hal ogen,
-0124, -NR4AR5, -NRAC(0)R5, -NRAC(0)2R5, -NR5C(0)NR5R6, -S(0)gR5, -CN,
-C(0)R5, -C(0)NR4R5, Ci-C6 al kyl, C2-Ceal kenyl, C2-C6al kynyl,

C3- C6cycl oal kyl, C4- Chxyclug dH dmiund 8f muRTGchetiRbestiim 28hehatin thach
of Cl1-C6 al kyl, C2-Coeal kenyl, C2-Co6al kynyl, C3-C6cycl oal kyl, Ca-C7,
cycl oal ky! al deppnd sgratpnin SHH s eaeptos arogulatey os perpionin P T sigsentPr medeaigr ish from 1

to 3 - 107 - i.fuents | -at e
thereor 11 ortihtes i e MOGRAR SRS, A oRARArAE TR
optional |y sPisilbpridesdndansetidnyBsmatbstitimhalabge musdarinié radeipydr antagetids,
hal oal kyl , Cl-C4 al koxy, -CN, -012.7, or - N_R?R%; ..

laxatives, antispasmodics, antidepressants, antidiarrheal agents, prokinetic agents,

peripheral opiate narcotic antagonists, and combinations thereof.

24,  Use of a compound of formula I according to claim 1 for the
manufacture of medicament for treatment of emesis, wherein a therapeutically effective

amount of the medicament is administered to a patient.

25.  Use of a compound of formula I according to ciaim 24 further
comprising:
administering to the patient a therapeutically effective amount of one or

more other anti-emetic compounds.

26.  Use of a compound of formula [ according to claim 25, wherein the
one or more other anti-emetic compounds are selected from the group consisting of
dexamethasone, alosetron, alprazolam, aprepitant, dimenhydrinate, diphenhydramine,

dolasetron, tetrahydrocannabinol, nabilone, dronabinol, droperidol, granisetron,



R4 i.s H Cl-Ca alkyl, Cl-Ca hal oal kyl, Cl-Ca al koxyal kyl, C3-05cycl oal kyl,
C4- C7 cycl oal kyl al kyl, -C(0)R6, phenyl, or benzyl, wherein phenyl or benzyl
is optionally substituted 1 to 3 tines wilfh-hal ogen, cyano, Cl-C4 al kyl$

Cl -Ca hal oal kyl, or Cl-C4 alkoxy; R5 is H Cl-C4 alkyl, C-Ca hal oal kyl,
Cl- 4 al koxyal kyl, C3-C6 cycl oal kyl, C4-C7 cycl oal kyl al kyl, phenyl, or
benzyl, wherein phenyl or benzyl is optionally substituted 1 to 3 tines
wi t h hal ogen, cyano, Cl-Ca alkyl, Cl-Ca haloal kyl, or Cl-Ca al koxY; R6 is

Cl-4 al kyl,, Cl - hal oal kyl , or. phenyl; .R7 and R8 ar.e each ipdependently
H C1- Cn ol iACpeRRolelPriapet tegeloBRRRe it Rpige Rt REE y T

CA- C7 cycl oapdiprloaétion, procféﬁﬁr%ne RRGRdthazi®y, trBFR&YIn, adhedrEbifatRiie Mdresdr benzyl
is optionall'y substituted fromI to 3 times With a substituent selected

i ndependently at each occurrence thereof fromthe group consisting of

hal ogen, cyano, Cl-C4 Kyl .Cl : ; Ls 1, 2,
or 3; pis 0, 1, 2, orﬁ?,; aIF}1Sde cbf'ai%z)n%%hr%%%fiéhﬂul%\?\%gcf%@ﬁéé@é]]ﬁgé;f@ﬂgk kyl i1s
defined as amayghaalelof imedidsitlentfo tpatinentidti CNIS disedseabkodnditioneefhdieid aas a
non-aromati c_nono-, or nulti-cyclic ring systemof about 3 to about 7 carbon
atons and al tkgtapeudicaldy pifecdiva smapntnfithaaedicamg inrdmiBisierest O aPakRneh may be
strai ght or branched having about 1 to about 6 carbon atons in the chain;

- 108 - wherein aryl is defined as an aromatic nonocyclic or nmulti-cyclic
ring system of about && o absuif alcbnypechdof ftonk;] astrediag o bietre 26 avkdreinghe

defined as ap aromatic nonacyclic or nulti-cyclic rin tem of. about 5 to
About 14 11 rgNSBESS of AP ERR Grie esed P e i Ron Rt of AP B BHa CBxygen,

or sulfur; spdginBsPs8RSascONPrising: treating a first internedi ate conpound
of fornmula Il CO2M nNHQ (RI') pk2 wherein Mis H or a counterion, under

am de bond formation conditions effective to produce the product conpound.
32. The process accordig to claim31, wherein Mi,s Li + or )

33. Use of a conpound Ccor‘gipﬁ%cefsgfoﬁp?fp?ﬁa?ﬁo? 8$a PWgu%ﬂwgg?%{p\%togPula la:

medi canent for treatnment of al cohol depenglency, wherein a therapeutically
effective anount of the nedicament is dniq{lci stered to a patient.

wherein

Q is a saturated, bicyclic, heterocyclic amine, wherein the saturated, bicyclic,
heterocyclic amine comprises at least two atoms between the amide nitrogen of the
compound of formula I and any amine nitrogen of Q and wherein the saturated, bicyclic,
heterocyclic amine is optionally substituted with from 1 to 3 substituents independently
selected at each occurrence thereof from the group consisting of C;-Cs alkyl, halogen, —
CN, —OR’, and —NR'R?;

each R! is independently selected from the group consisting of H, halogen, —OR*, —
NRR®, —NR*C(0)R®, —NR*C(0);R®, —NR*C(O)NR’R®, —S(0)(R’, —CN, —C(O)R’,
—C(O)NR'R’, C1-Cs alkyl, C,-Cs alkenyl, C,-Cg alkynyl, C3-Cs cycloalkyl, C4-C7
cycloalkylalkyl, aryl, and heteroaryl, wherein each of C;-Cg alkyl, C,-Ce alkenyl, C,-Cs
alkynyl, C3-Cg cyeloalkyl, C4-C; cycloalkylalkyl, aryl, and heteroaryl is optionally
substituted with from 1 to 3 substituents independently selected at each occurrence

thereof from C;-C; alkyl, halogen, —CN, —OR’, —NRR?, and pheny! which is
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optionally substituted 1-3 times with halogen, C;-C4 alkyl, C,-C4 haloalkyl, C,-C4 alkoxy,
—CN, —OR’, or —NR'R%;

R? is selected from the group consisting of H, halogen, —OR*, —NR'R’, —NR*C(O)R’,
—NR'C(0),R?, —NR’C(O)NR’R?, —S(0)(R’, —CN, —C(O)R?, —C(O)NRR?, C,-Cg
alkyl, C,-Cg alkenyl, C;-Cg alkyny!, C3-C¢ cycloalkyl, C4-Cs cycloalkylalkyl, aryl, and
heteroaryl, wherein each of C;-Cg alkyl, C;-Cy alkenyl, C,-Cg alkynyl, C3-Ce cycloalkyl,
C4-Cy cycloalkylalkyl, aryl, and heteroaryl is optionally substituted with from 1 to 3
substituents independently selected at each occurrence thereof from C;-Cj alkyl, halogen,
—CN, —OR”, —NR’R?, and phenyl which is optionally substituted 1-3 times with
halogen, C;-Cy alkyl, C;-C4 haloalkyl, C;-C4 alkoxy, —CN, —OR’, or —NR'R%;

R is selected from the group consisting of H, halogen, —OR*, —NR*R’, —NR*C(O)R’,
—NR*C(0),R’, —NR’C(O)NR’R’, —S(0),R’, —CN, —C(O)R®, —C(O)NR'R’, C;-Cs
alkyl, C,-Cg alkenyl, C,-Cgalkynyl, C3-Cs cycloalkyl, C4-C7 cycloalkylalkyl, aryl, and
heteroaryl, wherein each of C;-Cg alkyl, C;-Cg alkenyl, C,-Cg alkynyl, C3-C¢ cycloalkyl,
C4-Cy cycloalkylalkyl, aryl, and heteroaryl is optionally substituted with from 1 to 3
substituents independently selected at each occurrence thereof from C;-C; alkyl, hélogen,
—CN, —OR’, —NR'R®, and phenyl which is optionally substituted 1-3 times with
halogen, C;-Cq alkyl, C;-Cy4 haloalkyl, C;-C4 alkoxy, —CN, —OR’, or —NR'R?;

R*isH, C;-C4 alkyl, C;-C4 haloalkyl, C;-C,4 alkoxyalkyl, C3-Cg cycloalkyl, Cs-Cy
cycloalkylalkyl, —C(O)R®, phenyl, or benzyl, whetein phenyl or benzyl is optionally
substituted 1 to 3 times with halogen, cyano, C;-C4 alkyl, C;-C4 haloalkyl, or C-C4
alkoxy;

R’is H, C;-C4 alkyl, C;-C4 haloalkyl, C;-C,4 alkoxyalkyl, C3-Cs cycloalkyl, C4-C4
cycloalkylalkyl, phenyl, or benzyl, wherein phenyl or benzyl is optionally substituted 1 to
3 times with halogen, cyano, C;-C4 alkyl, C;-C4 haloalkyl, or C;-C4 alkoxy;

R%is C,-C4 alkyl, C;-C4 haloalkyl, or phenyl;
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R’ and R® are each independently H, C;-Cy alkyl, Ci-C4 haloalkyl, C;-Cy alkoxyalkyl, Cs-
C cycloalkyl, C4-C- cycloalkylalkyl, —C(O)R®, phenyl, or benzyl, wherein phenyl or
benzyl is optionally substituted from 1 to 3 times with a substituent selected

independently at each occurrence thereof from the group consisting of halogen, cyano,
C;-C4 alkyl, C;-C4 haloalkyl, and C,-C, alkoxy;

nis 1,2, or3;
pis0,1,2, or 3; and
qis0,1,0r2;

wherein cycloalkylalkyl is defined as a cycloalkyl-alkyl-group in which cycloalkyl is
defined as a non-aromatic mono- or multi-cyclic ring system of about 3 to about 7 carbon
atoms and alkyl is defined as an aliphatic hydrocarbon group which may be straight or

branched having about 1 to about 6 carbon atoms in the chain;

wherein aryl is defined as an aromatic monocyclic or multi-cyclic ring system of about 6

to about 14 carbon atoms;

wherein heteroaryl is defined as an aromatic monocyclic or multi-cyclic ring system of

about 5 to about 14 ring atoms in which one or more ring atoms are nitrogen, oxygen, or
sulfur;

said process comprising:

treating a first intermediate compound of formula 11
COM (3 NHQ
SN
R, R?

wherein M is H or a counterion, under amide bond formation conditions effective to

produce the product compound.
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30.  The process according to claim 29, wherein M is Li* or Na™.

31. A process for preparation of a product compound of formula Ib:

wherein

Q is a saturated, bicyclic, heterocyclic amine, wherein the saturated, bicyclic,
heterocyclic amine comprises at least two atoms between the amide nitrogen of the
compound of formula I and any amine nitrogen of Q and wherein the saturated, bicyclic,
heterocyclic amine is optionally substituted with from 1 to 3 substituents independently
selected at each occurrence thereof from the group consisting of C;-Cs atkyl, halogen, —
CN, —OR’, and —NR'R";

each R! is independently selected from the group consisting of H, halogen, —OR*, —
NR'R’, —NR*C(O0)R?, —NR*C(0);R’, —NR’C(O)NR’R®, —S(0),R’, —CN, —C(O)R>,
—C(O)NR'R?, C;-Cg alkyl, Co-Cg alkenyl, Co-Cy alkynyl, C3-Cs cycloalkyl, C4-Cs
cycloalkylalkyl, aryl, and heteroaryl, wherein each of C;-Csalkyl, Co-Csalkenyl, Co-Cs
alkynyl, Cs-Cg cycloalkyl, C4-C5 cycloalkylalkyl, aryl, and heteroaryl is optionally
substituted with from 1 to 3 substituents independently selected at each occurrence
thereof from C;-C; alkyl, halogen, —CN, —OR’, —NR'R®, and phenyl which is
optionally substituted 1-3 times with halogen, C;-C4 alkyl, C;-C4 haloalkyl, C;-C4 alkoxy,
—CN, —OR’, or —NR'R?;

R? is selected from the group consisting of H, halogen, —OR*, —NRR®, —NR*C(O)R®,
—NR*C(O)R’, —NR’C(O)NR’R?, —S(0)(R®, —CN, —C(O)R®, —C(O)NR'R’, C;-Cg
alkyl, C5-C¢ alkenyl, C,-Cg alkynyl, C3-Cg cycloalkyl, C4-C7 cycloalkylalkyl, aryl, and
heteroaryl, wherein each of C,-Cgalkyl, C;-Cs alkenyl, C,-Cg alkynyl, C3-C¢ cycloalkyl,
C4-C7 cycloalkylalkyl, aryl, and heteroaryl is optionally substituted with from 1 to 3
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substituents independently selected at each occurrence thereof from C;-Cj; alkyl, halogen,
~—CN, —OR’, —NR'R?, and phenyl which is optionally substituted 1-3 times with
halogen, C;-Cy alkyl, C;-C4 haloalkyl, C,-Cy alkoxy, —CN, —OR’, or —NR'R®;

RYis H, C-C4 alkyl, C;-C4 haloalkyl, C;-C4 alkoxyalkyl, Cs-Cs cycloalkyl, C4-C7
cycloalkylalkyl, —C(O)R®, phenyl, or benzyl, wherein phenyl or benzy! is optionally
substituted 1 to 3 times with halogen, cyano, C;-C;4 alkyl, C;-C,4 haloalkyl, or C-C4
alkoxy; '

R’is H, C;-C4 alkyl, C;-C4 haloalkyl, C;-Cy4 alkoxyalkyl, C3-Cs cycloalkyl, C4-C;
cycloalkylalkyl, phenyl, or benzyl, wherein phenyl or benzyl is optionally substituted 1 to
3 times with halogen, cyano, Ci-C;4 alkyl, C;-C4 haloalkyl, or C1-Cy alkoxy;

R%is C;-C4 alkyl, C;-Cq4 haloalkyl, or phenyl;

R” and R® are each independently H, C;-C4 alkyl, C;-C4 haloalkyl, C,-C4 alkoxyalkyl, Cs-
Cs cycloalkyl, C4-C7 cycloalkylalkyl, —C(O)R®, phenyl, or benzyl, wherein phenyl or
benzyl is optionally substituted from 1 to 3 times with a substituent selected

independently at each occurrence thereof from the group consisting of halogen, cyano,
C1-C4 alkyl, C1-Cq4 haloalkyl, and C,-C4 alkoxy;

nis 1,2, or 3;

pis0,1,2,0r3; and

qis 0,1, 0r2;

wherein cycloalkylalkyl is defined as a cycloalkyl-alkyl-group in which cycloalkyl is
defined as a non-aromatic mono- or multi-cyclic ring system of about 3 to about 7 carbon

atoms and alkyl is defined as an aliphatic hydrocarbon group which may be straight or

branched having about 1 to about 6 carbon atoms in the chain;
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wherein aryl is defined as an aromatic monocyclic or multi-cyclic ring system of about 6

to about 14 carbon atoms;

wherein heteroaryl is defined as an aromatic monocyclic or multi-cyclic ring system of
about 5 to about 14 ring atoms in which one or more ring atoms are nitrogen, oxygen, or

sulfur;

said process comprising:

treating a first intermediate compound of formula IT

N
R, R2
wherein M is H or a counterion, under amide bond formation conditions effective to

produce the product compound.
32.  The process according to claim 31, wherein M is Li* or Na™.
33.  Use of a compound according to claim 1 for the manufacture of

medicament for treatment of alcohol dependency, wherein a therapeutically effective

amount of the medicament is administered to a patient.



